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The responsibility of the statements and opinions given in the
following Papers and Discussions rests with the individual authors;
the Institution, as a body, merely places them on record.



MEMORANDUM OF ASSOCIATION

OF THE

INSTITUTION OF ENGINEERS AND SHIPBUILDERS
IN SCOTLAND.

1. The Name of the Association is *“ THE INSTITUTION OF ENGINEERS
AND SHIPBUILDERS IN SCOTLAND.”

| 2d The Registered Office of the Association will be situate in Scot-
Jand.

3. The Objects for which the Association is established are :—

(1.) The Incorporation of the present Institution of Engineers and
Shipbuilders in Scotland, under the 30th and 31st Victoria,
cap. cxxxi., and

(2.) To facilitate the exchange of information and ideas amongst
its Members, to place on record the results of experience
elicited in discussion, and to promote the advancement of
science and practice in Engineering and Shipbuilding.

(3.) The doing all such other lawful things as are incidental or
conducive to the attainments of the above objects.

4. The Income and Property of the Association, whencesoever
-derived, shall be applied solely towards the promotion of the objects
of the Association as set forth in this Memorandum of Association,
and no portion thereof shall be paid or transferred directly or in-
directly by way of dividend, bonus, or otherwise howsoever, by way of
profit, to the persons who at any time are or have been Members of the
Association, or to any of them, or to any person claiming through any
of them.

Provided that nothing herein shall prevent the payment in good
faith of remuneration to any Officers or ¥ervants of the Association, or
to any Member of the Association, or other person, in return for any
-services rendered to the Asrociation.



X. MEMORANDUM OF ASSOCIATION

5. The fourth paragraph of this Memorandum is a condition on
which a Licence is granted by the Board of Trade to the Association,
in pursuance of Section 23 of the * Companies Act, 1867.” For the
purpose of preventing any evasion of the terms of the said fourth
paragraph, the Board of Trade may from time to time, on the applica-
tion of any Member of the Association, impose further conditions,
which may be duly observed by the Association.

6. If the Association acts in contravention of the fourth paragraph
of this Memorandum, or of any such further Conditions, the liability of
every Mecember of the Council of the Association, and also of every
Member who has received any such dividend, bonus, or other profit as
aforesaid, shall be unlimited.

7. Every Member of the Association undertakes to contribute to the
Assets of the Association—in the event of the same being wound up.
during the time that he is a Member, or within one year afterwards,
for payment of the Debts and Liabilities of the Association, contracted
before the time at which he ceases to be a Member, and of the Costs,
Charges, and Expenses of winding up the same, and for the adjust-
ment of the rights of the Contributaries among themselves—such
amount as may be required, not exceeding Ten Pounds, or, in case of
his liability becoming unlimited, such other amount as may be required
in pursuance of the last preceding paragraph of this Memorandum.

WE, the several persons whose names and addresses are subscribed,
are desirous of being formed into an Association in pursuance of this.
Memorandum of Association :—

Names, Addresses, and Description of Subscribers—

DaviD RowaN, 217 Elliot Street, Glasgow, Engineer.

W. J. MACQUORN RANKINE, C.E,, LL.D., &e., 69 St. Vincent St., Glasgow..
M. R. COSTELLOE, 26 Granville Street, Glasgow, Measuring Surveyor.
BENJAMIN CONNOR, 17 Scott Street, Garnethill, Engineer.

JAMES DEgAs, 16 Robertson Street, Glasgow, Civil Engineer.

JAMES M. GALE, 23 Miller Street, Glasgow, Civil Engineer.

‘W. MONTGOMERIE NEILSON, C.E., Hyde Park Locomotive Works, Glasgow.

Dated the Twelfth day of July, Eighteen Hundred:
and Seventy-One.

RoBERT Ross, of Glasgow, Solicitor, Witness to the above signatures.



NOTE.—By Bpecial Resolution wed on 2nd October, 1902, and confirmed on 20th
October, 1902, the Articles of Asociation dated 12th July, 1671, as modified and altered in 1673
and 1880, were annulled, and the following Articles of Association were substituted.

The following Artticles were registered with the Registrar of Joint Stock Companies on
28th October, 1903.

ARTICLES OF ASSOCIATION

OF THR

INSTITUTION OF ENGINEERS AND SHIPBUILDERS
IN SCOTLAND.

SkctioN L—PRELIMINARY

1. For the purpose of registration, the number of
Members of the Institution is declared unlimited.
2. These Articles shall he construed with reference to
the provisions of the Companies Acts, 1862 to 1900 ;
and terms used in these Articles shall be taken as
having the same respective meanings as they have when
used in those Acts.
3. The Objects of the Institution are those set forth Objects of tae
in the Memorandum of Association. Tnstitation.

SecrioN IL.—CONSTITUTION.

4. The Institution shall consist of Members, Asso- Constitution.
ciate Members, Associates, Students, and Honorary
Members.

5. Candidates for admission as Members shall be Wwnomaybe
persons not under 25 years of age, who have been Members.
educated as Engineers or Shipbuilders and have
occupied a responsible position in connection with the
Practice or Science of Engineering or Shipbuilding.

6. Candidates for admission as Associate Members wnomaybe
shall be persons not under 22 years of age, who have Amouare
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ARTICLES OF ASSOCIATION

been educated as Engineers or Shipbuilders and are
engaged in the Practice or Science of Engineering
or Shipbuilding.

7. Candidates for admission as Associates shall be
such persons, not included in the classes enumerated
in the two preceding Articles, who, not being under 25
years of age, are considered by the Council cligible on
account of their scientific attainments, or are considered
by the Council qualified by knowledge bearing on
Engineering Science or Practice.

8. Candidates for admission as Students shall be
persons not under 18 years of age who are engaged in
study or employment with a view to qualifying them-
selves as Engineers or Shipbuilders. Before attaining
the age of 25 years they must apply for election as
Members or Associate Members if they desire to
remain connected with the Institution. They may not
continue to be Students after attaining the age of 25
years.

9. Honorary Members shall be such distinguished
persons as the Council shall recommend and the Institu-
tion shall appoint. The number of Honorary Members
shall not exceed Twelve.

10. All persons whose names shall on 30th April,
1902, be on the Roll of the Institution under the former
Articles of Association as Members, Associates, or
Honorary Members, and whose Subscriptions are not
more than two years in arrear at that date, shall become
Members, Associates and Honorary Members respectively
within the meaning of these Articles, and that without
procedure of any kind on the part of such persons.

11. All persons whose names shall on 30th April, 1902,
be on the Roll of the Institution under the former Articles
of Association as Graduates, and whose Subscriptions
are not more than two years in arrear at that date,
shall be considered and treated as Students within
the meaning of these Articles, and shall have the privi-
leges, and be subject to the regulations affecting Students:;
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and, notwithstanding the terms of Article 8 hereof, such
Graduates as are over 25 years of age shall be allowed
to remain as Students for one year from and after 30th
April, 1902, but no longer.

12. The abbreviated distinctive titles for indicating
the connection with the Institution shall be the follow-
ing, viz.—For Members, M.LE.S. ; for Associate Mem-
bers, AAM.1.LE 8. ; for Associates, A.LLE.S. ; for Students,
S.LES.; and for Honorary Members, HoN. M.LE.S.

13. Every Candidate for admission as a Member,
Associate Member, Associate or Student of the Institu-
tion, shall obtain the recommendation of at least three
Members, such recommendation and the relative under-
taking by the candidate being according to Form A
contained in the Appendix. Such recommendation and
undertaking shall be lodged with the Secretary, and the
Council shall consider the same at their first Meeting
thereafter, and if they approve the recommendation
shall be mentioned in the notice calling the next general
meeting of the Institution; and then, unless a ballot
be demanded by at least five persons entitled to vote,
the Candidate shall be declared elected. If a ballot be
taken he shall be admitted if three-fifths of the votes
are favourable ; Members only being entitled to vote.
The proposal for transferring any person from the
Class of Students to the Classes of Associate Members
or Members, or from the Class of Associate Members
to the Class of Members, shall be according to Form
B contained in the Appendix, and this form shall be
subscribed by at least three Members and delivered to
the Secretary for the consideration of the Council who
shall, if they think fit, make the proposed transfer.

14. The granting of Honorary Membership to
any person may be proposed at any Council meeting,
and, if the Council, after consideration at their next
meeting, approve of the propcsal, intimation thereof
shall be given by the Secretary in the circular calling
the next general meeting of the Institution. At that
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ARTICLES OF ASSOCIATION

meeting unless a ballot be demanded by at least five
persons entitled to vote, the person proposed shall be
declared elected. If a ballot be taken then the
person proposed shall be admitted if four-fifths of
the votes are favourable ; Members only being cntitled
to vote.

15. Every person duly elected or admitted as a Mem-
ber, Associate Member, Associate, Student, or Honorary
Member, shall be notified in writing of his election or
admission by the Secretary. At the first meeting of th
Institution held thereafter at which he is present, he
shall be introduced according to the ensuing form, viz.
—The President or the Chairman of the Meeting,
addressing him by name, shall say : * As President (or
Chairman of this meeting) of the Institution of En-
gineers and Shipbuilders in Scotland, I introduce you
as a Member (or Associate Member or Associate or
Student or Honorary Member as the case may be).
Thereafter the new Member, Associate Member, Associate,
itudent or Honorary Member shall sign the Roll of
Members, etc., to be kept by the Sccretary, and on
making payment of any fees or subscriptions due he
shall be cntitled to receive a diploma. The diploma
shall be signed by the President and the Secretary.

16. If any person proposed for admission into the
Institution be not approved by the Couneil, or be
rejected on being balloted for, no notice shall be taken
of the proposal in the Minutes of the General Meetings,
and such person shall not be proposed again for ad-
mission until after the expiry of one year from the date
of such disapproval or rejection. Before the meeting of
Council for considering any proposal to grant Honorary
Membership it shall be ascertained from any person
proposed to be made an Honorary Member,
whether he will accept the honour, no notice being
taken of the proposal in the Minutes unless he is elected.



ARTICLES OF ASSOCIATION

SectioN III.—MANAGEMENT AND OFFICE-
BEARELS.

17. The Direction and Management of the affairs of
the Institution shall be confided to a Council, which
shall consist of a President, six Vice-Presidents,
and eighteen Councillors. Of the eighteen Councillors,
not more than three may he Associates, the remainder
being Members. Five Members of Council shall con-
stitute a Quorum.

18. Members only shall be eligible for election
as President. The President shall preside over all
meetings of the Institution and Council at which he
is present, and shall regulate and keep order in the
proceedings. The President shall hold office for one
vear only, but shall be eligible for re-election at the
oxpiry of the year. '

19. Members only shall be cligible for clection as
Vice-Presidents. In the absence of the President, the
Vice-Presidents in rotation shall preside at meetings of
the Council and Institution. The Vice-Presidents shall
hold office for three years.

20. In case of the absence of the President and all
the Vice-Presidents, the meeting may clect any one of
the Council, or any Member, to preside. In all cases
the Chairman of any meeting shall have a Deliberative
Vote and a Casting Vote.

21. Members and Associates only shall be eligible for
clection as Ordinary Members of Council, and shail
hold office for three years, and not more than three
Associates shall hold office in the Council at any one
time.

22. Past Presidents of the Institution shall be ez
officio Honorary Members of Council.

23. The Office-Bearers in office at 30th April, 1902,
shall continue in office till the First General Meeting of
the Institution in October, 1902, when a new Council
shall be elected in terms of these Articles. Such Office-
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XVi. : ARTICLES OI ASSOCIATION

Bearers shall be eligible for election for the new Council.
Of the now Council, two Vice-Presidents shall retire in
October of each of the years, 1903, 1904, and 1905,
Meumbers of their places being filled by clection, and the persons
elected shall hold office until the expiry of the terms
of office. Similarly of the new Council, six Councillors
(being five Members and one Associate) shall retire in
October, 1903, and a like number in October, 1904, and
the remainder in October, 1905, their places being filled
by election at these dates respectively, and their
successors retiring at the expiry of the terms of office,
and so on thercafter from year to year. The Vice-
Presidents to retire in October, 1903, and 1904, shall
be determined by lot among the six Vice-Presidents
first elected, and the Members of Couancil to retire
in October, 1903 and 1904 shall be determined by lot
among the Members of the Council first elected. The
Vice-Presidents and the Ordinary Members of Council
who fall to retire at the dates mentioned, or who fall to
retire at any time on the expiry of their term of office,
shall not be eligible for re-clection in the same capacity
until one year has elapsed from the date of retiral.

o 24. The Members of Council shall be elected by
ce-Bearers to . :
tobeclested by ballot at the Annual General Meeting, such meeting
being the last Ordinary Meeting held in each month of
April, but the new Office-Bearers elected at this meeting
shall not enter office until 1st October following. In
the election of President, Vice-Presidents, and Ordinary
Members of Council from the Class of Associates, all
Members, Associate Members, and Associates shall be
entitled to vote. In the clection of the other Members
of Council only Members and Associate Members shall

he entitled to vote.
25. In March of each year the Council shall meet and
Btefor prepare a list of names for the clection of Council for the
ensning year. This list shall contain the name
of the proposed President. and not less than two
names of persons proposed by the Council for each
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vacancy in the class of Vice-Presidents, Ordinary Mem-
bers, and Associate Members of Council. This list shall
be submitted to the Members at the Monthly Meeting
preceding the Annual Meeting, and the Members present
may by motion, duly seconded, propose any additional
names for any of the offices.

26. Fourteen days before the General Meeting in

April of each year the list as proposed by the

Council for the election of Members and others to fill the
vacancies in the Council for the ensuing year, with such
additions as may have been made thereto under Article
25, shall be printed and sent to all Members, and
Associate Members, and tho list shall serve as a bhallot
paper. A similar list shall be printed and sent to
all Associates containing the names of those for whom
they are entitled to vote. Those persons entitled to
vote may vote for as many names on the list as there are
vacancies to be filled. In the event of any ballot paper
not containing names equal to the number of vacancies
to be filled such ballot paper shall be treated as a spoiled
paper.

The ballot papers may be sent by post or otherwise
to the Secretary so as to reach him before the day and
hour named for the Annual General Meeting, or they
may be presented personally by those entitled to vote,
at the opening of the Meeting.

27. A vacancy occurring during any Session in con-
sequence of the resignation or death of any Office-
Bearer (except the President) shall be filled up by the
Council, until the next Annual General Meeting for
electing Office-Bearers. Any vacancy in the office of
President shall be filled up at the next General Meeting
of the Institution. A person elected to fill a vacancy
shall hold office for the period unexpired of the term of
office of the Office-Bearer resigning or dying or being
removed from office, and he shall be eligible for re-election.
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SEcTION IV.—~POWERS AND DUTIEé OF
COUNCIL.

28. The Council shall meet as often as the business
of the Institution requires, and during each Session—
that is from October till April—the Council shall meet
at least once a month. ’

29. The Council may delegate any of their powers to
Committees consisting of such Members of the Council
as they think fit, and they may appoint Committees to
report to them upon special subjects. In particular,
they shall appoint a Finance Committee to superintend
the finances of the Institution, a Library Committee to
superintend Library arrangements, and a Papers Com-
mittee to arrange for papers being submitted at meetings
of the Institution. The Minutes of all Committees shall
not take effect until approved by the Council. The
President shall be ez officio a member of all Committees.
The Convener of the Finance Committee shall be styled
Honorary Treasurer. He shall be elected by the Council
from their number, and notwithstanding the provision
for retiral in Article 23, he shall be entitled to
retain the office of Honorary Treasurer for three years
from the date of his appointment.

30. The Council may make Bye-Laws and Regulations
for carrying on the business of the Institution, and from
time to time, alter, amend, repeal, vary, or add to the
same ; but any Bye-Law or Regulation, or any alteration
or amendment thereon, or addition thereto, shall only
come into force after the same has been confirmed at a
General Meeting of the Institution, and no Bye-Law or
Regulation shall be made under theforegoing which would
amount tosuch anaddition to or alteration of these Articles
as would only be legally made by a Special Resolution
passed and confirmed in accordance with Sections 50 and
51 of the Companies Act, 1862. The Council shall
be entitled to invest the Funds of the Institution as they
think fit, on such security, heritable or moveable, as to
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them shall seem proper, and may alter or vary the
investments from time to time. The Council may pur-
chase or sell property, heritable or moveable, for the
use of the Institution, and may borrow money on the
security of the property of the Institution, subject to
confirmation by the Institution at an Extraordinary
Meeting called for the purpose.

31. The Council shall appoint a Secretary and a
Treasurer, and any other official or servant required to
«<arry on the work of the Institution, and the appoint-
ment3s made by the Council shall be on such terms and
conditions as the Council may think fit.

32. All questions in or before the Council shall be
decided by vote, and such vote shall be taken by a show
of hands or by ballot; but at the desire of any four
Members present the determination of any subject
shall be postponed till the next meeting of Council.

SectioN V.—SECRETARY AND TREASURER.

33. Subject to regulation by the Council, the Secre-
tary (who may also act as Treasurer) shall conduct the
correspondence of the Institution ; attend all Meetings
of the Institution, of the Council, and of Committees;
take Minutes of the proceedings of such Meetings, and
enter them in the proper books provided for the pur-
pose; read at all Meetings of the Institution and
Council respectively the Minute of the preceding Meet-
ing, and all communications received by him or ordered
to be read ; superintend the publication of such papers
as the Council may direct ; take charge of the Library ;
issue notices of Meetings; issue Diplomas; keep the
Roll and Registers; and perform whatever other duties
are indicated in the Regulations of the Institution as
appertaining to his department or set forth in the terms
of his appointment.

34. Subject to regulation by the Council, the duties
of the Treasurer shall be to take charge of the property
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of the Institution (excepting books, papers, drawings,
models, and specimens of materials, which shall be in
the charge of the Secretary); to receive all payments
and subscriptions due to the Institution ; to direct the
collection of subscriptions; to pay into one of the Glasgow
Banks, in the joint names of the President, Honorary
Treasurer, and himself, the cash in his hands whenever
it shall amount to Ten Pounds ; to pay all sums due by
the Institution, but not without an order signed by two-
Members of the Finance Committee, and to keep an
account of all his intromissions in the General Cash
Book of the Institution, which shall upon all occasions
be open to inspection of the Finance Committee, and
which shall be balanced annually, as at 30th September.
The Treasurer shall prepare an Annual Statement of
the Funds of the Inmstitution, and of the receipts
and payments of each financial yecar, which shall
be audited by the Auditor aftermentioned, and this
Statement of the Funds and an Inventory of all the
property possessed by the Institution, and a List of the
Members, Associate Members, Associates, and Students,
whose subscriptions are in arrear, shall be submitted to
the First Meeting of the Council, in October.

Annual Report. ~ 30- An Annual report upon the affairs of the
Institution shall be drawn up under the direction of
the Council at a meeting to be held not less than ten
days before the General Meeting of the Institution in
October. This report shall emhody reports from the
representatives elected by the Council to various official

bodies.
SecTioN VI.—AUDIT OF ACCOUNTS.
Auditor and 36. An Auditor, who must be a Chartered Accountant
dutics. of at least five years standing, shall be appointed by the

Council at their meeting preceding the last General
Meeting of each Session, to examine the accounts and
books of the Treasurer, and the Annual Financial
Statement or Statements of the Funds, and that State-
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ment along with the Audit and Annual Report, shall be
printed in the notice calling the First General Meeting of

xxi

the Institution in October, and shall be read at that .

meeting.

SectioN  VII.—MEETINGS AND PROCEEDINGS
OF THE INSTITUTION.

37. The Institution shall hold ordinary meetings for
reading papers, and for discussing matters connected
with the objects of the Institution; and such meetings
shall take place regularly, at least once in every four
weeks during each Session ; and may be adjourned from
time to time. The Sessions shall commence in
‘October, and continue until the month of April next
following, inclusive. No business shall be transacted
at any Mecting, unless 25 Members shall be present.

At the General Meeting in April of each ycar for the
election of Office-Bearers, the order of businessshall be :—

(1) Minutes of last meeting.

(2) Toread and consider the reports of the Council
and Treasurer.

(3) The mceting shall nominate two Scrutineers
who shall be members, and shall hand to them
the ballot-box containing the voting papers for
the new Office-Bearers.

(4) The Scrutineers shall receive all ballot papers
which may have reached the Secretary, and all
others which may be presented at the Meeting.
‘The Scrutincers shall then retire and verify the
lists and count the votes, and shall, before the
close of the meeting, report to the Chairman
the names which have obtained the greatest

~ number of votes subject to the conditions of
the ballot. The Chairman shall then read the
list presented by the Scrutineers, and shall
declare the gentlemen named in the list to be
duly elected, provided always that the list does

Ordi . Gene-~

every four weeks
during the Bes-,
sion.
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not contain more names than there are vacancies
to be filled.

38. At every ordinary meeting of the Institution, the
Secretary shall first read the minutes of the preceding
meeting, which, on approval, shall then be signed by the
Chairman of the meeting at which the minutes are read
and approved. The Secretary shall next read any
notices which may have to be brought before the
meeting; after which any Candidates for admission may,
if necessary, be balloted for, and any new Members shall
be admitted. Any business of the Institution shall themn
be disposed of, after which notices of motion may be
given. The paper or papers for the evening shall then
be read and discussed. Each Momber shall have the
privilege of introducing one friend to the General Meet-
ings, whose name must be written in the Visitors’ Book
together with that of the Member introducing him;
but if the introducing Member be unable to attend
the Meeting he may send with the visitor a card
signed by him addressed to the Secretary. During
such portions of any of these Meetings as may be
devoted to any business connected with the manage-
ment of the Institution, visitors may be requested by
the Chairman to withdraw.

39. All papers read at the meetings of the Institution
must be connected with the Science or Practice of
Engineering or Shipbuilding, and must be accepted by
the Papers’ Committee before being read.

40. The papers read, and the discussions held during
each Session, or such portion of them as the Council
shall select, shall be printed and published forthwith.

41. Explanatory notes communicated after the reading
or discussing of papers may be printed in the Transactions,
if the Council see fit.

42. The copyright of any paper read at a meeting of
the Institution, with its illustrations, shall be the exclusive
property of the Institution, unless the publication thereof
by the Institution is delayed beyond the commencement
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of the Session immediately following that during which
it is read ; in which case the copyright shall revert to
the author of the paper. The Council shall have power,
however, to make any arrangement they think proper
with an author on first accepting his paper.

43. The printed Transactions of each Session of the
Institution shall be distributed gratuitously, as soon as
ready, to those who shall have been Members, Associate
Members, Associates, or Honorary Members of the
Institution during such Session, and they shall be sold
to the public at such prices as the Council shall fix.
Authors of papers shall be entitled to thirty separate
copies of their papers, with the discussions, as printed
in the T'ransactions.

44. Extraordinary or Special Meetings may be called
by the Council when they consider it proper or necessary,
and must be called by them on receipt of a requisition
from any 25 Members, specifying the business to be
brought before such meeting.

45. Any question which, in the opinion of the Presi-
dent or the Chairman of the meeting of Council and
Institution, is of a personal nature, shall be decided by
ballot ; all other questions shall be decided by a show
of hands, or by any convenient system of open voting.
In all cases, not hereinbefore provided for, only Mem-
bers, Associate Members, and Associates, shall be
entitled to vote. Every Member, Associate Member,
and Associate, shall have one vote only, which must be
given personally.

SectioN VIII.—SUBSCRIPTIONS OF MEMBERS
AND OTHERS.

46. Each Member shall, on election, pay an entrance
fee of £1, and for the current and for each Session
thereafter an annual Subscription of £2.

Each Associate Member shall, on election, pay an
entrance fee of £1, and for the current Session and each

Xxiii.

Speciul Meeting
may be called by
the Council, or

on requisition by

25 Members,

Voting.

‘Who may
Vote.

Annual
Subecription
payable.



xxiv. ARTICLES OF ASSOCIATION

of the two following Sessions an Annual Subscription
of £1, and thereafter an Annual Subscription of £1 10s.

Each Associate shall, on election, pay an entrance fee
of £1, and for the current Session and each Session
thereafter an Annual Subscription of £1 10s.

Each Student shall pay an Annual Subscription of
Ten Shillings, but no entrance fee.

In the case of Members, Associate Members, Associates,
and Students, elected during March and April
no subscription shall be payable for the current
Session.

47. Honorary Members shall be liable for no con-
tribution or subscription or entrance fee.

48. The Liability of any Member or Associate for
future Annual Subscriptions may be commuted by the
following payments, viz., in the case of a Member, by
the payment of £25; and in the case of an Associate,
by the pavment of £20 and, in the event of such pay-
ment being made by a Member or Associate on his
admission to the Institution, the same shall be in full of
Entry Money as well as future Annual Subscriptions.

49. All persons transferred, in terms of Articles 10
and 11, to the Roll of Members, Associates, or Students,
to be kept under these Articles, shall not be liable to pay
any entrance fee, but for the Session, 1902-3, and there-
after they shall be liable for the Annual Subscription
applicable to the Class to which they ave transferred. All
persons who, as Members or Associates under the former
Articles of Association, had commuted their Annual
Subseriptions by a capital payment to the Institution
shall not be liable for any subscription, notwithstanding
the terms of this Article.

When Annual 50. Annnal Subscriptions shall become due on the
Rubscriptions  first day of October in each year, and must be paid
due. .
before 1st January following.
Members, eto., 51. No Member or Associate Member or Associate,
:g::;;“m&"m‘;h whose subscription is in arrear, shall be entitled to vote at
any meeting of the Institution nor to receive copies
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of papers or proceedings while the subscription remains
unpaid.

52. Any Member, Associate Member, Associate or
Student, whose subscription is more than three months
in arrear shall be notified by the Secretary. Should
his subscription become six months in arrear he shall be
again notified by the Secretary and all his rights in
.connection with the Institution shall be suspended.
Should his subscription become one year in arrear he
shall be removed from the roll of the Institution unless
the Council may deem it expedient to extend the time
for payment.

53. Any Member, Associate Member, Associate, or Stu-
dentretiring from the Institution, shall continueto be liable
for annual subscriptions until he shall have given formal
aotice of his retirement to the Secretary. Contributions
payable by Members, Associate Members, Associates or
Students, shall be debts due to the Institution, and may
he recovered by the Treasurer.

54. In the case of any Member or Associate who has
been long distinguished in his professional career, but
who, from ill health, advanced age, or other sufficient
cause, does not continue to carry on a lucrative
practice, the Council, if they think fit, may remit the
annual subscription of such Member or Associate, and
they may remit any arrears due by him. Any such
case must be considered and reported upon to the
Council by a Committee appointed by the Council for
the purpose.

65. The Council may refuse to continue to receive
the subscription of any person who shall have wilfully
acted in contravention of the regulations of the Institu-
tion, or who shall, in the opinion of the Council, have
been guilty of such conduct as shall have rendered him
unfit to continne to belong to the Institution, and may
remove his name from the Register, and he shall there-
upon cease to be a Member, Associate Member, Associate
or Student (as the case may be) of the Institution.
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SkctioN IX.—GENERAL POWERS AND
PROVISIONS.

56. Any Extraordinary or Special Meeting of the
Institution, duly called, shall have power, by a majority
in number of the persons present thereat entitled to
vote, from time to time, to review the decisions or
determinations of the Council ; to remove Members of
Council ; to expel Members, Associate Members, Asso-
ciates, Students, or Honorary Members, from the
Institution, and to expunge their names from the Roll ;
and to delegate to the Council all such further powers
as may bo considered necessary for efficiently performing
the business of the Institution. At any Extraordinary
or Special Meeting 50 Members shall be a quorum.

57. The Institution shall have a common seal, which
will be under the charge of such of the Office-Bearers as
the Council may appoint, and all instruments bearing:
the seal shall be countersigned as the Council shall
direct.

SkcrioN X.—NOTICES.

58. Notices requiring to be served by the Institution
upon its Members, Associate Members, Associates,
Students, or Honorary Life Members, may be served
either personally, or by leaving the same, or by sending
them through the post; and notices so posted shall be:
deemed to have been duly served. No Members,
Associate Members, Associates, Students, or Honorary
Life Members, who have not a registered address within.
the United Kingdom, shall be entitled to any notice;
and all proceedings may be had and taken without notice
to any such.

59. Notices for any General or Iixtraordinary or
Special Meeting of the Institution must be given by
the Secretary to all Members, Associate Members,
Associates, or Honorary Life Members, at least four
days before such meeting. Notices of any adjourned
meeting shall be given at least two days before the-
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adjourned meeting is held. Such notices shall specify
the nature of the business to be transacted and no other
business shall be transacted at that Meeting.

60. Notices for any meeting of Council must be given
by the Secretary at least four days before such meeting.
Notices for the meetings of Committees shall be given as
the Council shall direct.

Notices.

xxvii.

61. In computing the inducie of any notice the day Computation of

on which the same is delivered shall be reckoned as
an entire day

APPENDIX.
Form A.
Form of Recommendation and Undertaking.
A B.......... V) SO being upwards of.........

{ears of age and being desirious of belonging to the
nstitution of Engineers and Shipbuilders in Scotland,
I recommend him from personal knowledge as in every
respect worthy of that distinction because (here specify
distinctly the qualifications of the Candidate according
to the spirit of Articles 5, 6, 7, and 8).

On the above grounds I beg leave to propose him to
the Council as a proper person to belong to the
Institution.

Duted this............ day of............ 19
We. the undersigned, from personal knowledge, concur
in the above recommendation.
...... teereerstaeersncensensees.. Member,
.................. cereeeeesaenes. Member.
I, the said A B., do hereby promise that in the event
of my election I will abide by the Rules and Rogula-

tions of the Institution, and that I will promote the
objects of the Institution as far as may be in my power.
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Formu B,
Form for Transfer from one Class to another.

A.B................ 4) S having been a ...........
of the Institution of Iingineers and Shipbuilders in
Scotland for..................years, and heing desirons
of becoming &............ceevenriinnne. of the fnstitution,
we, from personal knowledge, recommend him as in
every respect worthy of being clected a...............
of the Institution.

.............................. Member.

I, the said A. B, do hereby promisc that in the
event of my election I will abide by the Rules and
Regulations of the Institution, and that I will promote
the objects of the Institution as far as may be in my
power.

aesessne SN vesvesstcesscentnenne ssen

The Council having considered the above recommendation
and undertaking approve of the same.

Ceettererieruenrastesans san President (or Chusrman).

Daled this......... day of............19
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MEDALS AND PREMIUMS.
1., Each of the two Medals founded by subscription,

for the best paper in the Marine and Railway Engineer- Meds

ing Departments respectively, shall be awarded by the
vote of a General Mecting, not oftener than once in
each Session.

2. The Council shall have power to offer annually a
Medal for the best paper on any subject not comprehended
by the Marine and Ruilway Engineering Medals. Such
additional medal to be called the Institution Medal, and
to be paid for out of the Funds of the Institution, until
a Special Fund be obtained. This medal also shall be
awarded by the vote of a General Meeting.

3. If it shall be the opinion of the Council that a
paper of sufficient merit has not been read in a particular
department during any Session, the Medal shall not be
given in that department ; and, in the case of the Marine
and Railway Engineering Medals, the interest arising
from the particular Fund shall be added to the principal.

4. If the Person to whom a Medal may be awarded
shall express a wish to receive a Bronze Medal, accom-
panied with the extra value in Books, in lieu of the
ordinary Gold Medal, the award shall be made in that
form. The Couuncil may recommend premiums of Books
in lieu of, or in addition to, the Gold Medals. The
value of such premiums of Books to be determined by
the Council.

MANAGEMENT OF THE LIBRARY.

6. The Council, at their first Meeting each Session,
shall appoint eight of their number to form a Library

Institution
Medal.

‘When Medals
may not be
awarded.

Medals and
Books muy be
awarded.

f%&;dhﬁhnent of
ttee.
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Committee, one of the eight to be Honorary Librarian
and Convener of the Committee. Three Members of
the Committee shall form a quorum.

6. The Secretary of the Institution shall have charge
of the Library, and shall also act as Secretary of the
Library Committee.

7. The Library Committee, subject to the sanction of
the Council, shall expend in Books and Library expenses
the sums placed at their disposal, and, subject to the
approval of the Council, may make Bye-Laws for the
management of the Library, and appoint Assistants.
The sum of £30 or thereby shall be expended annually
out of the funds of the Institution, in the purchase
of Books for the Library, in addition to the ordinary
expenditure in binding, &c.

8. The Library Committee shall annually make an
examination of the property in connection with the
Library, and report to the Council, detailing the state
of the Library affairs.

LIBRARY BYE-LAWS AS TO USE OF BOOKS.

9. Except during Holidays and Saturdays, the Lib-
rary shall be open each lawful day from 1st May till 30th
September inclusive, from 9.30 a.m. till 5 p.m. On
Saturdays the Library shall be open from 9.30 a.m. till
1 pm. On the 1st October and thereafter throughout
the Winter Session the Library shall be open each law-
ful day from 9.30 a.m. till 8 p.m., except on Meeting
nights of the Institution and Royal Philosophical Society,
when it shall be closed at 10 p.m. The Library shall be
closed for the Summer Holidaya from the ilth July till
31st July inclusive.

10. Books shall not be lent to any persons except
Members, Associate Members, Associates, Students
or Honorary Members of the Institution; but a person
entitled to borrow books may send a messenger with
a signed order.



BYE-LAWS

xxXxi.

11. The books marked with an asterisk in the Cata- Bocksfor

logue shall be kept for consultation in the Library only,
and shall not bs lent.

12. The Librarian and Assistant Librarian shall take
their instructions from the Secretary of the Institution.
They shall keep an Accession Book, in which shall be
entered the particulars of all books purchased for or
donated to the Library.

13. The Librarian, or Assistant Librarian, shall keep
a Register, in which he shall enter the titles of the book
or books lent, the date of lending, the name of the
borrower, and the date of the return of the book or
books to the Library.

14. The borrower of the book or books, or, in his
absence, the bearer of his order, shall sign his name to
the entry of such borrowing in the Librarian’s Register.

15. The Librarian, or Assistant Librarian, shall sign

only.

Librarian to

m‘Aoouﬂon

his initials to the date of the return of the book or gertity

booke,

16. The borrower shall be responsible for the safe
return of the book, and if it be damaged or lost
he shall make good such damage or loss. Should
books be returned in a damaged condition, the Lib-
rarian, or Assistant Librarian, shall immediately
make an entry of the fact in the Register, and report the
same to the Library Committee without delay ; and he
shall give notice in writing of such entry, and report to
the person from whom he last received the book, within
three clear days of the receipt of the book, exclusive of
the day of receiving the book and the day of giving such
aotice.

17. No person shall be entitled to borrow, or have in ,

his possession at one time, more than two complete
works belonging to the Library, or two volumes of any
periodical.

18. No person being six months in arrears with
his sabscription to the Institution shall be at liberty to
use the Library or Reading Room.
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Time books may  19. No borrower shall have the right to retain a book
" longer than thirteen clear days, exclusive of the days of
borrowing and returning; and written notice shall be sent
to the borrower one day after the time has expired. In
no case shall any hook be kept longer than twenty clear

days.

ot be oo 2U. Inthe event of two or more persons applying for

mayspply for  the same book at the same time, the applicants shall
draw lots for priority.

[atroduction of 21, Each Member shall be entitled to introduce a friend

ReadingRoum.  to the Reading Room, whose name shall be written in:
the Visitors’ Book, together with that of the Member
introducing him.

Avnual serutivy 22, All books belonging to the Library shall be called
in for inspection, and the lending out of books shall be
suspended in each year for one week, being the last
seven clear days of March ; and all Members shall be
required, by an intimation to be inserted in the noticc
calling the preceding meeting of the Institution, to
return all books in their hands to the Library on or
before the day next preceding the period before men-

tioned.

NoTeE.—The Library and Reading Room are open to Members,.
Associate Members, Associates, and Students; and the Library of

the Philosophical Society is open for consultation.
WILLIAM BROWN, Convener. E. HALL-BROWN,

WM. M. ALSTON. WILLTAM MELVILLE,
ProF. A. BARR, D.Sc. JOHN STEVEN.
W. A. CHAMEN. JOHN WARD.
EDWARD H. PARKER,
Secrelary.

21st April, 1903.




IN STlTbTIO\T
ENGINEERS A\ID SHIPBUILDERS

IN SCOTLAND

(1¥CcORPORATED).

FORTY-EIGHTH SESSION—1904-05,

Mr Joux Warp, Vice-President, in the Chair.

25th October, 1904.

The CHaIRMAN said that the opening of a new Session, like the
opening of a New Year, might be fitly looked upoun as a fresh mile
stone on life’s journey. And so their good wishes for one another
and their desire for the continued prosperity of the Institution found,
he trusted, a responsive echo in the hearts of them all on that, the
opening night of the 48th Session of its history. A perusal of the
report which had just been adopted, told of steady and continuous
growth in membership and finance. For the past nine years that
bad been their happy experience, and they might justly look upon
it as a better index and earnest of the Institution's influence and
endurance, than if these had been spasmodic or fitful. The roll
was at the high water mark of 1404 all told, while the surplus
balance last year amounted to £725 15s 8d. The report covered
a large amount of interesting ground, and revealed a thoughtfulness
and energy on the part of many of their Members which were
worthy of all commendation, and betokened a fruitful future. The
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Members who were affiliated to the various technical and educa-
tional bodies named in the report had done good work, and had
taken an active interest in the discharge of the duties devolving
upon them. Much lasting benefit should result from co-operating
in work of that nature, and their connection with it through
their representative Members was a bond uniting them in the
spread of technical and educational work, the value of which was
greater and wider reaching than they could possibly gauge. The
tentative character of much of their work must always be a large
part of its commendation. They were experimenting and feeling
their way as much for others as for themselves ; but in science, as
in other ficlds, one had the happiness sometimes of being both
asower and a reaper. It was to be hoped that such work
ag they had tried to accomplish during the past year would be
an incentive to the Members to make the Institution a greater
storehouse of original and initiative force than it had been in
the past.

One noteworthy feature of the report was the record of the work
done in the Students’ Section. Their friend and colleague, Mr
Hall-Brown, deserved their heartiest thanks for the enthusiasm and
energy which he, as chairman, had thrown into that work. The
~ object lessons given to the Students through the visits paid to
representative works, were of an educative character, while the
papers read and discussed by them during the session were of
marked ability, and worthy of even larger audiences than those
which had the privilege of hearing them. Some of these papers
were of outstanding merit; and of as instructive a nature as
those read at the monthly meetings to the Members.

Mr Gilchrist, when occupying the chair on the opening night a
year ago, emphasised the duty devolving upon their younger
Members of taking a more active and energetic part in the work
of the Institution than they had yet done. He endorsed most
heartily all that Mr Gilchrist said on that important matter.
Young and vigorous blood was essential to vitality and progress;
whether it was as a nation, as an Institution, or as individual
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members of a profession, or a ecommunity. The world’s work
would more and more be done by young men, and part of their edu-
cation for worthily acquitting themselves, apart from thoroughly
mastering their professions, was by helping on, and taking part
in, the work of institutions such as their own, hoth as authors
and speakers. He had heard it stated that the average middle
aged or elderly business man of to-day was younger in mind
and business application than was his father at a similar age.
‘That might be so, yet the fact remained that the seniors who
were wearing to the westward were not so nimble at doing the
work they used to do in the old unfettered days. As years
crept on, and the elasticity of youth was but a memory, the
pace became slower and the pulse duller. They all recognised
it more or less vividly, and they all thought of it more or less
seriously. A blend, therefore, of the matured judgment and
experience of age, guiding wisely and well the enthusiasm
and forceful energy of youth, was to he desired in busi-
ness, as in institutions ; and the adoption of that belief in
rvecent years by the Members was, he thought, one of the
reasons for the growth and popularity of the Institution to-day.
‘That that should continue and expand was most desirable.
‘Their Institution—representative of engineering and shipbuilding
in Scotland, and centred within hail of the birthplace and train-
ing ground of James Watt, its Patron Saint—required it; their
membership warranted it ; their progress as a living and ever-
advancing profession largely depended upon it ; and the Clyde
which still maintained its high position as the home of much that
had been achieved in the continued advancement of engineering
and shipbuilding, specially deserved it. All those reasons, and
others, which might be cited, warranted their striving unitedly
and earnestly, to make the Institution, through its ¢ work and
worth,” an ever-growing power in their midst.

The growing membership had made it imperative on the
Council to seriously consider the question of the house accommo-
dation. As most of them knew, the huilding was the joint
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property of the Royal Philosophical Society and themselves.
Both Societies had been steadily growing in numbers and influ-
ence, and what was large enough in the way of accommodation
for both twenty-four years ago, when the building was
erected, had become inadequate for the needs of both Societies
to-day. Negotiations of a friendly nature were in progress
between Committees of the Societies, and he had no fear but
that the good feeling and friendship which had linked them
together in the past would continue long after the dissolution
of partnership, when one most likely remained as the occupant
of the present building, and the other had sought and found
safe anchorage in good holding ground elsewhere within the
confines of the city.

It was fitting that he should record the indebtedness of the
Council to their friend and colleague, Mr James Gilchrist, for
the valuable help and guidance he had, in the absence of their
President. given them during the past year. The illness which
overtook Mr Denny more than a year ago gave silent warning
that duties of every kind must for a time be laid aside. He-
accordingly requested Mr Gilchrist (one of their oldest and
greatly valued Members) to acrept the position of Chairman of
Council until his return. That request was endorsed by the
whole Council, and Mr Gilchrist, like the warm-hearted anad
loyal colleague they all knew him to be, most cheerfully assented.
For all the help he had already given, as well as for its con-
tinuance until the President took up his work again, he asked
them to accord him now their warmest and heartiest thanks.

With a membership such as the Institution possessed, it was
inevitable that some should fall from their ranks year by year.
Among those who had passed away during last Session, Mr
James M. Gale stood out as one who was long and honourably
connected with them. For 23 years he served the Institution
as Honorary Treasurer, and Volume VII. of the Transactions was
enriched by a most interesting paper, which he read, giving
detailed records of professional engineering work designed and
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carried out by him for the city, and its water supply from Loch
Katrine. Other notable members had passed away, including Mr
W. T. Courtier-Dutton, the able and talented Chief Surveyor of the
British Corporation ; and Sir William Allan, the genial and stal.
wart member of Parliament for Gateshead, To Sir William Allan
his profession of engineering was very dear, and his voice was
raised and his influence used for the due recognition by Govern-
ment of the status of naval engineers when they had few fricnds
in court, and help was greatly needed to redress existing ills.

At the opening meeting a year ago, Mr Gilchrist, in the absence of
the President, read a letter from bhim saying how much he
regretted, through illness, his inability to be with them that
night. None of them anticipated, and he probably least of
all, that his illness would run such a long and weary course.
It had lasted now for over a year, and the end was not yet.
He was thankful to say Mr Denny was now improving, and that
complete recovery would come in due time. No one knew better
than he did how dear to Mr Denny’s heart were the interests of
the Institution, He believed in it, he thought about it, and
planned for it ; and it only added to the pain of his regret that the
condition of his health was such as to prevent him being with them
that night and delivering his Presidential Address. That he had
their sympathy and forbearance, he knew; and that had com-
forted him when comfort was sorely needed. There was
no one in their profession who had gained a heartier esteem
than he had; no one of his years who was more confided in,
or looked up to with more kindly regard. A born shipbuilder,
he had lived for the good name and honour of their calling.
He had placed his services unstintedly at the disposal of the
Government and public bodies, when these services were asked ;
and he had never failed to prove himself a thoroughly capable
adviser and helper, as he had done to all who had known him as
a genuine warm-hearted and loyal friend. The isolation caused
by his illness was bad to bear in any case, but doubly so in the
case of a man who, like Mr Denny, had spent so much of his
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6 CHAIRMAN'S REMARKS

strength generously for the benefif of others and the advance-
ment of his profession. He wanted to assure Mr Denny, speaking
from the chair and in their name, of the warm pla.ce he had
in their regard, and of their fervent hope that he might soon
regain his lost health and strength, and be spared for many years
to the advantage of the profession which by his ability and energy
he had done so much to adorn,



THE SMOKE PROBLEM.
By Mr F. J. Rowan (Member).,

SEE PLATES I. AND II.

Read 25th October, 1904.

THE presence of smoke in the atmosphere, in anything but
minute proportions, is objectionable on both ®sthetic and sanitary
grounds. The msthetic is perhaps the point of view from which
smoke is most objectionable to the general public, but the sanitary
aspect of the subject increases in importance as the value of pure
air and brightness in our surroundings is better understood. No
one can pretend to believe that the breathing of smoky air is good
for human lungs, or that the taking of carbonaceous matter into
the human frame by that method is advantageous, although it is
well known that carbonaceous foods are heat producing. And our
environment should not embrace blackened and decaying vegeta-
tion, the walls of houses whose colours are reduced to a dead level
of dismal grime, obscured sunlight, and increased rainfall. These,
however, are matters the discussion of which is beyond our
province here, and, as engineers, we have to consider the no
less important economic aspect of the subject, and to bring the
resources of science to bear on the problem so that smoke may be
prevented.

No one who knows anything about combustion can deny that
smoke is 80 much coal wasted, and yet manufacturers sometimes
use the argument that because certain industries have in the past
flourished in proportion to the amount of smoke they have made,
therefore to abolish smoke would be to kill them. This argument
is misleading, because these industries have flourished in spite of
the waste represented by the smoke, which only served to give a
material indication of the volume of business being done. If with
the same amount of business and the same prices there had been
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added the vulue of all the coal and potential heat lost in the form
of smoke, then an undoubtedly large addition to the profits would
have been made. _

For the sake of clearness, the subject may be considered under
the following four divisions, viz. :—

The Production of Smoke,

The Estimation of Smoke,

The Prevention of Smoke, and

Some Considerations Affecting Municipal Control.

ProDUCTION OF SMOKE.

’

The term *smoke,” as popularly used, includes smoky hydro-
carbon gases, which are undecomposed tarry vapours, and the cloud
of sooty carbonaceous particles which constitute true smoke, black
or grey, according to their degree of dilution with steam, air, or
other invisible gases. The smoke from domestic fires consists
principally of the former, with a small proportion of the latter ;
but this result is in general reversed in the case of the smoke
escaping from furnaces.

It is not necessary to enter minutely into the chemistry of
combustion, but one or two points must be noted.

Professor Vivian Lewes has remarked that “If we take the
smoke from a cigar or a cigarette, blow it into a thin glass
chamber highly illuminated from below by means of an electrio
lantern or a lime light, and examine it under a high-power
microscope, it presents a most remarkable and wonderful appear-
ance. Such smoke contains no particles of free carbon, but
appears to consist of an immense number of little round particles
in the wildest condition of commotion and movement, each
patticle rushing about and never coming into contact with its
neighbour. It, in fact, presents a beautiful picture of the
molecular movement with which theorists have endowed matter.
On still further examination, these little particles prove to be tiny
vesicles, the skins of which are formed of condensed vapour and
liquids from the burning substance which gave rise to them.
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Being filled with gases they are extremely light, and float in the
atmosphere until brought forcibly into contact with some surface,
when they burst, and deposit the liquid film, setting the contents
free. The tar vapour which escapes during the distillation of
-coal, either in gas retorts or upon an open fire, consists of a mass
of vesicles of this character. When the temperature at the top
of the fire has been sufficient to ignite the gas escaping from it,
they are not formed, and then only a small portion of the escaping
smoke is of this character, the bulk consisting chiefly of carbon
particles. 'When the fuel has been put on in sufficient quantity to
cool the top of the fire below the ignition point of the gas, the
smoke which escapes consists chiefly of steam and the tar cloud;
while all smoke contains dust and ash from the grate.”

The high temperature in furnaces, as in some gas flames,
causes the decomposition of hydrocarbons, such as acetylene,
into carbon and hydrocarbon, which would burn if the
necessary temperature were continued along with the proper
quantity of oxygen; but in practice the diluting influence
of the nitrogen of the air and other products from the
tire beneath, and the cooling influence of the chimney draught
upon the flame, so check and hamper the completion of the
combustion of these products of the decomposition of the
acetylene, that the top of the flame is cooled and finally extin-
guished before the carbon particles can be consumed, and they
form the sooty smoke which passes to the chimney. This action
is to some extent illustrated by the familiar experiment of the late
<. Wye Williams, represented in Figs. 1, 2, and 3, in which he used
to show the effects produced by different methods of introducing
air. In Fig. 1 the whole supply of air was admitted to the
outside of the flame at the top of the glass chimney, and in
Fig. 2 air was admitted below alongside of the gus, but distinct
from it, so that the flame was still supplied from the outside, and
in these cases smoke was produced from unburnt products of
hydrocarbon decomposition. In Fig. 3, the air was diffused
through the gas, and produced a short flame of high temperature
-without smoke.
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These considerations show, roughly, how the two qualities of
“gmoke "' are produced, so that practically there are four
sets of particles forming the smoke from coal fires, viz.:
—1, Carbon particles escaping unconsumed from the burn-
ing hydrocarbons, and forming the soot; 2, tar vapours;
3, steam; and 4, dust particles mechanically carried by
the chimney draught, and these exist in different propor-
tions in the various kinds of smoke. Another consideration
must be noted, and that is that the gases escaping from the
chimney, cooled and diluted us they are, arc to all intents
practically imecombustible, whatever may have been their condition
in the immediate vicinity of the fire. If, however, they were
collected from the immediate surface of the fire, and used
undiluted by products of complete combustion or excess of air,
they could be consumed in suitable apparatus.

A complete review of this part of the subject would most
probably lead to the conclusion that the formation of a large
proportion of the smoke is in most cases chargeable to the
imperfect action of our present system of chimneys when
combined with coal-fired furnaces. A chimney provides a very
imperfect, and, from a heat-expenditure point of view, costly
method of causing a current of air to enter and pass through
a furnace. Once built its capacity is fixed, and remains the
same whether one furnace is, or a dozen that may be attached
to it are, being worked. Its contrcl of draught, or the
« ascensional force™ of the column of gas within it, depends upon
the temperature of that column relatively to that of the outside
air, and is ‘affected by friction and by atmospheric conditions.
" To produce the same movement of an equal volume of air, it
requires the expenditure of from 30 to 80 times the quantity
of heat which would be required by an engine and fan, and yet
it cannot control the delivery of that air in the furnace in the
best way.

EsTivaTION OF SMOKE.

The estimation of the density of smoke escaping from chimneys
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is a very crude affair as at present practised. A chimney may be-
built for only one furnace, or there may be no more than one for
a considerable number of furnaces. Then, again, furnaces are
built of different sizes, for different temperatures and prooesses,
and consequently require very different amounts of fuel. Yet
the quantity of smoke that may be escaping from a chimney at
any given time is seriously affected by the number of furnaces at
work, the rates of combustion in them, and the quality of fuel
used at the time. Does an inspector take a note of these things.
in making a report about smoke ?

The result may also be affected by diffusion of the smoke either
amongst steam or with the air. Sometimes a large volume of
exhaust steam is discharged into a chimney, and in the extreme
casc of a large number of smithy fires: collected under one roof
without chimneys, a large volume of smoke may escape from
them through the ventilators and apertures in the roof without
being noticed by him, whereas if the same quantity were led away
by one chimney it would catch the eye of the intelligent inspector.
Yet it cannot be argued that the smoke is more objectionable in
one form than in the other, as far as regards its general, or dust-
producing, effect on the local atmosphere. It is the quantity or
volume that tells, and yet a larger volume may be spread,
unnoticed, in the diffused state, than would be permitted in the
concentrated form. Estimation by means of the eye alone is,
therefore, wholly illusory, and is often unjust. It is the sum of
several uncertain factors, and is, further, entirely dependent upon
the observer’s power to discriminate between different degrees of
density or shades of colour. It is affected by the observer's
position relatively to the sun or a bright cloud, and by the total
amount of diffused light at the moment, as well as by the moisture
in the air.

Diagrams or * scales "’ of density have been introduced as an aid
to observation, or to afford a basis of comparison between the
different shades, but as yet no one scale has been adopted as a
universal standard. Three degrees have been used in some cases:
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the English Smoke Abatement Committee of 1895 used four
shades; the Paris Municipal Commission of 1897 employed five
degrees; ten degrees have been tried in American experiments ;
whilst in the Ringelmann and Bryan Donkin charts there are six
divisions, ranging between ‘ no smoke "’ and ¢ very black smoke."
The Ringelmann chart is shown in TFigs. 4 to 9, the various
divisions from No. 1 to No. 4 being formed by drawing black lines
of different thicknesses at different distances apart.* In Bryan
Donkin’s chart different shades of colouring were used, so that
this chart could be placed close to the observer, instead of at a
distance of 50 to 100 feet from him, according to the light in
which it is exposed, which is necessary in using Ringelmann’s
chart.

Further aid to observers has been attempted by preparing a
tube by means of which the light is passed through one or more
pieces of coloured (or ‘‘ smoked’) glass, or through any desired
thickness of a prism filled with coloured liquid, to one eye, whilst
the other eye observes the smoke, When the two shades coincide,
the number of pieces of smoked glass, or the width of the prism
used, gives the degree of density of the smoke.

The neatest and most reliable of ail these smoke density
indicators is the one shown by the Austrian Society of Steam
Boiler Owners of Vienna, at the Paris Exhibition in 1900. It is
illustrated in Figs. 10 and 11, and is formed of two concentric
tubes, the inner one, A, having glass ends and two branches, C
and D, by which the smoke orfurnace gases areled continuously into
and through it. At E (inside the funnel F, which shields it from
extraneous illumination), a transparent disc fits the annular space
between the two tubes, and at the opposite end of the apparatus

*Ringelmann’s rule for constructing his scale is :—

No. 0, All white.

No. 1, Black lines of 1 mm. thick, and white spaces of 9 mm.
No. 2, ,; . 23 ,, 4 17 mm, apart.

No. 3. ., - 37 » 2 63 ”

No. 4, ,, s BB g 40, "

No. 5, All black.
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there is an incandescent electric lamp in a closed lantern. The
apnular disc has the Ringelmann scale reproduced upon its
sectors, and both the smoke and the scale are seen by means of
the same amount of transmitted light, and simultaneously with
both eyes. The appearance of the tube A when containing very
black smoke, and that of the smoke density scale, are shown in
Figs. 12 and 13. By means of this apparatus the smoke may be
examined from moment to moment, if necessary, at each furnacs,
and not merely at a chimney common to several furnaces. It
thus not only shows the smoke density accurately, but also
furnishes a means of furnace control, which is not to be hoped for
from an inspector’s report of observations of a chimney.

In the interesting remarks on ¢ The Smoke Problem,’ read by
Sir John Ure Primrose, Bart. (the Hon. Lord Provost of Glasgow)
to the recent Sanitary Congress in Glasgow, the connection of
this subject with dust in its action in fog and rain production was
touched upon, and the author made some valuable suggestions
regarding the observation of what he termed the rate of ‘‘smut
fall " in cities, and gave a table of results of observations made in
Glasgow from March 1st to June 8th of this year. It is to be
hoped that the enquiry which he thus inaugurated will be system-
atically carried out in both towns and country places, so that
complete records may be obtained, and a basis of comparison
may be supplied. In order, however, to make the enquiry at
which Sir John Ure Primrose aimed a complete one, it would be
advisable, in addition, to estimate periodically, by means of Mr
John Aitken’s dust-counter, the quantity of solid particles floating
in the air, because it is more than likely that only a proportion of
these find their way to the ground at any time. According to Mr
Aitken the dust particles floating in the pure air of the Western
Highlands range from a minimum of 16 particles to a maximum
of 7,000 particles per cubic centimetre, whilst the air of London or
Paris contains from 60,000 to 210,000 particles per cubic centi-
metre. This shows that city air may be anything from 15 times
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to 13,125 times more dust laden than pure country air under
-existing methods of regulating dust production.

The intimate relation between dust and fog and rain production
thas been pointed out by Dr Alfred Carpentex,® by MrJohn Aitken,
F.R.S.E.,+ and by Mr W. Ernest F. Thomson, M.A,, M.B.; The
-classic researches of Mr Aitken cover the whole ground. They
-show, however, that the real crux of the matter is dust, and that
-smoke is only one of the sources, though perhaps a serious one, of
-dust production. And even in connection with smoke production,
the chimneys of domestic fireplaces, which scarcely ever emit
black smoke, are still responsible for a very large proportion of
what Sir John Ure Primrose happily termed the ¢ particulate
matter ’ which goes to provide the offensive features of what
would otherwise be white mist. His own table also bears out the
conclusion that the major portion of the *‘smut-fall’ may be due
to other sources of dust than smoke, because 58:25 per cent.
proved to he mineral and incombustible matter.

PREVENTION OF SMOKE.

Most of the efforts made in the past to arrive at the abate-
ment of smoke seem to have chosen the wrong starting point.
They assumed the accomplisied form ation of smoke, and started to
destroy it in some way. This was a fundamental mistake, but it
explains the continually repeated appearance of smoke * con-
sumers,” ¢ smoke washers” and ‘¢ annihilators,” with their often
promised returns and valuable products.

Actually formed smoke can be removed from furnace gases
by washing with water, but at a sacrifice of chimney draught or
power, and with the production of a worthless residue. In the’
endeavour to burn or consume smoke, some appliance having that
object was added to furnaces which had not been, in the first
place, designed to secure complete combustion. It is, of course,

* Journal Society of Arts, 10th Dec., 1880,

+ Transactions, Royal Society of Edinburgh, Vols. XXX. to XXXVI.
1 Proceedings, Philosophical Society, Glasgow, 3rd February, 1892,
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quite easy to understand how in some cases good results were
obtained in consequence of a collateral improvement in the method
of the combustion of the fuel, because none could be obtained by a
secondary combustion of true smoke once its formation was
completed.

In his book on “ Steam Boiler Economy,” Mr William Kent
endeavours, by means of a partial and totally inadequate experi-
ment, to prove that smoke can be profitably burned. *“A short
piece of candle was placed inside of a tall, narrow, tin cylinder.
The deficient supply of air the candle thus received caused it to
give off a column of black smoke. This was caused to pass into
the central draught tube of a Rochester kerosene lamp, and as it
passed up into the flame of the lamp it was completely burned,
not a trace of smoke being visible in the lamp chimney. The
experiment was also made with a still larger column of smoke
produced by burning paper under the lamp, with the same result.”
The smoky gases thus produced cannot, however, be properly
compared with the completely formed smoke which passes from
the chimneys of industrial furnaces fired with coal, or even with
that issuing from domestic chimneys, although in constitution it
probably approaches more nearly to the latter. Moreover, if the
great heat and pure flame of a kerosene lamp were required to
deal with the infinitesimal amount produced by a single candle
wick or a small piece of paper, the smoke from a factory chimney
would demand something like a steel-melting furnace for its
similar treatment. A ¢ treatise on the theory and practice of fuel
economy in the operation of steam boilers” would be more
usefully occupied, as this one is in a later chapter, in showing the
practical method of smoke prevention.

Theoretically the prevention of smoke is simply a question of
obtaining complete combustion, but practically it is a good deal
more, because of the varying conditions under which combustion
has to be carried on in furnaces, the different temperatures
required in them for different processes, and the variety of ways
in which heat must be applied in themn or abstracted from them.
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For a long time the smoke question was dealt with as if steam-
boiler furnaces were the only ones to be considered, and even as-
late as 1890-1893 the efforts of the Glasgow and West of Scotland
Smoke Abatement Association were confined to these furnaces, as.
were those of the Manchester Committee in 1895. In a series of
letters on ‘‘Smoke Prevention,” which appeared in the Glasgow-
Herald in the sutumn of 1891, it was, however, pointed out that
there are many other kinds of furnaces to be considered, and in
a paper on this subject read by Mr Peter Fyfe to the West of
Scotland Iron and Steel Institute in 1901, it was announced that,
‘ now that furnaces connected with steam boilers have been, and
are being, successfully tackled under the Act,* the attention of
the Sub-Committee on Smoke has been directed to the large mass.
of black smoke which is being constantly discharged from plate,
bar, annealing, and such furnaces.” The ¢ tackling,” no doubt,
referred to warnings and prosecutions directed against steam
users, and seemed to have resulted in their adoption of mechanical
stokers and other so-called ‘¢ smoke-preventing appliances,”
enlarged flues and chimneys, and the use of anthracite and coke
s fuel. Some steam users evidently considered a new fireman to
be the best smoke-preventing appliance. The * tackling,” how-
ever, apparently still goes on. It is thus all the more necessary
that all the elements of the problem should be well understood,
and these cannot be learned in a day or set forth in a single
paper.

For instance, there are (1) furnaces, both large and small, in.
which the highest temperatures are wanted, such as open hearth
and crucible steel melting furnaces, welding furnaces for forges and
rolling mills, and for tube welding, puddling furnaces, glass.
melting furnaces, and the like; (2) furnaces having a lower range
of temperature, such as mill reheating furnaces, angle bar and
plate heating furnaces, annealing, case hardening, and ore roasting
furnaces, rivet making and rivet heating furnaces; (3) those

* Viz, the 31st Section of the Glasgow Police (Further Powers) Act,
1892.
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requiring still lower temperatures, such as lead or zinc melting
furnaces, core and mould drying stoves, and kilns of various
kinds ; (4) furnaces for boiler firing, and those for evaporating
generally ; and (5) furnaces in which a wide range of chemical
operations are carried out, such as decomposing or salt cake
furnaces, black ash furnaces, pyrites or sulphur roasting furnaces,
and many others.

In many of these the materials remain long enough to permit
an accumulation of heat, which greatly assists the completion of
the combustion of the fuel, whilst in others the heat is abstracted
as rapidly as it is produced, and in some an atmosphere is
produced by chemical reactions which directly tends to extinguish
flame and prevent combustion. Angle bar furnaces are made up
to 65 feet in length, requiring an even temperature throughout
their entire length, and other furnaces require a low temperature
flame throughout a length of from 20 to 45 feet, In some
furnaces an excess of oxygen tends to the wasting and even the
destruction of the contents; whilst some require at times an
oxidizing, and at others a reducing atmosphere. A sharp draught
with coal-fired furnaces generally tends to carry over ash and dust
to the deterioration of the furnaces and their produots, whilst yet
a high temperature, and therefore a strong draught, is wanted in
them. Added to these elements, there is the fact that in coal-
fired furnaces periodically fed with fuel, as most of these are, the
various actions which proceed in routine in the fireplace are such
that the temperature must periodically rise and fall, and cannot
be maintained at a constant point, nor can a uniform distribution .
of air be maintained. The first principles of combustion are well
known. In his report for 1892, as Chief Inspector of the Local
Government Board, Mr A. E. Fletcher said that, as had been often
pointed out, * There must be, firstly, a sufficiency of air; secondly,
that air must be brought into contact with the fuel, both solid and
gaseous ; and, thirdly, the mixture of the gases and the air must be
maintained for a sufficient time at a temperature of incan-

descence.”” He remarked—* These conditions are simple, but
2
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the necessity of providing them is not always kept in view ; ** and,
further, ‘it may with confidence be asserted that consumers of
coal in almost all kinds of furnaces have it now in their power to
conform with the requirements of the Public Health Act, and
prevent the discharge of black smoke from their chimneys.” He
was, however, careful to say ¢ almost all,” and not all furnaces,
and it is evident that he had before his mind, even with that
limitation, only the large class of furnaces applied to steam boilers.
Mr William Kent, in the work already quoted, gives, also in view
of boiler furnaces, an improved statement of these primary require-
ments, in saying that * Coal can be burned without smoke provided
—1, that the gases are distilled from the coal slowly; 2, that the
gases when distilled are brought into intimate contact with very
hot air ; 3, that they are burned in & hot fire-brick chamber ; and
4, that while burning they are not allowed to come in contact with
comparatively cool surfaces, such as the shell or tubes of a steam
boiler. This means that the gases shall have sufficient space and
time in which to burn before they are allowed to come in contact
with the boiler surfaces.” It will be noticed that Mr Kent has in
thege remarks a wider appreciation of the requirements of combus-
tion than Mr Fletcher, but that neither of them has in view any
other class of furnaces than those of steam boilers.

Bearing in mind the complex requirements of manufacturing
operations, it would be impossible to frame one set of conditions
that would be applicable to all, but there are one or two funda-
mental considerations which, to a very large extent, govern the
whole subject, and yet which have been very little, if at all,
noticed in connection with it.  Firstly, as it has been expressed
by Professor Lewes, ‘ All flame is supplied by the combustion of
gaseous matter.”” Flame is, in fact, as Dr Percy long ago said,
gas or vapour, of which the surface, in contact with atmospheric -
air, i8 burning with the emission of light. Secondly, in nearly all
industrial heating operations the work is done by means of flame
and cannot be done without it. And thirdly, the major part of the
formation of the smoke which we wish to prevent takes place
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during the cooling caused by the distillation or gasification of coal
in open fires. In the majority of such fires in furnaces it is
impossible to carry out Mr Kent’s first principle in anything like
an adequate manner, but that condition can be perfectly complied
with by a preliminary gasification taking place in a gas producer,
wvhich has the further advantage that it provides means for the
securing of other conditions of combustion in the furnaces in a
way which is impossible with direct coalfiring, and entirely
unaffected by the quality of coal which may be in use. Mechanical
stokers have the excellent feature of providing automatic regu-
larity in the feeding of the coal, but they only reach the point of
producing steadily the minimum flow of smoke; they cannot
abolish it. That can be done only by a system of gas firing.

This, however, entails an additional capital outlay, the cost of
gas-fired furnaces being often considerably greater than that of the
ordinary coal-fired type, whilst the benefit to be derived in
economy of fuel diminishes with the reduection of the degree of
temperature at which they are worked. Consequently, it is in our
first class of furnaces that the greater number of examples of gas
firing are to be found. Yet there are examples in all the other
classes which also attest the correctness of the claim that the
system is smokeless.

MunicrpAL CONTROL.

Sometimes manufacturers are impatient of any control being
exercised over their works, which are undoubtedly productive of
many public benefits. That position is, however, untenable, and,
with regard to our subject, black smoke has been declared to be a
nuisance, and Acts of Parliament have been, at the instigation of
public bodies, passed for its suppression, so that it would be
useless, even if it were our province, to discuss that point. We
may, however, notice the fallacy contained in the reply made by
Mr Fyfe to the discussion on his paper, which has already been
referred to. Mr Fyfe said .—‘ The Corporation had only a legal
position to maintain. They had to carry out the existing law.
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The law was laid down by Parliament. Parliament laid down botls
Imperial and local enactments, and, therefore, it was not entirely
correct to suy that the Corporation was at the bottom of
the enactments which were passing through the Lords and
Commons from time to time. The Imperial laws were there,
and had to be administered.” Nobody doubts the existence of the
laws, and the obligation to administer or to obey them, but the
question remains: Who promoted the bills which became Acts of
Parliament, and, in particular, who promoted the Glasgow Police
Act or the Further Powers Act, under which Mr Fyfe acts, if not
the Corporation? Some one, of course, had to take the initiative,
but a question like that of smoke prevention, affecting, as it does,
manufacturers, who are exposed to competition, should be dealt
with by Imperial and not by local enactments, in order that one
part of the country should not be placed at a disadvantage
compared with another part. The manufacturers of one district
should not be hampered by restrictions from which other districts.
are free.

The great difficulty has, however, been to decide upon the form
and character of legal enactments which would suit the peculiar
conditions of the smoke problem.

The undoubted success of the Alkali Acts in minimising the
escape of noxious fumes, vapours, and other substances from
chemical works has repeatedly given rise to the impression that
the Legislature has only to apply the same remedy in the case of
smoke and an equal success will be obtained.

In the Glasgow Herald correspondence which has been referred
to, a prominent agitator for smoke abolition instanced the success
of some stringent regulations introduced by Liord Palmerston in
1853 and 1856 for the government of London, and urged the
passing of an Act of Parliament, simply making it & penal offence
to produce smoke, the * worrying of the smoke producers” by
prosecutions, and leaving every one to find his own way out of
the difficulty, because the Legislature would be in a hopeless fix
if asked to indicate the proper means of preventing smoke.
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In one of the prize essays on ¢ Smoke Abatement,” published in
Gas and Water in 1883, the author suggested that an amendment
of existing Smoke Prevention Acts might be framed in the
following sense :—** Any local authority might have power to take
cognizance of all new factories requiring the consumption of fuel
for trade purposes. It should be for the owners of such proposed
undertakings to show how they intend to ensure that their furnaces
should be smokeless, with the understanding that the oaus of
showing cause why coal or other smoky fuel should be permitted
for their use would rest upon them. In default of such proof, as
certified by a competent Advisory Board, smokeless fuel should be
insisted on under regular inspection. A sufficient interval (say
three years) might be allowed for established manufacturers to
alter their furnaces and methods, so 2s to conform to the require-
ments of the Advisory Board ; after which they should only be
allowed to continue their old methods by special licence. These
regulations might be made applicable to all trades, in order to
embrace any who are outside the scope of the present Acts  To
provide against the new regulations becoming a dead letter, while
at the same time retaining the most valuable principle of local
administration, the nomination of Advisory Boards might be con-
fided to the local authority ; while the reports of this body might
be furnished in duplicate to the local aﬁthority, who would be
empowered to act upon them, and to the special department of the
Home Office, which now so efficiently administered the law in the
Metropolis.” Domestic fireplaces, although called ¢ the greatest
offenders in the matter of atmospheric pollution,” were excluded
from this proposed control because the owners were not users of
fuel for purposes of gain.

On the other hand Mr G. T. Beilby in his communication on
*Smoke Abatement "’ read at the Engineering Conference of the
Institution of Civil Engineers in 1903, proposed to impose a
<himney tax on every domestic chimney which was made large
<enough to permit the use of raw coal, and to exempt all chimneys
svhich were too small to do so. His idea was to favour the use of
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coke or gas fires for domestic purposes, whilst reckoning upon
manufacturers being so awakened to the advantages of gas firing
for their furnaces that they would adopt that system universally.

Such are some of the views on this important subject, each no
doubt containing some good points, but all of them omitting others
which are vital to the settlement of such a question. As engineers
we must frankly accept the axiom that it is quite possible to
prevent smoke in all industries and under all conditions of work-
ing. It is, however, not possible to do so by rule of thumb, or to
lay down one set of regulations which will apply to more than
perhaps one or two kinds of furnaces, or to one kind of fuel. Yet
it is quite within the present resources of engineering science
to devise means and appliances which will meet every case. These
will probably not be the same in any two cases and this is just
where those who deal with the subject from the legal or magis-
terial point of view are likely to go wrong.

An attempt, for instance, to bring the smoke question within
the limits of the Alkali Acts would be a huge blunder, becausc
there is no comparison between the practical identity of the causes.
and remedies dealt with in all Chemical Works, on the one hand,
and, on the other, the almost endless variety in the processes.
involved in the combustion of different kinds of fuel, in different.
quantities, at different rates, in different kinds of furnaces, whose:
forms or dimensions, or temperature, or atmosphere must be regu-
lated by the process or manufacture in which they are employed.
The designing of new works, under even such restrictions as have
been foreshadowed in one of the quotations given, would be a com-
paratively simple matter, but the authorities are face to face with
the fact that very large numbers of coal-tired furnaces of all kinds
are in existance, in which smokeless combustion is impossible ; yet
because of their relatively small cost of construction they are
considered necessary for the welfare of the manufacturing opera-
tions which are conducted by means of them. It is not a small
matter for manufacturers to contemplate an increase of 100 to 200
per cent. in the capital outlay for such appliances, yet that is what
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may be involved in the introduction of efficient gas-fired furnaces
and without these the smoke evil, as regards industrial furnaces,
can only be mitigated, it cannot be removed.

It is no mere question of simply changing from one fuel to
another, or modifying the admission of air, or the periods of
charging fuel, or of fixing a *smoke consumer’” to existing
furnaces. There is a much larger problem thau that before the
authorities, and one which will tax a far higher degree of technical
skill than can be provided by the ordinary inspectors under a
police or sanitary department. Perhaps in another generation
domestic heating may be carried out on some plan of general
distribution, and the desire to poke a fire may be regarded as a
happily lost relic of savage ancestry. Manufacturers, too, may
have universally adopted the enlightened plau of having the most
efficient and perfect appliauces irrespective of their capital cost,
looking more to economical working than to small outlay, and
generously considering the comfort of their neighbours. In that
day, too, Magistrates and Town Councils will, no doubt, have
introduced means for preventing the spread of all dust from street
cleaning, from destructor furnace chimneys, from locomotives,
from grinding and other 1mills, and from the loading and unloading
of ships, wagons, or carts. But until then we shall probably have
to endure the presence of both dust and smoke, thankful that if
they bring us fog and rain, the rain is at least Nature’s cure for
that state of matters by washing for us the dust-laden air.

Discussion.

Mr JoaNy Wagp (Vice-President),said they had listened to a
most able and interesting paper, and he hoped the discussion on it
would be both ample and fruitful, as the smoke problem was one
in which they were closely and intimately wrapped up. Mr Fyfe,
the Sanitary Inspector of Glasgow, was present, and as he was a
gentleman whose opinion they valued most highly, and who had
had an advanced copy of the paper, he would call upon him to
open the discussion.




P2 THE SMOKE PROBLEM
Me Peter Fyfe.

Mr Perer FyrE said the first thing he had to do in
attempting to criticise and examine Mr Rowan’s paper, which had
been so kindly sent to him by the Secretary, was to express his
gratification at the honour which the Council had done him in
agking him to express any views whatever befors such a body of
experts as he saw before him that evening. Last winter he had
had the honour, as doubtless some of them knew, of reading a
paper before the Architectural Section of the Royal Philosophical
Society, and it was very much on the same lines as the Lord
Provost had adopted in his address to the Sanitary Congress
in July last. He had had, through the courtesy of Mr Parker, the
privilege of possessing Mr Rowan’s paper for a few days in
advance, and, considering the lateness of the hour, he would
simply contine himself to a few words, first, of explanation, so far
as Mr Rowan's paper called for explanation; and second, to a
few words of criticismn, in so far as he might be found to disagree
with the opinions which Mr Rowan bad expressed. He might
say that he had not had much time, on account of the pressure of
official work. to give that very excellent paper the serious con-
sideration which it deserved, but be had made some marginal
notes, which, perhaps, he might be forgiven for referring to. In
his paper, Mr Rowan spoke of the dust particles which had been
found in the boxes which had been put on the roofs, between 30
and 40 feet in height, in various parts of the city, and had stated
that these dust particles had been carried up the chimney by
natural draught in the chimney, and distributed along with the
smuts all round. He thought, however, that required to be
modified by this explanation, that in several of the furnaces now in
the city it had been found by manufacturers to be advantageous to
put in forced draught in the ashpit of the furnace (somewhat
resembling the draught in the furnaces of His Majesty’s navy),
caused by a jet of steam issuing at great speed, which worked
somewhat independently of the natural draught of the chimney.
He found that while it enabled engineers and manufacturers
generally to burn a very inferior class of fuel in their boilers, and
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reduced the cost of steam production, it, at the same time, unless
very careful guards or baffles were put in as preventive structures,
created such a powerful current as to throw particles three-eighths
or one-fourth of an inch in diameter out of the chimney. He
did not know whether Mr Rowan would characterise this as dust,
but it was certainly dust of a very magnified size, and one did not
require a microscope to see it. These particles filled up the
gutters of the proprietors who possessed property in the neighbour-
hood surrounding such chimneys, and who had a great grievance
on account of lumps of that description falling like rain upon their
roofs. The following sentence he thought a most singular one,
and he was sorry personally that Mr Rowan had not had time to
enter into an elucidation of it that evening. Mr Rowan
said :—* To produce the same movement of an equal volume
of air, it requires the expenditure of from 30 to 80 times
the quantity of heat which would be required by an
engine and fan, and yet it cannot control the delivery of
that air in the furnace in the best way.” If that stat
ment was correct, and if it could have been followed up by
figures and diagrams, he thought it pointed to this fact, that
chimneys were not required at all; but engineers present were
called upon to cxercise their faculties of iaith or imagination,
hecause they had no diagrams or figures produced to prove the
statement., If Mr Rowan had time in the after discussion, it
would improve his paper, and add largely to the value of it if he
could point out shortly how that could be done. Then Mr
Rowan asked the following question :—** Does an inspector take
note of these things in making a report about smoke? " 'The
smoke inspectors in the Sanitary Department not only took obser-
vations of those facts mentioned in the paper, but a great many
others. Indeed there was nothing at all which might be germane
to questions connected with the abatement of smoke which they
did not ask about with respect to chimneys, furnaces, and flues in
any particular place. MrRowanu referred to smoke which came from
sheds and ventilators and apertures in the roof, and said that
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probably it might catch the inspector'’s eye, and prosecutions
might follow. The Act of Parliament did not permit him to do
that, because it mentioned chimneys, and the smoke must come
from chimneys ; and, therefore, it was not practicable to deal with
such smoke, so that if anyoue liked to adopt his particular method
of securing a draught and pass smoke through ventilators in his
roof, he might escape prosecution altogether under the smoke
sections. With regard to the next point, although it was very
interesting scientifically, Mr Rowan raised a somewhat academic
discussion as to how black smoke could be differentiated from
yellow, or yellow from light fawn, and so on. Perhaps when he
was writing the paper he forgot that the question of the issue of
excessive smoke in Glasgow, and he believed also in London, had
nothing to do with whether it was black, brown, green, or
yellow.®* The question was : Was it smoke? The Act of Parlia-
ment of 1892 simply said that smoke was not to be produced from
the chimney, and if it was produced the onus of the proof lay
upon the manufacturer to show the Magistrate or Sheriff that
that smoke was absolutely necessary to be made, and that he had
used the best practicable means in order to keep it down ; and,
therefore, while the diagrams that Mr Rowan spoke about were
very interesting scientifically, they had no bearing on the ques-
tion so far as Glasgow was concerned. In fact, the Public
Health Act, the Imperial Act which was cited by him, stated that
the smoke was not to be produced in such quantities as to be a
nuisance or dangerous to health, and, even referring to the Imperial
Act his contention was not borne out with reference to the appli-
cability of those diagrams in a case of prosecution. Mr Rowan
spoke about the production of smoke by permitting the gases
from furnaces, before the hydrocarbons had been lighted up, to
impinge on cold surfaces—cold relatively to the heat of the furnace
—and he went on to say that that was one of the primary

* Sec. 16, Public Health Act, Sub. Sec. 10 :—*¢ Any chimney (not being
the chimney of a private dwelling house) sending forth smoke in such
quantity as to be & nuisance, or dangerous or injurious to health.”
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difficulties in connection with existing boilers. He indicated also
that to minimise or reduce the smoke to practically nothing, would
involve from 100 to 200 per cent. additional expenditure upon the
primary expenditure of the boiler itself.

Mr RowaN—He practically omitted boiler furnaces at that
point, but he dealt with all other furnaces.

Mr Fyre—That very much cleared up the point, because he
might mention that furnaces other than boiler furnaces were not
subject to prosecution at all. No doubt the law could be brought
to bear, but he did not think any support would be received
from the Magistrates, because the Burgh Police Act of 1892 had a
Section in it which was applicable to burghs all over Scotland
other than the burghs of Aberdeen, Dundee, Glasgow, and Edin-
burgh, and this Section exempted all such furnaces in coal mines,
iron works, shipyards, and those particular furnaces in which
angle bars and iron of various sections had to be heated in order
to be treated under rolling mills or otherwise ; and while the
Glasgow Act did not limit prosecutions to boilers, he himself
quite recognised that if a complaint against plate furnaces went
before a Magistrate or Sheriff, it would not only be very unjust
to the Glasgow manufacturers, but would not be supported by the
QGeneral Act, and he did not think that they would endeavour in
Glasgow to read into their Private Act what would not pass under
the Public Act. Mr Rowan made a very curious statement when
he said— ¢ Mechanical stokers have the excellent feature of pro-
viding automatic regularity in the feeding of the coal, but they
only reach the point of producing steadily the minimum flow of
smoke ; they cannot abolish it.” He supposed the Members
present were experts; and knew all about mechanical stokers. He
could himself speak of them, having had them under his own
control for the last ten years. If anyone looked at the Ruchill
sanitary wash-house chimney, he would never see smoke except in
the early morning, during the process of firing. Most of them
would remember when a large chimney was situated in St
Enoch Square, at the time the large engines were built there
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dealing with the formation of the subway. The boilers were of
the Lancashire double flue type, with Vickers' stokers, and he
never saw the chimney smoking once. He thought, assuming
that the boilers were not overloaded, it was quite possible with
mechanical stoking to do what Mr Rowan desired to be done in
connection with the burning of coal in a boiler furnace. With the
experience he had, he did not agree that gas was absolutely
necessary as a fuel in furnaces. With coal put into a furnace not
already overloaded, and with careful mechanical stoking and
attendance, the chimney could be kept quite clear of smoke. He
was very glad to hear Mr Rowan's statement that the methods of
the Alkali Act were quite unsuitable for the abatement of the
smoke nuisance. He hoped the time would never come when
manufacturers generally would be subject to the fines exigible
under the Alkali Act, amounting to £50 and £100; and he
found that the fines under the General Act with respect to
smoke’ production were at the opposite extreme; they were too
low. He would like to say just one word in connection with what
Mr Rowan stated in the paper to have been impossible. Mr
Rowan made out that it was impossible to reduce or abate
the smoke nuisance in connection with old existing fuel furnaces
except by the production of producer gas. A deputation from
Glasgow went to London recently spzcially to investigate an
apparatus to enable the gas to be introduced into the furnace flue.
He would not mention names for fear of being accused of
advertising, but this was a system whereby the gas was formed in
a small producer about four or five feet in length, and 2 feet
6 inches in diameter. The gas was produced from anthrucite
nuts. It was in order to keep the pipes clear of tarry matter
that anthracite was used. The pipes from the producer passed
along the front of the producer and the boilers, and were taken
down into the ashpit and led towards the bridge. When these
were lighted a large Bunsen flame could be seen, which spread
itself into a honeycomb of brickwork immediately behind the
fire bridge. The heat which was produced in that fire-brick
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regenerator at the back was so great, that no matter how the coal
was shovelled into the furnace, after the heat got up, black smoke
appeared at the top of the chimney. He got & fireman every ten
or fifteen minutes to put on 18 shovels of coal, and he watched
the chimney for two hours. As long as the producer gas was
burning in the honeycomb regenerator behind, and the flaps were
open to allow the air to enter, he could defy the furnaceman to
produce black smoke at the top of the chimney. He considered
that a success, because the particular firm who got this apparatus
had previously been continually in the hands of the authorities.
He would be able to furnish Mr Rowan with an introduction to
the gentleman who had these works, and he was sure that
Mr Rowan would be quite surprised at the results. He begged to
thank the members of the Institution for the opportunity of
addressing them.

Mr Davip W. Dickik said he would like to ask a question of
Mr Fyfe. Did Mr Fyfe think the cost of that producer gas
system would pay? He had come across that producer gas
furnace a while ago, and was somewhat interested in it. Would
Mr Fyfe please give an idea whether the producer gas reduced the
cost of burning coal or not? He understood that the coal they
were burning was what was technically termed *“rubbish’ in the
coal world.

Mr Fyre—It was a very important question, and he was
sorry he had omitted to mention the capital cost of that
producer. Piping the three boilers cost about £150. The first
one cost £100, and any others were to be £50 per boiler.
The boilers were of the marine type and of very large size. That
seemed to point to the fact that the particular work could be done
at a great deal less than 100 per cent of the boiler cost, and about
30 per cent would be nearer the mark. In connection with the
cost of the fuel, he might state that the manager had been able to
burn a very much lower class of fuel, bearing out what Mr Dickie
had stated. They were burning Walloton slack, which was a very
inferior main dross. Before that, Welsh steam coal had been
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used, in order to avoid falling into the hands of the authorities.
They would perceive that the caloric which was obtained from the
burning of the gas from the producer, was necessarily utilised
along with the ordinary gases in raising the steam, and that was
another advantage. The manager told him that before the
gas was superadded to the fuel, it was impossible to keep the
engine going at the required speed. He saw himself, after the gas
was stopped for about 20 minutes, the gauge falling from
175 1bs. per square inch down to 155 lbs. The electric lighting
engines were kept going at their normal speed without reducing
the pressure in the boiler so long as the gas was on, so that the
gas was not only killing the smoke, which was a very advantageous
circumstance, but it was doing work itself in adding to the natural
fuel in the furnace.

Mr ALexANDER CLEGHORN, (Member of Council) remarked that
he would like to solicit Mr Fyfe's forbearance in asking him
another question, as from his expert acquaintance with Municipal
law he would doubtless be able to favour him, and other interested
Members, with an answer. A chimney stalk was frequently
connected with two or more kinds of furnaces : for example, with
a boiler furnace and with a plate furnace. He understood from
Mr Fyfe's previous remarks that a penalty could be imposed in
the case of smoke issuing from a chimney connected to & boiler
furnace, but not from a plate furnace. Knowing the impossibility
of preventing smoke issuing from a plate furnace when a large
cold plate had been newly placed in the furnace : Would Mr Fyfe
kindly explain how the Police Act would be applied to this
combination?

Mr Fyre—He was afraid that Mr Cleghorn had rather got the
better of him, but he would like to state that cases of that description
had come under his notice. The fact of the matter was that each
case of the kind was treated on its own merits. The inspectors
under his supervision were trained engineers, men who had been
thorough firemen themselves, and had advanced themselves in the
theoretical knowledge pertaining to combustion to a great extent,
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and therefore, when they went into a place, after having taken
simultaneous diagrams, to see the condition of a plate furnace,
they could open the door and see what the furnace was doing
and what the boiler was doing, and they came to the conclusion
then that it might either be the plate furnace or the boiler furnace
which was at fault. They placed the case before the Magistrate,
and the evidence was adduced, and each case was tried on its
own merits. There had been cases where the plate furnace
had been to blame and no prosecution followed, and other cases
where it was quite innocent and the boiler was to blame.

Mr CrecrORN—They were very much indebted to Mr Fyfe for
his reply.

Mr G. C. TromsoN (Member) observed that he had read Mr
Rowan's paper on the * Smoke Problem " with interest, but he could
not agree with all the statements made therein. It might be taken
for granted that the production of smoke was one of the easiest
parts in the problem, and he had never yet found anyone who
failed to produce smoke if he lit & fire and kept it burning. The
discussion of that part of the paper might, therefore, safely be
left alone. The same might also be done with the estimation of
smoke, as the Acts in force only affected the emission of smoke
from a chimney, and the colour or density was a matter of no
consequence, except ‘as regarded the question of its being a
nuisance to the inhabitants. It was only when it affected the
health and happiness of the people by polluting the air they
breathed, and deprived them of sunlight and its health-giving
power that it entered the field as a question of importance. The
author referred to the connection between fog and smoke, and to
the researches showing that dust was the real crux of the matter.
One must not forget that fogs existed here long before a single
ounce of coal was burned, and when coal was unknown to the
inhabitants who left the traces of their handiwork at Dumbuck.
There was, however, one essential difference between then and
now in fogs, viz.—the presence of sulphurous acid, owing to
the combustion of coal, and which was absent when wood
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was used as fuel. Dust at that period, he believed, was a.
very small factor in fogs. With regard to the prevention of
smoke, it seemed that everyone knew all about it, and by using
this or that appliance smoke was sure to be done away with at a con-
siderable profit. The author pointed out that the Smoke Abate-
ment Associations of Glasgow and Manchester confined their work
to steam boiler furnaces. That was true, and it was a pity that
the Glasgow Association cut short its operations at the very
time when the prejudices of the engineers and the firemen of
the factories of the district had been overcome, and when the way
was paved for testing all manner of furnaces used industrially.
He knew it had been in contemplation to consider other furnaces
later on in the case of the Manchester Association. In papers
read by him before the Institution in November, 1888, and
December, 1894, and one read before the Philosophical Society of
Glasgow in February, 1895, were given the results of various
methods of firing boiler furnaces, showing that boilers could be
fired economwically without visible smoke emission, two noted
examples being the Thornliebank Works and Coats & Company’s
Mills, Paisley. Mr Rowan stated that ‘¢ Mechanical stokers have
the excellent feature of providing autowmatic regularity in the
feeding of the coal, but they only reuch the point of producing
steadily the minimum flow of smoke; they cannot abolish it.
That can be done only by a system of gas firing. . . . Yet
there are examples in all other classes which also attest the
correctness of the claim that the system is smokeless.” That was
a big claim, and in a district where there were so many gas-fired
furnaces one would naturally expect to find those furnaces smoke-
’less. He thought he was not overstating it when he said that if
anyone looked at the chimneys of their steel works smoke was.
conspicuous by its presence in first rate quality, He had never
seen a gas-fived furnace that could not and did not fail to emis
smoke quite as well as its coal-fired brother. The claim of smoke-
lessness had been made on behalf of oil fuel, and there, again, in
ordinary practice, the claim bad not been made good continuously.
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Coal dust firing seemed so far not to have made much claim to
smokelessness, and he believed that the highest efficiency, com-
bined with smokelessness, could be attained by an intelligent
application of it to boiler and other furnaces. The leader in that
branch appeared to have been Wegener, in Germany, and his
successors, and the most promising application seemed to be that
of Schwartzkopff. Members could consult ¢ Gas and Coal Dust
Firing,” by Albert Putsch, in the library of the Institution. The
use of forced or induced draught was sometimes recommended to
procure smokelessness, but it was not reliable. In all the methods
before the coal user, whether in the form of hand firing,
mechanical stoking, forced draught, gas, oil or coal dust firing,
the practical abolition of smoke could only be attained by the
skilled use of the means employed; and until & much wider and
bigher appreciation of health and comfort obtained, there would
be little or no advance despite Acts of Parliament or Acts of
Corporations. He quite agreed with Mr Rowan in his view that
by the use of gas for domestic heating and use, & very great and
needed advance would be made in the Smoke Problem, and it
seemed to him that in the use of gas properly washed, so as to
free it from sulphur and its compounds, a very bad feature of our
fogs would be eliminated. He was at one with Messrs Rowan
and Fyfe against putting smoke emission under the Alkali Act,
but he would haVe no objections to an Act on somewhat similar
lines if it were carried out by competent and tactful inspectors, as
the Alkali Act had been done, and to which it owed its success.
With regard to burning of the gases after leaving the fire, he had
seen plans somewhat similar to that described by Mr Fyfe tried
with varying success, and it appeared to him that no progress in
the Smoke Problem could be made without taking into account the
human factor, and that was too seldom done. Hence disappoint-
ment all round.

Mr SiNcraiR Courer (Member) said it had for & long time
appeared to him that the authorities had made too much of the
production of smoke from the furnaces of steam boilers, and that

3
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too little had been made of the great production of smoke from
other furnaces, and especially from the fires of private houses.
He thought the latter were responsible for a very large amount
of soot and other matters which pervaded the atmosphere of
towns and cities. Mr Rowan stated that the production of smoke
from house fires was chiefly in the form of hydrocarbon gases, but
there were in addition large quantities of genuine soot particles
thrown out from domestic chimneys which descended on the
streets, and filled the roof gutters of the houses. There were
also in this district large quantities of silica carried off from the
bitumious coal, which was the chief fuel, and it was this which
went largely to make up the 62} per cent. of mineral and incom-
bustible matter referred to by Sir John Ure Primrose in his
paper, quoted by Mr Rowan. A few months ago he (Mr Sinclair
Couper) was in a large manufacturing town in Lancashire, and
he observed in the evening, after the factories had closed for the
day, that while there was no smoke coming from the tall chimneys,
hundreds of chimney cans on private houses were pouring out
volumes of smoke, which, in the form of a thick cloud, hung over
the whole place. The effect was better seen with the single-
storey English houses than would have been the case with the
high tenement houses here, the level of discharge being low, and
the deposition of soot entirely local, as the particles wers not
caught by the upper currente of air which carried off the particles
from tall chimneys and deposited them over a wide area. This
was a case where the *smut-fall”’ must have been very consider-
able, and it seemed scarcely fair to penalise the factory owner
under the Public Health Act because his chimney discharged
smoke from fuel burned in the furnaces of steam boilers, while
hundreds of other people escaped simply because they were
burning the same fuel in furnaces which were not used “for the
purposes of gain.” In these remarks he was not, of course,
objecting to the Public Health Act in its spirit and intention, but
only in its present application, and on the ground that steam
boilers were not the only, nor were they always the greatest,
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sinners in a town; and further, that in dealing with boiler
chimneys the Public Health Act of this country was touching
only a partial source of the evil, Paris was not considered to be a
city of factories nor a smoky town, for there charcoal was largely
burned in private houses, yet the dust particles in the atmosphere,
as they saw from page 13 of the paper, might be anything
from 60,000 to 210,000 per cubic centimetre. That, he thought,
went to show that a non-manufacturing town might have a very
dusty or dirt-laden atmosphere, which might come almost
entirely from the fires of its private houses. He had come to the
conclusion that, so far as steam boilers were concerned, the chief
causes of smoke production in this country were ignorance and
carelessness in firing, bad design in boilers, flues, chimneys and
stoking apparatus, and lastly, insufficient boiler power. It was
very seldom, indeed, that one saw a boiler fired by hand in a
proper or rational manner. It might be urged that it was scarcely
possible with hand-firing to so regulate the working of a furnace
that it would not at frequent intervals send large volumes of
smoke into the chimney, yet with certain arrangements in the
construction of the boiler and furnace, coupled with intelligent
and careful firing, very much might be done to minimise the
production of smoke. It was in this connection that any advan-
.tage due to the use of mechanical stokers came in, because with
them the fuel was not thrown into the furnace in large quantities
at one time and the door then shut to exclude the air, but it was
fed from the mechanical stoker continuously or in regular small
quantities, so that with the proper supply of air the fuel was at
once seized upou by the heat of the furnace, and the gases given
off from it were very speedily consumed. At the same time it
must be remembered that smokelessness and economy did not
always go together. With some forms of stoking apparatus a
huge excess of air was admitted to the furnace, and a consequent
dilution of the gases took place which, although it might have
the effect of making a smokeless chimney, did not mean economy
to the steam user. Then, in regard to insufficient boiler power,
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he supposed that very much more than one-half of the
boilers in this country were now working above their eco-
nomical rate. These boilers were being forced to give the
supply of steam demanded from them, and forced firing was.
neither economical nor smokeless. Less would be said
about the smoke nuisance if it were not that hundreds of
chimneys attached to boilers were being overworked, which
showed that to be the case by the volumes of smoke emitted.
Improved appliances for firing and consuming fuel might
help in such cases up to a certain’ point, but, so long as the
present methods of firing boilers with coal were in vogue, the only
true way of reducing the trouble was to increase the size or
numbers of the boilers used, and work them at a slower rate.
Mr Rowan referred to the estimation of smoke, but he had never
been able to see much value in estimating the smoke by means of
diagrams or scales or other contrivances to determine its density.
A moment's consideration would show that a light grey smoke
enitted for a long enough period would deposit just as much
objectionable matter as a jet black smoke would do in a shorter
period. Whether it was light grey or jet black, smoke was never
anything clse than a nuisance. Mr Rowan made a statement in
regard to the energy required to produce the movement of the
column of gases within a chimney, which seemed rather extra-,
ordinary to Mr Fyfe, as shown by his remarks upon it. Mr
Rowan could easily explain it himself, but he might put the matter
in another way, and say that from a furnace working with, say,
100 per cent. excess of air, and with a temperature of 500° F. in its
escaping gases, about 19 per cent. of the calorific value of the coal
was carried off in the products of combustion, and went to the
production of draught in the chimney, all which, of course, was
lost for the purposes of evaporation. In fact, a chimney was
about the most extravagant apparatus possible for producing a
draught, and a fan could be run for about one-tenth of the power
represented by the waste heat required to create a good draught
in the chimney. To come to the question of reducing smoke in
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boiler furnaces, he agreed with Mr Rowan that the best mathod
of using coal was to gasify it, and to burn the gas in the furnaces,
but he did not well see how this could be universally applied with
any of the present known arrangements. It seemed to him that
this method could be more easily applied to large installations
than to small ones, or to single boilers, and the latter were gene-
rally the worst offenders in making black smoke. It was likely
that the single boiler and its steam engine would gradually
.disappear, and their places be taken by gas engines or electrio
motors. He thought it was more from a change like this that
the first important reduction of smoke would be got, and not so
much from a change in the method of utilising the fuel. How-
-ever, he hoped Mr Rowan might have something to say on this
point when he replied to the discussion.

Mr Winniam Cureinn (Member) remarked that he certainly
felt disappointed with Mr Rowan’s paper. He did not know
.anyone who could have said more about the subject than Mr
Rowan, who had made almost a life study of combustion in
its various forms. Yet not one ray of hope had been given
.a8 to the practical means of keeping themselves clear of trouble
with the smoke inspector. In reading the paper, the first clause
led him to expect that the subject would chiefly be the economy of
- -smoke prevention, bus no proof whatever had been given in
-gupport of this. The second clause certainly began with the state-
.ament that ‘“No one who knows anything about combustion can
-deny that smoke is so much coal wasted.” This was no argument
that to prevent it was economy. Everyone also knew that the
-extraction of the last residue of almost any substance employed in
industries was of the most difficult and costly character, and yet
-such residue might be called *“waste’” and cerbon was one.
“There would always be some carbon left in the ash, and some
-escape with the gases of combustion, just as in the case of many
.other industrial processes. Carbon, in finely divided condition, had
.a very blackening effect on gases, and it required an extremely small
.amount. One per cent. of the fuel burned made a dense black
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smoke, and it was difficult to see where the economy would come
in, and not so difficult to understand why the author left it so
severely alone. Under the heading of ‘“ Prevention of Smoke,”
Mr Rowan gave the views of various authorities on the subject,
and finished with the statement, ‘“ to abolish smoke, can be done
only by a system of gas firing”; but, as afterwards explained,
this was not applicable to steam boilers. One would like to know
something of the success and economy of the various systems
of which Mr Rowan should be so able to speak. For example, in
the country surrounding Glasgow, where only economy was
studied, and little consideration given to the prevention of smoke,
steam from and at 212° F. was raised at a cost for fuel and
firing labour of 4d per 1,000 Ibs. His experience was within the
city boundary, under similar conditions to his competitors outside,
and with only very partial success in smoke prevention. As Mr
Fyfe knew, the cost was much higher—how much higher he hardly
liked to say. It would have been interesting to learn from Mr
Rowan what the cost was in the most successful cases of smoke
prevention—for instance, in the Corporation electric stations,
where steam raising was practised as a high art, with Babcock
boilers, chain grates, over-grate brick arches, special fuel, pure
water, &¢. The lighting stations were worked under conditions.
not unlike the intermittent steam requirements existing in
steel works, and any information regarding results in smoke
prevention and cost of steam raising, he was sure, would bhe
appreciated. Mr Fyfe had again brought forward his pet system.
of dual firing. It was first proposed for steel-heating furnaces,
with the secondary furnace under the chimney or boiler at
the opposite end of the primary furnace. Now the secondary
furnace was placed at the bridge of a boiler furnace, where it
would probably do more good. It was, however, a recom-
mendation, with Scotch fuel, to be received with caution. Noé
long ago he was invited with Mr Fyfe to see an electric plant in
the city where a CO, recorder was in use, and a beautiful
instrument it was, one that would, in ordinary conditions, be of
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valuable service when black smoke did not enter into consideration.
Mr Fyfe strongly recommended him to get one, as a useful guide
in the abatement of smoke. He did obtain one, and applicd it to
a range of boilers which the smoke inspectors frequently swore did
not get a sufficient supply of air. The recorder indicuted the CO, at
about 5 per cent., showing a large excess of air. Dampers were
lowered so as to reduce the draught of air at the furnaces, with
the result that the CO, was raised to about 10 per cent., where at
least it should be for economy, and the smoke made much more
dense. While engaged with these CO, recorder experiments, the
smoke inspectors came round one morning between six and seven
o’clock, and the final result of the use of the recorder was a prosecu-
tion, conviction, and fine. It had not beenin use since. He under-
stood the Corporation inclined rather to teach by example than by
punishment. Mr Fyfe preferred the latter, and would raise the
fines. That was all very well for one accustomed to the police
courts, with their association of thieves and felons. Most manu-
facturers thought such a position was ample punishment, letting
alone any fine, in the enforcement of so impossible a task as the
combustion of Scotch coal without visible smoke, and with the
economy practised by their competitors outside the city boundaries.
Mr Fyfe said the smoke inspectors were expert firemen, but he
never heard of a case where they took a shovel in hand to show a
fireman how to fire without wasting coal and making smoke. The
Corporation, he thought, had ample opportunities to pose as
exemplars in the combustion of local coal, not regardless of cost,
but with the best economy and without smoke, and if the
inspectors could not personally show how to do it, it should be
their duty to refer cases to similar Corporation examples before
they resorted to prosecution. If unable to do so, it was mani-
festly unjust to convict. The Act aimed at reduction of smoke,
but it never intended waste of coal.

Mr James NEemLsox (Member) said it seemed to him a very
dangerous thing to interfere by legislation in this question, because
the majority of people had only house fires, and these were the
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worst and most intolerant. He thought one thing, however,
might be done and should be done; that the Act should not be
confined to smoke from chimneys only, but should be made
applicable to cases where an enormous quantity of smoke was
emitted from & roof or any other place. The fact that it was not
from a chimney ought not to be any barrier in the way of the
authorities. It seemed to him that the worst smoke came from
steel works and from gas producers, and not from chimneys at all.
These steel works were sometimes blotted out by a sort of light-
coloured gas or smoke, which appeared to be far worse than
ordinary smoke, and he did not see how such cases should escape
if it was a preventible thing. It was not so much legislation that
was wanted ; it was science, and in its present state all the legisla-
tion in the world could not prevent smoke. If science advanced,
then legislation would follow. On page 10 Mr Rowan said
— Another consideration must be noted, and that is that the
gases escaping from the chimney, cooled and diluted as they are,
are to all intents practically incombustible, whatever may have
been their condition in the immediate vicinity of the fire.” And
further on, page 15, he said no good results could be obtained by a
secondary combustion of true smoke when once its formation was
completed. A gentleman of his acquaintance in Aberdeen made
an experiment on a Cornish boiler by putting pipes into the lower
flue, and by means of a blast or steam jet forced a part of the coal
gases through the furnaces again. If the results obtained were
anything like what had been stated, he must say it was an eye-
opener to him. He nfterwards received word that this
arrangement had been tried on a trawler at Aberdeen with
great success. If the gases could in this way be burned over
again at a profit, no doubt the system would become general
bafore long. Mr Rowan said that a chimney required from 30 to 80
times the quantity of heat require& by an engine and fan, but if he
could state how to utilise the gases after they came to be no
longer useful in the boiler, he would confer a favour on a great
many people. Even if the fan were adopted, a chimney would
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still be required, as it would never do to discharge the products
of combustion at or about the ground level. The point that he
was most disappointed with was Mr Rowan’s definition of smoke,
which included only the carbon and ash, the black material that
could be mechanically dealt with; but it seemed to him that that
was the least harmful of all the products of combustion. With the
-exception of the mechanical effect of breathing, these products did
not do people much harm, whereas the gases were much more
dangerous, and, if smoke could be consumed entirely, it was very
questionable whether, from a health point of view, people would
be better than they were before. It seemed to him that before
this question could be settled, not only would all the soot and
-dust which came from the chimney have to be dealt with, but
also all the gaseous products of combustion, and that, he thought,
was not an insoluble problem. He did not see why it should not
be attacked in the same way as the owners of smelting works did.
Long ago * Dixon’s blazes *’ could be seen all over the country;
now they were covered in, and Dixon's firm, and others in
‘the same line of business, made a very good profit out of their
residuals. In ordinary furnaces in the city of Glasgow he did not
-expect that much residue could be got, but he did not agree with
Mr Rowan that this would be worthless. Although the tar
products might not in any case be completely consumed, the
ammonia gases would remain, and they would probably pay for
.extraction. If got by purification it might be possible to have
a gas in the end which would burn, and if it could not burn
to make any profit, it might at least burn and reduce the carbonio
oxide or other deleterious gases. It seemed to him that the
Corporation, which was so much concerned with the health of the
people, ought to take & lead in this matter, and should be
experimenting and finding out on its own boilers the best way to
actually purify the atmosphere from a health point of view, and so
confer a very great benefit on the citizens.

Mr 8. UrriNa (Associate Member) believed that smoke could
be prevented to such an extent that it would not be considered
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injurious. In several parts of England an agreement was entered
into between the employer and the stoker, making the latter
responsible for the production of smoke and the payment of fines,
and that had proved a satisfactory solution of the difficulty. Mr
Rowan made a definite statement that gas firing was the only
remedy for smoke preventior, while one of the speakers had said
that in connection with boilers fired with gas from blast furnaces.
in steel works he had seen plenty of smoke, and he himself had
seen as much smoke from the stalks of gas-fired furnaces as from
those that were coal fired. He believed bituminous coal, such as.
was obfained in the Glasgow district, could be satisfactorily burned
provided the circumstances of each case were investigated pro-
perly, but stoking was more laborious than with a Welsh coal, and
it was difficult to get men to do such work conscientiously unless
they were given encouragement and suitably paid. Although it
was usually unskilled labour that was found in stokeholds, a man
could be made, by training, to burn coal properly, and therefore
economically. He had seen the coking method adopted in the
Midlands with satisfactory results, when other methods in use
were not successful in preventing smoke. There was an art in
firing, although it was not necessary for & man to have a know-
ledge of the chemistry of fuel. Boiler owners too often over-
looked that fact. In some places manufacturers paid their boiler:
attendants by results on a certain given percentage of CO,, and
if a man could not get that amount recorded he was put on a
battery with men who could do so. He had ample opportunity of
improving his methods, and if he then failed the manufacturer
adopted the method which Mr Rowan had referred to on page:
16. Mr Rowan suggested an Imperial enactment rather than a
local one, but it was not quite clear what benefit could be got
from such-an arrangement. There might be a benefit in having a
similar law for all parts of the country. In this connection he
would point out that Mr Fyfe mentioned that chimneys.
other than steam boiler chimneys were nof liable to a
fine, but in the South of England that certainly was not the case.
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In rotary kilns at certain cement works, where the smoke was
frequently very black, it was quite a common thing to pay fines
for smoke emission. So heavy were they in one case, that
the section of the works responsible was shut down for
long periods rather than face the repeated prosecution From
statistics, about one-half of the coal burned ten years ago was used
for steam generation, and out of that probably over 60 per cent.
was consumed in Lancashire and Cornish boilers. Therefore, the
Committees, referred to on page 16 of the paper, were well
advised in directing special attention to that class of furnace. He
did not think that therc were so many boilers overworked as one
of the previous speakers had led them to believe. Out of a very
large number of tests in which he had been engaged, he found
that it had been rather the reverse. The boilers were shown to
be frequently working uneconomically. Consequently the furnaces
during heavy loads were overworked, a condition which was
always conducive to smoke production. He was pleased to hear
the last speaker ask whether, after all, the sanitary point of view
was really so important. In Cumberland, Sussex, Essex, and
Soutk Wales district, he had seen smoke as black as that repre-
sented by Fig. 9, and in the last-mentioned place the grass, which
ought to have been green, wasabsolutely black. Vegetation, however,
did not appear to suffer, and if the compiexion of the inhabitants
was an index to their constitutions, they did not appear to suffer
either. An ordinary sized Lancashire boiler working economically
would emit about 11,000 lbs. of gases per hour, and onc working
uneconomically {(with, say, about 5 per cent. of CO,, and about
14 per cent. of oxygen) would emit 20,000 lbs. of gases per hour,
and that, it seemed to him, was far more objectionable. The
majority of people did not realise that that was the case. He had
analysed boiler flue gases collected when no smoke was visible,
and found that the boiler was working at a very low efticiency—
much lower than might obtain when smoke was emitted. He
thought the wmsthetic point of view, and the fact that there was an
unnecessary drain on our limited coal supplies, more reasonable
grounds for objection than one based on sanitary considerations.
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Mr J. MmLeN ApaM (Member), like some of the other
speakers, expected that Mr Rowan would have wound up his
paper with a suggestion, but he supposed that Mr Rowan was
much too old a parliamentarian to give himself away. He would
refer to three points of interest as brictly as possible. He was very
much interested in the explanation of the particles of smoke on
page 8. Some years ago, when he had more to do with
liquid fuel than at present, he found quite a similar phenomenon
gomg to explain the oozy degposit that was caused round the
burning of liquid fuel Precisely the same sort of vesicle as that
described, but a heavy one, was formed by steam in attacking a
cold particle of oil, condensing and escaping enveloped in a film of
oil. Such a compound globule could not re-evaporate within the
flame, and escaped to formn the watcry ooze so well known; in
this respect the use of compressed air was preferable for
pulverising the oil, to the use of steam, for that purpose. He
agreed with Mr Rowan that the dust element was a very important
one. Several years ago he ha.:‘l been asked by the Lord Dean of
(uild and the Gas Commissioners of onc of our eastern cities to
report on the smoke that was caused by tbeir stack of gas
producers in the gas works, and he thought that some of the
Members of the institution who werc interested in the develop-
ment and design of such plants might give some little attention to
this subject. The preseut arrangemont made it most difficuls,
indeed, to get a hod of the smoke—which rose in clouds when
discharging the retorts--whatever one might be able to do with it
after it was found; and certainly a municipal factory, which was
generally situated on the lower levels of great cities, made more
smoke than anything short of a steel works. Perhaps one or two
passagos from the report that he had given might be interesting
in this connection as confirming some of the statcments that had
been made in the paper under review. In that report he said—
« As requested, I have observed the emission of smoke from your
retort sheds under several atmospheric conditions. It sometimes
rises to the roof of the central bay, and diffuses in the atmosphere
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from the apex ventilators, but frequently, as on Saturday, 30th.
November, no smoke appears at this point. On that day a fog:
like a cloud, escaping from under the eaves of the eastern shed,
lay close to the ground, and swept up the hill to the north-east.
among the terraces. A mechanical apparatus, with suitable-
receivers, could be designed to collect and discharge the bulk of
the smoke in a concentrated form through a shaft or chimney,.
which, however, would be a ¢smoky chimney’ in the sense that.
the smoke would be very visible, and the only advantage gained.
would be its removal to the south end of the building. As you.
know, this smoke is & compound of several constituents. There-
are, firstly, colourless fumes (carhonic acid gas), which:
would readily diffuse; secondly, unconsumed hydrocarbons ;
thirdly, water vapour; and fourthly, dust. The most obnoxious.
to the housewife are, I presume, the second ; =:hich condenses as-
soot ; and the fourth, dust, which is carried in large quantities. L
bave graded samples taken at various altitudes.  These are
aggravated by the presence of vapour, but were there no vapour:
given off, these elements (dust and soot) would rapidly absorb
moisture from the atmosphere in muggy weather.” The report
went on to make recommendations as to cleansing the smoke from
its solid constituents, which need not be recapitulated. The Coni-
missioners did not adopt the chimney, perhaps for the reascn.
that Mr Fyfe gave, that they themsclves would be liable in an
action. Undoubtedly the question of dust in smoke was a very
serious one. Two or three years ago one of the large shipbuilding,
firms in the north-east of Iingland, having been repeatedly
summoned for the emission of smoke from a battery of several:
boilers, adopted an induced draught system, and associated with
it dust separators, and that firm was now collecting tons of dust,.
which otherwise would be distributed over the surrounding town
and country, and the smoke was no longer subject to complaint.
There was no doubt that the facility offered for cleansing the
smoke of its dust was one great prospective advantage of induced
draught, but few engineers knew how to go about it. The third.
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point that he wished to refer to was perhaps a little outside the
subjeet, but was connected with it in respect that it showed that
the dust under certain conditions might be utilised to advantage if
it could afterwards be recovered. Some months ago his firm had
been consulted by correspondents as to a proposal which involved
the carrying of heated gases for a very long distance through a closed
-duct—he thought 200 or 300 feet in length—and the heat had
afterwards to be applied to a drying process at that distance. The
products of combustion were very heavily charged with dust,
which was considered a serious impediment. Dust, however, was a
much more efficient heat carrier than pure air or gas. A very
powerful suction was arranged, which carried tbe impuri-
fied products of combustion away towards the drying chamber,
where the hot dust was gently laid down on the roof of the
-chamber, while the air separated from the dust was delivered into
the interior, Fig. 10.  The report on the working of this
apparatus stated that 85 per cent. of the dust had been recovered,
and that, he thought, could be improved upon very materially,
hecause the apparatus sent on had been fitted by people who had
never seen anything of the kind before. He might add that under
recent patents, it was possible to purify and partially cool the air
or gas before passing it through fans. There were many purposes
which might occur to Members—engineers and chemists—where
it would be of the first importance to cleanse hot gases from
-contained dust, but he thought it was not generally recognised
that, as a part solution of the smoke problem, the trapping of the
<dust constituents would often be worth while for its own sake.
Even if it should not at first appear to pay—in the doing of it
intelligently —other elements of economy might emerge, as in the
illustration he had first given from his own practice.

Mr A. S. Biceart (Member) thought the statement made on
page 19 of the paper that “ Mechanical Stokers have the excellent
feature of providing automatic regularity in the feeding of the coal,
but they only reach the point of producing steadily the minimum
flow of smoke; they cannot abolish it,”” a remarkable one
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to make. His own experience ran entirely in the contrary direc-
tion. Ten or twelve years ago a mechanical stoker was fitted
in one of the workshops of his firm, and it certainly ran and did
still run for long periods at a time, without smoke being emitted
from the chimney. Not only was that the case in the particular
instance he referred to, but in many parts of Glasgow and else-
where, where mechanical stokers were used, the chimneys were
free from smoke for considerable periods, so far as could be judged
by the eye, The instance that Mr Fyfe gave in connection with
the St. Enoch Station Subway plant seemed to prove the con-
trary to what Mr Rowan bad indicated in his paper. Perhaps
Mr Rowan had some explanation to give, and he would
be glad if Mr Rowan would refer to it in his reply. Although
he had spoken about the matter to many of his friends, he had
yet to find the user of stoking plant of this nature, that had
found practically any economy from the use of it. In the case
of his own firm no economy had been found, and the only gain
seemed to be in having a purer atmosphere, and fewer calls
from smoke inspectors. In the course of the discussion, a remark
had been made by Mr Fyfe suspecting the leniency of the autho-
rities in connection with the prosecution of parties whose chimneys
were occasionally emitting more smoke than was allowable. Cases
on the other side of the lenient line could be pointed out where the
authorities tried to get convictions and failed. It had struck him
that in some of these instances the authorities went about
matters in what appeared a rather unfair way. No one had any
idea when the inspectors were watching the chimneys or furnaces,
consequently the evidence, as a rule, was onesided. If con-
sumers wished to keep themselves in a position to give evidence at
all, and such as might modify the opinion of the court with regard
to the density of smoke, they would require to keep two men
stationed all day watching every chimney. The inspectors not
only watched chimneys without the user’s knowledge, but they did
80 in strange ways at tines. On one occasion his firm had been
summoned in connection with some furnaces, and the authorities
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failed to obtain a conviotion. In evidence it was brought out that
some of the witnesses had viewed the situation from back windows
near at hand. Speaking generally, he thought that in many cases.
the application of mechanical stokers would tend to increase the
purity of the air of the City of Glasgow. The Corporation, however,

might do a great deal more than it was doing, and until every-
thing in its power was done, it certainly ought to be fair with other
people. Until the Corporation did more than at present, in the way
of giving cheaper gas for use in cooking and heating in houses, and
in giving cheaper electricity for power and other applications to
industrial progress, they would have failed at least in doing their
share towards purifying the air of the City of Glasgow. The case
against the Corporation in these matters was strengthened by the
fact that it insisted on retaining the monoply of supply.

Mr James ANDBREWS (Member) remarked that Mr Rowan had been
particularly fortunate in bringing forward papers of great geueral
interest to the Institution, and he thought this paper was one
particularly adapted for discussion by engineers, because, although
sanitary authorities and other societies had taken an interest in
the question, it was essentially an engineer's problem. It was
fruitless to grumble at quack doctors and quack remedies so long
as the evil existed for them to practice on. Better have any kind
of remedy than none at all. Nor did he think it was serving any
good purpose to quarrel with local or sanitary authorities for
* tackling” the question in sections and by the best means at
their command, because, although it was not altogether fair to
confine their vigilance to steam boilers, if engineers oould overcome
the difficulty in boiler furnaces the sanitary authorities would very
soon turn their attention to some other kind of furnaces, otherwise,
he supposed, their occupation would be gone. Now, while the
difficulty of covering the whole ground on this subject in & single
paper must be recognised, the general concensus of opinion, so far
as the discussion had gone, was that Mr Rowan would have
improved his paper considerably if he had omitted a great many
of the complicated variety of furnaces, their purpose and con-

4



50 THE SMOKE PROBLEM
Mr James Andrews.

ditions of working, and given instead & lucid statement of his own
remedy as applied to a definite case. Given a concrete example
it was not so very difficult to apply the general principle in part,
if not completely, to a great many furnaces, even when used for
different purposes. Moreover, he thought that if a concrete
example had been placed before them it would have broadened out
the discussion considerably. They might have had the practical
experience of a great many other members who had no doubt
endeavoured to get over the same difficulty. The paper, circum-
soribed as it was, did not give the same opportunity of bringing
forward actual cases that had come within their own experience.
Considering the first principles of combustion, which Mr Rowan
stated were so well known, he was not sure that they could all
agree with him. No doubt there was a general agreement
regarding the chemistry of the process, but when Mr Rowan went
on to quote the practical conditions of good combustion, from
various authorities, it was obvious that there was no general
agreement between them. It was not even clear that Mr Rowan
was altogether agreed with any of them. Most authorities differed
in almost every respect except that there must be a sufficiency of
air, and he (Mr Andrews) was not sure that any of them agreed
a8 to where the air should be admitted. As a matter of fact that
was the point that was known least about. The stoker, whose
business it was to regulate the conditions of combustion, had no
means of knowing what quantity of air was admitted to the
furnace. He could not see it, nor could he measure it. He had
no knowledge of its amount, relative to the amount of coal burned.
He had no means of knowing whether it should be above or
below the grate or at the back of the fire, and, as a rule, he could
not even see the effect produced by varying the amount of air
admitted at different parts of the furnace. He simply pitched
into the furnace as much coal as he thought was required to
maintain & given evaporation, and shut the door. How could any
one expect to overcome the smoke nuisance or get anything but
black smoke under such conditions. The stoker ought to be
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placed in a much better position than he was. He ought to see
what was going on in his furnace and be able to take an intelligent
interest in what was happening during the process of combustion.
There should be some means whereby he could know that when
he charged his furnace the gases were being properly distilled and
consumed before reaching the chimney, and that he was getting
something more than black smoke. It was true that, in some
cases, CO, recorders had been fitted. He (Mr Andrews) had used
them, and he had recently seen a most interesting and delicate
instrument of the kind, working in one of the largest electric
stations in the city, to the evident satisfaction of the users. Now
if there should happen to be a leakage of air at the wrong place,
then what did a CO, recorder indicate? It was simply misleading
and worse than no guide at all to the stoker. Such was, no doubt,
the cause of a previous speaker’s experience who applied a CO,
recorder, and, who, when he discovered that he had got the proper
percentage of CO, recorded (as he thought) found not only that he
got black smoke, but that he was prosecuted for doing that which
the recorder directed. There were, of course, other instruments
which might be used—and were perhaps good in their way—as a
guide to the stoker, such for example as the recording pyrometer.
But, while it might indicate the highest temperature, under the
given conditions, it did not follow that the maximum temperature
would coincide with the minimum or even with a moderate degree
of smoke. Now, it appeared to him that, the most important
factorin the whole problem was the practical application of first
principles, which was that furnaces ought to be properly con-
structed in the first instance, but by the present system of
learning by experience how to build a furnace, one was generally
well on in years and had made an endless number of blunders
and experiments before he obtained a satisfactory furnace. The
subject ought to be taught more generally in technical schools and
colleges so that young men, coming into & drawing office from the
college, would have some definite knowledge of the proper con-
struction of furnaces, the areas over bridges, and through
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passages, corresponding with the volume and temperature of the
gases to be dealt with so that, when completed, furnaces would
be capable of consuming their own smoke and be efficient,
when in the hands of a stoker or attendant of average intelli-
gence.  Although he himself had had a great many young
men passing through his hands, who had that work to do
occasionally, he had never come across one who gave areas
through a furnace and its passages or the volumes and temperatures.
of gases, any consideration. They simply copied one drawing
from another, whether the furnace was required o burn 40 lbs. or
20 1bs. of coal per square foot of grate, areas over the bridge and
at other parts were kept practically the same. He had known
cases, where by simply dropping the bridge 5 or 6 inches, 30 or
40 per cent. was added to the power of the engine. In several
cases where provision was made for the stoker seeing into the
furnace and the back bridge, also into the combustion chamber,
the stokers took a much deeper interest in attending to the fires
and watching what was going on than they could otherwise have
done. Provision was made for admitting air above and below
the grate and also at the back bridge, gear being brought to the:
front of the boiler so that the stoker could regulate the admission:
of air to suit the rate of combustion required, and black smoke was-
never seen, indeed the smoke was so little that it was scarcely
preceptible. Mr Rowan did not hold out very much hope for the-
abatement of smoke, but he (Mr Andrews) trusted that in his.
reply to the discussion he would be able to give some definite
suggestions, something from his wide experience, which would be
of service to the Members of the Institution and to a great many
others who had not the opportunities of experimenting for
themselves. The particular furnaces that he himself had been
talking about were hand-fired, having more than one fire stoked
alternately, but he had also seen mechanical stokers of the coking
type working equally well with a chimney not more than 30 feet
high, using induced draught, where seldom a particle of smoke could
be seen issuing from the chimney. Much had been said about the.
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domestic fire being ths greatest sinner amongst smoke producers.
During the last eight years he had been using a fire in his dining-
room, and during the whole of that time he had no recollection of
having seen a particle of smoke coming out of the chimney, half-
an-hour after the fire was lit. It was a closed fire or stove, having
tall doors so that no one could see the process of combustion
going on.  The air could be regulated for admission either above
or below the grate, the coal could be burned across the top or
across the bottom as desired, and the rate of combustion was
completely under command. It could be filled with coal to the
top and completely burned out within an hour, or it could be
adjusted to burn for nearly 24 hours. The fire could even be put
out by simply shutting off the air supply, and all soot and dirt was
collected within itself and cleaned out regularly. The temperature
of the room could be varied at will up to 70° F. in the coldest
possible weather, whereas in an adjoining room with an open
fire place, it was difficult to reach a temperature of 42° F. during
the recent cold weather, There was no dust or dirt about
the closed fire referred to, the coals were completely burned
to a brown ash and fell into a tray at the bottom. It was a great
improvement on anything of the kind he had seen in this country.
It was most commonly used, he believed, in Canada, but he had
used it himself on the Continent where coal was much dearer than
it was here, and where efforts were made to get as much heat out
of the coal a8 possible.

Mr AxpreEw GILLESPIE (Member) supposed that in years gone by
he had appeared in Court as often as his neighbours, but for
some time past he had been giving his whole attention to
another form of the smoke problem. In the very interesting
paper which had been read, Mr Rowan seemed to come home to
the facts of the case towards the end, where he referred specially
%o gas firing. He could not help thinking that in this discussion,
and in their past experience of the smoke problem, they were,
perhaps, going upon wrong lines. They should concern them-
selves less with smoke abolition and smoke prevention, and turn
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their minds more in the direction of its utilisation. The con-
dition of smoke he referred to was, of course, gas; and that had
been utilised in connection with blast furnaces and coke ovens.
Everyone was familiar with mechanical stokers and other forms
of smoke consumers, but these cost money, and some of them
failed to do what was expected of them. He did not despair of
the time coming—and it might not be long in coming—when
the smoke gases that came from the coal would be more fully
utilised. It would be both possible and economical in an
establishment where there were perhaps five or six steam boilers,
to put down plant for the recovery of the tar and ammonis.
That itself would very soon repay the outlay for the necessary
plant. He did not think such a thing would pay a small concern
with one or two boilers, but would it not be possible to estab-
lish districts in a city where a generating plant could be put
down for recovering the bye-products, and supplying washed gas
to power users, thus getting full value out of the coal? He also
believed that the time would soon come when the domestic
consumer would use such gas for cooking, heating, and other
pwrposes. They were quite aware how the use of gas as a
direct motive power was advancing, but along with this ought to
be considered the recovery of valuable products, as well as getting
clean gas for fuel or power, and the prevention of smoke. He
knew one firm that had adopted a recovery plant in connection
with its blast furnaces, and it had sometimes as much as £100
profit in one day.

Mr ALexaNDER WirLsoN (Member) said therc were two points
which interested him, one in connection with the smaller users of
power, and the other with domestic chimneys. Both were great
sinners in smoke production. To hear Mr Gillespie one would
hardly think there was such a thing as a gas works in Glasgow.
Mr Gillespie advocated & supply of gas for power and heating
purposes which had been purified from tar and ammonia.
In gas works, coal was dealt with in the same manner as Mr
Gillespie referred to, and clean gas was supplied which could be
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used for power and heating in exactly the way that Mr Gillespie
wished. He thought the Welsbach incandescent mantle would be
one of the factors in leading the way in the future to a gas of a
much lower illuminating power than was at present supplied.
When that day came, gas would be much cheaper than at the
present rate. Even, however, at the present price gas could be
supplied to modern gas engines at economical rates. Makers now
guaranteed & consumption not exceeding 15 or 16 cubic feet per
B.H.P., but even taking it at 30 feet, that meant less than §d. per
horse power per hour, and he did not thinkgthat a high rate for
small users of power. Steam plants were often over driven, and
by their use the formation of smoke could not be prevented, nor
could coal be burned economically. The gas department of Glas-
gow had assisted to install a great many gas engines all over the
city, in place of steam plants which caused so much smoke, and
these gas engines gave very satisfactory results. Up to 80 or 100
H.P. a gas engine could compete very favourably with a steam
engine, and save all the troubles that were entailed by the using
of coal in small steam plants. While in London, a fortnight ago,
he had the pleasure of seeing the gas exhibition there, but he did
not know whether the gas fires shown could compete with that
described by Mr Andrews, although they were made suitable for
nearly all purposes. In rooms used intermittently, or for an
evening, he did not think anything could beat a gas fire, which
was very economical. There were no coals to carry, no ashes to
clear away, and no smoke or dust, and the cost for gas was
certainly not heavy. The same argument applied to cooking
stoves and also to gas heated apparatus used for other purposes.
Radiators were now made by means of which heating could be
done very economically, and without trace of smoke, for use in
places where it was not convenient to have fires.

Mr ANprEW SprouL (Member) said he knew the gentleman
in Aberdeen referred to by Mr Neilson as having made an experi-
ment on & Cornish boiler. That gentleman was Mr Andrew
Stewart, and he would just like to make a remark in regard to
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what had been said, as he had had an opportunity of seeing the
boiler referred to in operation. The furnace was very much like
a Meldrum forced draught furnace, but there were pipes in the
under flue, from which gases came and these were passed into
the furnace and burned over again. It was all very well to
speak of economy in the use of a CO, recorder, and about gases
being brought up to the proper standard, but he thought there
‘were many things in the gases that could be consumed which the
econometer told nothing about. In the instance referred to, it
was a case of burning the gases over again with considerable
advantage. He had seen the pyrometer put into the bottom of
the chimney in this particular case, and he thought it indicated
about 480° F. After the blast was put on, the temperature
dropped to a good bit under 300° F. As a result of experiments
made at Aberdeen, some people thought they could evaporate
something like 18 lbs. of water per pound of coal. He did not
believe that, but he believed that from 9 or 10, or perhaps from 12
to 13 lbs. might be evaporated. There was a possibility of gain by
burning the gases over again. It took away the smoke for one thing.
There was practically no smoke from Mr Stewart’s chimney. The
g&ases were simply burned and reburned until there was nothing
at all to go up the chimney in the form of smoke. They had been
told by some of the Members, and he thought Mr Rowan himself
said, that a great deal of unconsumed carbon was driven up the
chimney when forced draught was put on, but in this case it was
arrested and returned to the flue, and sent back with a certain
quantity of air to the furnace. Had he known sooner that the
matter was to be of such interest, he might have brought certain
data which he believed would have been very interesting.

Since making the above remarks, Mr Sproul obtained the
following particulars from Mr Stewart:—The boiler plant con-
sisted of two boilers, one 20 feet long by 6 feet diameter, with one
furnace, the back end of the flue being fitted with a number of small
tubes; the other was & Cornish boiler, 21 feet long by 5 feet
diameter, with Galloway tubes in the flue, the fire grate being
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5 feet by 3 feet, giving 15 square feet of grate area. Before fitting
the patent forced draught, both boilers were required to comfortably
do the work with English dross, firing in the ordinary way.
The smallest boiler was now fitted with the apparatus, which
drew the hot gases from under the flue and delivered themn under
the fire bars. The front of the ash pit was closed up, but fitted
with a small door for regulating a certain amount of air, as was
found necessary. The working pressure of this boiler was 50 lbs.
per square inch. The feed water was heated from the engine
exhaust, and ranged from 150° F. to 170° F. when the boiler was
forced to its utmost without the blower. The temperature of
the flup gases at the back end of the boiler was 800°, F. and when
the blower was put in operation the temperature at the same
place fell to 350° F., and by forcing again by the blower the
temperature could again be raised to 800° F. On a trial,
-extending over 30 consecutive days, no smoke ever appeared at
the chimney. The boiler was under banked fires on Sundays,
-and the fuel used was Duff or slack from Durham. The fuel was
weighed and the water measured, and the results were stated to
be equal to evaporating 13 pounds of water per pound of fuel.
‘The one boiler was now more than equal to all the regular
requirements. With the high temperaturc of the furnace now
-obtained, the steam became dissociated, and the hydrogen and
oxygen absorbed something like 6000 B.T.U. for each pound of
steam used, which was given back again to the products of
combustion in the back end of the flue, where the temperature
was such as to allow them to reunite. At this point the greater
part of the hot gases were abstracted by the blower and sent
under the fire bars. In practice this seemed one way of getting
rid of visible vapour, which appeared a popular solution of the
-smoke problem with some advantage to power users. Mr Rowan
might have his own way in dealing with the merits of the device
-of Mr Stewart, who had given certain facts worthy of considera-
tion, and it was with that object he put them on record.

Mr RowaN (in reply) thanked the Members for what Mr Biggart
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had aptly termed the hearty way in which they had received the
paper and discussed it, and said his objeet in offering the paper
was that there should be a discussion in which he hoped some
part would be taken by some of the more active members of the
Corporation. Those members of the Town Council who were
specially interested in the smoke question might have given
them the advantage of their ideas either by way of warning,
or advice, or instruction. He had been disappointed in that
respect. Mr Fyfe, however, had come and spoken very frankly
on the subject, and deserved their thanks for so doing, but he
must say that the general effect of Mr Fyfe's representation of the
subject, to his mind at least, was to produce the impression that,
.as far as the magisterial or municipal mind was concerned, the
smoke question was dealt with on a thoroughly irrational basis.
They were told that smoke was a nuisance, and yet the authorities
only dealt with one kind of furnace. Although it might have
been quite right to begin with one kind, he could not see the
consistency of remaining tied up to one kind of furnace only, when
there was no proof that it was the greatest offender. They were
also told that no matter how much smoke escaped from any
building or works, there was no nuisance unless the smoke escaped
by a chimney. The obvious rational conclusion, therefore, was,
that it was the chimney that was the nuisance. Mr Fyfe would
have them to believe, too, that there was no importance attached
to the density or shade of the smoke, that the colour of the smoke
escaping from a chimney had no part in deciding as to a manu-
facturer’s liability to prosecution ; but everything he himself had
ever learned, read, or heard about municipal or magisterial
practice was directly contrary to that, and he could scarcely think
that Mr Fyfe genuinely wished them to believe it. His inspectors
made reports and produced diagrams, which were used in evidence,
and those diagrams and reports recorded the duration of the
emission of smoke of the different degrees of density or shades of
colour during the time of their observations. The same thing had
happened when, in the old days, the police made these observa-
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tions and reports, and he had never heard of a caso in which any
manufacturer was fined for anything else than for making black
smoke for a certain time. In a very interesting paper of which
Mr Fyfe, who was the author, had presented him with a copy, and
which was entitled ¢ The Sewage of the Air,” the same distinction
was made. Mr Fyfe spoke therein of ¢ black smoke "’ repeatedly,
and in one passage he referred to the magistrate's feelings ‘* when
rows of cases of air pollution by black smoke came before him,” so
that he did not see that he could very well affirm or maintain
that black smoke had nothing to do with the question. Although the
words of the Act did not make any distinetion, but simply dealt with
smoke, it seemed to him that if the common sense of the magis-
trates did not introduce some such standard as that by which
to judge of the cases coming before them, the administration
of the law would be even more irrational than they had imagined.
The dilemmsa which Mr Cleghorn’s artless question brought to
light was enough to show the chaotic state of affairs; and it
directly resulted from that, and from the discussion that had
taken place, that what manufacturers had to do at present in
order to escape prosecution for smoke, was to see that they had
connected with their chimney serving the boilers some other kind
of furnaces, and fo make sure that these furnaces were always
mking smoke ! In that case the boilers could not be successfully
attacked. Mr Fyfe had attributed to him one or two remarks
which he did not make ; but he would pass these by, and take up
two points which he thought called for notice. The first was as to
mechanical versus chimney draught. It was not necessary
amongst engineers at this date to go into figures showing the
advantages of the one over the other. Many such calculations had
been published. He himself had given some figures in a paper to
the Institution in 1888, and he had since published others in a
volume on ‘ The Practical Physics of the Modern Steam Boiler.”
Mr Sinclair Couper had corroborated to some extent the view he
expressed, and Mr Fyfe, as they saw, had himself unwittingly
furnished them with very strong argument against chimneys! As
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to the system of boiler firing, to which Mr Fyfe had referred, he
had obtained from Mr Fyfe and from the owners of the system
some information about it. Mr Fyfe, in referring to his remarks
about gas-firing, naturally limited them to boiler furnaces exclu-
sively, but he (Mr Rowan) had really other furnaces more
prominently in view when he made the remark. The system
which Mr Fyfe referred to was called the Wilskemp system, and
was & combination of gas firing and a coal-fired grate as applied
to boilers. It was a compromise, and, like most compromises,
was not entirely satisfactory. In fact, on going into the figures
of a trial, which was carried out before the Glasgow deputation,
of which Mr Fyfe formed one, he found that without the Wils-
kemp apparatus the boilers evaporated 6-28 lbs. of water per lb. of
coal. With the apparatus attached they only evaporated 5:75 lbs.
of water, so that the efficiency of the boilers fell off—that
was to say, that the fuel was not used so economically. In
5 hours and 25 minutes, 2 tons 18 cwts. of Welsh coal were used
in the first instance; and in 5 hours and 15 minutes, 3 tons
64 owts. of Tamworth slack coal were used in the second. Some
anthracite peas were also used in the producer, but the quantity of
these or of the gas being made was not stated in the report. He
did not think, therefore, that there was much benefit to be derived
from that system, although as a smoke consumer or preventer, for
which it was put forward, it was successful, and, notwithstanding
Mr Fyfe's disclaimer, in order to be so it did necessitate the use of
gus firing. He thought a better result could be obtained by an
intelligent application of gas firing alone, without the additional
coal firing. He fully admitted that given ample boiler power and
no necessity for forcing the fires, it was quite possible to have
boiler furnaces fired with coal by mechanical stokers, or even by
hand with skilled labour, without the production of a large
quantity of smoke. Mr Biggart had given some instances, but the
fact of the matter was that these conditions, as some of the
speakers had pointed out in the discussion, were very seldom
obtained. They might be got on special occasions, like trials, and
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€0 on, but as a rule they were not obtained in regular practice.
Moreover, in considering other furnaces—although he had been
taken to task for introducing other furnaces than boiler furnaces—
as he had said, & number of complex conditions cropped up, and
it was particularly in view of the larger aspect of the subject that
he had spoken of gas firing. Mr G. C. Thomson followed Mr Fyfe
in the attempt to maintain that the colour or density of smoke had
nothing to do with the case, but he thought, as he had already
indicated, that was a very extraordinary position for an intelligent.
engineer to take up. Mr Thomson, however, was cautious enough
to qualify his statement by saying that * it was only when smoke
affected the health and happiness of the people by polluting the
air they breathed and deprived them of the sunlight and its health-
giving power, that it really became a question of importance.”
Now, apart from fogs, he thought that might be taken as a very
clear indication that in Mr Thomson’s mind, at any rate, the smoke
must have been pretty black. = Mr Thomson would not admit
that smoke had anything to do with the formation of fogs,
because he said that fogs had existed in a historic period very
remote from this, when there was no such thing as coal used. He
even went further, and maintained that dust played no important
part in the formation of mist, because by the fogs that Mr
Thomson spoke of in those days he supposed he meant mist. If
Mr Thomson were to study carefully Mr Aitken’s writings and
conclusions as to the effect of dust in the formation of mist, cloud,
and rain, he would alter his views. When Mr Thomson came to
deal with the gas-fired furnaces, he, as well as Mr Utting, made
some statements which either put too great a stcain upon their
powers of credence, or argued a very extraordinary experience on
the part of those gentlemen. Mr Thomson was reported in his
own remarks as saying that at the chimneys of some steel works
smoke was conspicuous by its presence in first-rate quality. It
was, however, well known that in the steel works in this district
probably none of the steam boilers, of which there were numbers,
were fired by gas. The gas-fired furnaces were confined to the
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steel melting and heating furnaces. If Mr Thomson was aware of
this fact, that the boiler furnaces were coal fired in most of the
steel works, then Mr Thomson had employed the device of making
the coal-fired furnace speak for the gas-fired furnace, and that was
not quite fair. Mr Utting had given a different complexion to Mr
Thomson’s remarks. Mr Utting's version was that he had said
that, “in connection with boilers fired with gas from blast
furnaces in steel works, he had seen plenty of smoke.” If that
had been said, nothing more was needed to show that the state-
ment was an entirely unreliable one. The gas reaching steam
boiler furnaces from blast furnaces consisted almost entirely of
€0 and N, the hydrocarbons having been washed out for the
purpose to which Mr Gillespie had referred, and it was physically
impossible to make smoke from carbon monoxide, which was the
only combustible element in that gas. These facts did not induce
him, at any rate, to attach much weight to Mr Thomson's further
remark, that ¢ he had never seen a gas-fired furnace that could not
and did not fail to emit smoke just as well as its coal-fired
brother ”’; or to Mr Utting’s,  he had seen as much smoke from
the stalks of gas-fired furnaces as from those that were coal fired."’
All he could say was that he challenged those gentlemen to give
details of these furnaces, and of the circumstances of their
examination of them, in order that they might be in a position to
say whether there were actually any real gas furnaces amongst
them, and whether the comparison was a fair one. In the absence
of that information, no one who had had any experience of the
combustion of producer gas in furnaces would be likely to readily
acoept their judgment. At the same time, he did not say that it
was impossible, even with a perfect gas furnace, to produce some
smoke, but it was impossible to produce black smoke, even
although gross carelessness or incompetence were at work. In
the other case—the case of coal-fired furnaces—it was only by the
exercise of considerable skill and care that smoke could be pre-
vented. Black smoke of anything like the quality or volume that
was produced in coal furnaces could not be produced in gas
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furnaces, because, for one reason, they never could be overloaded
with fuel, as was the case where the furnaces were fed with solid
fuel periodically, and the air supply was also quite differently
arranged. Any appearance of smoke at the chimney of a properly
constru cted gas furnace could only be due to some unburned gas
escaping, and a few turns of either the gas valve or the air admission
valve would at once cure that. With the remarks of Mr Couper,
he was happy to be in accord, but he could not say that he agreed
with Mr Cuthill. Mr Cuthill’s disappointment with the paper was,
he thought, due to his idea that the subject of the paper was to
have been the economy of smoke prevention, whereas what he (Mr
Rowan) proposed to do was simply to survey the economics of the
subject, which embraced more than the mere question of money
saving. The money saving might be very small in certain cases,
as he had indicated in the paper; it was pretty much in propor-
tion to the temperature which was to be produced in the furnaces,
but even as to that part, he did not think Mr Cuthill stated the
case quite fairly. Mr Cuthill did not reject his remark that
“ smoke was so much coal wasted,” but said that this was no
argument that to prevent it was economy. He must ask Mr
Cuthill to pardon his saying that he had always been led to believe
that to * prevent waste "’ was the essence of ‘‘ economy.” If it
were merely & question of preventing the escape of the 1 per cent.
of carbon of which Mr Cuthill spoke, that would be a very small
matter, but although it might be possible, as Mr Cuthill told them,
to produce smoke which could issue in a pretty black state by an
admixture of 1 per cent. of carbon, he thought Mr Cuthill would
know very well that the smoke which actually escaped from
industrial chimneys contained a great deal more than 1 per cent.
Besides that, there were other economies which were attendant
upon the introduction of a more perfect method of combustion.
Regarding even hoiler fires, he had some records of an instance of
boilers fired with producer gas, the cost being ‘007d per indicated
horse power per hour, which he thought compared very favourably
with Mr Cuthill's 4d per thousand pounds of water. That would
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work out at probably something between ‘08d to ‘2d per indicated
horse power per hour, according to the class of engines employed.
Mr Cuthill was mistaken in thinking that. he (Mr Rowan)
intended to exclude boiler firing when he had spoken about gas
firing generally. His rising to correst Mr Fyfe was simply to
prevent his excluding other furnaces when he spoke. He had no
particulars at all of the work done at the Corporation electric
supply stations, but he agreed with Mr Cuthill and other speakers
that it would be of great advantage if the Corporation engineers
would give some information on that subject. Mr Neilson’s
disappointment with the paper was due to his not distinguishing
between smoke and the waste gases which were the ordinary
and proper products of the combustion of coal. Of course, it was
well known that the gases which were the proper products of
combustion were carbonic acid, hydrogen, vapour of water, and
small quantities of carbon monoxide and oxygen, and sulphur
dioxide when sulphur was present in the coal. The only useful
point about them, if the combustion was complete, would be the
heat which they carried away, and that could be, and was in many
cases, to some extent utilised in economisers and air heaters where:
there was no chimney draught. With chimney draught,
a large proportion of that heat must go to waste, as it was.
necessary to produce the draught in the chimney caused by the-
hot gases ascending. Mr Neilson referred to the idea of extracting
ammonia from the gases fromfurnaces. It was absolutelyimpossible
to do that, because the gases did not contain ammonia. Gases
that bad passed through the fire of an ordinary furnace could
not yield ammonia, no matter how much nitrogen the coal
originally contained, and no matter although in the first reactions
which took place in the fire, ammonia might to some extent be
formed, that ammonia would be instantly destroyed by the
temperature of the furnace. It was extremely difficult to retain
ammonia when its formation was due to the combustion of coal,
and one would require, as had heen shown by Dr Mond in one
way, and by Mr Duff and others before them, a very large:
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quantity of steam, some four or five times the weight of coal,
in the actual zone of combustion in order to preserve the
ammonia, when it was formed from the nitrogen which was
separated from the carbon during combustion. This led to
Mr Gillespie’s remarks, and it was extremely interesting to hear
his advocacy of the use of fuel gas, with which he (Mr Rowan)
was quite in accord, but he did not think that Mr Gillespie quite
sufficiently distinguished between smoke and smoky gases, which
he was careful to do in the paper. Smoke—that was to say
the gases which had passed through a furnace—represented
the ultimate results of what had taken place, and was not the
same as combustible gas which was produced in blast furnaces or
in a gas producer. Although that gas was smoky in appearance,
it was not smoke, because it contained combustible hydrocarbons
which formed a certain proportion of almost all coal, and was
rendered combustible by the simple addition of air, while smoke
was not. It was very certain, however, that these gases could
not profitably be dealt with on the small scale referred to by Mr
Gillespie. That was to say, Mr Gillespie imagined that in the
case of a man using perhaps 30 or 40 tons of coal per week in
firing boilers, the ammonia might profitably be extracted. To do
that would require a considerable amount of space and a consider-
able amount of plant, and the small yield of ammonia from that
quantity of coal he did not think would pay. It was generally .
accepted that on nothing less than 50 tons of coal would an ammonia
recovery plant pay. As regarded the distribution of gas, he did
not see at all why that should not be done, although the experience
of the Mond Company in Staffordshire was not very encouraging.
It was practically what Dr Mond got a Bill through Parliament
for—to treat coal in a large central station in producers,
extract the ammonia, and then distribute the gas, after having
washed and purified it. Mr Wilson spoke of gas for engines
at 2s per 1000 cubic feet. The production of gas in producers did
not cost more than from 1d to 2d per 1000 cubic feet, but
when it came to be distributed over a large area, the distribu-
5
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tion costs ran up the price until it was impossible that it could
be distributed for anything less than 3d or 4d, or even more
When a manufacturer was asked to pay that price, he immediately
started to consider whether it would not be cheaper to put down
producers for himself, and get the gas at 1d per 1000 cubic feet,
and a gas for furnaces which was rather better for his purpose
than the washed and purified gas that was distributed. Even at
the larger price, it was much cheaper for power than illuminating
gas, but Mr Wilson was no doubt quite right in supposing that
for small users of power in cities and towns the illuminating gas
would be preferred. Mr Neilson had referred to a plan, which
had also been alluded to by Mr Sproul, for using flue gases over
and over again. It was perfectly plain to engineers that there
was no such thing as perpetual motion, and to use the same gases
over and over again in a furnace was absolutely impossible. A
certain proportion of the gases might be withdrawn from the flue
and passed a second time through the fire, but there was a
very quick limit to such repetition, because as soon as there was
more than a certain small percentage of carbonic acid mixed
with them, when passing through the fire it would be precisely
similar to, or rather worse than, putting a jet of water on the fire,
and would make it black.

Mr SprouL—Perhaps there was more in Mr Stewart’s apparatus
than Mr Rowan thought of. He had seen the apparatus, and it
certainly was a great success.

Mr RowaN—What proportion of gas was taken from the flue
and passed through the fire ?

Mr Serour—He could not tell.

Mr NemsoN—The boiler he saw had two pipes attached to it,
each 9 inches in diameter. Nothing he had said justified the idea
of perpetual motion. To him the difficulty about the matter was
whether the proper gas could be got.

Mr Rowan— He was greatly interested in the dust catcher which
Mr Millen Adam had described, and to some extent illustrated, in the
proceedings; and he would gladly learn something more about it,
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because there was no doubt that it might be very useful in
dealing with producer gas. = The point raised by Mr Biggari
as to mechanioal stokers had been partly dealt with in reply-
ing to Mr Fyfe. Probably with every stoker there was
a moderate rate of feed, bearing a certain proportion to chimney
draught and boiler heating surface, which could be carried on
with the minimum production of smoke, but as soon as that rate
was exceeded—as at certain times, such as after cleaning fires, or
when forcing the boiler, ete., it was sure to be—then combustion
was not completed soon enough in the space, and smoke
appeared. All the phenomens mentioned by Mr Biggart were
easily understood on those grounds. He quite agreed with Mr
Biggart that the procedure in smoke cases, as regarded the one-
sided character of the evidence, demanded alteration and improve-
ment. He did not think that by following Mr Andrews’ advice, -
and restricting himself to ** one concrete example of some special
furnace,” he would have added to the general interest of the
paper, but rather the reverse, and he could not find any indication
in the discussion—apart from Mr Andrews’ remarks—that any one
thought so. Possibly he might have been mistaken, but his idea
had not been in any way to give a lecture on the construction and
working of furnaces, which was practically what Mr Andrews
would have preferred. Mr Andrews’ description of the helpless-
ness of stokers working hand-fed furnaces formed additional proof
of the need of gas-fired furnaces which eliminated the uncertainties
referred to. He did not agree with Mr Cuthill and other speakers
that he had not held out a ray of hope to anybody as to
escaping smoke prosecutions, or that he had not indicated the
direction in which smoke prevention could be attained. He
could only reiterate his conviction that engineering science was
quite able to deal successfully with all the varied conditions of
the employment of fuel, but no real diminution of smoke produc-
tion could be arrived at apart from the general use of fuel gas.
He did not say that other schemes should not be tried on certain
occasions, but if they were to deal with the subject at all in a
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complete way, it could only be by the method of gasifying the
fuel and dealing with the gas in furnaces. No doubt, as Mr
Couper remarked, simultaneously with that would come the
extension of the use of fuel gas for power in gas engines. That
had been referred to, and he thought it extremely likely, though
(as to this subject) it only affected the question of boiler
furnaces. Outside of these, as they all knew, there was an
enormous variety of furnaces which remained for individual
treatment, but which the authorities so far practically confessed
their inability to deal with, because they had not made them
subject to prosecution. These were included in the whole subject,
which required to be dealt with in an intelligent and compre-
hensive manner.

On the motion of the CHAIRMAN, Mr Rowan was awarded a
vote of thanks for his paper.

Correspondence.

Mr James Lowe (Associate Member) considered that the
abolition of the smoke nuisance was well worthy the attention
which it had received from the Members of the Institution. Mr
Rowan’s paper on the Smoke Problem brought to memory another
very interesting paper by the same author on “ Producer Gas, and
its Use in Engineering and Shipbuilding,” read during Session
1901-02. In that paper Mr Rowan showed the economy to be
derived from the use of producer gas in all kinds of furnaces.
There was no doubt that the prevention of smoke, so far as it
came from industrial heating operations on a large scale, would be
best effected by the use of gaseous fuel, and that it would pay to
prevent smoke in this manner. There seemed to be a certain vague-
ness in the conception of what constituted smoke by some of the
Members. Some appeared to consider smoke and the products of
combustion to be one and the same thing. It was, of course,
quite impossible not to have products of combustion, while it was
quite possible to prevent smoke. Smoke resulted from incomplete
combustion, and the best means of preventing it was to secure
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complete combustion. Products of combustion consisted princi-
pally of CO, and steam, and when dispersed in the atmosphere
they were not injurious. The presence of unburned carbon as
soot or carbon monoxide, or of hydrocarhon gases, was, on the
other hand, hoth dirty and 4njurious to health. @ What was
wanted was not smoke consumption as a second operation, but
perfect combustion at first. The use of producer gas for heating
steam hoilers did not, as in the case of most furnaces, result in a
great saving of fuel. It was possible that the equivalent evapora-
tion might be slightly increased by this means, but a great saving
was not possible if the boiler had previously been fairly efficient.
There were, however, collateral advantages. The steaming
power of the boiler might be very largely increased (he had been
assured by as much as 50 per cent.), and certainly a great increase
in boiler power seemed to be possible when one considered the
greater temperature attained (nearly twice that possible with
ordinary firing), and the fact that in, say, a Lancashire boiler, the
flame might play round the whole circumference of the flue instead
of only on the top. It seemed to him, however, that for
small power installations, say up to 100 H.p., smoke might be
prevented and power obtained more cheaply by the use of the gas
engine with town gas than in any other way. For larger powers
the day of gas engines with producer gas would certainly come.
In the meantime, however, to prevent smoke the gaseous firing
of steam boilers should be adopted. Of all the methods of using
coal, those of direct firing in boilers, furnaces, and domestic fires
were the most wasteful from the point of view of fuel economy,
and produced most smoke, while the distillation of coal in gas
works and coke ovens with recovery of bye-products, and the
production of producer gas, also with recovery of bye-products,
were the least wasteful. The abolition of smoke from domestic
chimneys had been effected already to some extent by the adoption
of gas cooking and heating appliances, and there was no doubt
that the problem could, and would, be satisfactorily solved in this
manner, Mr Rowan was to be congratulated on his prophetic
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vision when he spoke of the desire to poke a fire being a happily
lost relic of savage ancestry.

Mr WiLLiax Kext (Syracuse, N.Y.) observed that Mr Rowan
said, under the head of * Prevention of Smoke,”” * Most of those
who have made efforts in the past to arrive at the abatement of
smoke seem to have chosen the wrong starting point. They
assumed the accomplished formation of smoke, and started to
destroy it in some way. This was a fundamental mistake.” He
also said— In his book on ‘Steam Boiler Economy,’ Mr Wm.
Kent endeavoured, by means of a partial and totally inadequate
experiment, to prove that smoke could be profitably burned,” and
then quoted nine lines from his book describing the experiment
with a Rochester kerosene lamp. This experiment was neither
partial nor inadequate for the purpose for which it was made. Its
purpose was clearly shown in the few lines in the book which
preceded the account of the experiment. These lines were :—** All
of the products of imperfect combustion, the carbon monoxide, the
hydzocarbon gases distilled from the coal, and the soot or smoke
may afterwards be burned if they are carried into a very hot
chamber, where they are brought into contact with a sufficient
supply of highly-heated air.”” This last statemeut is contrary to
that made by Charles Wye Williams in his treatise *“On the
Combustion of Coal and Prevention of Smoke,” first printed about
60 years ago, and copied extensively by later writers, viz., that
* When smoke is once produced in a furnace or flue, it is as
impossible to burn it or convert it to heating purposes as it would
be to convert the smoke issuing from the flame of a candle to the
purposes of heat or light.” Mr Rowan further said—* Moreover,
if the great heat and pure flame of a kerosene lamp were required
to deal with the infinitesimal amount produced by a single candle
wick or a small piece of paper, the smoke from a factory chimney
would demand something like a steel-melting furnace for its
similar treatment. A ¢ Treatise on the Theory and Practice of
Fuel Economy in the Operation of Steam Boilers * would be more
usefully occupied, as this one is in a later chapter, in showing the
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practical method of smoke prevention.” Mr Rowan seemed .to
think that the smoke from a factory chimney would demand
something like a steel-melting furnace for its similar treatment.
Probably this would be true if attempts were made to burn smoke
after it escaped from a factory chimney, but in order to burn it
between the boiler fire-box and the chimney a comparatively
small size combustion chamber was all that was necessary, and
the temperature did not need to be any higher than that of a
kerosene lamp, say about 2,000° F. To show that smoke produced
in a steam boiler furnace could be burned, he might relate the
details of an experiment he made in 1896, and repeated several
times since, with a furnace of the wing-wall type, such as was
shown in Fig. 18, on page 161 of his book on * Steam Boiler
Economy.” The boiler was being fired with Illinois slack coal,
containing over 40 per cent. of volatile matter and about 14 per
cent. of moisture. When therz was upon the grate bars a bed of
partially burned-out coke highly heated, four shovels full of coal,
spread completely over the grate, would immediately cause dense
clouds of black smoke to issue from the chimney ; but if these four
shovels full were placed upon one side of the grate only, not a
particle of smoke would escape. The condition for the complete
success of this experiment, which showed the production of smoke
on the side of the furnace on which coal was thrown, and its
complete burning in the chamber in the rear of the fire-box, was,
that there should be a sufficient supply of air delivered through
the other side of the grate, and the hot coke lying on it to consume
completely all the tarry gases, soot, ete., that proceeded from the
freshly-fired coal. That this smoke was at least in part
« completely formed smoke,” and not merely tarry gases. Mr
Rowan would admit, since he said, in another part of the paper,
*“The high temperature in furnaces causes the decomposition of
hydrocarbons, such as acetylene, into carbon and hydrocarbon,
which would burn if the necessary temperature were continued
along with the preper quantity of oxygen.” In the experiment
referred to he used a Uehling & Steinbart pyrometer to take the
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temperature of the fire-box. It was really over 2,000° F. when
this moist bituminous coal was used, although 3,000° F. was
frequently reached with a coal containing only 2 per cent. of
moisture and not over 35 per cent. of volatile matter low in oxygen.
In order to maintain the temperature of the fire-box or the
combustion chamber above 2,000° F., it was necessary that one
or the other, or both, should be roofed over with fire brick, and also
that the combustion chamber should be of considerable size. These
conditions it was almost impossible to obtain in a Lancasghire or
Scotch marine boiler. They could be obtained with water-tube
boilers by building what was called a ¢ Dutch ™’ oven entirely in
front of the boiler, as was shown on page 161 of his book on
« Steam Boiler Economy.” The wing-walls were necessary to make
a complete mixture of the gases surcharged with smoke and the
hot gases arising from the coke surcharged with air. With
externally-fired horizontal tubular boilers, which were very common
in the United States, but which, he believed, were rarely used in
Great Britain, the furnace construction was still simpler. All
that was necessary was to excavate a large combustion chamber in
the rear of the bridge wall, arch it over, put wing-walls beneath it,
and a baffle wall above it, so as to compel the gases to travel below
the arch and become thoroughly mixed as they approached the
wing-walls. In an earlier part of Mr Rowan’s paper he stated
that ** A complete review of this part of the subject would most
probably lead to the conclusion that the formation of a large
proportion of the smoke is in most cases chargeable to the
imperfect action of our present system of chimneys when combined
with coal-fired furnaces.” The formation of smoke took place
before the furnace gases reached the chimney. The offices of the
chimney were merely to remove such gases as were delivered to it,
and to create a sufficient draught at the furnace to burn the
required quantity of coal. If it removed the gases and produced
the draught, that was all that any system of draught could do,
and the chimney could not be charged with the duty of either
preventing the formation of smoke or burning it after it was
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formed. If smoke was produced in the furnaces it should be
burned in the combustion chamber before it entered the chimney,
and could be burned if sufficient very hot air was provided, and
thoroughly mixed with the smoky gases. He thought Mr Rowan
did not give sufficient credit to mechanical stokers, when he
said that “They only reach the point of producing steadily the
minimum flow of smoke; they cannot abolish it. That can be
done only by a system of gas firing.”” If he would build & *“Dutch”
oven in front of a boiler, and instal in it a chain grate stoker,
and run the chain grate so that the rear portion of it had only
coke upon it, the stoker and the * Dutch” oven combined then
became a highly efficient gas producer, and also a gas burner if
sufficient air passed through the coke on the rear portion of the
grate to completely cousume the smoky gases arising from the
front portion. Such a stoker might also be used for metallurgical
purposes, such as the heating of iron and steel, but here the
difficulty arose that a smokeless flame was apt to be an oxidizing
flame, which was not desirable in heating iron and steel on
account of the waste of iron which it entailed. The Siemens
regenerative furnace, however, was capable of being so operated
as to give a practically non-oxidizing flame with little or no
smoke.

Mr GeorGe CrAlG considered this subject one of vital im-
portance to shipbuilders and engineers, and as a case in point
be might instance H.M.S. * Terrible,” in which the coal consump-
tion was now one-half what it had been before her recent overhaul.
He made overtures to test and put the ¢ Terrible’s "’ combustion
on a proper basis at her first steam trials, and his work would
have cost a few pounds, but he could not put a figure on the cost
of the Admiralty's experiment while this vessel was in com-
mission. Mr Rowan, in his paper, mentioned five different classes
of furnaces ; the fifth being that in which a wide range of chemical
operations were carried on. Now, one very seldom saw prosecu-
tions for black smoke at chemical works; and of the chemical
furnaces he quoted a black ash furnace might have a suggestive
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name, but it was generally smokeless, as was also a salt oake
furnace, and a pyrites furnace by no possible manuner of means
could be made to smoke—as pyrites was the combustible, and
there was no coal in or near it. Indeed, this class of furnace
might almost be eliminated. It went without saying that gas
firing would cure the existing evils, but until that took place he
thought the sanitary authorities were quite correct to adopt
nature’s plan, and make the offenders learn through suffering
—it was a department which had been neglected too much in the
past. In the discussion Mr Fyfe and Mr Rowan were apparently
antagonistic about the virtue, or rather about the smoke prevent-
ing powers, of mechanical stokers. As neither gentleman gave.
any data, he might say that both might be correct, and in this
way. When working with a high efficiency of combustion,
mechanical stokers might be said to reduce the smoke to a
minimum ; but even with extravagant or wasteful combustion there
might not be a vestige of smoke. Mr Neilson referred to
the performance of a boiler with an arrangement for using the
waste gases over again, and as combusfion was a combination of
carbon and oxygen, while there was any oxygen in the waste
gases there would be combustion. Coupling that principle with
the fact that combustion was usually wasteful and extravagant at
Aberdeen and elsewhere, the statement of an increased evapora-
tion by this device became quite a good one. Somstimes he had
got no more than 3 per cent. of CO, in the waste gases in the
neighbourhood of Glasgow, and had often wished he could use
that over again. For such gases at anything up to 500° F. were
far superior to ordinary air as a supporter of combustion; and
when the imperfect nature of boilers, settings, and even attendants
were taken into account, the chances of obtaining better combus-
tion were thereby greatly increased. Several spsakers alluded to
gas testing apparatus and CO, machines, generally condemning
them. Having brought out a ‘‘ combustion tester”’ himself, he
might be biassed, but still he felt it was a great advantage when it
enabled & man to see the truth in such a case as the Aberdeen
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boiler and to reconcile antagonistic views. In fact, until engineers
had acquired the insight into combustion, gained only by acquaint-
ance with some of these apparatus, they would be much at sea
regarding combustion.

Mr JamMes WHIMSTER (Armagh) thought this a highly inter-
esting paper, but one which had no apparent definite aim. It
ought, however, to lead to a useful discussion, and the ventilation
of the subject in such a centre as Glasgow, might be productive of
much good. The solution of this great smoke problem was in
his mind, to be found in one word—Gas. Gas power and gaseous
firing would be found to be the true remedy for this most expen-
sive nuisance. Gas engines had already gone a long way in
mitigating the evil with small firms at least. They had displaced
many small steam engines whose boilers were great offenders in
this matter, and they had been installed in many instances, where,
but for them, steam would have been used, and consequently more
smoke poured into the atmosphere. If the vast number of gas -
engines in use all over the country were considered and one
imagined their places taken by steam engines with smoke-pro-
ducing boilers, it would be then understood what an improvement
they were responsible for. Their still extending use, in both
large and small sizes, whether supplied by town gas or producer
gas, would before very long result in a very marked improvement in
the purity of the atmosphere of all but our very largest towns, and
such districts as Coatbridge. As for furnaces other than those of
steam boilers, the author admitted that the necessary conditions
could be attained by gaseous firing ; and there was no doubt they
could in this way be better attained than by direct coal firing, for
the heat could be better regulated and a uniform temperature
maintained. The question of first cost ought to be no obstacle, as
the economy and higher efficiency would certainly more than
compensate for the extra cost. Gaseous firing had been so
successful in gas works that direct-fired retort settings were now
quite antiquated. It undoubtedly paid gas manufacturers to pull
down even good direct-fired settings and replace them with
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regenerative furnaces; and he imagined that the same would bhold
good in other industries where high heats were necessary, and it
would certainly be for the benefit of the community at large.

In reply to the written communications Mr RowaN remarked
that Mr Lowe had very neatly epitomised the view which he
(Mr Rowan) took of the whole subject, and he complimented Mr
Lowe on giving such an intelligent account of it in so few
sentences. Although Mr Kent seemed to object to his saying
that the experiments referred to were inadequate, yet he on the
other hand seemed to corroborate that opinion by giving the
results of an additional experiment, which, however, only illustrated
the system of alternate firing often adopted in the case of steam
boilers in order to keep down the production of smoke. He (Mr
Rowan) had no doubt that a large portion of the gases given off
from most coal fires could he ignited if, before they were cooled,
they were mixed with air and exposed to the requisite temperature,
but this, instead of arguing that a secondary furnace was wanted,
only showed that the combustion in the coal-fired furnace was
incomplete, and it was the primary combustion which should be
perfected. Under the circumstances which Mr Kent described
relating to the experiment with the wing-wall furnace, Mr
Rowan could not admit that the gases formed on one side of a fire
place such as that described could be accurately termed completely
formed smoke. He had more than once empbhasized the fact that
““ cooling” was necessary to the ‘‘ complete formation” of smoke.
Mr Kent again seemed to differ from him as to mechanical stokers
and their action, but really supported him when describing an
ideal stoker by saying that “ the stoker and the Dutch oven com.
bined then became a highly efficient gas producer and also a gas
burner if sufficient air passed through the coke,” ete. Although
he might differ from Mr Kent as to the efficiency of the arrange-
ment yet he cordially agreed with him as to the principle of the
action described. Mr Craig had apparently failed to learn from
the chief of the Sanitary Department of Glasgow the reason why
“ one very seldom sees prosecutions for black smoke at chemical
works,” seeing that Mr Fyfe distinctly announced that no furnaces

—
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except those of steam boilers were at present liable to prosecution.
That fact, therefore, was no foundation for an assumption that
chemical works furnaces were smokeless. Regarding the special
furnaces mentioned, if black ash and decomposing or salt-cake
furnaces were in practice * generally smokeless,” it was not
because they could not be otherwise when coal fired, but that in
some chemical works the conditions of proper combustion were
attended to. Chemists have frequently recognised imperfections
in these furnaces, and that was evidenced by the numerous
attempts made to introduce improved forms of them. Moreover,
smoke might be a nuisance inside the works as well as to the
public outside, and in the cases in which the products of combus-
tion were allowed to mingle with the hydrochloric acid from the
decompositions, a very much smaller quantity of smoke thamr
would be liable to prosecution (if the Act were applied
to such furnaces) was objectionable, and might even bs fatal
to the working of the acid towers. Regarding pyrites fur-
naces, he must remind Mr Craig that there were furnaces in
use for roasting copper pyrites in the manufacture of copper
in which coal was used, as well as those for the burning of pyrites
in the manufacture of sulphuric acid, in which only the sulphur
was burned. Mr Craig’s criticism was, therefore, beside the
mark. Mr Whimster would find, if he read the paper care-
fully, that in'as far as the author had to indicate a method of
smoke prevention which was capable of universal application, his
aim was as definite as that expressed by Mr Whimster himself
when he said that ‘‘gas power and gaseous firing would be found
to be the true remedy for this most expensive nuisance.” He (Mr
Rowan) had also another point before him, and that was the
importance of the authorities recognising the fact that the subject
of smoke prevention should not bz dealt with in an arbitrary or a
fragmentary way. Merely local restrictions in the hands of
administrators not fully competent, or applied by methods that
were onesided and crude, were mischievous. There was no good
reason why the whole matter should not be dealt with in a
comprehensive and equitable manrer.



THE BREAKAGE AND RENEWAL OF A LARGE
CYLINDER.

By Mr Hector MacCoLL (Member).

SEE PLATE IIIL

Held as Read 25th October, 1904.

‘SoME years since a fast passenger steamer returned to port with
damaged machinery. She had a single screw turned by three-
crank compound engines, the H.p. cylinder, working with
steam of 95 lbs. pressure, being in the middle, exhausting into a
low pressure cylinder forward and into another aft.

HisTory.

On the morning of the second day of the voyage loud pounding
was heard in the H.r. cylinder, the engines were stopped,
and it was found that the cylinder was damaged beyond repair.
The H.P. engine was disconnected, piston valves drawn, their
packing rings taken off, holes drilled in them, and the rings
pinned over the ports so as to shut off the broken cylinder. Steam
at 20 lbs. pressure was then admitted to the two L.P. engines, and
the vessel returned to port. Probably there was nothing heroic in
the performance of these operations, but, with a ship rolling, as
this one could roll, drilling, tapping, and jointing in heated
chambers 25 inches in diameter was a more painful and exhaust-
ing job than this description might indicate, and the performers
deserve credit for the speed and efficiency with which the work
was done.

As soon as possible after the vessel’s return, a contract was
entered into for the renewal of the H.p. piston rod, piston and
cylinder, with other work in connection therewith, the price being
about £1,600, and the work guaranteed to be completed in eight
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weeks under a heavy penalty, with corresponding premium for
earlier completion. It was arranged that the new piston should
be finished one inch smaller in diameter than before, but the eylin-
der liner to be made of the original external diameter, and thus
finished half an inch thicker, so as to admit of reboring to the
original size, should that ever be required. The broken cylinder
with double piston - valve casings had been cast in one, but, as
the relative positions of the various parts permitted, it was con-
sidered better to cast the new cylinder and casings separately,
bolting them together as shown in Figs. 1, 2, and 3.

On the second day the cylinder was disconnected and removed
from the ship. On the third day the cylinder liner, weighing 5-06
tons, was cast. On the thirteenth day the cylinder, weighing
8:6 tons, was cast. On the eighteenth day the valve casing,
weighing 8-5 tons. was cast. On the morning;of the forty-seventh
day the whole work was sent out of the shop complete. During
the day the new cylinder was lifted into its place, and all the
joints carefully tested and found to fit accurately. It was then
lifted out for the application of jointing material, and finally bolted
in place that day. On the fifty-sixth day from date of contract all
the work was completed. The total weight of castings amounted
to 25°5 tons, and the detail of these weights, as well as the dates
just given, are more clearly seen in tabular form :—

2—Cylinder out of ship.
3—Liner cast, weight 505 tons.

13—Cylinder cast, ,, 86 ,,
CurreNT DAYS |18 Casingscast, , 85
FROM Other castings, ,, 335 ,,

Total, » 2550 ,,
47— Work sent out of shop.

DaTe oF ORDER. {
56—Work completed.

As it may appear strange that the contract was finished exactly
to time, it should be explained that as soon as it was evident that
the work could be completed inside of that time, a strong hint
was given that payment of a premium was to be, as the Board of



80 THE BREAKAGE AND RENEWAL

Trade instructions say, * discouraged.” It was then evident that,
to parody a well-known newspaper phrase, a premium had been
embodied in the contract, *‘not necessarily for payment, nor as a
guarantee of good faith,” but solely to legalise the penalty. For
the owners, it is only just to say that, having fixed and advertised
a sailing date, there was no advantage in spending extra money
to have the ship ready earlier than was necessary. It is generally
well to make a virtue of necessity, and to bow before the inevitable ;
therefore, as the shipowner is always necessary, he must be
virtuous, and as his decisions are inevitable, they must be bowed
to, so overtime was eased off, and the work finished comfortably at
the contract date.

CAUSE.

It was found on examination that two pieces were broken off
the lower flange of H.e. piston on the sides opposite the steam
port, as shown on Fig. 4. After a thorough investigation of all
the facts, it was concluded that parts of the packing rings, which
had worn thin, or of their tongue pieces, had broken, and as
the ship was rolling heavily, these parts, slipping into the clearance
bore at the bottom of the cylinder, had, at the turn of the stroke,
broken a piece or pieces off the piston flange, so that the piston
on its down strokes had pounded out the bottom of the cylinder.

Liessons.

One of the obvious lessons learned from the occurrence is to
arrange the relative positions of counter bore and piston packing
rings, so that the latter do not overrun the former at either end of
the stroke. This was done by making the new m.p. piston as
shown in Fig. 5; while the two L.r. pistons were altered, as
shown in Fig. 6, to effect the same purpose. But, as the
practice is now general, nothing more need be said on the
subject.

A more important lesson, both to engineers and to shipowners,
is the advantage of subdividing large cylinder castings. It has
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been too long the custom in this district to look upon the cylinder
a8 a thing of which one cannot have too much in a single casting.
Large and complicated cylinders have not only valve cases cast
on, but sometimes small fittings, causing the iron founder to run
unnecessary risks, and involving the engine builder in extra
expense machining small parts on large and costly machines, with
eonsequent delay in completing the various operations. Probably
one reason for this practice is that on the upper reaches of the
river the foundry is almost entirely dissociated, both financially
and geographically, from the engine works, The engineer too
often looks upon the foundry as a dirty, smoky place, to be avoided
as much as possible, whereas it is a department of his business in
which an intelligent interest will be well repaid.” The ironfounder
with some pride in his art will do his best to cast structures of
which his experience disapproves, but it would be to the advan-
tage of both if his brother the engineer regularly conferred with
him. Subdivision would benefit the shipowner by reduced cost
of renewals, and much more by reduced time in effecting these.
In the present instance the renewal might have been done in half
the time had the cylinder body, bottom, and valve casing been
cast separately, and, while four weeks would have been of
enormous value to the owners, the suggested method of construc-
tion need not have increased the original cost.

Discussion.

Mr D. C. Hauivton (Member of Council) observed that he
had been in Liverpool at the time that this renewal was carried
out, and had seen the original cylinder, and also the cylinder
that was proposed to be put in. The original cylinder was
certainly a very complex casting, and he had no doubt that had it
originally been designed as Mr MacColl planned the new one, it
would have saved the shipowner a considerable amount of money
and a great deal of time. It was not advisable to make such complex
«castings, especially when they were so heavy. Cases of the same
description had happened, not very often, fortunately, as more

6
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modern designed engines were less complicated, but at the period
that this steamer was built it was the custom of a great many
Clyde engineers to have the casings and other details cast on the
cylinders. From what he had seen in recent years, the custom
had altered considerably, and, he thought, to the shipowner’s
advantage. :

Mr E. HaLrn-Brown (Vice-President) said it seemed to him
that sometimes the designer of engines got very scant credit for
his work. For instance Mr Scott Younger considered that it would
be a distinct advantage to the shipowner and probably to the
underwriters if pumps were cast in several pieces, and if even the
valve chests of circulating pumps were cast separately ; bus be did
not say where he would find the shipowner willing to pay for
that. It so happened that most people nowadays had toface very
keen competition, and as a rule the cheapest engines were bought ;
that being so it was very seldom that they could be subdivided so
that each piece would have & minimum value. That remark,
although due more to Mr 8cott Younger’s commuuication than to
anything that appeared in the paper, was also suggested by what
Mr MacColl had said. Mr MacColl pointed out that if the cylinder
had been subdivided it would have been a very much simpler
casting for the moulder and the loss when the cylinder was brokens
would have been very much reduced. That was very true, but he
was not sure that even Mr MacColl, if he were asked, would say
that he considered a live steam joint right through the flange
which was bolted to the column head, to be a joint in its proper
place. There were quite a number of people who would hold, with
a certain amount of reason on their side, that possibly it was better
to risk a fairly large casting in the hands of a eompetent moulder
than a live steam joint right through the eylinder foot. It was
always easier, he thought, to criticise a breakdown than to design
a cylinder in the first instance, and probably the designer of this.
cylinder followed what be considered the best practice; and he
(Mr Hall-Brown) believed that he had done what most engineers-
on the Clyde would still do with a cylinder of the same size. He»
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did not know that it was now the common practice to cast large

casings independently from their cylinders. That he thought
obtained very many years ago. He remembered one of the first
things he did as an apprentice was to rub a piece of sandstone over
a very old oylinder that lay outside the shop at Fairfield. It had
been cast long before his day, possibly more than 30 years ago.
That cylinder was subdivided to an extent which he bad not seen
approached since. If he remembered rightly the liner was one
piece, the cylinder body another, and the top and bottom ends
(apart from the cover) were other parts. In all, he thought that
cylinder was in four pieces. The invariable practice later on, at
Fairfield, was to cast the cylinders and casings in one piece, and
he did not know that even the underwriters would have been very
much benefited had these cylinders been in two pieces. Another
thing that Mr MacColl called attention to was that the work should
have been exactly done in the contract time—eight weeks. He
could not imagine how that was arranged so exactly, unless the
cylinder lay more or less finished in the works ; and even if it were
80 be did not know that he admired the risk that was run in test-
ing it at the last minute. Even although the ship was not wanted
to sail until a fixed date, it seemed to him that the safest course—
so far as the owners were concerned—would have been to bave a
“turn " as early as possible. Repair work was not work in which
he had had any considerable experience and he highly appreciated
the paper which Mr MacColl had placed before the Institution. At
the same time it was well to note that none of the points which
were altered in the new cylinder were those which caused the
breakdown. That was due to defective piston design rather than
to defective cylinder design. The cutting of the cylinder into two,
although a conveuience in manufacture, did not rectify any defect
which caused the accident. Although he was no believer in big
castings he thought it was sometimes advisable and even necessary
to use castings that were bigger than one would otherwise care to

have, rather than have & joint in what might be considered a
doubtful place.
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Mr MacCorr, in reply, said he was glad to learn that Mr
D. C. Hamilton believed such cylinders as described were not now
made on the Clyde. Referring to Mr Hall-Brown’s remarks, he
would repeat that he believed large cylinders subdivided, as
suggested, would not cost more than if cast in one piece.  As the
founders’ risk would be minimised, the rate per ton would be
reduced ; and the production of a cylinder in less time, and on
less expensive machines, would meet the cost of machining and
jointing, The table on page 79 showed that the cylinder was cast
on the 13th day and the casings on the 18th, so that if the
eylinder and casings had been cast together they could not have
been cast in less than 18 days, and thus the machining of the
cylinder would have been delayed at least 5 days, and the whole
work delayed much longer., The question of cost need not,
however, be a matter of opinion, as it could be got out accurately
from working drawings of the two designs. With regard to the
steam joint in the connection to column head, he did not hesitate
to say that, although such an arrangement should be avoided if
possible, it was undoubtedly preferable to casting the casings on
the cylinder. The joint was not one about which there need be
any doubt, and in the present case the lower inaccessible flanges
were double bolted, with a rust groove between. The risk of
baving to remake this joint was not so great as that in the valve-
casing joint connecting two cylinders, and many engineers adhered
to the latter plan, although rejointing involved the removal of a
oylinder. While it was true that it was easy to be wise after the
event, no great originality was required in designing a subdivided
cylinder, although it was no doubt still easier to follow what had been
done before, as Mr Hall-Brown suggested. He thought the paper
fully explained why the work was not completed in less than the
contract time, but probably Mr Hall-Brown’s misapprehension
was due to his admitted inexperience in repair work. Those who
had this experience knew that all contracts for such repairs
provided for the work to be tested under steam, and Mr Hall-
Brown might be sure that no unnecessary risk was run. The
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conclusions arrived at in the paper were in total disagreement
with Mr-Hall-Brown's last sentence ; and he could only add what -
he thought was obvious, that the cylinder, as remade, only repre-
sented such improvements as the time and circumstances per-
mitted, not such a cylinder as a new design would call for.

On the motion of the CHAIRMAN, Mr MacColl was awarded a vote
of thanks for his paper.

Correspondence.

Mr James MorrisoN (Member of Council) was afraid that the
ingenuity and skill displayed by engineers in effecting temporary
repairs at sea, to enable the vessel to be brought safely to port
did not always receive the credit they deserved. In the present
case, from the description at page 79 of the paper, the cylinder
appeared to have been one of those (perhaps too common at one
time) cast all in one piece, with double piston-valve casings and
other connections, intended to save machining and jointing. This
was very doubtful economy, as the risk of some defect in the
casting was much greater than if subdivided into various portions,
not to speak of the facility by which repairs when necessary could be
effected. In this case, Mr MacColl mentioned that the renewal of
the cylinder took exactly eight weeks, whereas by a subdivision
of the casting the work might have been done in four weeks.
This appeared to be a very liberal estimate of the time, because if
the casting had been subdivided very likely only one portion
might have been damaged. The renewal, however, of such a
large cylinder, with its attachments, in eight weeks, was a piece
of very good work, and Mr MacColl, in bringing the matter before
the Institution, had given the Members an opportunity of knowing
what could now be done by taking advantage of the improved
facilities at command in our principal ports. In reading the
paper, & very recent case of a broken cylinder came to his mind.
A vessel belonging to Glasgow, while casting anchor at the port
of Gabes, where she had gone to load, had the whole side or casing
of one of the cylinders blown out with such force as to go through
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the bunker plating. Being so disabled the owners sent out
their superintendent engineer, and also an engineer from one
of the repairing firms on the river, to arrange for a new cylinder.
Luckily, the barrel of the cylinder, with the valve faces on either
side of it, were intact, and it was decided to have the vessel
towed to Malta for temporary repairs, and there the engines were
put into such an efficient condition by the closing in of the
broken casing with }-inch boiler plating, and by the introduction
of a 7-inch copper pipe to carry the steam from one cylinder to the
other, Fig. 7, that the vessel was enabled to return to Gabes, where
her cargo was loaded and conveyed to Glasgow. The new
cylinder was prepared and ready for fitting on board on her

Fig. 7.
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arrival. He was very much strack by the skilful way in which
the repairs had been carried out, whereby, no doubt, both owners
snd underwriters were saved a considerable sum of money.
Many clever and skilful repairs were devised and carried out by
sea-going engineers, often in very adverse and trying circum-
stances, and he was sure that it would be a great benefit to the
Institution if such men became corresponding Members, and
thereby be induced to put on record, through the sanction of their
employers, the results of their experience and endeavours.

Mr A. Scort Youncegr, B.Sc. (Member) considered that Mr
MacColl had told his experience in a plain, straightforward way;
and most practical engineers would be prepared te accept his
theory of the accident, and the lessons to be drawn from it.
There was not much to be said by way of criticism, at least
adverse criticism, but there were one or two points which might
be referred to. With respect to the cause of the accident, one
felt inclined to ask why the packing ring was allowed to remain
working in the cylinder when worn so thin? In a ship of this
class it was likely that the working parts would be frequently and
carefully examined, so, unless one supposed there was some undue
wear, the condition of the rings must have been known to the
engineer. The method adopted to prevent such an accident in the
future would, no doubt, be quite effective though liable to lead to
the formation of a ridge at the bottom of the cylinder band, which
might give trouble later on. The adoption of a much thicker
section of ring, like Buckley’s or M‘Lean’s, would also have
answered the purpose, and been free from this objection. The
most important lesson was one that was very properly emphasised
by Mr MacColl, viz., the advantage of subdividing large cylinder
castings. Mr MacColl might have gone much further, and
extended his suggestion to include other large engine castings as
well as the cylinders. At the present time it was the practice of
many engine builders to cast large box condensers all in one piece,
which were liable to fracture under the stresses arising from the
differences of temperature to which they were subjected. These,
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he thought, should be subdivided, or made of ecircular section,
and kept apart from the main framing of the engine. This, of
course, was frequently done, but the practice was not so general
a8 it should be. Another common practice was to cast the air
and circulating pumps together, which was done to save labour
in the fitting shop, and though there was mo sacrifice of efficiency
80 far as the engine was concerned, there was an almost certain
increase in the cost of renewals to be paid sooner or later by the
shipowner. It was well known that the circulating pump was
subjected to severe stresses arising from the racing of the engines,
and was more liable to break down than the air pump; it was
also much more subject to the wasting away of the metal forming
the valve seats. while the air pump was free from this action.
Therefore, it bappened that the circulating pump was perhaps
completely done, while the air pump was as good as new, so that,
being cast together, the renewal of one meant renewal of both,
with a large increase of cost and sacrifice of time to the ship-
owner. One well-known east coast firm not only cast the
pumps separate, but the valve boxes of the circulating pump
were apart from the body of the casting. In this way the cost of
renewals was kept down, and no doubt the high estimation
enjoyed by the firm referred to was due to the low cost of upkeep
and repairs. During the last eight years he had had five new
circulating pumps through his hands, the cost of fitting which
would have have been considerably reduced had the castings been
of simpler design.

Mr MacCoLr, in reply to the correspondence, said that Mr
Mollison’s description of a cylinder repair was most interesting,
and he cordially agreed with his suggestion that the Institution
would benefit by having such cases described and recorded in its
transactions, by the men who carried out the work. Mr Scott
Younger would readily see that the question he asked, and the
further subdivision of castings he suggested did not come within
the scope of the paper. The latter might well form the subjeci of
& paper from Mr Younger himself, and, as an inducement, he
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promised him some discussion on his five burst circulating pumps,
of which he knew nothing, but imagined a good deal. He quite
agreed that the condenser should not form part of the framing;
and that the air, circulating, feed, and bilge pumps should be
separate castings. Some would remember the time when they
were all cast on the condenser. ’




THE TRANSMISSION OF POWER BY ROPES.
By Mr Epwin KEnvoN

SEE PLATES IV. AND V,

Read 22nd November, 1904.

SecoND only in importance to initial energy is the transmission
of that energy or power to the productive machinery, without
which it would prove merely a demonstration in applied mechanics
as impotent as Hero's steam globe or Branca's turbine.

BournToN AND WATT's ENGINE.

As the twin terms “power” and ‘transmission” are insepar-
able in actual practice, it might be pardonable if, on the threshold
of this subject, a lantern slide be introduced showing one of the
best specimens extant of Messrs Boulton & Watt’s engine, erected
by that enterprising firm for the Birmingham Canel navigations
in the year 1777, and only recently removed from its original bed
after 120 years of almost incessant working; and an illustra.

tion of

NEwCOMEN'S ENGINE,
a fine relic of Thomas Newcomen's effort to improve upon the
work of his immediate predecessors, the famous Rutherglen
engine at Farme Colliery, working since 1809.

CoMPARATIVE EFFICIENCY,

Without some such exhibition it would be difficult to conceive
the enormous progress which has been made in the construction
of the steam engine before it became possible to produce the
marvellous machine shown on the screen. Briefly described, this
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is an inverted vertical triple-exansion rope-driven engine of 1,150
H.P., working under a steam pressure of 180 lbs. per square inch,
and is guaranteed not to consume more than 1} lbs. of coal per
1.H.P., 88 against about 7 lbs. for the Boulton & Watt engine.

Truly, a state of efficiency has been reached in the manipula-
tion of steam as a motive power, beyond which it appears almost
impossible to advance.

Skilfully devised contrivances, designed to enthral every atom of
the force-giving element, are in evidence throughout the entire
system. Huge steel boilers constructed to resist enormous
pressures, mechanical stokers to apply and regulate the fuel,
steam blasts to assist combustion, arrangements for arresting the
escaping furnace gases (and with them almost vapourising
the incoming water), insulating appliances to check thermal
radiation, methods for superheating the steam on 1its way
to the cylinders, sensitive actions to cut off and admit at the
precise moment, and so on, until activity fails from sheer exhaus-
tion. Even then means are taken to condense the almost lifeless
vapour to its primary condition for the purpose of creating a
vacuum, so that there may be attraction where propulsion is no
longer possible.

Not content with such efficiency, however, demands are now
made upon the engineer amounting almost to the total abolition of
all waste. Every ounce of coal should produce its full equivalent
in steam, every fugitive thermal unit should be captured, and
there should not be the slightest particle of frictional loss either in
the engine itself or the power-transmitting medium. = When the
battle with natural force results in such a consummation, then
may the engineer rest from his labours and enjoy the millennium.

ELECTRICAL TRANSMISSION,

Giving priority to electrical transmission, controlled by that still
incomprehensible medium, of the capabilities of which we are even
now but imperfectly informed, it may be taken for granted that
where units of power require to be distributed over large areas



92 THE TRANSMISSION OF POWER BY ROPES
N .

rom & central installation, there is no other known method com-

parable with that of transmitting electric motive force through
wires from dynamo to motors, either attached to line shafts orto the
machinery itself. Or where prolific water supplies may be pressed
into the service for the turning of turbines, this system may be
profitably applied to the working of more compact factories.

But when such conditions do not obtain, and when the driving
may be effected by other means, the comparative cost and main-
tenance of electrical transmission is declared by some engineers to
reach a point bordering on extravagance. One electrician who
was entrusted with the lighting of a large factory, when requested
to estimate for the driving of heavy machinery, advised not to
attach a motor wherever it was possible to apply a belt or rope.

Notwithstanding many improvements in the direct coupling of
engine with dynamo, which electricians throughout the country
have not been slow to adopt, it is still a debatable point as to
whether on the whole equal efficiency with greater general
economy may not be secured by the employment of a more
elastic medium. At a large work where electricity is the chief
agency in the production of alkali, and where ropes are employed
to drive the dynamos, the maintained efficiency from cylinder to
switchboard is declared to be not less than 86 per cent. On the
other hand, breakdowns at large power stations, involving consider-
able losses from prolonged stoppages, and the premature renewal
of expensive parts, have led engineers to seriously reconsider their
former verdict in favour of direct-coupled plants, particularly where
floor space limitations are not a considered item in the estimate.
Fig. 1 illustrates the method for driving dynamos by means
of ropes.

Srur GEARING,

Of all the systems of power transmission yet devised, spur
gearing appears to have dominated the rest, and to have been
reverenced beyond measure by its devotees as the standard par
ezcellence by which all other methods must be gauged, not because
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of its higher capabilities in a general way, but because it is said
to register the smallest amount of loss from friction. Needless to
say, the proving of this is fraught with considerable difficulty.
In the first place, as every mechanical investigator knows, it is
impossible to bring into complete agreement repeated tests made
upon the same set of wheels; and again, the experiments which
resulted in the acceptance of this dogma were conducted during
the raw youth of rope driving, in what may be termed the Manilla
period.

The introduction of cotton into the manufacture of driving
ropes, and better mechanical arrangements, have gone-far towards
the establishment of a theory, which, if it does not actually reverse
the former judgment, at least declares the difference between
the two methods in the before mentioned respect, to be in-
finitesimal.

BREAKDOWNS.

Therefore, we are disposed to treat this supposed detriment as
a negligible quantity in the equation, and turn to a more practical
issue, that of liability to break down.

Summarising his most interesting report on stationary engine
breakdowns, published a few years ago, Mr Michael Longridge
declares that while 124 breakdowns were due to spur gear, only
three could be traced to the failure of belts or ropes. Further, the
grinding noises attendant upon spur gearing are most effectually
silenced when rope driving is introduced. This may not advance
the production of material, but it certainly conduces to the com-
fort of the workers,

TrE TraANsMISSION OF PoweER BY BELTS AND RoFESs.

Here the issues are so intricate as to lead expert - thinkers
towards conclusions totally at variance with the teachings of
actual practice. The dominant factors governing the transmitting
power of both belts and ropes are circumferential friction and
velocity. But the most superficial observer will not fail to notice
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that entirely different means are employed to obtain this neces-
sary friction, and that, while belts depend upon contact with flat
surfaces, ropes are impacted into a series of grooves provided for
their reception.

Herein lies the erux of the much-debated question as to whether
centrifugal force exercises the same retarding influence upon rope
as upon belt driving. This query can be answered in the negative.
Tables have been issued purporting to make allowances for centri-
fugal detractions, which indicate a steadily increasing power in the
ratio of speed up to a certain velocity, when the power as rapidly
decreases. But the compilers of these tables have evidently
overlooked the fact that when ropes are set in motion two con-
flicting forces spring into activity, the tendency of each being to
nullify the effect of the other.

There is the force compelling rotation, the tendency of which is
to fling the ropes away from the pulleys on the one hand, and
on the other hand the wedging force or ‘stiction” in the grooves
having decidedly contrary tendencies. Whether this antagonism
of force goes to the extent of establishing complete equilibrium it
would be difficult to say. One thing is certain, that the very
high peripheral speed of 7,040 feet per minute, from a driving
pulley 30 feet in diameter, shows a considerable accession to the
estimated pro rata power without any apparent detriment to the
ropes themselves. This point will be referred to more definitely
later on.

Dr Stroud conducted a most interesting experiment in the
physics laboratory of the Yorkshire College, demonstrating the
effect of centrifugal tension upon an india rubber belt, driving from

comparatively large on to a small pulley. One view shows the
pulleys at rest, while the other is photographed with the pulleys
running at a velocity sufficient to drive the belt right away from
the bottom one, Figs. 2 and 3. This demonstration, of course, is
given with a view to exaggerating what actually takes place in
high speed belt driving. A similar, though not readily photo-
graphed effect, may often be perceived on the driven pulley of &
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small high speed fan. When velocity has reached its highest.
point, and before seizure again takes place, a thin line of light is.
distinetly discernable between the belt and the rim of the pulley.

In belt driving there is alwhys a certain amount of creep or slip-
which must be considered in estimating for speeds. But when
ropes are employed a8 the medium of transmission, the motion
conveyed by them may be regarded as positive as that of spur-
gearing, unless they are overburdened, or reach the bottom of the
grooves. As the slightest slipping induces frictional heat upon the-
pulley rim, any diminution of speed without this effect may be:
attributed to miscalculation.

Another item of comparison which may well claim attention, is.
that of first cost. But as parallel specifications dealing with both
classes of driving are not always obtainable, it is difficult to arrive-
at definite conclusions upon the question of a.v.'era.ge values. A few
years ago counter tenders were invited to identical specifications.
for power, speeds, sizes of pulleys, and centre distances, by a firm
in the Midlands, with a view to settling in their own minds the
question of general economy affecting belts and ropes, the results.
of which they were good enough to submit through their consult-
ing engineer at the conclusion of the transaction.

The quotation for a best double leather belt 21% inches wide
amounted to the sum of £51, while the cost of ropes, including
fixing, which meant sending an expert splicer a distance of 83
miles, totalled up to only £21.

The purchasing value of ropes to drive an equal power may be
generally set down at about one quarter that of belts, if splicing is
not included. Add to this, say, 15 per cent. upon the cost of belt
pulleys for extra work in grooving, ete., and one has a fair estimate
of the difference in first cost between the two systems.

This item should not be passed over without some reference to - -
another compensating clause. Soliciting opinions on probable
durability elicited the information that, if periodically well
cleaned and lubricated, the belt might be expected to last at least
5 years, while the life of the ropes, under the well-appointed con-
ditions suggested, was computed at from 12 to 15 years.
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Without further labouring the question of comparison, it may be
just as well to presume upon the conclusiveness of the evidence
so far adduced, and, for the time being, declare the case proven in
favour of rope driving, leaving the cudgels of rebutting argument
to those who may best handle them in the after-discussion, com-
pared with which, as a rule, the reading of a paper is merely an
indefinite prelude.

There are few, if any, industries through the whole range of
manufacturing enterprises requiring rotary motion, where rope
driving may not be applied with most beneficial results. Of these,
from the very nature of its application to all other industries, the
iron trade ranks foremost, and therefore demands first attention.
Few indeed are the processes where driving ropes have not been
applied in the treatment of iron and steel, from the moment it
leaves the furnace in molten masses, through the varied processes
of forge and workshop, until it emerges & huge monument of
mechanical skill, or is, perchance, incorporated into that delicate
piece of mechanism we carry in our waistcoat pockets.

IroNn RoLLiNng MILLS.

But what may probably prove of more interest to the Members
of this Institution is the application of rope driving to iron rolling
mills. The ultimate power necessary to carry the great masses of
heated metal through the rolls until they are reduced to the
required shape and dimensions, and how to provide against break-
downs due to excessive vibrations from shocks and stresses, are
issues with which only those who have given special attention to
this class of work are competent to deal.

An old engineer, who was largely engaged upon the construction
of cogging mills, was wont to direct his chief draughtsman to
ascertain the power required at full load, make liberal provisions
for this, and then double the strength of the machinery. A rough
and ready way out of the difficulty truly, but one which must com-
mend itself on the ground of safety.

It is to be regretted that a hetter view could not be obtained of
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the rolling mill shown upon the screen, because of an interesting
experiment with which it was connected. The power was originally
transmitted from the engine to the rolls by means of a treble leather
belt 19 inches wide, which, however, proved a source of annoyance,
from considerable stretching and frequent renewals, until it was ulti-
mately discarded, to be replaced with 7 cotton ropes 1§ of an inch
in diameter, at a cost, including splicing, of only one-third that of
the belt ; one year's outlay in renewals amounting to more than
the price of pulleys and ropes combined. This experiment led to
the application of rope driving to many other rolling mills.

Messrs Jonah Davies & Sons, of Wolverhampton, who are well-
known consultants for iron works’ plant, have planned and put
down some 6 or 7 rope drives at works in their district, prinei-
pally for hoop and strip mills (iron and steel), with a great saving
in friction and power as compared with the old spur wheel system,
giving a better output per turn, and the hoops, strips, rods, ete.,
a better finish with less waste. Messrs Davies & Sons state that
the usual speed for hoop mills is 140 revolutions, small guide mills
for rods from 240 to 260 revolutions, bar mills 1 inch to 2} inches,
square or round, from 60 to 80 revolutions, and large strip mills
120 revolutions per minute.

An engine at Stalybridge, which, unfortunately, is in too dark
and cramped a position to be successfully photographed, is driving
three sets of rolling mills; one called a 14-inch mill, direct from
the crank shaft, which is making 120 revolutions; a ‘faggot’ mill
on the opposite side geared down to 38 revolutions per minute; and
another for thin strips, by means of 8 cotton ropes 1} inch in
diameter from a fly-wheel 14 feet in diameter on to a pulley 6 feet
in diameter, making a peripheral speed of 5,275 feet per minute,
the direction of rotation bringing the tension side of the ropes
over the top of the pulleys, a most desirable direction considering
the erratic character of the driving. The important question of
« trailing span’’ will come in for notice later on.

It may be stated that in Sheffield and in the Yorkshire district
generally, most of the sheet steel and other rolling mills are fitted
with driving ropes 7
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Rores AppLiED To CorLLIERY Faxs, Craxes, Erc.

Since the abolition of the old furnace draught, rope driving has
played a most important part in ventilating the workings of coal
mines, by transmitting power to the fans now employed for the
purpose. At the Wigan Junction colliery, there is a compound
450 u.p. engine driving a fan installed for a duty of 300,000 cubic
feet of air per minute, and has a 5-inch water gauge with a good
reserve of power behind this to provide against emergencies.
Judging from the enormous quantity of rope supplied for this
purpose it may be surmised that other methods are at a discount.

Driving ropes are very much in evidence for the working of
cranes used in engine works, moulding shops, and the like.

The various purposes to which ropes are applied in the manu-
facture of textile fabrics, from the raw material right on to the
finished article, whether it be composed of linen, silk, wool, or
cotton, are too well known to require more than passing mention.
The action created by the transmission of power being generally
speaking of an unvaried rotary character, it may be desirable to
leave out almost all reference to duties imposed and consider
under what conditions rope driving may be expected to best
fulfil its mission.

RorE Driving DiviDED INTO Two SysTEMS.

Rope driving may be divided into two leading branches known
a8 the American or continuous system, and the English or
individual rope system ; and the relative value of each in its effect
upon the general principle involved should be carefully examined,
not simply by theoretical deduction but by practical investigation.

First, then, dealing with the American or continuous system,

Fig. 4.
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Fig. 4, that of winding a long rope round and round the pulleys
and then carrying it from side to side as it completes the circuit, by
means of a jockey pulley fixed at the required angle, it will be ob-
served that this system necessitates a series of deflections from the
straight driving path, causing the rope to assume the form of an
elongated spiral and setting up a one-sided pressure in the grooves
until the rope passes on to the arcs >f contact on both the pulleys.

If the weight upon the jockey pulley is so arranged as to
merely take up the slack and balance the driving tension of that
part of the rope which it controls, then the frictional loss due to
carrying the rope across the pulleys is not a very damaging factor,
but when it is overloaded with a view to levelling up the entire
drive, the strain, as may be imagined, is very materially increased
without accomplishing its object. In order to better understand
this method of driving, take, what was up to a short time ago, one
of the best examples on this side of the Atlantic, but which is now
transformed to the single rope system.

In a case of grain elevator driving, the full load was transmitted
from the engine to the main shaft by separate cotton driving ropes,
and then conveyed to grain elevators by means of Manilla ropes
fitted up on the American system by the firm supplying the
machinery. When in full action this continuous drive displayed
a most interesting phenomenon which offered rebutting evidence
to the much vaunted tension equality theory. Looking direct
down the driving line a distinct deviation from the presumed
horizontal plane was observable along the whole width of the drive.
At the commencement of its circuit the rope was seen to reach its
highest tedsion, from which 1t gradually declined at regular
intervals, marked by its passagefrom groove to groove, reaching
its lowest point at the last lap, to renew and repeat the operation
s0 long as it continued to work.

When it is considered that the grooves form a part of the driving
pulley itself, and are not loose sheaves like those in a pair of
blocks, it will be readily understood that the wedging action pre-
vents any interference with the original tension at which the rope
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is fixed, save by the strain on the working side, unless the rope
stretches unduly or is made to slip, and that such a process is
fraught with loss of power. Doubtless the greatest hindrance to-
the general adoption of the American system for all purposes, is
the fact that dependence has to be placed upon one rope and
should that fail the driving must stop until it is replaced, Whereas,
with the separate rope system, an excess of the actual power
required being usually provided, the replacement of a rope may
await a convenient season, and that without detriment. A whole-
sale condemnation of this system is not proposed as there are
circumstances where continuous rope driving may be adopted
with advantage over other methods. For instance, in its applica-
tion to paper-making machinery and under other awkward con-
ditions. An advocate of continuous driving recommends pulleys.
of not less than sixty times the diameter of the ropes.

This leads up to other considerations bearing upon the rela-
tionship of ropes with pulleys under the conditions governed by
the individual system. The absolute point of detraction in power
from the employment of relatively small pulleys cannot of course
be determined with mathematical accuracy, by reason of the
elastic medium which has to be dealt with, and elasticity varies
with almost every make of rope. ~One must therefore be content
to declare a position between the extreme limit where the bending
faculty of a rope ceases to exert its influence, and the diameter
controlling the highest capability with which he is acquainted.

Size oF PuLLEYs IN RELATION TO DIAMETER OF ROPES.

By reason of the great disparity in elasticity between cotton and
Manilla, what is known as ‘‘permanent set” (i.e., where elasticity
altogether ceases) being reached at a very much earlier stage in
the tension of the last mentioned, it has been found necessary to
fix the smallest pulley diameter at 50 per cent. greater than that
of a cotton rope. It has been discovered that to attain efficient
transmission of power the smallest pulley used with cotton ropes.
should not be less than 30 diameters, therefore with Manilla ropes
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45 diameters should be taken as the minimum, unless extra rope
power is added to make up for loss of grip.

The diagram, Fig. 5, will serve to illustrate the detrimental
effect upon a rope by bending round abnormally small pulleys,
better than any amount of verbal argument. For the purpose of
emphasising this point, the circle round which this rope is fixed is
only 14 diameters. By taking an angle of 45 degrees to represent
the chord of the ogee arcs forming the interstices of the strands at
the horizontal portion of the rope, and carrying this angle through
at its junction with the vertical centre line, the diameter is found
of the small circle to which tangent lines are drawn from the bent
portion, which graphically displays the extension of the outer
periphery at the expense of the inner pinch of the rope. It will
thus readily be seen how the circle could be so reduced that the
rope would refuse to bend round it.

The question now arises whether the amount of rope in direct
contact with the pulleys influences in any way the power trans-
mitted ? And without hesitation it might be answered in the
affirmative, all experience pointing to the fact that a reduced
holding surface, from whatever cause, is accompanied with a
corresponding loss of power. Although this implied detraction
may not prove a realisable quantity in a drive where the factor of
safety is recognised, it is always as well to make some allowance
if only for the benefit of the rope.

Ignoring for the moment the curve represented by the * trail-
ing span” and allowing straight lines to stand for the rope, it will
be seen that, while the total contact upon the two pulleys always
remains the same, the respective arcs are governed by the
relative distances between the two pulleys. Thus with the circles
at close quarters, as in Fig. 6, the arc of contact is represented as
135 degrees upon the small pulley. But as the distance between
the pulleys is increased, the arc contact also increases until the
position represented by Fig. 7 brings it to 157 degrees, or a differ-
ence of 32 degrees between the two.

. From the foregoing it will be surmised, and rightly so, that the
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Fig. 7.
mallest pulley whether it be driver or driven, must be the,
foundation on which to build any calculations. This understood
there is also another influence which may either advance or
impede efficiency, that is the position of the * trailing span’ or
idle side of the rope hanging between the two pulleys. Although
there is a distinct increase in the arc of contact when the tight or
working side of the rope is below the pulleys as shewn in the
diagram, Fig. 8, this position is not always attainable, or even desir-

Fig. 8.

able. For instance, in cases where an erratic delivery of power is
required, such as the driving of iron rolling mills, the shock is
taken up by the ropes which display every irregularity by a series
of wave like oscillations, and should these by any chance
synchronise with the length of tension on the ropes, they may be
induced to travel across the grooves or swing entirely off.

Now if the direction of rotation be reversed, the working strain
being uppermost prevents the ropes wandering from their ap-
pointed track, while the slack, still feeling the impulses, falls




THI TRANSMISSION OF POWER BY ROPES 103

naturally away by its own weight. It is often found advisable to
adopt this direction of driving when applied to gas power by
reason of irregular impulses. In down driving, i.e., where the
driven pulley is lower than the line of the driving pulley, the
trailing span may also with advantage be allowed to fall below.
Generally speaking, an addition of 10 per cent in the ropes is
sufficient to make up for any difference so caused in the arc of
contact. With oblique driving the case is of course different
because of the check administered by its upward tendency.

LoNxe CENTRES.

The preceding question brings another of equal importance in
its train; that of distance limitation. With the aid of guide
pulleys, rope transmission may be carried forward to enormous
distances. But how far centres may be placed from each other
without intermediate support, is largely a matter of pulley
dimensions and driving directions. Naturally with large pulleys
the under and over travelling portions of the rope are kept well
apart, and again there is always an amount of sag on the working
side of a long distance drive which helps to prevent contact even
with the slack above the pulleys. We are acquainted with several
cases where centres for unsupported drives are fixed at from 70 to
over 100 feet with the slack below the pulleys.

SHORT CENTRES.

A swing of the metaphorical pendulum brings one to the opposite
extreme, and suggests continuity. The transformation of a spur
gear drive to ropes at a Belfast Factory brought the pulleys into such
close proximity, that it was deemed necessary to attach a tension
pulley and drive on the continuous system. This, and the fact that
Manilla ropes were used, proved so troublesome that both tension
pulley and ropes were discarded, the latter being replaced with
cotton on the individual system, much to the satisfaction of the
firm. In this case the pulleys are both 8 feet in diameter, with
centres 9 feet apart, allowing a clearance of 12 inches between
the rims.
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An engine house in Dundee, contains, if it might be so ex-
pressed, the concentrated essence of rope transmission. Within
the limited space once occupied by a spur gear engine, has
been compressed a series of drives, comprehending vertical,
horizontal, obliqgne (both up and down), counter drives, and
long and short centres varying from 43 feet to 16 feet, the latter
only allowing a clearance of 1 foot 7 inches between the pulley
rims, the fly-wheel being 22 feet in diameter.

Another rope drive represented by Fig. 9, also in Dundee,
permits a clearance of only 8 inches, and is transmitting 380 =.P.
with sixteen cotton ropes 1§ of an inch in diameter, from a main
pulley 14 feet in diameter making 62 revolutions per minute.

AWEKWARD CONDITIONS.

There is no system of power transmission which lends itself so
well to what may be considered awkward conditions as rope
driving. It is so flexible that with the aid of guide pulleys, any
angle may be negotiated or corner turned. But as it is impossible
to cover all the variable conditions which present themselves,
a few leading suggestions may show the way towards the
solution of other problems of a like nature.

Perhaps there is not a case where the difficulties arising out of
awkward conditions have been more successfully tackled than at
a large timher work in Dundee, where 225 H.p. is transmitted
from an engine above ground through a subterranean tunnel to a
distant shaft by means of 8 cotton driving ropes, 13 inches in
diameter.

The fly-wheel is 13 feet 6 inches in diameter, and makes 83
revolutions per minute, while the jockey pulley, which deflects the
ropes into the mouth of the tunnel, is 4 feet 4 inches in diameter.
Beyond the jockey pulley, the ropes are sustained with two pairs
of pulleys, each 2 feet in diameter, and fixed at unequal distances.
The centres from the fly-wheel to the jockey pulley, thence to the
first and second guides, and forward to the driven pulley (5 feet
6 inches in diameter), read as follows : —

16 feet, 15 feet 6 inches, 29 feet, and 22 fest respectively.
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This unequal distribution of centres along the driving track has
the advantage of breaking up the measure and destroying the
unison in any oscillations which may be set up in the ropes.
Strong wave-like vibrations are sometimes observable between the
engine and the jockey pulley when the load is suddenly removed
or when starting the engines, which, as they cannot synchronize
along the entire length, quickly diminish to mere rippling
disturbances.

An interesting combination of rope drives is also to be seen at
a bleach work in Ireland, where the power is transmitted from a
water turbine to the main shaft over the top of the driving pulley
with 4 crossed ropes, and again round gmde pulleys to a shaft
fixed at right angles, with 2 ropes.

Shafts fixed at right angles may be successfully driven by the
aid of guide pulleys, as shown in Fig. 10. It will be seen that the
pulling side of the rope is deflected by the guider resting at the
necessary angle, while the ‘“idle” side is directed by the pulley
having the horizontal axis. The transmitting and receiving
pulleys need not necessarily rest upon the same plane, nor at any
particular angle; so also may the position of the guiders be altered
to suit any set of circumstances, ¢g., they may be placed either
above or below the driving line, see Fig. 11.  Another example
shows a right-angled drive with the two shafts resting upon the
same plane, running one below the other, aud the guide pulleys at
some distance above them.

Right-angled driving may also be accomplished by the intro-
duction of guide pulleys running freely (in opposite directions,
of course) upon a vertical shaft. Deep grooves require to be cut
into the guiders, and it is necessary for the ropes to be kept
moderately tight. In another drive sustaining pulleys are intro-
duced to prevent the ropes falling away from the guiders.

GUuIDE PuLLEYS GENERALLY Too SMALL.

In the majority of cases guide pulleys are made sadly too small,
and on this account the ropes are worn out much sooner than they
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would be if a similar rule to that which governs the relative
diameter of ropes and pulleys in ordinary driving were adopted.
True, the arc of contact is less, but this is no relief to the bending
strain put upon a rope in passing a sharp curve.

When shafts are only slightly out of parallel, ropes will direct
themselves without the help of guiders. The limit of deflec-
tion at which this may be accomplished, governed as it is by
centre distance, cannot be definitely fixed to meet all cases, and it
is better to rely upon experiments in each particular drive than
upon any data suggested by past experience. For this purpose
long key-ways should be cut in both shafts, so that the pulleys
may be moved to the best working position in actual practice,
giving the lead to the idle side of the rope. Deep, well-polished
grooves (which polishing should be extended to the mid-feathers,
maintaining the same angle throughout), are undoubtedly the best
for this class of driving.

In some cases a tilted groove, after the fashion illustrated in
Fig. 12, is brought into requisition, which, it will be seen, gives

;o X

-

Fig. 12.

more slope to one side than the other, with the intention of
allowing the ropes to roll with greater ease into their driving
positions. A little contemplation of Fig. 13, which gives a some-
what exaggerated definition, will reveal the fact that immediately
the rope attains its proper position in the groove the pressure
exerted is at right angles with the face of the pulley, and is there-
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fore equal on both sides, whereas, in the tilted groove the pressure
is greater on one side than the other. In a particular case, where

Fig. 13.

the centres were at a considerable distance from each other, and
the angle rather wide, the difficulty was successfully overcome by
the introduction of two intermediate shafts, and by dividing the
angle between them.

. The drive represented by Fig. 14 was one in which the driving

Fig. 14.

and driven shafts were 20 degrees out of parallel. But the
power is now successfully transmitted by fixing intermediate
driving pulleys in such a position as to equally divide the angle.
The grooves for all these pulleys were made to an angle of 50
degrees, and of sufficient depth to completely bury the ropes,
which were 6 in number, and 1} inches in diameter.
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Cross DRIVING.

Cross driving is most readily effected with ropes, and although
there must of necessity be a greater amount of friction upon them
than when driving under ordinary conditions, the wear and tear at
the crossing point is not as terrific in actual practice as might
naturally be expected. Because the strain upon the driving
portion permits the slack to pass by without exerting much

Fig. 16.

pressure, and if the crossing is alternated, the tight and slack sides
run in couplets, thus further reducing the friction.

Numerous cases could be mentioned of cross driving where
considerable powers are transmitted, but as these are mostly boxed
off or in cramped up places where the camera may not take in the
full view, it is difficult to obtain good working examples, and the
one shown in Fig. 15, is of small calibre.

Fig. 16 illustrates the application of ropes to right-angled,
or half-crossed drives from vertical shafts. The method is
practically the same as that adopted for belt driving, as
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to the direction of the leading side allowing the driving portion to
be pulled away in an angular direction, so that if the rotation were
reversed the ropes would roll off the pulleys. The previous
remarks 7e long key-ways and well-polished grooves also apply to
this style of driving.

VERTICAL DRIVING.

Power may be just as successfully transmitted to shafts fixed

upon the same vertical lines as in any other direction. Much
experience in this class of driving leads one to the conclusion that,
grooves of not more than 30 degrees, a little extra driving ‘force,
backed up with the resilience of good cotton ropes, are the best
influences to counteract the retarding effect of gravitation. When
the drive of which Fig. 17 is an illustration, was first constructed,
it was deemed necessary to transmit the power obliquely to and
from an intermediate pulley, but gaining nothing beyond extra
friction, it was removed and cotton ropes attached direct from
driving to driven pulley, with most beneficial results.

A large flax spinning mill had adopted vertical driving, which in
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the first instance was fitted up on the continuous system with
a tension pulley midway, but this proving a constant source of
expense and annoyance, was transformed to individual cotton ropes
and is now working most satisfactorily with centres at about 42
feet, and pulleys 12 feet and 4 feet in diameter respectively.

Fast AND Lonse RoprE PuLLEYSs.

Previous remarks have dealt with Rope Transmission in its
relation to main and counter driving. Advancing a step further,
its application to the driving of machinery when the motion is
not constant may be demonstrated. By a simple combination of
fast and loose sheaves this is most effectively carried into practice
at several large cotton mills in the Lancashire district. Fig. 18
shows this system in full operation. The power is carried from
line shafts to the numerous ring frames with ropes, in this and
other rooms engaged in spinning 90’s yarn at a spindles peed of
9,000 revolutions per minute, Fig. 19 presents a nearer view of
the same method of driving but at a different mill; and well
displays the means adopted for guiding the ropes from the shafting
to the fast and loose pulleys within the guard boxes.

To what extent the weight upon the shafting is relieved by the
substitution of ropes, will be appreciated when it is stated that
3}-inch belts are usually employed for ring frames which means a
pulley surface of about 44 inches in width; while the ropes are
only }} of an inch in diameter, and the grooves occupy a space of
about 1 inch including flanges, i.e., upon the driving shaft.
Nor is lightness the only favourable condition. Ropes are
declared to be safer and better for the operative. There
is no fear of being carried round the shafting by catching
upon the clothing. Distressing electrical disturbances due
to slip (which often prevent the fibres lying close while
spinning), are never present and no time is lost in putting the
machinery in motion, a decided advantage where a quick start and
knock off are required. On the other hand when a slow start is
desirable, the introduction of an intermediate shallow groove
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renders the action most sensitive and gradual. From the section
Fig. 20, it will be seen how this contrivance is fitted up. The fast

Fig. 20.

pulley is keyed on to the shaft, while a sleeve is fitted for the loose
one to run upon. The rim section, Fig. 21, shows the shallow
intermediate groove mentioned, and also the clearance allowed
between the prongs of the fork which passes the rope in and out of
gear with the greatest ease. The fork usually takes the curve of
the pulley allowing just sufficient room to clear the rims in passing.

Fast and loose rope pulleys are also attached to the overhead
gearing of lathes, to mortar mills, to milling, and to numerous
other classes of machinery.
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In Fig. 22 a radius fork operates the rope which is worked by a
rod running the whole length of the frame. Although thelprineiple

LTS
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Fig. 21.

is the same, the conditions are so varied that almost every case
requires different handling. The ring frames previously shown
are worked by small levers attached to the guard boxes.

GROOVES,

One of the most important items in the whole economy of rope
transmission, at least so far as mechanical arrangements are con-
cerned, is the construction of the grooves. Many and varied are
the shapes and angles which have at different periods been sub-
mitted or adopted, as may be inferred from the wonderful exhibition
of templets, Fig. 23. The difficulty of selecting a suitable rope
is not by any means lessened when the manufacturer is expected
to provide one that will work equally in ““A” and “ B’ grooves,
which are supposed to represent both driving and driven pulleys.
The only course left open in such cases is to ascertain as near
as possible the happy mean, and even then the result is anything
but creditable

When templets of existing grooves require to be taken the most
correct, as well as the easiest method, is to obtain a plaster cast,
which, when trimmed off gives an exact impression. Before
making the mould it is advisable to grease the grooves.
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At one time it was an accepted theory with many engineers that
grooves should bear some resemblance to the rope itself, and
therefore curved sides were introduced in the belief that they
afforded a necessary easement to the rope when leaving the grooves,
Fig. 24. When grooves of this description are employed it is
generally found necessary to increase the diameter of the rope to
the utmost limit, not only to make up for the loss of power but to
prevent as far as possible, the rolling action often induced thereby.

Fig. 24.

RoLriNG ACTION.

This action, though suggesting an equal all-round wear from the
smoothness of the rope so treated, has a most detrimental effect
upon its life, besides encouraging impeditive driving force.
Revolving ropes are readily distinguished from the fixed ones by
their glossy appearance. The curve disallowed, there can only be
one logical corollary to the previous proposition, viz., the angular.
groove. This accepted, it is desirable to ascertain which of the
many angles used has proved the most beneficial. Before attempt-
ing to decide this question it will be just as well to brush away
whatever theoretical cobwebs may still linger anent the force re-
quired to extract a rope from its groove after completing the circuit
of the pulley.
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The point of centrifugal tension has already been argued, and, if
the deductions are sound, then * stiction ”’ must offer an opposing
influence thereto, and vice versa. Beyond all this there is the
resilience of the rope to be accounted for. Time and again an
endeavour has been made to so press a cotton rope into an acute
groove that it will retain its position during one slow revolution of
the pulley, but immediately the ends are released it unbends and
falls away.

The angle at which driving grooves are constructed vary as
much as from 54 degrees to 15 degrees, the latter being applied to
the driving of cotton machinery with small bands, and from the
results obtained it would appear that every diameter of rope has
its most appropriate angle. While this need not be carried to the
extent of providing a range of templets to cover all sizes, some line
of demarkation between the acute and obtuse is advisable. One
firm of engineers works to four different angles, beginning with 30
degrees for small ropes from § of an inch to  of an inch in
diameter, 36 degrees from 1 inch to 1} inch, 40 degrees from
13 inch to 1§ inch, and 45 degrees from 1% inch to 2 inches
‘What I would advocate is 30 degrees for all driving ropes under
1 inch in diameter, and 40 degrees for all above that size,
including the 2-inch diameter. Indeed, from what I know of the
working of 1}-inch ropes in angles of 29 degrees, I have no
hesitation in declaring my belief in the keener angle for all
diameters, excepting the small machine bands. Acute grooves
afford a check against revolving action. In setting out a groove
it should always be borne in mind that a rope is at its best when
it assumes the cuneiform, something like the old sample and
section here submitted, which well exhibits the effect of com-
pression.

MEeTHOD OF SETTING OUT GROOVES.

Therefore, instead of commencing with a circle to which the
groove sides are merely tangent, it is always as well to presuppose
the wedge shape, and build up the grooves with a view to pre-
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venting the rope reaching the bottom, or any part of the curve
with which it terminates. Credit is due to Mr William Kenyon for
discovering a method of setting out a groove, which is simplicity
itself, and withall possesses the virtue of complete accuracy.

.
.
.
Y
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!

Fig. 25.

Referring to Fig. 25, it will be seen for a 40-degree groove that,
the first process is to draw a circle representing the diameter of
the rope through which the vertical and horizontal centre lines
are projected. Afterwards the chord of the arc *“ A B is marked
off. This becomes the standard of future measurement, and
points the centre of the curve terminating the groove from the
centre of the circle, and, when repeated downwards, fixes the apex
of the angle, which always comes out just under 40 degrees
whatever the size of the rope may be. Extend the lines of the
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angle through the point *“ B B,” cutting off segments of the circle
on the way, until they intersect the upper horizontal line at
*C C,” which points fix the radius of the flanges from *B,” and
also ascertain the thickness of the metal. If the angles were
carried out to the full extent, and the terminals simply rounded
off, the power could be nearly doubled if required by the introdue-
tion of thicker ropes. The flanges (which are merely introduced
to save pulley space), however, block the way to such extension,
and are entirely discarded by some engineers.

R K i
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The same formula may also be applied in the construction of &
.80-degree groove down to the formation of the bottom curve, Fig.
26. But for the more acute angle a longer measuring staff is re-
quired, and this is indicated by a 45-degree set square, making
the chord of the arc * B C,” doubling which fixes the apex of the
angle.

Grooves having no power to transmit, but which are simply
used as carriers, should be so arranged that the rope will fall well
into the bottom ; a little more easement should, however, be
allowed than is shown in Fig. 27. The pitch of carrier grooves

A

Fig. 7.

should also correspond with that of the grooves to which they are
tributary. Grooves for cross-driven ropes should be either spaced
or (which is to be preferred) used alternately.

PateEnT ExpANDING RoPE PULLEYS.

Messrs Bertrams, Ltd., of Edinburgh, have favoured me with
a photograph of a ¢ Patent Expanding Rope Pulley,” which well
deserves attention before the question of grooves and their con-
struction is dismissed, inasmuch as it provides a means of dealing
with small alterations in speeds, such as are required for paper
making and other machines, Fig. 28. Without elaborating upon the
specification, the chief advantages of this unique contrivance may
thus be briefly summarised :—By separating or closing up the two
halves of the pulleys, the diameter may be altered to a fraction,
giving an ample range for the purpose of 3 inches, with a rope
1} inch in diameter. Alterations may be effected while the
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machinery is in motion by means of a brake wheel and brake
strap operated by a foot-lever. One half of the pulley is keyed to
the shaft, and is made with a boss, over which the boss of the
other half slides, a feather being fitted to ensure united rotation.

Eleven of these pulleys, which required to work in perfect
unison with each other, are applied with great success to large
paper making machines. For this purpose a continuous rope,
1,100 feet long, is employed, the slack being regulated by
a weighted tension pulley, thus dispensing with the belts, cones,
and belt shifters hitherto employed in this class of driving, The
utmost variation attainable depends upon the diameter of both
pulleys and ropes, the dimensions of which may be altered to
suit conditions, and also by the angle of the groove, which in this
instance is 40 degrees.

Drivine RoPEs.

Beyond an occasional acknowledgement of its existence, we
have scarcely referred to the transmitting medium, having decided
to relegate a brief study of the material and workmanship
employed in the making of driving ropes to this stage of the paper,
not because the rope is deemed subservient in importance to the
purely mechanical side of the question, but more, it must be
confessed, from a desire to emphasise final impressions. Few,
indeed, are the fibres capable of manipulation which have not been
pressed into the service of the ropemaker. First, there is the coarse-
grained Manilla ; second, a fine-dressed quality of hemp ; third,
Ramie fibre; and last, cotton spun into suitable yarns. The firm
with which I am connected once made up & rope from silk waste,
which, however, proved anything but durable, and also experi-
mented upon ropes made from paper strips rolled up in the form
of threads, but these were run to death in a few hours.

Taken merely upon the basis of resistance to tensile strains,
Manilla undoubtedly holds the field against all comers, but the
fibres are of so harsh and wiry a nature that theydo not take
kindly to the successive twisting operations to which a rope is
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subjected, nor do they cling to the pulleys with the tenacity of
softer materials. Having no resilience, the strands scrub one
upon the other, setting up internal abrasion, which not only proves
an inconsistent quantity, but invariably leads to undue stretch
and repeated tightening.

CoTTON v. MANILLA.

The fact of rope driving having first been introduced to any great
extent in what may be designated the home of the Manilla trade,
this material quite naturally claimed the earliest attention and for
a time gained precedence over all others, until the system was
taken up by the cotton manufacturers of the Lancashire district,
who argued, and not without reason, that as nothing in the nature
of hemp would successfully transmit power to the various motions
of a spinning mule, the peculiar ramifications of which demanded
& material possessing the greatest resilience coupled with wearing
capabilities of the highest order, it was merely a matter of applying
cotton to larger powers. Evidences of the progress of cotton in
the manufacture of driving ropes are so far reaching that, its
superiority may be considered as much an accepted principle in
rope transmission, as the law of gravitation is in science.

The great stumbling block to its acceptance in some quarters is
the price, and truly the divergence is wide enough when that fickle
institution known as the cotton market declares for the high points,
but for all that its enhanced power transmitting value, its
immunity from frequent attention in the matter of tightening, its
safety and comparative longevity, more than out-balance first
cost considerations. The higher capabilities of cotton over Manilla
were most strikingly exemplified & short time ago in the case of a
large linen mill where, owing to some miscalculations, Manilla
ropes proved totally inadequate to drive the power and were almost
constantly slipping. These were replaced with the same number
of cotton ropes, which are now comfortably driving the added load
of a dynamo for electric lighting.

At another flax mill in the same district, Manilla ropes were
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employed to drive what is8 known as a 108-inch mangle. These
could never be relied upon, and proving a constant source of
annoyance from slipping, were replaced with the same number
and diameter of cotton ropes, which appear to be capable of
transmitting a much greater power. 8till another example which
gives a more definite comparison. In this case eight Manilla
ropes 2 inches in diameter, upon one drive, and ten ropes 14 inch in
diameter upon another, have been replaced with six and eight cotton
ropes respectively, and the driving is declared to be more satis-
factory in every respect. The modulous of elasticity in a well
made cotton rope is such that the ¢ permanent set,” may not be
reached until it falls to pieces from absolute wear after years of
sucoessful running. '

As to the longevity of cotton ropes, the illustration shown upon
the screen is a reproduction of an engine from which 24 cotton
ropes 1} inch in diameter are transmitting 820 H.P. at a peri-
pheral speed of 4,396 feet per minute, from a driving pulley 28 feet
in diameter. All the card room ropes in this drive have been
running since 1878, a period of 26 years, without any attention
whatever. The conditions are certainly all that could be desired.

The lives of numerous other cotton ropes similarly circumstanced
have extended over periods little short of this, while others fixed
from 10 to 15 years ago are still working almost night and day. Take
for instance the case of the Clyde Paper Co., at Rutherglen, within
whose works cotton ropes have been running almost night and
day for 14 years without attention. It would appear therefore
that fatigue of material due to constant activity, does not manifest
itself in ropes of this description.

Having fixed upon cotton as yielding the best results, the
question of selection still remains, that is to decide between two
leading classes known as Egyptian and American. Theoretically,
Egyptian with its tough silky staple appeals more forcefully to the
manufacturer than its coarser American rival, and if judged by
the standard of market values only, would certainly hold the
premier position, seeing that under normal conditions the pur-
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chasing price of Egyptian is from 25 to 30 per cent above American,
if reckoned on the basis of best qualities. This argument does
not apply to those minor productions which are little better than
waste spinnings passed off as good Egyptian, at a price which
should servé no other purpose than that of exciting suspicion in
the mind of the intending purchaser.

A PracTicAL EXPERIMENT,

Such inferences however, without an appeal to actual practice,
" too often prove futile methods of reasoning. The main difficulty
in dealing with questions of durability is the time exhausted in
conducting reliable experiments, which according to previous
shewing, under good conditions, would extend over a considerable
period of years. For this purpose two ropes running side by side
at a terrific velocity, on one drive, were tested. One rope
was made from ordinary American yarn, while the other was of a
superior quality of Egytian cotton, spun down to the same counts
from a higher mixing. Both ropes were accordingly made to the
same specification, fixed upon the pulleys at the same time and
allowed to run for a period of three years, when they were removed
and carefully dissected, with the result that the American proved
to be in at least 10 per cent better condition than the Egyptian.

CONSTRUCTION OF ROPES.

The mere selection of material would prove of little value were the
construction of the rope itself omitted. Although familiarity with
this article may go to the extent of reaching tbe borderland of
contempt, there is more connected with the manufacture of a rope
than meets the eye of the casual observer. It will be noted,
however, that a rope generally consists of strands, few or many,
and that these are held together by a succession of twisting
operations, from the fibres to the yarns and from these to the
strands which in turn are locked together by the same agency.
The sections illustrated by Figs. 29 to 32, show a few varieties of
ropes which to a greater or less degree are employed in the trans-
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mission of power. There are the three-strand, the four-strand (with
the centre core), the seven-strand, (or six-strand and core), and the
“ lapped " rope, which it will be seen consists of three strands
with the interstices filled up with cords, while a thicker cord so
envelops the rope that the strands disappear altogether. There is
also & plaited rope bearing some resemblance to the old fashioned
gaskin formerly used as engine packing, which is used mostly in
Germany.

THREE- AND FoUR-STRAND RoPES.

Compared with the contest between three- and four-strand ropes,
the other sections have scarcely had alook in. It may therefore,
‘be appropriate to devote a few words to determining if possible
which of these possesses the highest capabilities. The strands of
a rope may be regarded as elastic cylinders until they are com-
pressed by the final twisting into as many wedge shape spirals.
Therefore if circles be substituted for strand sections the necessity
for a core in a four-strand rope will be readily perceived, because
the parallelogram of forces prevent the building up of an even
contour without such support.

In a four-strand rope from which two of the strands have been
extracted in order the more readily to exhibit this inner core, it
will be seen that as the driving strain is exerted in a longitudinal
direction the core is most affected thereby, and being only about
one-fortieth part of the whole bulk, it must ultimately yield to the
superior extending force of the main body, Fig. 33. And this is what
actually takes place. When occasion arises to examine or tighten
four-strand ropes, the core is generally found so broken up that
the strands, having lost their internal support and in their struggle
“to fill up the vacancy, overridle each other and produce dis-
tortions.

It may also be stated that any increase in the number of strands
retards the bending faculty and also militates against driving
force. To such an extent was this manifested in one case that
replacement became absolutely necessary after not more than tw



124 THE TRANSMISSION OF POWER BY ROPES

years running. It was found undesirable to impose a load
greater than 110 B.p. with four-strand ropes; whereas, now 170
H.P. can be used under precisely the same conditions, and with
the same number and diameter of three-strand ropes. 1ln another
case of replacement, four three-strand ropes were discovered to be
equal in power to six of four-strand running on small pulleys with
short centres.

A three-strand rope furnishes one of the best examples of what
is known as the triangulation of strains which enter so largely
into the study of applied mechanics, whether our object be the
building of a girder bridge or the construction of a bicycle. The
diagram, Fig. 34, formed of a rope section, three pins, and a
piece of black cotton, demonstrates far better than any amount
of verbal description, the origin of that trinity of equal forces which
compels so complete & union. So also may the removal of a strand
prove the best explanation for superior resilience, as showing the
undisturbed spiral deflections of the entire rope. Fig. 35 illus-
trates a three -strand cotton rope, which has had an average
running of 20 hours per day for a period of 15 years. Though
presenting such a ragged appearance, it is anything but done,
and is now wearing out its life on a shorter drive, having
been removed from its original position on account of structural
alterations. This exterior abrasion which so alarms some users is
no indication of immediate collapse, but is simply the ruffling up
of the outer fibres which fill the interstices of the strands, and act
like a cushion against the side of the grooves.

Allowing the claims put forward in favour of a three-strand driving
rope, without further advocacy of the principle involved, it may be
contended that if such a rope possesses a constant equality
throughout, if the yarns are equal in counts, number, strength,
and tension, each from the centre to the circumference following
its appointed track without deviation, and if all are of the best
quality attainable, then has been a point arrived at bordering upon
perfection in the making of driving ropes.
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TaBLE OF POWERS.

Having surveyed the general conditions governing efficiency in
rope driving, it may be advisable now to submit a reliable table of
powers which good three-strand cotton ropes may be expected to
transmit at 1000 feet per minute, when running over pulleys not
less than 30 times the diameter of the rope employed, and in
angular grooves not exceeding 45 degrees :—

17 diameter rope will transmit 3 H.p.

1y " " 4,
14" ”» " 5
’ 13 ” " 6
13 " " 73 ,,
1§ . " 86
1y " » 0,
13 " ,, 115 ,,
2 " 13,

These figures ignore any supposed detriment from centrifugal
tension. They are based upon the many times proved hypothesis
that & rope 1} inch in diameter will transmit 10 m.p. per 1,000
feet of speed, and that this power is a constantly increasing
quantity in the ratio of speed. This at once launches us into the
metric system so far as velocity is concerned (would that this
system prevailed throughout, and that British prejudice did not
compel circumlocutory calculation, the sole object of which appears.
to' be that of complication). Thus, by lopping off these wonderful
terminal cyphers, speed is at once reduced to power—1,000 feet:
10 m.p., 1100 feet 11 H.P., and so on to the limit of mechanical
capacity. The powers of the remaining sizes are calculated upon
the relative sectional areas, the 1} -inch diameter being fixed at.
over half that of the 1§ inch. This gives a little benefit in driving
force to the smaller rope.

The publication of tables purporting to make allowances for the
detrimental effects of centrifugal tension has already been men-
tioned. One table begins with a speed of 2,000 feet per minute
at which it declares a rope 1% inch in diameter to be capable of
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transmitting 28 H,p. (8 H.P. more than I should care to advise
without encroaching upon the margin of safety), and this is a
steadily increasing quantity until it attains 4,800 feet, when the
power gradually declines to 29:5 m.p. for 7,000 feet, or a gain of
merely 14 H.P., instead of 50 in 5,000 feet! Fortunately for this
argument, one of the finest examples of high-speed rope driving in
the country might be cited, possibly the only case where a rope
velocity of 7,040 feet per minute is attained direct from a fly-
wheel 28 feet in diameter. Fig. 36. The power is taken direct from
the fly-wheel to the shaftsdriving the machinery of the five spinning
rooms each with two ropes 1§ inch in diameter, which are
transmitting no less than 93 n.p. per rope (or 186 H.P. per pair).

The fact before mentioned, that ropes 14 inch in diameter,
running at a speed of 4,396 feet per minute, have lasted 26 years,
also appears to contradict the supposition that high speeds interfere
with the longevity of ropes.

PaTENT INTER-STRANDED CoTTON DRIVING ROPES.

What is now most favourably known as the Patent Inter-
stranded Cotton Driving Rope, answers the foregoing requirements
to the letter, and is certainly a unique production which has
never yet been successfully imitated. Each of the three strands
is made up of a succession of sheaths, or layers of yarns, which
may be peeled off until the last thread is reached. The constantly
increasing bulk due to these concentric rings, has the natural
effect of lengthening the yarns in corresponding gradations.

The superlative advantages of this inter-stranding process
demands but little explanation if the even lay so faithfully
depicted in Fig. 87, is compared with the ecrinkled effect shown
on Fig. 38, to be found more or less in all ropes made
upon the ordinary method—which is roughly that of taking
bundles of yarn about equal in length and twisting them together
in a haphazard manner, so that the inner yarns must of necessity
crumple up to accommodate themselves to the undue strain upon
the outer ones, which in time give way to the encouragement of
repeated tightening operations and premature collapse.
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How little an inter-stranded rope is affected by external abrasion
is manifested to a remarkable degree, in the unrolling of the strand,
as shown in Fig. 39, which it will be acknowledged, presents a com-
pletely worn out appearance. The first layer of yarns is scarcely
penetrated, while the second remains altogether untouched. For
purposes other than rope driving, such as haulage, where safety is
one of the first considerations, inter-stranded ropes are invaluable,
as any damage, which always takes place on the surface, may be
readily assessed and the rope worked upon that assessment.

There is practically no limit to the length of & Patent Inter-
stranded Driving Rope. Every piece made is one continuous length
of the particular size upon which the machine may be engaged.

Two ropes 1 inch in diameter, and in continuous lengths of
8,115 and 8,208 feet respectively, without splicing or any other
attachment, were recently consigned to India through a firm of
shippers in this city.

SpriciNg oF Drivina RopEs.

The importance of good splicing in relation to rope driving can
scarcely be overestimated, and although the initial bill may suffer
somewhat from the engagement of a thoroughly competent man,
the true economy of such a proceeding is thoroughly realised
later on. For if the ropes are properly fixed at the outset, it
is rarely that they require attention afterwards. So much is this
understodd in large undertakings that, men from Dukinfield are
almost constantly engaged in different parts of the Continent,
and they have been sent eastward as far as Russia, and westward
as far as Brazil.

Short of ocular demonstration it is most difficult to explain or
even illustrate the process of splicing & driving rope. The
following illustration, Fig. 40, may, however, give some idea of
the splicer’s work :—

No. 1 shows the ends whipped together to the required length, and

it will be seen that a strand from each side has been cut away.
No. 2 thows how to untwist the strand from one side and reinsert
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it from the other. It will be seen that two strands are still held together
in order to preserve the spiral form.

In No. 3 the strands are thinned down by ‘stripping the outer thread
ready for working in with the marline spike.

No. 4 requires the projecting ends to be cut off to complete the splice,
as shown in No. 5.

The length allowed for a driving rope splicing should not be less
than, say 80 times the diameter of the rope.

METAL FASTENINGS.

Much time and money has been expended in endeavouring to
do away with splicing altogether by the introduction of metal
couplings, but without adequate results. The hook and eye
coupling, Fig. 41, is doubtless the best of this order. The method
of attachment is to twist the ends of the rope into screws made
in the couplings, and then drive a pin right through. Should the
rope slacken down, it is unhooked, twisted up to the right tension,
and rehooked. The main difficulty in such couplings is that they
cannot possibly take the same position as the rope in the groove,
and that the metal strikes against metal in passing over the
pulleys.

Brockine Roees.

- Difficulties are sometimes experienced in the shape of heated
j:m;'nals, when ropes have been fixed for a little time before the
engine is put in constant work, through the shrinkage against the
pulleys. In such cases it is always advisable to insert a block of-
wood (or several blocks according to the size of the pulley)
between the ropes and pulley, as shown in Fig. 42, against
which they tighten. When it is removed the tension is, of course,
somewhat relieved.

It might be advisable to point out that painted grooves drag
at the fibres of the rope, and therefore it is always advisable to
have them well greased for a start, which also applies to the
side of the rim to prevent chafing as the rope is being passed into
its place.
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Discussion.

Mr A. S. Breaart (Member) said his experience in connection
with rope driving had extended over twenty-five years, and when
reading Mr Kenyon’s paper it gave him pleasure to see that in
many of the statements made he was at one with the writer.
One thing he had specially noticed, and that was the class of rope
that Mr Kenyon had found best to adopt in connection with this
system of driving. After trying many of the various classes of
rope, in connection with the driving of drilling machines particu-
larly, and for other power drives in the workshops at the Forth
Bridge, it was found that the best was that which Mr Kenyon had
found to be the best, namely, the cotton rope. Further, it had
been found that there was one particular class of cotton better and
more suitable than any other. Mr Kenyon had stated that he had
found a water twist cotton to be the best, and in this he entirely
concurred. ‘Some of their ropes were passed round the fly-wheel
and then over a seriesof pulleys. Particularly was this the case
in connection with the drilling of the great tubes of the Forth
Bridge The pulleys had to be smaller than desirable, and trouble
lay in finding a rope that was suitable for this severe driving, If
large enough pulleys were used, almost any kind of rope would dc
fairly well. If comparatively small pulleys were used, only a
verv high-class quality of rope would stand. He remembered
trying a raw hide rope. Great things were expected of it, but in
a few days it was done. The paper. of course, required to be
limited to some extent, but he felt a little disappointed when he
found that no reference had been made to driving with wire ropes
for power purposes, such, for instance, as could be seen on the
Glasgow Subway, the Edinburgh Cable Tramways, and in many
places, especially on the Continent, where water power was
used. Twenty years ago, when the introduction of wire ropes for
lifting and other purposes was in its infancy, they were largely
used at the Forth and Tay Bridges. At that time he instituted
a series of experiments, the results of which, by the way, could be
found in a paper in the Minutes of the Institution of Civil

9
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Engineers. Some of the results were remarkable, The gist of
the whole thing came to this, that provided one used a pulley
large enough, and that that pulley was of the proper form, it was
difficult to put a limit to the life of a wire rope for lifting or
driving purposes. It was exceedingly interesting to read what
was said regarding the length of life of cotton ropes, and many
Members would no doubt be surprised at the number of years
that these would run without giving the slightest trouble. He
was sure that in many cases there were to be found great
advantages in the use of ropes, even in competition with the
modern electric drives of to-day.

Mr Sincratr Courkr (Member) said that Mr Kenyon was a recog-
nised authority in rope driving, and the Institution was indebted to
him for bringing before it this subject; especially at a time when atten-
tion was being given to electrical driving, and when older methods,
some of which were fairly economical, were apt to be lost sight of.
He would just like to say a word or two about ropes made of
another material than that which Mr Kenyon recommended. He
had had experience of rope driving extending over many years, and
he had used many Manilla ropes and had found them in some cases to
have a longer life than cotton ropes. In the West of Scotland and
in the North of Ireland, Manilla or hemp ropes were very easily
procured, and they were generally adopted for the driving of cranes,
and the driving of parallel lines of shafting. He had used Manilla
ropes, generally 34 inches in circumference, for these purposes and
they had given entire satisfaction. He had also found that the point
in rope driving was to give attention to the pulleys, both driving
and guiding pulleys. In the driving pulleys the chief feature was
to have the proper form of groove in which the rope lay, and in the
guiding pulleys as well as the driving pulleys, the diameter had to
be carefully considered. It would be seen, if a rope vvere fre-
quently bent many times in a minute over a small arc of ¢, circle,
that its fibres broke up, and he had found in ropes running over
pulleys of too small a diameter that the fibres were ground t;o small
dust in the centre of the rope, and when the strands were unwound,
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the heart of the rope would be in a condition like flour. The
pressure exerted on the fibres of the rope by the tension and the
acute bending combined, had broken and ground the particles down
till the heart of the rope was destroyed and its strength very much
reduced. He found that the best diameter for pulleys was from
35 to 36 times the diameter of the rope; that was to say that a
rope one-inch in diameter should run over pulleys from 35 to 36
inches in diameter. These figures might seem large, but it paid in
the long run to have large pulleys, and although with ordinary
crane driving the same length of life in hemp ropes was not to be
had as with cotton ropes running over large driving fly-wheels and
on large pulleys, still the life which did obtain was fairly satisfac-
tory. He thought, as Mr Biggart had remarked in his criticism of
the paper, that in many cases it was quite certain that considerable
economy was to be had from rope driving, and that there were
many situations where it could still be used successfully as a
means of transmitting power.

Mr L. BroExMAN (Member) remarked that in the preface to his
paper Mr Kenyon alluded to the wonderful progress which had
been made in the construction of the modern steam engine, and
went on to point out that notwithstanding the very high
efficiencies already obtained in the production and transmission of
power, engineers were more intent now than ever to prevent any
semblance of waste throughout the entire system. Proceeding,
he gave priority to electrical transmission, of which he had
evidently a good opinion, qualified in some respects, it was true,
and although he absolutely traversed Mr Kenyon’s statement as
to the alleged extravagant first cost and upkeep of electrical
apparatus, a debate on that point would be outside the scope of
the present paper, and would carry him beyond the point to which
he wished to confine himself. By Mr Kenyon’s own showing, on
page 102, mechanical transmission was at a serious disadvant-
age, in cases where an erratic delivery of power was required,
such as for the driving of iron rolling mills, the vibrations
from shocks and stresses causing the ropes to display “every
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irregularity by a serious of wave-like oscillations, and should
these by any chance synchronise with the length of tension on
the ropes, they may be induced to travel across the grooves
or swing entirely off,” giving rise to a general breakdown. He
accepted it on Mr Kenyon's authority that ropes acted more
effectively than belts for such a purpose, that they lent themselves.
far better to awkward conditions, and that by unequal distribution
of centres along the driving track these oscillations were
neutralised to & very large extent. Still, after all, by doctoring
a drive in that way ingenuity was applied to the surface only, to
the mere manifestations of the stresses and strains going on
inside the machinery, by reason of the sudden and severe
fluctuations, which were responsible for loss of power and for
excessive wear and tear. Surely, therefore, it would be sounder
engineering and better business to go to the root of the trouble,.
and to equalise the evil effects of the fluctuations on the machinery,.
enabling boilers and engines to work constantly at their most.
efficient output, no matter how erratic the working load might be.
In mechanical transmission there was no elastic medium, cushion,.
or buffer capable of absorbing the excess of power produced during.
periods of light loads, and retaining the same so as to assist or
supplement the boilers and engines when sudden heavy demands.
exceeded their over-load capacity. Consequently, the engines would
be pulled up, and tend to race alternately in quick succession, and.
even with sensitive governing the speed would vary within wide
limits. If, to prevent this, sufficient boilers and engines were
always operated to meet the maximum demand, it followed
clearly that, for the greater part of time, these would be worked
under a miserable load factor —hence uneconomically. By adopt-
ing electrical transmission in conjunction with an automatic:
power-reserve, under these conditions generating plant need be
operated equal only to the mean power demand, the automatic.
reserve taking care of the fluctuations, so that stresses and strains
were equalised, and space could be economised safely by direct.
coupling prime movers to dynamos. The advantages and saving,
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in Tunning the smallest number of units at the same high load
factor were obvious, and, moreover, the uniformity of pressure
guaranteed would ensure the maximum output and best quality
of work from the machines and tools driven, even if the load
fluctuated from almost zero momentarily to two or three times the
value of the mean load the next instant. Constant pressure was a
very important point in connection with textile manufacture.
The conditions of the drive approached the ideal under this
system, which bad been in use for years in connection with
electrical tramways and railways and power work of different
descriptions on a large scale,  and was applicable both to the
operation with continuous and alternating currents. There were
numerous other benefits relating to overtime work and week-end
repairs without running any generating plant at all, and its
action as an unfailing standby in case of temporary interruptions.
Apart from the smooth drive and consequent lower depreciation
rate of the plant, an automatic power reserve plant joined to any
direct operated electrical installation would effect a saving of from
one-fifth to one-third in the coal bill alone, according to the
magnitude of the fluctuations ; the wider their range, the greater
the saving, and it could generally be relied upon to redeem its
cost entirely in less than five years, so that this solution of the
problem would compare favourably with any other means which
might be adopted to overcome the difficulty in question.

Mr R. T. Narier (Member) remarked that he had to do with
the fitting up of rope gearing about 25 years ago. All the infor-
mation then available was hunted up and acted upon, and he was
pleased to see that later experience had confirmed the practice of
that date. The angle of pulley grooves was then about 40°, and 36-
inch pulleys were used for ropes of 4 inches in circumference, being
practically the 30-inch diameterrule nowenforced. ¢‘Fastandloose”
rope pulleys were enquired about, but pronounced impossible then.
He.was very pleased to know that they had been made a success.
Anyone thinking of adopting rope gearing had to bear in mind
that while only intelligent mechanics could learn to lace & leather
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belt, the making of a proper * long splice” on a rope required a
special training, and few, save riggers to trade, could be trusted
with the job. Without proper splicing, ropes gave small satisfac-
tion. In using steel wire rope there must be a limit, and that
was soon reached, in the matter of size of rope. Theropes on the
Glasgow Subway were popularly supposed to last a little over
twelve months, while those on the Cowlairs incline, which worked
intermittently, lasted a little over two years.

Mr J. MiLLEN Apam (Member) said that he had read the paper
on rope driving with great interest, but he could not agree with
every proposition therein stated. Referring to an observation that
the author made with regard to the manufacture of ropes, he was
glad to know that cotton ropes were now being made on an intelli-
gent plan. The astonishing thing was that rope makers ever
departed from the old method of making hempen ropes and tried
to make cotton ropes by taking a warp of thread—in the weaver's
sense—a quantity of thread in a bunch and twisting it together as
described at the foot of page 126, where the author said ¢ The super-
lative advantages of this inter-stranding process demands but little
explanation if the even lay so faithfully depicted in Fig. 37, is com-
pared with the crinkled effect shown on Fig. 38, to be found more
or less in all ropes made upon the ordinary method—which is
roughly that of taking bundles of yarn about equal in length and
twisting them together in a haphazard manner, so that the inner
yarns must of necessity crumple up to accommodate themselves
to the undue strain upon the outerones.” That of course was done
only in cotton ropes, because he supposed rope makers got very
easily bundles of yarn in that form, and it showed their ignorance of
the first principles of the art. The old method of buying Manilla
and other hemp ropes was very different, each thread was drawn
separately through a perforated plate and let into the strand with
about equal strain upon it. That just gave practically the same
distribution of the fibre as was illustrated in Fig. 39, In the para-
graph headed “Construction of Ropes”—page 122, the author showed
due appreciation of his subject: a three-strand rope was really one
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of the most remarkable of structures, because it was spiral through-
out. Mioroscopically the fibre itself was frequently of a spiral
form ; the thread took another spiral and again a spiral was formed
in the strand ; and fourthly by the strand in the rope itself; so that
the dominating features of a rope were its pliability and its elas-
ticity. In view of that it was rather astonishing to find that on
page 95 the author said that, «“ the motion conveyed by ropes might
be regarded as positive as that of spur gearing, unless they were
overburdened, or reached the bottom of the grooves.” If by being
overburdened meant that the rope took any stretch at all, that
might be true, not otherwise, because the moment it began to
stretch there was of necessity a creep over thedrum. He had tried
about a year ago at a meeting of the Institution, and perhaps
unsuccessfully, to enunciate the same principle with reference to
the necsssary slip in & marine propeller measured by the angle of
incidence. These things which seemed so very unlike had thisin
common, that they both were characterised by an apparent loss
which was alike necessary and incidental to the transmission of
power through an elastic medium, and which was very different
from slip in the sense of leakage or a refusal to do the work. The
other was incidental to the doing. To return to practical matters,
he had been present officially a year or two ago at a starting trial
of a very large engine. He thought there were about 30 ropes
on the main drum, each of about two inches in diameter, and some
time before the start the painters had been at work whitewashing
the walls with a lime squirt, so that where the drive came
through a brick arch a very clearly defined white bar was
left on the belt of ropes, if the expression might be used. The
engine was started, and before it had made half-a-dozen revolutions
it was apparent that the bar of white had got into a reedy forma-
tion and presently the whitewash was distributed in about equal
streaks over the whole drive. It was very apparent that there was
an irregular creep going on over the whole drum. He believed,
however, in rope driving, and he thought it had a muc bigger
future before it than possibly was imagined, due perhaps to the
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fact that cotton ropes had been so badly made that they had not
up till now had the vogue which they might have had. He
thought with Mr Sinclair Couper that the Manilla rope had been
unduly condemned. He had a recollection, a very long time ago,
of a Manilla drive which seemed to go on, until the outer skin
was worn into a brush which filled up the interstices, with the
whole fibres shining like silver spirals between. Those were the
days, however, when Manilla was Manilla, not Sisal or Aloe or
New Zealand fibre ; the Americans now take care of the real
article. 'With regard to the form of the groove he supposed he
would be going against all orthodoxy in the matter in saying that he
did not agree with the V-groove at all. He thought it had been
adopted to suit the very hard Manilla rope, and it would be very
much better done away with in the cotton rope. In the manu-
facture of the Manilla rope, also as still obtained in the preparation
of jute, it was almost saturated with oil in the dressing, and it was
in order to meet the tendency of the rope to slip under these
conditions that the V-groove was originally adopted. It would be
very much better to coil the rope one-and-a-half times round a
smooth drum. Once bent round the first quadrant there would be
no further stress to the rope; it would indeed be a momentary
rest. Moreover, when it had to pass over guide pulleys that tended
to give it a different sectional shape than on the V-groove, the
wear on a rope was much increased. As to the size of the
pulleys he did not know that his experience was very great, but
about 18 months ago he had had occasion to send away a number of
exhaust fans that were to be driven by ropes § of an inch in diameter
—about 18 of them altogether,—and it was impossible to get more
than a 10-inch pulley. All the fans were driven by 30-inch
pulleys from a motor having 550 revolutions, on to a 10-inch pulley
which of course had to run to 1650 revolutions, and in view of the
fact that each of these fans absorbed about five horse power, he
adopted double grooves meaning to drive them with two ropes.
Recently on making inquiry of the engineers who had erected the
plant. they informed him that these fans were running with only
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one rope—a cotton rope—so that it was doing remarkably well
under conditions much more severe than the author of the paper
allowed.

MrE. Harn-Brown (Vice-President) said electrical driving in vari-
ous forms and electrical transmission would seem, in some cases, to
be considered a cure for all the ills that any industrial establishment
was ever afflicted with—so much sothat he had seen inan engineering
works not very far from where he stood, an engine coupled direct to
a dynamo and that dynamo transmitting current to a motor within
10 feet of itself, the motor in turn transmitting power by means of
a belt to an overhead shaft not 20 feet away—an engine, a dynamo,
a motor, and a belt for one line of shafting which could easily
have been driven by means of a belt direct from the engine. He
hoped that within a very few years such would be seen nowhere
else, it was the acme of delusion with regard to electrical driving.
It was worth considering what the loss must have been between
the engine and the shaft overhead as compared with any other
drive—let it be a belt or a rope drive—in addition to the first cost
of the dynamo and motor. He did not wish to disparage elec-
trical driving. There were large fields where it was the most econo-
mical method of transmitting power from one place to another, but
he was afraid that a great many people had considered that electrical
driving was a source of additional power or that in some way
there was a gain between the dynamo and the motor. That, of
course, was utterly absurd, but nevertheless it would be found
that that fallacy lay at the bottom of a great many ideas. In
designing any system of power transmission the utmost that could
be attained was the adoption of the system which would transmit
the power with the minimum loss; and it would be well to
remember that, as the writer of the paper had shown, the loss with
a well-designed rope drive seemed to be a very small one. Almost
the only point in which he differed from Mr Kenyon was with
regard to the creep of the ropes, and upon that subject he entirely
agreed with what had been said by Mr Millen Adam. When a
rope was transmitting any force at all there must be a certain
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amount of creep, due to the elasticity of the rope, and the drive
could not be a positive drive such as spur gearing. It involved a
certain minute loss which was included in the general loss due to
rope driving, and was really a very small matter, for the efficiency
of a well-designed rope drive was veryhigh. Up to the present time
British engineers had favoured direct dynamos, and doubtless with
good reason. It might, however, be worth while to consider
whether some of the slow speed engines which had been installed
in Glasgow for the purpose of driving dynamos direct, might not
bave formed a cheaper installation had they driven higher speed
dynamos by means of ropes, rather than the enormous machines.
to which they were coupled. He was rather interested in Mr
Broekman’s remarks, but he must confess that he felt rather
mystified, probably because he was not an electrical engineer;
and he would be glad if Mr Broekman would explain what the
‘ automatic power reserve’” was. Whatever it was it could not
affect the fluctuation of power at the motor. It might prevent the
fluctuation from reaching the dynamo, but the fluctuation must
always reach the motor, and he questioned whether it was worse
for a motor or for a rope drive to be coupled to an exceedingly
fluctuating load. Electricians had the advantage that when a
motor failed to work satisfactorily upon a variable load they could
state that the wrong kind of motor had been installed. No
matter whether the machine was of one kind or another; when it was
unsatisfactory it was always of the wrong kind. It did not seem
to him that a motor worked any better with a fluctuating load than
an ordinary rope drive did; and consequently as regards this
point, raised by Mr Broekman, he did not think that electrical
transmission had any advantage on that score over a belt or rope
drive. In many cases both systems were required, and he
cordially welcomed the paper for the information it contained.

Mr A. SprovL (Member) agreed with Mr Kenyon that up to
a velocity of 7000 feet per minute there would be a proportional
increase in transmission of power by ropes. Taking a rope of
12 inches diameter, running at 5000 feet per minute, it would
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safely carry 50 horse power. That was a cotton rope, with proper
diameter of pulleys, and grooves of suitable shape, such as was
referred to on page 116. He had a good deal to do with
rope driving, and in practice never troubled about the effects of
centrifugal force, it being a small element in the practical use of
rope transmission. A cotton rope of 1§ inch diameter would
safely and economically stand a working strain of 330 pounds,
and this, at 5000 feet per minute, equalled 50 horse power, or
70 horse power when the speed was 7000 feet per minute, which
agreed with Mr Kenyon's table on page 125, where a 1§-inch rope
at 1000 feet, carried 10 horse power, or 10 horse power for every
1000 feet velocity per minute. The weight of & good cotton rope
of 14 inch diameter was 79 pounds per foot length, and the
centrifugal force at 4800 feet per minute, which was said to be
the best velocity to run ropes to prevent loss from centrifugal
action, equalled 13 pounds, and at 7000 feet 18 pounds. On a
working strain of 330 pounds only 5-45 per cent. acted in redncing
the pressure of rope in the groove, and was of value in overcoming
the *‘stiction” when the ropes were leaving the grooves on the slack
side. The usual tables for rope drives gave, for & 1§-inch rope,
28 horse power at a velocity of 2000 feet per minute, while at the
speed assumed for best practice, namely, 4800 feet, the horse
 power was 473, and with increasing velocities a gradual reduction
in horse power was made till at 7000 feet it was only 29-5. The
reduction being due to centrifugal action while the rope was wedg-
inn and binding itself round the pulley. Such tables might be
discarded in practice. It was interesting to find a man in Mr
Kenyon's position as a ropemaker discrediting them, even against
the value of his sales, as it was really advocating smaller ropes
and higher velocities ; and this should not be lost sight of by the
engineer when designing rope drives. Referring to carrier pulleys,
he did not quite agree with the easement to the ropes in
cases of surging. When any sudden change was made on the
power, a wearing action took place. Then the side swing entering
and leaving such easy grooves caused the ropes to chafe. If
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carrier pulleys were used, then V-grooves were better ; but from
some rather interesting experiences he had had of a long
stretch of about 800 feet, with frames fitted with double carrier
pulleys to take both upper and lower ropes, he found that from
want of oil at times, the pulleys made much noise, soon got
slack on the pins, and caused much annoyance and expense to
keep them in order. To stop the rattling noise, men working
near wedged the pulleys in the frames, so that they could not re-
volve. The repairs to pulleys then stopped, and the life of the ropes
was lengthened, as the gliding action over the polished surface
seemed to do very little harm, and he would have no hesita-
tion in future in dispensing with carrier pulleys, and in
their place have well-rounded, polished slippers of iron or
lignum-vite or other hard wood. Not only were ropes very much
cheaper than belts, but they took up much less room. A 1-inch
rope would transmit, at the same velocity and diameter of pulleys,
a power equal to a leather belt 7} inches in width. Referring to
Mr Adam’s suggestion to use flat drums in preference to V-grooves,
and to make one-and-a-half turns of the rope round them, not only
would this take up much room, but the grip the ropes would have
would be far more than they could stand if any excessive strain was
put on them. Insteadof a slip to save the rope, the result might be
a rupture of the rope. V-grooves would transmit the safe power
of the rope without the ropes being very tight, while if a load more
than & safe working one was put on, slip would occur, and
save perhaps a complete stoppage of a machine.

Mr L. BroexMAN (Member) said that in reference to Mr Hall-
Brown’s remarks at the last meeting, he had not personally come
across an instance of that trust amongst Northern Engineers in
any shadowy benefits from electricity to which he had alluded.
On the contrary, the most searching questions were invariably
put to him, and chapter and verse demanded for every single
statement. To put forward electrification as a universal balsam for
all conditions of power production and transmission was a mistake
which no man with any experience would commit. Where the
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total costs per L.H.p. hour worked out at one-third of a penny,
with steam power and mechanical transmission, conversion mani-
festly could not be recommended on the score of further material
economy, although that was not the only consideration by any
means, and increased output from the mills or works by reason
of the higher average speed which could be obtained with electric
motors might, by itself, warrant the expense of changing over to
electricity. An automatic power reserve, such as he had advo-
cated for severely fluctuating loads, consisted essentially of two
parts—one, the battery that stored whenever the load was light,
and supplemented the generating plant whenever the demand was
heavy, and might therefore be called the flexible link. The
other, a combination of motor and dynamo, technically known as
a reversible booster, that kept the line pressure constant no-
matter how wildly the load might vary within a given limit.
Assuming that in any yard or mill the power demand fluctuated
suddenly and frequently between 1000 and 200 horse power, it
was not necessary to provide generating plant for the maximum
demand, but for the mean load only, which, in that case, might
be taken as 600 horse power—a saving of 400 horse power right
away in first cost and running charges. This 600 horse-power
plant was run throughout at its full output and best efficiency.
All dips below 600 horse power went into the battery by way of
charge, and the power for peaks above 600 horse power was
furnished from the battery, so that it was either receiving or
giving out alternately in quick succession. The entire action was
automatic, instantaneous, and at uniform pressure. It did not
interfere with, or tend to limit in the slightest degree the free
operation of any individual motor installed. That would be
detrimental, and would hinder instead of help. The power that
every motor demanded must be given without restriction. So
long as a motor was correctly designed for the maximum work it
had to do, there was no need to trouble at all about the load on
it falling off periodically. The motor would then simply take less
current for the time being, and there should be no difficulty ahout
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sparking, especially if the pressure remained uniform. Sparking
troubles generally arose from faulty adjustment of the brushes,
either too loose, or bearing too hard on the commutator, or from
being wrongly set. But whether the load varied on any individual
motor, or whether the number of motors running at the same
time changed rapidly and within a wide range, to ensure
thoroughly satisfactory efficient working it was essential to
prevent these fluctuations from reacting on the dynamos, engines,
and boilers, also from affecting the line pressure, and these
conditions were fulfilled by the use of an automatic power
reserve.

The CrHAIRMAN asked whether Mr Broekman would recommend
such an apparatus as he described as an automatic power reserve,
supposing he wished to drive a planing machine where fluctua-
tions obtained from nothing up to the maximum once or twice &
minute.

Mr BroEkuMAN—Yes ; it was specially suited for fluctuating and
intermittent loads.

Reply to Discussion.

Mr Kenvoy, in reply, said Mr Biggart had contributed most
valuable testimony to the advantages of cotton over Manilla,
hemp, and hide ropes, and his views on the subject not only drove
home, but clinched the arguments set forth in the paper. He
regretted he was not sufficiently acquainted with wire ropes to
furnish reliable data upon which to build any hypothesis as to
their relative value for power-transmitting purposes, and his
inquiries for definite information both from manufacturers and
users had hitherto proved barren and unfruitful. Wire ropes did
not enter very largely into British practice save for haulage, under
which category cable tramways might well be placed. A few
Continental cases had come to his notice through the French
works of his firm, but the information was too vague to be of
much importance. One of these cases was the replacement with
cotton of a wire rope transmitting power from the mainland to
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& small island in Holland. The users had volunteered the state-
ment that the cotton rope transmitted the power more successfully,
besides having a much longer life than the wire rope. Mr Couper
dissented from the superior position given to cotton above other
materials, particularly for the driving of cranes and similar
machinery. Judging from the amount of cotton crane ropes
supplied to the Government, to the leading railway companies,
and to engineering firms generally, it would appear that Manilla
ropes were fast becoming obsolete for this special purpose. Belfast
was acknowledged to be a strong Manilla centre; yet even there one
firm alone had fitted up over seventy mills and factories with
cotton ropes, in addition to those supplied by other makers, and
the majority of these were to supplant the Manilla formerly em-
ployed. The jute districts of Scotland were also large users, nor
was Glasgow by any means the smallest consumer of cotton
driving ropes. He would not attempt to pit an inferior cotton
against the finest Manilla, and he had himself more than once
met with firms who had expressed their dissatisfaction with cotton,
and had turned again to Manilla. He had, however, generally
found that the fault rested either with the quality—often waste
yarns passed off as good Egyptian cotton—the make, or it might
be because the splicer was not accustomed to the manipulation of
the more pliable material. The four-strand rope, as illustrated by
Figs. 30 and 33, was probably the greatest offender in the matter
of malconstruction; and again, ropes made on the principle of
Fig. 58 were responsible for much trouble through undue stretch-
ing. Whatever the material, comparatively large pulleys were
certainly a gain both in driving force and longevity. By reason
of its suppleness a good three-strand cotton rope might, however,
be successfully run upon considerably smaller pulleys than were
absolutely necessary for one made from the harsher fibre. That
internal grinding process which reduced the heart of a Manilla
rope to *a condition like flour "’ was seldom if ever perceived inside
a well made cotton rope however long it might have worked.
Invariably the abrasion took place upon the outer surface. He
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had opened ropes with well-worn exteriors which had been
working for periods of say 12 or 15 years, but had perceived no
evidences of interior granulation. Mr Broekman would readily
perceive that he did not claim to be an electrician, but based his
remarks upon the information derived from practical engineers.
In the instance of the alkali works mentioned, it might have been
stated that this firm had had considerable experience of both direct
coupled and rope driven dynamos, and the manager of the
works unhesitatingly expressed a decided preference for ropes,
and had gone so far as'to arrange a new dynamo house with a
view to further extensions in that direction. Nor was this by any
means an isolated instance. For erratic driving, such as that of
iron rolling mills, Mr Davies most emphatically declared that for
this class of work he found no other method to equal rope driving,
particularly if the inertia of a fly-wheel was added to that of a
heavy driven pulley. With regard to the application of electricity
as an antidote ¢ for all the ills that any industrial establishment
was ever afflicted with,” to borrow a fitting phrase from Mr E.
Hall-Brown’s criticism, he could not do better than leave
the admirable reasoning of the aforesaid gentleman (Mr Hall-
Brown) to work out his own corollary. Mr Napier's experience
of 25 years ago in relation to angles of grooves and relative sizes
of pulleys agreed with what his firm advocated for a longer period.
The matter of groove angles had & more important bearing on the
general economy of rope driving than some engineers were pre-
pared to admit. Since reading the paper he had been called in to
inspect a number of drives owned by a large cotton firm, some of
which were constructed before rope driving had emerged from its
early tentative stage. In one of these, where 13-inch ropes were
transmitting 1300 H.P. from a driving pulley 26 feet in diameter, the
grooves were made to an angle of 68 degrees. To this obtuseness
was attributed the destruction of the ropes long hefore those at
other mills owned by the same firm, which were operating in
grooves of atout 45 degrees, although a larger number of ropes were.
employed (7.e., in the grooves of 68 degrees) than would be neces;-
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sary under normal conditions. The outcome of such tests as these
might, of course, only be ascertained after many years. He would
emphasise the fact already stated in the paper, that an angle of 40 -
degrees had proved hitherto to give the best results, particularly
as a preventative of the rolling action so much to be avoided.
Fast and loose rope pulleys were becoming more and more used
in driving the machinery of Lancashire cotton mills, and they
needed but introduction to the linen, jute, and similar textile
trades to prove their value as a power-transmitting agent for all
classes of machinery, where inconstant rotory motion was required.
Proper splicing was certainly an important factor in rope driving,
and although the illustration submitted in Fig. 40 might not prove
very instructive to the entirely uninitiated, it would serve to put
even an indifferent splicer upon the right track. Mr Adam had
evidently had some experience of rope making ; it might, however,
be suggested that whatever the method adopted in the manufacture
of Manilla ropes, the crinkled effect reproduced in Fig. 33 was
only realisable in the softer materials. The system referred to of
drawing each thread through a perforated plate was, as Mr Adam
declared, a very old one, and had been applied to cotton ; but until
the introduction of the inter-stranding process the equality of
tension and concentric lay of the yarns, as displayed in Fig. 37,
was not procurable. As to the positive motion produced by driving
ropes, although ¢ creep” was suggested as the only alternative in
recovering from the working strain, seeing that the pulling side of
a cotton rope was thinner than the trailing span or ‘idle” side,
thus indicating its resilience, such * creep ”’ was never allowed to
enter into the equation when calculating for speeds, and, if it
existed at all, it was always regarded as a negligible quantity.
Even the rolling action, to which reference had been made, did
not travel the whole circuit of the pulleys, but the rope might be
said to worm its way to the point where actual seizure took place,
when the periphery in contact at the moment was carried forward
until it was relieved from the bite of the groove. This alternate
revolving and fixing often had the effect of flattening the sides of
10
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the rope until the section assumed the shape of an irregular
polygon. The best service and longest life might be expected
from & rope when it was compressed to the shape of the groove,
and maintained that position notwithstanding the breaking up of
the outer fibres, as shown in Fig. 35. Mr Adam recalled the time
when Manilla was not the comwercial substitute they now had
sent to them, and reminded them that their friends on the other side
of the Atlantic retained the best for home consumption. While
admitting this deterioration, evidence galore might be produced
both from personal experiences in the United States, and also of
the Manilla ropes supplied and fixed by American firms in this
country, which went to give the highest place to cotton. With
regard to the V-shaped groove, unfortunately the fallacy was still
abroad that a curved-sided groove was better, and gave more
easement to the rope when leaving it. When his firm were called
upon to supply ropes for such templets, permission was always
asked to make them at least § of an inch thicker than specified
(t.e., for the larger sizes), knowing full well that if this was not
done, and if the grooves were not filled to their utmost capacity,
the result would be a shortage of power upon the usual calcula-
tion. It was most gratifying to have Mr Adam testifying to the
fact that the paper had underestimated the driving force of ropes.
If they would do well under the severe conditions mentioned, might
not greater general economy be expected under the comparatively
luxuriant circumstances which existed in well-appointed drives ?
Mr Hall-Brown entered into a most interesting and instructive
discussion upon the application of electricity to the transmission
of power, which he gratefully accepted as a rebutting argument
to those who would electrify almost everything to the exclusion of
other methods. A short time ago he visited a works in the north,
one part of which was driven by electro-motors, the other by belts
and ropes. When appealed to for his opinion upon the relative
economy of each style of driving, the manager most emphatically
declared in favour of the belt and rope driven plant. Mr Sproul,
by giving his reasons for discarding the centrifugal tension theory,
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and for admitting the only tenable conclusion that the power of &
rope was a constantly increasing quantity in the ratio of speed,
had conferred a greater favour upon him than he probably
imagined. It scarcely appeared credible, but it was nevertheless
a fact, that the struggle to materialise these visionary detractions
still went on in some quarters, despite the palpable evidences of
their non-existence. With respect to the substitution of hard-
wood or iron slippers for carrier pulleys, he believed that some
such arrangement had been tried in the Birmingham district, but
with what success he had not been able to ascertain. If the
same rule which applied to the diameter of driving pulleys was
also applied to their tributaries, the trouble so often experienced
in long drives would be materially lessened, if it did not disappear
altogether. The method (previously mentioned by Mr Adam)
of wrapping ropes three or four times round flat pulleys was
working very satisfactorily for light machinery, but the width
taken up by them almost, if not entirely, equalled that of the belt
they were designed to replace, whereas a single rope only 4 of an
inch in diameter, operating in & suitable groove, was driving the
same class of machinery with equal success, and was doing the
work of a belt 3} inches wide. He was not aware of any instance
where the flat pulley method had been applied to larger powers.
He desired to thank the gentlemen who had contributed to the
interesting discussion, which materially enhanced whatever of
value the paper contained.

On the motion of the CrAIRMAN, Mr Kenyon was awarded a
vote of thanks for his paper.

Correspondence.

Mr R. B. Hobasox, Birmingham, expressed a desire to add
his testimony to the usefulness of the paper, and the valuable
information therein contained clearly indicated that the author
was eminently qualified to deal with the subject. In the trans-
mission of power, there were frequently many matters which
cropped up that had to be duly considered before the problem was
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settled as to whether gearing, ropes, or belts were most suitable
for a particular and special purpose. At the same time, in the
face of the evidence available for engineers’ use, it was not at all
difficult to make out a good case for the cotton rope system.
With regard to breakdowns, as mentioned on page 93, the
evidence of Mr Michael Longridge was very important and far-
reaching, as every engineer knew the authority of that gentleman
in deciding such questions. It was also interesting to see that
his own views were confirmed by his esteemed friend, Mr Jonah
Davies, as certainly there was no one in the Midlands who had
either a greater or larger experience than he had had in relation to
iron works’ plant. Many times it had been observed that marks
occurred on bright rolled strips, as a result of vibrations of
spur gearing, which disappeared after rope driving had taken the
place of the gearing. In the matter of belts v. ropes, mentioned
on page 95, he could thoroughly support the author. 1In 1896, he
had occasion to plan some works, which gave him an opportunity of
putting the rope to the test. Previous to this he had known a 12-
inch leather belt to be completely used up as a result of three years
work, so in this new scheme he recommended the adoption of a 3-
strand cotton rope on a compound engine as a trial, the drive con-
sisting of a 12-feet driver connected to a 6-feet drum by means of 16
ropes, each of 1} inch diameter. He had some difficulty in
convineing his friends as to the advisability of adopting ropes,
because their experience at another mill with four-strand ropes
had been very disappointing and disastrous. Fecr reasons which
the author explained on pages 123 and 124, the new drive, however,
turned out to be very satisfactory, and subsequently the four-
strand ropes at the old mill were replaced with three-strand ropes
of Kenyon's make, and the trouble previously experienced dis-
appeared. The cost of ropes, as compared with belts, was much in
favour of the former, particularly in instances where any heavy
work had to be performed. It seemed unfortunate that Mr
Kenyon had not included in the paper some information on the
subject of arc-of-contact in the working of pulleys. It was a fact
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that any pulley arrangement with either ropes or belts would give
better results with an arc-of-contact of say 190 degrees, than
could possibly be expected from an arc-of-contact of say 160
degrees. It was equally certain that any given arc-of-contact
would give a certain definite result independent of the pulley
diameter, and this point could not be emphasised too clearly, since so
many engineers persisted in misconstruing the arc-of-contact with
the area-of-contact. The following three statements would
always hold good for belt or rope driving:—1. The adhesion of
the belt to the pulley was the same (the arec or number of degrees
of contact, aggregate tension, or weight being the same), without
reference to width of belt or diameter of pulley. 2. A belt would
glip just as readily on a pulley four feet in diameter as on a
pulley two feet in diameter, provided the conditions of the faces of
the pulleys, the arc-of-contact, the tension, and the number of
feet the belt travelled per minute were the same in both cases.
3. A belt of a given width, and travelling any given number of feet
per minute, would transmit as much power running on pulleys two
feet in diameter, as it would on pulleys four feet in diameter, provided
the arc-of-contact, tension, and conditions of pulley faces were the
same in both cases. When an engineer found his pulleys would
not drive his shafting, he generally decided to employ pulleys of
larger diameter, and when this was done the trouble usually

" disappeared ; but not by reason of greater grip or friction—the
extra power was gained by increased velocity of belt.

Reply to Correspondence.

Mr KeNnvoN considered the letter contributed by Mr Hodgson a
commentary in itself, adding to the discussion an instructive
treatise upon several important issues, and was well worthy of
consideration if only for the remarks upon the arc-of-contract,
and its effect upon either rope or belt driving.




MULTIPLE STEAM TURBINES,
By Mr ArLexanpEr MELENcOVICH (Associate Member).

SEE PLATE VI,

Read 24th January, 1905.

PapERs have been read before this Institution by Mr Konrad
Andersson and by Professor W, H. Watkinson, in which reference
was made to the high rate of revolutions peculiar to steam
turbines.

The best method of reducing excessively high revolutions and
circumferential volocities of steam turbines is to allow the steam
to pass through a number of turbine wheels arranged in series, in
order that the pressure and kinetic energy may be absorbed
gradually. Such multiple turbines may work with different grades™
of reaction from about one-half, as in the Parsons’ turbine, down
to pure action, as in the Rateau type. The later turbines, as a
rule, require fewer rows of vanes for the same circumferential
velocity than ‘reaction turbines; the steam speeds are, however,
considerably higher. The general law of mechanies, upon which
the flow of steam through such multiple turbines is based, can be '
stated as follows :—The energy made available by the expansion
of steam, from the working to the back pressure, must be equal to
the sum of energies absorbed in each of the consecutive rows of
vanes, plus the different losses per lb. of steam. Under certain
circumstances the steam does not expand down to the condenser

* Suppose Ap, and Ap, to indicate the drop in pressure in the
guiding and moving vanes; then Ap, + Ap, =Ap will be the drop
in pressure in one pair of vanes. If now %, k,, and % are the
energies made available by the drop in pressure, Ap,, Ap,, and

Ap, then-kk-’ is called the reaction grade.




MULTIPLE STEAM TURBINES 151

or receiver pressure, but may leave the last row of vanes with
a certain higher pressure. Suppose, now, the working pressure of
a turbine to be p,, and that the steam leaving the turbine exhausts
into a condenser in which the pressure is p,; then, if a greater
amount of steam passes the turbine with a back pressure raised
to py, the steam will leave the last row of vanes at the higher
pressure, p,, and suddenly drop in pressure after leaving the
turbine to p,. Mathematically speaking, the back pressure will
have adjusted itself to the maximum of the passing fluid.
Under normal conditions, the above-mentioned phenomenon will
not occur ; but when working astern turbines, in which the steam
speeds grow very high (as will be seen later on), this case is quite
probable.

For the sake of simplicity in dealing with the multiple turbine
problem, it will be assumed that equal energies are absorbed by
each pair of rows of vanes: for similar blading, this implies uniform
speeds. The elastic fluid will also be assumed to follow the
equation p.» = constant, and to be frictionless. =~ With these
assumptions the following equations can be easily integrated, and
it is comparatively easy to follow the behaviour of the elastic fluid
passing through a given turbine when either revolutions or pressure
is varied. From this simple case deductions may be made which
will be approximately correct if the law p.v = constant is more
or less departed from.

The expression giving the pressure p along the turbine may be
derived by integrating the equation —rAp=Azk, i.e., the amount
of energy -+Ap made available by the drop of pressure—Ap in
each one of the rows Az, must be constant. The above equation, if
combined with the equation p.v= constant, and if differentials are

taken instead of differences, is transformed into — %’ = dzk,, which,

after being integrated, and the proper constants introduced,
becomes—

z
log, p == (log. p, ~log, p,) + logepy, - - - - (1),
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This equation enables the pressure p to be calculated at any of the
rows s if the total number of rows z, and the working and back
pressures p, and p, are known.

1f the diameter of the turbine is great in comparison to the
length of blade, and the fluid is admitted over the whole annulus
ares, then the length of blade must vary inversely as the pressure,
on account of the equal speeds. The bending moment at the root of
the blade increases in proportion to the length of the blade,
therefore the width of blading must increase with the length.

If equation (1) is transformed to ;llog,;f = log, %’{1’ it will be
observed that the curveof pressuresand the lengthof blades along the

turbines depend only upon the ratio of pressures ;—Z’; in other words,
1
if the working and back pressures are altered (with constant revolu-
tions) in the same ratio, the speeds and absorbed energy remain
uniformly distributed, and also constant, because the available
energy per lb. of fluid depends only upon the ratio of expansion.
The 1.H.P. of the turbine will then vary as the density of the fluid.
To take a practical example :—Suppose & turbo-dynamo to work
with constant revolutions at a pressure of 100 lbs. absolute, and a
condenser pressure of 2 lbs. If the working pressure be reduced
to 50 lbs., and the condenser pressure to 1 lb., then the steam
speeds and absorbed energies in each of the rows of vanes per lb.
of steam will remain approximately the same as before ; the
curve of pressures along the rows will be similar, but the La.P.
will be reduced to §. These theoretical considerations are fully
borne out by the complete experiments made at Elberfeld.
Attention may be drawn to the fact that if the back pressure is
not reduced in the same proportion as the working pressure, but
is greater in proportion, then the back pressure will be reached
before the last row, and the steam will pass the remainder of the
rows of vanes with constant pressure and gradually reducing speed.
This casewill happenin a turbo-dynamo when the governor throttles
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the working pressure, owing to part of the load being taken off,
and the air pump is unable to produce a better vacuum.

As is [well known from the water turbine theory, the energy
absorbed in one pair of wheels for reaction grade one-half equals

-lg-(- w4+ 2uc.co88)=k - - - - - - (2),

where ¢, = the speed of fluid leaving the guiding vanes,

u = circumferential velocity of vanes, and

a = the angle of vanes as indicated in Figs. 1 and 2. If
u is altered by altering the revolutions without changing the
pressures p, and p, (p, must be taken here, not as the working
pressure of the turbine, but the pressure after the first guiding -
vanes, when the steam has acquired speed) t remains constant,
and ¢ will vary till equation (2) is satisfied. Considering ¢, as
a function of % in equation (2), a hyperbola, as shown in
Fig. 8, is obtained, which shows that with diminishing revolu-
tions more fluid is passing the turbine. This well-known
peculiarity of turbines is most undesirable for marine work, where
the power, and therefore, the amount of passing fluid, should vary
approximately as the cube of the revolutions. This inconvenience
is remedied by reducing the working pressure, when for equal
speeds less fluid passes through the turbine,

The amount of energy made available per lb. of steam by the drop
of pressure can easily be determined by using the entropy diagram
and the pressures at the end of the H.P. turbine—the receiver—when
the work is equally distributed between H.P. and L.P. turbines, or,
as is most often the case, when § of the energy is absorbed in the
H.P, turbine and § in the 1.p. Further, this diagram is very
useful for investigating the expansion and flow of steam, when,
owing to frictional resistance, part of the kinetic energy of the
steam is transformed back into heat. The expansion line in the
.entropy diagram appears, therefore, not to be vertical, but inclined

and slightly curved, as shown in Fig.4 : the ratio of the areas %

i the proportion of loss due to friction. It is interesting to notice
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that an increase in vacuum in a turbine of the Parsons’ type causes
an increase in efficiency greater than what would be expected
theoretically with the adiabatic expansion. This very curious
feature is explained by the distortion of the entropy diagram,
Fig. 4, which causes the lower part of it to gain in import-
ance in comparison with the higher. The expansion curve,
with 20 per cent. frictional loss, is approximately given by the
equation p.v!''= constant, and the curve of the pressure along
the turbine for equal energy absorbed by each row is given by the
equation
lo_z 10 10 _ 1o___
JP=--(’JP2"JP1)+JP - - - - - - - @3
2, 1

This equation is derived in exactly the same way as equation (1),
with the only difference that the law of expansion is taken as
p.v''! = constant, thus taking into account the frictional resist-
ance and the properties of steam. The length of the blade for
equal speeds can easily be derived from the volume of steam,
Fig. 5.

If the speed of steam, circumferential velocity, and angle of
vanes are chosen, the diagram of speed can be drawn, Fig. 1;

2 2 2 <

then, %2 %1, G- C _p . . . . . . . . . . . (4
n % +2g (4),

represents the energy absorbed by one pair of rows per lb. of
steam. In dividing %4 into the nett energy made available
by the expansion of steam from p, to p,; z, the number of
pairs of rows of vanes required is obtained. The nett
energy is got by subtracting from the theoretical energy about
7 per cent. for outlet and 20 per cent. for frictional loss. If, also,
the diameter of turbine and length of blade of the first rows of
vanes are chosen, the 1.H.P. can be calculated from the amount of
steam passing and the assumed efficiency. Another method is to
choose the diameter and 1.H.P., and from these two items calculate
the length of blade. In quite a number of cases this first length

—
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of blade is found to be so small that the amount of clearance
required in a radial direction between the blades and casing is
quite a large percentage of the length of the blades; this would
mean too great a loss due to leakage, but the difficulty is over-
come by choosing a smaller diameter. The diameters must also
be chosen 8o as not to have the last blades in the L.p. turbine ex-
essively long. The arrangement of one H.P. and two L.P. turbines
meets this inconvenience; the first length of blade in the H.r.
turbine gets long enough; the last in the L.p. turbine also are
moderate. The ratio of circumferential velocity to the speed of
steam leaving the guiding vanes is, as a rule, 5 to *3; therefore
the I.H.P. of a turbine can be considered as being proportional to
the first annular area, to the circumferential velocity, to the
assumed efficiency, and the absolute pressure.

For convenience in manufacturing, the length and width of
blade changes, not continually, but by steps ; also, the steam speeds
and angles of blades are not the same along the turbine, but
increase with falling pressures, thus avoiding too great lengths
and bending moments at the roots of the blades. Through analysing
the results of tests it might be concluded that the whole of the
loss is due to friction and eddying of steam in passing the
blades, except for a comparatively small loss due to outlet velocity
of the steam. This frictional loss is given by experiments to be
(1) approximately proportional to the square of the steam speed,
and (2) proportional to the surface over which the steam is mov-
ing. According to the above hypotheses a great loss might be
expected when the circumferential and the steam speeds are taken
high (the number of rows of vanes would then be low according to
equation 4), owing to the first of the above-mentioned reasons.
With low circumferential and steam speeds the number of rows of
vanes (which varies inversely as the square of the circumferential
velocity) and rubbing surface will be great, therefore the loss will
be again great. Between these two extreme cases will be a mini-
mum of loss and maximum of economy, which seems to be
attained when the usual working pressures are absorbed in about
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from 70 to 80 pairs of rows of vanes. The idea seems also reasonable
that the friction increases with the sharpness of curvature of vanes
and the moisture of the steam. This latter opinion appears to be
fully justified by the increase of efliciency obtained when the steam
is superheated. Another loss is that due to the flow of heat from
the places of higher temperature towards those of a lower tem-
perature in the casing and rotating drum.

It has been already mentioned that the length of blade is made
constant for a number of blades, from 15 to 20, for manufacturing
convenience, in this case the steam speeds and absorbed energies
inerease from row to row, see Fig. 5. The curve of pressures along
the rows is obtained by integrating the equation

- vAp=(-u?+ 2u.cos axc,) Az
which equation means that the amount of energy available — vAp
by the drop of pressure —Ap in the row represented by Az is
equal to the amount which will be absorbed with the speeds u ¢,
and the angle a. See also equation (2).

As--4? and 2 u cos @ are constants they can be denominated by
— A and B, then - vAp =(-A+ B, ¢,) Az, and ¢ being propor-
tional to the volume, also - vAp=(—-A + B v) Az

If this equation is combined with p.v = constant, integrated,
and the proper constants introduced, then

P A-By_z P, A-B) .
o6 (5-475) "% % Graon) - --0)

This curve becomes very flat for the proper ratio, between steam
and circumferential velocity, practically a straight line joining the
forward and back pressure. .

If the energy absorbed by each of the rows of vanes is not the
same as was assumed in deducting equations (1) and (3), but
varies in a certain way, then the curve of pressures along the
turbine, which is useful in calculating the steam thrust, can be
derived from the curves represented by (1) and (3) by gradually
expanding and contracting the base line in proportion to the
_energy absorbed.

The reduction of the working pressure at lower powers, in order
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to have the power varying as the cube of the revolutions, may
be calculated by the aid of the general law mentioned. A ourve
is given in Fig. 6 showing how the pressure must be throttled for
lower powers. This curve is approximately a parnbola passing
through the zero point and having the exponent 2:5. Roughly
speaking, 24 per cent. would have to be added to the pressure for
1 per cent. of speed. It must be borne in mind that the friction
and outlet losses increase with the square of the steam speeds,
thus reducing the nett available energy and the amount of steam
passing at the lower revolutions, but the consumption per 1.H.P. is
increased by the greater losses. The sizes and weights of turbines
can be considerably reduced if high steam speeds, and great
losses are accepted. This feature is utilized in astern turbines.
The curve of steam consumption has the vertical axis as an
asymptote, see Fig, 6; this can be easily derived by theoretical
considerations,

In some cases additional turbines have been fitted, through
which the steam passes first at lower revolutions, by which the in-
creased steam speed and losses are avoided. In the case of more
than the designed revolutions being required, together with overload,
it is obvious that the number of rows of vanes that the steam passes
through must be reduced (just as with the lower revolutions it had
to be increased), this is easily done by introducing steam at any of
the rows after the first one, and is commonly called working the
by-pass.

If the revolutions are varied, and the working pressures kept
constant, & steam turbine might be expected to give the same
1 H.p. with two different numbers of revolutions; these will be
closer to each other the nearer the approach to the maximum
possible L.H.P.

The loss due to friction in a turbine can be experimentelly
obtained from a working turbine, if the entropy at each pressure is
calculated from the wetness of the steam and the expansion line

drawn in the entropy diagram. The ratio of the areas ; , Fig. 4,
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gives the proportion of logss. By this expansion line can also be
answered the interesting question whether the frictional loss is
equally distributed along the turbine, or increases with the wetness
and speed of steam.

It can easily be proved that the reciprocating engine with an
expansion from 9 to 10-fold attains its maximum economy with a
vacuum of from 27 to 28 inches, but the turbine with an expan-
sion of more than 100-fold is quite different, owing to the great
volume of steam at the very low pressures, a small difterence in
the vacuum considerably increases the available energy per lb. of
steam ; also, the higher the vacuum the nearer the approach to
the above mentioned condition of having the LH.r.’s varying
proportionally to the working pressure.

The thrust set up in the axial direction by the steam
passing a turbine consists, firstly, of the pressure difference
before and after the moving vanes; and, secondly, of the
change of momentum of steam inside the moving vanes
in the direction of the axis of rotation. In a reaction tur-
bine the second item is small in comparison to the first, and
can be neglected. For reaction grade one-half the free thrust is
got by taking the sum of the products obtained by multiplying half
the drop of pressure by the annulus area for each step. The free
thrust being proportional to the working pressure, the curvelof pres-
sures, Fig. 6, also represents the free thrust. The dotted curve
represents the propeller thrust assumed to vary as the square of the
speed. From these two curves it can be seen that if the steam and
propeller thrusts balance each other at full power, they do not
balance each other at lower powers. From 70 to 80 was mentioned
before as being the most desirable number of rows of vanes in
which to hava the whole working pressure absorbed, but for marine
work, where the revolutions have to be limited owing to the pro-
peller, and the diameter of turbines must be kept down on account
of the limited breadth of engine room, the circumferential velocity
gets low and this necessitates a greater number of rows of vanes.

The most important point in the question of the installation of
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turbines for driving a ship is the rate of revolutions. A compromise
must be made between keeping the rate of revolutions low in order
to have a sufficient propulsive surface without extreme pitch-
ratios, and in having the revolutions and circumferential veloeity
high for lightness and efficiency of the turbines. If from a given
ship with a turbine installation, a suitable installation for a
similar ship of different length but the same speed is required,
then, the well-known formula, by M. Normand, relating to pro-
pellers can be applied.

aDyt = j%; where,

n = number of propellers,

D = diameter of propeller,

F= 1LRH.P,,

V= speed of ship in knots,

r = ratio of dise area to developed surface of blades

of propeller, and,

J = coeflicient.
From this formula, the value of which is greatly appreciated
by Continental engineers, can be deduced the following law:—
The amount of water passing the propeller must be proportional
to the thrust. Let R be the ratio of dimensions of the similar
ships, then for the same speeds the 1.H.P. and thrusts will vary
as R?%, therefore, if the diameter of the propellers also bear
the ratio R then Mr Normand’s formula is satisfied. The pitch-
ratio being fixed, (owing to the. equal speed) the revolutions
have to be reduced in the same ratio as the diameters of the
propellers have been increased. The turbines can be arranged
in various ways, either the diameter of turbines and length of
turbine blades might be increased in the ratio R, when the
circumferential velocity will remain unchanged and the same
number of rows will be sufficient, and the same efficiency might be
expected; or the diameters might be increased in a ratio less than
R, then more rows of vanes will be required because the number
of rows increases in inverse proportion to the square of the circum-
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ferential velocity. The question is one of arranging for the less:
weight or greater economy. When the dimensions of ships
are altered, and the speeds also changed to the corresponding
speeds, the diameters of the propellers must increase faster than
the ratio of the length of the ships, which makes it necessary to
increase the number of propellers and shafts.

Discussion.

Mr W. H. RippLeEsworTH, M. Sc. (Associate Member) re-
marked that the only point to which he would refer was the
similarity of the problem to one that was constantly being
solved by all designers of multiple-expansion engines. In the
paper the first thing that was attempted to be done was to get the
drop in pressure from row to row of blades, and the author did
that by assuming that the work was equally divided amongst all
the rows of blades of the turbine. That to him appeared to be an
analogous problem to designing a multiple-expansion engine, so
that the work done in each cylinder should be the same. In
reality the method of solution of the problems was exactly the
same. In connection with the torpedo boat destroyer ‘¢ Cobra,’”
Mr Parsons, or some one for him, made a statement with regard
to the gyroscopic action of the turbine, to the effect that, it would
only produce an infinitesimal bending moment on the ship in a
short choppy sea. The statement was made semi-officially, at
any rate, that the bending moment or twist given to the ship by
the turbine due to its gyroscopic action was quite negligible.

Mr James HawminroNn (Member) said it did not seem to him
that the problem as put forth by the author was the same as for
the reciprocating engine, as Mr Riddlesworth had said. One of
the opening statements was that *‘The best method of reducing
excessively high revolutions and circumferential velocities of steam
turbines is to allow the steam to pass through a number of turbine
wheels arranged in series, in order that the pressure and kinetic
energy may be absorbed gradually.” He thought that the word
«« gradually "’ was rather an unfortunate expression. It suggested

¥
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to him, at least, that the continuous impact could be divided or
split up by taking glancing blows of a great number of vanes. The
impact on a de Laval vane could be split up and distributed over a
number of vanes, and by so doing it was said that the velocity and
the revolutions of the turbine were reduced. If, in a reciprocating
engine, the piston speed were reduced, the diameter of the
cylinder must be increased, and the full pressure must be main-
tained. It was not a question of sub-dividing. In a turbine the
area might be doubled, but it was no use doing so unless the
continuous total impact was doubled to correspond with the
increased area of the vane. Therefore, it seemed to him that this
was not the explanation of why the velocity or the revolutions
could be reduced. It was obvious that by increasing the number
of wheels an increased vane area could be obtained, but it was not
quite so obvious where the increased impacts on that area could
be got without increasing the volume of steam, which, of course,
was impossible, assuming that the same horse power was main-
tained. Referring to M. Normand’s formula for propellers, Mr
Melencovich said :—¢ From this formula, . . . . can be
deduced the following law—The amount of water passing the
propeller must be proportional to the thrust.” He thought the
author had misunderstood the formula, because, although it was a
valuable and beautiful formula, the important thing about it was
that it introduced the element of surface. The surface had
generally been left out in most formule of the kind, but he did
not think that the amount of water passing the propeller must
be proportional to the thrust. That was not deduced from the
formula ; it was an old-fashioned deduction from other formula.
Mr J. G. JonnsTONE B. Sc. (Associate Member) said there
had not been much published information on this subject, and
the little that had been disclosed dealt with multiple steam
turbines generally, and made no special study of the Parsons
turbine, which was acknowledged to be the most suitable
type for marine purposes.  Although the title in this case
was ‘ Multiple Steam Turbines,” the paper itself had reference
11
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entirely to the I"a.'rsons’ turbine. The first part of the paper dealt
with the curve of pressures during the expansion of the steam in the
turbine, and it was stated that if the initial pressure and the back
pressure were known that the pressure at any stage of the
expansion could be derived. The author gave an equation for this
pressure curve, which was derived from the simple equation of
the work done, and on the assumption that equal energies were
absorbed by each pair of blades. He thought that was a matter
which could regeive experimental verification. There was nothing,
in his mind, to hinder an experimenter fitting a series of cocks
along the turbine at different stages of the expansion, and by this
means it would be interesting to know if the actual curve of
pressures followed the law as derived by the author, and given by
that equation. He did not know whether such had really been
done. The author assumed that his curve was absolutely correct
in the actual case of the turbine, and he made reference to this on
page 157, where he said :—** The loss due to friction in a turbine
can be experimentally obtained from a working turbine, if the
entropy at each pressure is calculated from the wetness of the
steam and the expansion line drawn in the entropy diagram.” He
only took the working pressure and the back pressure, and then
he assumed his expansion line. That was a very important state-
ment, and it only emphasised the necessity of knowing if the true
expansion curve followed closely that given by the equation.
It was well known that for efficient propulsion the number of
revolutions must be kept as low as possible for the propellers, but
it was desirable, on the other hand, to have the turbine working
at a very high number of revolutions. In all ships at present
fitted with turbines, the turbines were working under this very
severe limiting condition, which caused a loss of efficiency from
what there would otherwise be if they were allowed to revolve at
a high rate. He had often wondered if it were possible to
gear down when using large powers. It was a point for a
practical engineer to consider. If the turbine could be allowed
to run at a high number of revolutions, there would be a great
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increase in efficiency and a considerable amount of weight saved.
Another interesting point lay in the application of turbines to
Atlantic liners for sea service, a matter which involved several
questions of importance. Would a turbine be a reliable engine in
a sea-going ship, and would the pitching of the ship affect it ?
The rate of revolution would vary in a heavy seaway due to the
motion of the vessel among waves, and this would have an effect
on the efficiency of the turbine. This variation of the rate of
revolution did not reduce the efficiency of an ordinary recipro-
cating engine very much, and he would like, therefore, to ask the
author how it might affect the efficiency of the turbine? He
thought it would be a greater disadvantage in the case of the
turbine-propelled vessel having to slow down in rough weather.
At a high number of revolutions the heavy rotating part would
produce a horizontal couple in the bearings of the turbine due to
the pitching of the ship.  Would that couple ever be sufficient to
deflect the drum or rotating part? If so, then there would be
serious cause for vibration.

Professor W. H. Warkinson (Member) thought the paper
was one which hardly lent itself to much discussion. It was
mainly of a theoretical nature, and Mr Melencovich, unfortunately,
had left out most of the explanations. Many of the deductions
drawn were not self-evident, and he thought it would have been
better if Mr Melencovich had expanded the paper, giving fuller
.explanations. In connection with the marine turbine, not only
might there be vibration set up during pitching, but if there was
much deflection of the turbine, then the blades would be stripped
by coming into contact with the casing of the turbine, which
would be a more serious matter, and the only remedy was to give
great rigidity to all the parts. He considered the question of
gearing down an exceedingly important one, and it would probably
well repay anyone to devise some suitable reducing gear, which
would have a reasonably high efficiency, in order that the revolu-
tions per minute might be increased, and the weight and size of
the turbine diminished.
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Mr E. Hain-Browx (Vice-President) said it would be remem-
bered that when the paper was read on the de Laval turbine, which
turbine he thought was very sensitive to any gyroscopic action,
he was assured that no trouble was found even in cases where it
was placed athwartships. It was a very interesting point, and he
thought it was well worth investigating, and it was as well that it
should be considered.

Professor WaTkinsoN— In connection with the de Laval
turbine, the shaft was of very small diameter relatively to its
length between the bearings, which made it flexible, and the
consequent yielding prevented great stresses coming on the bear-
ings. That was why there was no trouble with the de Laval
turbine.

Mr E. HavL-BrownN—That did not raise the point. The point
was, if the disc became displaced, was there not a tendency for it to
come against the nozzles? With a flexible shaft, the danger of the
disc coming against the nozzles was very great if there was rapid
rolling.

Professor WaTkiNsoN—But it was not necessary to have an
excessively small clearance.

Mr R. W. DickIE said it was well known that an electric circuit
might obtain through the turbine, by the vanes acting in the same
way as the partof a dynamo cutting lines of force. Would not an
electric current set up in this way require power, and be a source of
loss in the turbine ? If the pitching of a ship were taken into account,
and expanded in any kind of reasonable ratio to apply to a steam:
turbine of the size of those that were being put on board the
* Carmania,”” there would be a considerable action set up. The
gas turbine was now receiving some attention, and if gas could be
exploded in a separate chamber, and blown through the turbine
the same as steam, and used as a means of driving the turbine, a
great saving would be effected. Engineers had struggled for years
to eliminate the boiler, and just when they came to approach that
happy state the steam turbine came, and took them back to
steam again with all its consequent troubles.
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Mr J. B. HenpERsoN, D.Sc. (Member) said that in answer to &
question by Mr Johnstone regarding the gyroscopic couple acting
on the rotor of the steam turbine when the vessel pitched in a sea,
he had, while Mr Johnstone was speaking, calculated the value of
the couple assuming certain values of the variables. In the case
of a ship pitching in a sea, the couple necessary to make the
turbine pitch with the ship was in the plane of the deck, and was
produced by a shearing action on the holding-down bolts, the
couple being in one direction as the ship’s bow rose, and in the
opposite direction as the bow fell. The couple was equal to the
product moment of inertia of the rotor x angular velocity of
the rotor x angular velocity of pitching. Taking the moment of
inertia as a 5-ton mass at 2 feet radius, or 20 tons x (feet)?, the
angular velocity as 750 revolutions per minute, and the angular
velocity of pitching as 10 degrees, or one-sixth of a radian in 20
seconds, or 00083 radians per second, the couple worked ouf
as 0'4 tons weight x feet. For any other case the couple could
be calculated from this by simple proportion.

Mr Dickik, referring to Dr Henderson's figures for the torque
set up by the gyroscopic action of the turbine, said, that, the &
tons assumed was for a small electric turbine, and not anything
like the size of those to be used on the ‘* Carmania.”

Professor ANDREW JamIEsoN (Member) observed that Mr Melen-
covich’s paper merited careful study by those interested in the
science of steam turbines ; more especially if read in conjunction
with the excellent ¢ Report upon the Tests made at Newcastle-
on-Tyne, for the city of Elberfeld, by Messrs Lindley, Schréter,
and Weber on a 1000 K.W. Steam-Turbine and Alternator,”
Muanufactured by Messrs C. A. Parsons & Co., of Newcastle-on-
Tyne.  Manufacturers, designers, draughtsmen, and users of
steam turbines have frequently expressed a strong desire to
have some simple, reliable method of taking and rating the
‘ Indicated Horse Powers ' of these prime movers in a similar
manner to that originally devised by James Watt, and still univer-
sally adopted, in the case of reciprocating steam engines. Of
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course, the fundamental action of the steam was the same in both
cases ; for a certain weight of steam was taken in at a certain
pressure and temperature, and exhausted without loss of weight at
a lower pressure and temperature. In doing so, a certain horse
power was obtained by the transformation of heat into work per
minute. Hence, in each case the following fundamental formula
held good if there were no losses due to friction, radiation,
convection, condensation, leakage past valves, pistons, and
vanes, etc.
J(H - h)Ws.

IHP. =

Where I.H.P. =Ideal horse power.
J=Joules’ equivalent (778 ft. lbs. of work per b.T.u.).

H =Heat units per lb. of dry saturated steam put into
the engine per minute.

h=Heat units per Ib. of exhaust and condensed steam
which left the engine per minute.

Ws=Weight of steamn passed through the engine per
minute.

33,000=Number of foot-pounds of work per minute in
one horse power.

Now, how many engine makers, designers, or sea-going engineers
ever applied this formula to their engines? And, what idea did
it give them of the various necessary dimensions for a certain
horse power? So far as he could ascertain, no engine of the
reciprocating or of the turbine type had attained 65 per cent. of
the power given by this formula. For example, from the
Elberfeld experiments referred to by the author of the paper, the
best results realised at normal full power were only about 50 per
cent. of theideal k.w. output, and ahout 60 per cent. of the ideal H.p.
obtained by this formula The want of appreciation and practical
use of this ideal equation was certainly not due to any unsur-
mountable difficulties in ascertaining the heat units put in and let
out or exhausted; but was most probably due to the unwillingness
of engineers to compare their engines with such unattainable
conditions. Again, take Rankine’s cycle, or preferably Macfarlane
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Gray’s formula, as derived therefrom, where J and Ws have the

same values as before, and r,, 7, are the absolute temperatures of

the steam at the inlet and exhaust, or the condensed positions :—
1,438—'77,? +1'2 - 'rl) (r,— 71)]

I1.H.P.=J (__ T2 T +7/
33,000

Here, again, it might be asked, do engineers in every day practice
use this formula? The Hon. C. A. Parsons told him that he had
applied it to his turbines, and that he got from 60 to 65 per cent.
of the possible work done, as calculated by Macfarlane Gray's
formula. He (Prof. Jamieson) had checked these results by
assuming that only 12 lbs. of saturated steam per 1.H.P.-hour were
used, and found the efficiency under these conditions to be 60-8
per cent., when the initial pressure was 215 lbs. absolute, and the
exhaust at 100° F., or -93 lb. absolute back pressure per square
inch. Of course, with superheated steam, an efficiency of 65 per
cent. might easily be realised. Although the precise way in which
turbines work was due to a change of momentum in the active
fluid, and the reaction forces on the several blades of a Parsons”
turbine was due to the rate of change of the momentum of the
steam ; yet there must be a resolved force or pressure on each
moving vane acting in the direction of its rotation. This turning
force might be found from measuring the actual steam pressure
on the faces and on the backs of the moving vanes at several
of the most suitable places along the rotor of the turbine.
Fig. 7 illustrated the effective pressure p, acting at mean
effective radius r, on each of the vanes of one row of blades.
Of course, it was to be understood, that the width of the
vanes did not enter into the calculations; and that their
respective lengths only tended to alter the length of the radiur
at which the effective turning pressure acted upon them, as
shown by Fig. 7. Take the case of a single row of vanes in
a Parsons’ turbine, as shown in Fig. 7, and let r, be the radius of
action for the resolved or ascertained effective pressure p, on
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a vane of that row. Then, since there are, n,; vanes surrounding
this row in that particular plane, it would be evident, if p, , was
the torque produced from the action of the steam on one vane,
that (p, r, ;) was the total torque for the whole of that row of
vanes. Hence, if the sum of the torques due to all the rows be con-
sidered in this way, the total torque would be expressed as
Pxr lbs. feet. Further, 2xr would be the mean effective
distance through which the total force P acted in one revolution.
Hence, if L=2=r, and if the turbine made N revolutions per minute,
the work done would be PLN foot-pounds per minute. Or,

PLN
I- . e
HP.=
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COMPARISON BETWEEN THE FOKMULA FOR MEASURING THE I.H.P.
oF RecrprocaTING ENGINES AND STEAM TURBINES.

RECIPROCATING ENGINES. STEAM TU];’BII.II?S.
PLN
IHP.= 33,000 LHP.= 33,000°
‘Where, P=p x A,or the net | Whenre, P=total effective
effective pres- pressure on all
sure (p) per sq. the vanes.
in. x the net ef- L=2r r = distance
fective area(A) in feet passed
of the piston. through by the
L=distance infeet force P in one
passed through revolution.
by the piston in N =number of re-
one revolution. : volutions per
N=number of re- minute of tur-
volutions per bine rotor
minute of shaft.
crankshaft.

The foregoing was an attempt to solve the problem in question. He
was well aware that the statical pressures obtained from the steam
pressure gauges, as usually arranged and fixed at different posi-
tions along the cylinder of a turbine, did not indicate the true net
pressures in the direction of rotation on the nearest moving
vanes. Still there must be a means of arriving at the actual
turning force on these vanes. For example, a turbine of 100
or more horse-power, might be coupled direct to a dynamo of
known efficiency, or to a water-brake, when the following equation
would hold good if the turbo-dynamo had, say, 80 per cent.
<lectro-mechanical efficiency :—
-_ PLN
IHP=E.H.Px1 2a=33,000
Now L and N could be easily measured and observed within an error
of 1 per cent., hence a good check was obtained on P, as previously
estimated for a particular type of turbine. In order to ascertain
whether the above method of taking the 1.H.P. of steam turbines
was easily applicable and accurate, experiments would have to be
conducted with apparatus specially designed for the purpose, so
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that the weight of steam passed per minute, the effective pres-
sures on the vanes, revolutions per minute, and the B.H.P. might
be simultaneously observed.

Mr J. Buackrock HENDERsoN, D.Se. (Member) observed that
Professor Jamieson seemed to be under a misapprehension in his
attempts to get the indicated horse power of a steam turbine. In
a steam engine of any type the chief interest was in the output or
brake horse power, and if the B.H.p. were easily obtained in all
cases, little would be heard about the LH.P.; at least its measure-
ment would be confined to cases in which it was desired
to determine the mechanical efficiency of the engine. (The
indicator diagram had, of course, other uses than the determina-
tion of 1.H.p.) The I.H.P. of a reciprocating engine was much more
easily obtained than the B.H.P., and consequently the former was
being continually determined in cases where it was desired to
obtain some information about the latter. With steam turbines
the conditions were immediately changed, the 1.A.P. was no longer
easily obtainable, and hence lost its interest as a measure of the
B.H.P. Professor Jamieson actually went so far as to recommend
the use of a standardised dynamo coupled to the turbine, in order
to get some experimental data required for his formula for LH.P.
The standardised dynamo gave the B.H.p. of the turbine direct,
which was what was really required in practice. Why, then,
should he try to work the results back into something that was not
really wanted ? Experiments with a standardised dynamo could
easily be plotted in curves, giving the B.H.r. as a function of the
variables in the turbine, but the number of experiments required
to cover all the variables would be very great, as the B.H.P. was
not simply proportional to the speed, nor simply proportional to
the difference of steam pressures at the two ends of the turbine.
A variation of pressure of one inch in the condenser was by no
means compensated by an equal variation at the high pres-
sure end. Professor Jamieson gave a method of finding the
mean effective pressure on the blades, but he was only dealing
with the steam pressure at the various stages, a pressure which
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acted on the backs of the blades as well as on the fronts, and this
so-called mean effective pressure was ineffective in producing
rotation, except in so far as tbe pressure gradient produced the
velocity of the steam. He had entirely neglected the real effective
pressure—namely, that due to the change of direction of the
motion of the steam, or the change of momentum. The shape of
the blades was of paramount importance in considering tlie change
of momentum, and the shape of the blades did not enter into
Professor Jamieson’s formula. As steam turbines became more
common, the term indicated horse power and its dependant
mechanical efficiency would probably be much less used in
engineering language, and brake horse power and thermal effi-
ciency more frequently spoken of. '

Professor W. H. Warkinsox (Member) remarked that Professor
Jamieson was mistaken in saying that ¢ No engine of the recipro-
cating or the turbine type had attained 65 per cent. of the power
given by the formula,” IHP= _J(_H——h_)_& As a matter of fact,
steam engines of all types gave approximately the actual power as
calculated by this formula, and not a small percentage of it, as
stated by Protessor Jamieson. The formula given by Professor
Jamieson for the 1.H.p. of turbines, in which the pressure on the
vanes was one of the factors, was much more likely to mislead
than to help any one dealing with the subject. .

Mr James Morrisox (Member of Council) thought the meeting
should feel indebted to Prof. Jamieson for having put in so simple
a form a method of arriving at the horse power of turbine
machinery, especially as it followed so closely the familiar lines used
for determining the horse power of reciprocating engines. He could
assure the meeting that the question was one which exercised the
minds of a good many engineers now engaged in the manufacture
of turbine machinery, and the formula which Professor Jamieson
had put upon the board appeared to him to be worthy of considera-
tion, whether it was mathematically correct or not.
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Reply to Discussion.

Mr MELENCOVICH, in reply, hoped that the following remarks
would make quite clear to Mr Hamilton what was meant by the ex-
pression “gradually.” If a pound of steam at, say, 100 lbs. pressure
per square inch were exhausted or expanded through a properly
shaped nozzle to condenser pressure, then the energy made avail-
able by this drop in pressure or temperature would be contained
in the steam in the form of kinetic energy, and would be sufficient
to give it a velocity of about three-quarters of a mile per second. If
this velocity of the fluid were absorbed in one turbine wheel, the
bucket speed ought to be about one-half of the fluid speed. Owing,
however to friction and other considerations, the bucketspeed might
only be one-third of the fluid speed. Therefore, one-fourth of a
mile per second would represent more nearly the necessary bucket
speed, which, for & diameter of wheel of about 10 or 12 inches, would
exceed 23,000 revolutions per minute, so that gearing of, say, 1:10
would have to be employed if a dynamo or other machine had to
be driven. Should, however, direct coupling be desired, then the
revolutions of the turbine wheel, as well as the bucket speed, must
necessarily be only one-tenth of the former. The steam speed
must also be reduced in the same proportion if anything like the
former efficiency were expected, and the energy transmitted to the
wheel, also the drop in temperature of the steam, would be only
oo of the former. For this reason the pound of steam, after
passing the wheel, still contained &% of the total energy avail-
able, which could be absorbed in 99 other following wheels. The
first case, with gearing, was that of a de Laval turbine; the
second, without gearing, a multiple action turbine. In the latter, the
temperature and pressure of the steam would drop gradually, thus
accelerating the steam, the kinetic energy of which would be absorbed
in passing the wheels, the number of which (or number of rows of
vanes) increased in inverse proportion to the square of the speed
of vanes when the same efficiency was expected. Mathematically

expressed, z=‘-’%:fa—nt for constant efficiency. With respect to




MULTIPLE STEAM TURBINES 173
Mr Melencovich.

M. Normand’s formula, if Mr Hamilton transformed it to

13 D,_I.H.P. . 1 o
]fr S ==g and noticed that ; and 7 were constants, and,

according to M. Normand, that LHP. o proportional to thrust,

S
also that SD? was proportional to the water passing through the
propeller ; then the formula became :—
Constant x waler passing through the propeller = thrust.

M. Normand regarded }as proportional to the acceleration of

the water, and pointed out that {must be kept below a
certain limit if discontinuous motion of the water and considerable

drop in efficiency or cavitation were to be avoided. As }and also

7 could not be increased beyond a certain limit, and as this limit
had been reached already, and in some cases had been over-
stepped, it was quite clear from M. Normand’s papers that the
water passing the propeller must vary as the thrust. Professor
Watkinson thought a high number of revolutions desirable,
and he fully agreed with him, as the weight of a multiple
turbine was almost independent of the LA.P., and dependent
mainly on the revolutions and on the working pressure.
The weight varied inversely as the square, or rather the
2-5 power, of the revolutions. This dependence of the weight
on the revolutions explained why only in fast steamers the
turbine showed advantages and economy in weight. An
arrangement of one H.P., one L., and one L.P. turbine in a vessel
with three shafts would, according to theory, give an economy in
weight as compared with the use of one H.P. and two L P. turbines.
Mr Parsons, although certain difficulties were experienced in
equalising the revolutions, had accepted this arrangement of H.p.,
L.P., and L.P. in his design where weight was of primary import-
ance. Mr Johnstone expected that the revolutions of a turbine
would vary in a seaway. According to accurate German experi-
ments, this was really the case. Mr Johnstone asked how the
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efficiency would be affected by such a change in revolutions?
This question was a most important one, and perhaps the cardinal
point in turbine design. That the efficiency varied with the
revolutions, as a parabola in a Pelton wheel—the simplest of
turbines—would be familiar to most of the Members. Theory
showed that for a multiple turbine this curve became hyperbolie,
as shown in Fig. 8, and experiments so far confirmed this. He
might be allowed to explain here why he thought the efficiency
curve in Fig. 8 of such importance. As mentioned before,
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z—_—ﬁm_sﬁi_ for equal efficiencies, but marine turbines, with their
uc

necessary low revolutions, would get far too cumbrous and heavy if
designed for the maximum efficiency. They might be considered
as having for their number of rows of vanes insufficient bucket
speed, and the curve in Fig. 8 enabled one to estimate how this
affected the efficiency. A turbine efficiency of 70 per cent. might be
considered as the best attained by land turbines. If the number
of rows of vanes of such a turbine were curtailed to from a half
to a quarter, this woald correspond to running with from 0-71 to
05 of the designed revolutions, thus giving an efficiency of from
60 per cent. to 50 per cent. This would be without taking into
account leakage losses and mechanical efficiency. Professor
Jamieson took the L.H.P. of a turbine to be proportional to the
bucket speed or the revolutions, and proportional to the force
acting upon the vanes. There was, however, the difficulty that the
force p could not practically be measured. Certainly, the 1.H P. of &
turbine could be calculated by estimating the efficiency and
amount of passing fluid by means of the curves shown in Fig. 8.
This method, however, required to be checked by accurate measure-
ments with brakes or torsion dynamometers.  Already two
prominent firms had developed instruments which gave satisfactory
results.
On the motion of the CHalrRMAN, Mr Melencovich was awarded
a vote of thanks for his paper.

Correspondence.

Mr Rankix KeENNEDY (Member) thought that the gyrosecopic
effect in vessels fitted with turbines was not generally understood.
A flood of light on this interesting subject was to be found in a
paper contributed to the Institution of Naval Architects on 24th
March, 1904. A study of this paper would show that there was
very little resistance presented by a gyroscope to the oscillation
of its axis, if the frame carrying the fly-wheel were fixed. The
author of the paper, Herr Otto Schlick, showed how, by gyroscopic
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effect, to moderate the rolling of & vessel ; but to obtain any effect
the axis of the gyroscope must have two motions at right angles to
each other, and with a phase difference of 90°. This, however,
did not occur in a vessel with a turbine fixed rigidly, hence there
was no effect. Neither was there any electric current generated
in turbines. There might be ‘an electro-motive force set up, but
there was no current, as there was no closed circuit for it to flow
in. Several gas turbines had been tried on the plan suggested by
Mr Dickie, but the chief difficulty met with had been in the
compression of the gaseous charge before ignition, as no eflicient
compressor had been found for the purpose. The best results
hitherto obtained had been got by a turbine using the exhaust of
an internal combustion engine, which, as was well known, had a
high pressure as well as a high temperature.

Mr F. J. Rowan (Member)felt that the great difference between
considerations affecting the action of the steam turbine and the
compound reciprocating steam engine, was found in the fact that
whereas in the reciprocating engine the different steam pressures
made available in the various cylinders were demonstrated by
means of indicator diagrams, in the turbine as yet no such demon-
stration had been accomplished, and, as in Mr Melencovich's
paper, the pressures acting on the different rows of vanes had to
be assumed, along with some other elements of the action. He
agreed with Mr Johnstone that it was possible by experiment to
arrive at a demonstration of the actual curve of expansion in the
case of steam acting on several rows of vanes successively, and it
was advisable that this should be done in order to arrive at a sure
foundation for their subsequent deductions. On the basis of the
elements assumed by Mr Melencovich, on page 151 of his paper,
the results deduced by calculation were unquestionable, but it was
the necessity of having to start from such a basis of assumed
elements that emphasised the need for analytical experiments. A
writer in ¢ Engineering ”’ of January 13th and February 3rd, 1905,
had investigated the theory of the action of turbines from the
point of view of the utilisation of the heat of the steam in them,
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and he had given a much more detailed calculation than that of
Mr Melencovich, although he also had to assume a gradual drop
in temperature between the different stages of the turbine. There
was, however, friction (including bearing, bucket, guide-plate and
disc friction) to be considered, by which ““some of the heat
theoretically available for producing mechanical work was de-
graded back from that form of energy into heat,” and also a
varying degree of dryness of the steam, which would interfere
with a regular gradation in the drop of temperature, or sub-
division of the energy. Fan action seemed further to exert an
influence upon the result, and both bucket form and bucket speed
reacted upon the velocity of the steam. So that if Mr Melencovich
could follow up his excellent paper by making and giving the
results of some analytical experiments, he would greatly increase
their obligation to him for elucidating this very interesting subject.

Reply to Correspondence.

In reply to the written communications, M. MELENCOVICH
said that & curve of pressures taken along the rows of a Schultz
turbine was given in Prof. Stodola’s work on * Steam Turbines.”
Although the working and back pressures in this turbine were
different, the curve clearly showed the same character as the
calcplated curve in the paper. As far as he knew, no pressures
were assumed to act upon the rows of vanes. The only assump-
tion made in developing equation 3, which gave the pressures
along the rows of vanes, was p.»''!=constant, thus allowing for
converting the energy back into heat. Further, the power was
chosen equally distributed along the rows of vanes, but at the
bottom of page 156 was indicated how the curve of pressures for
any other distribution of power might be obtained. It must be
kept in mind that to each distribution of power along the rows of
vanes corresponded a certain curve of pressures, and a certain
arrangement of length of blade. Once the theory of the multiple
steam turbine was properly understood, it was quite easy to take
into account the converting back of energy into heat, also the

12
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varying dryness of steam, by using the entropy diagram. A
splendid example of this was given in the book before mentioned.
How the bucket speed and form affected the velocity of steam
oould be ascertained from the diagram of speeds.
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AN entirely satisfactory method of dealing with the strength of
ships ought to provide means for the proper determination of
the principal stresses on all the essential parts of the structure.
If & ship strains at some vital place, the broad effect is the same,
viz., the lessening of the efficiency of the structure, whether the.
straining be due to longitudinal bending, shearing, panting of
frames, bending of the plating between the frames, or to any other
cause. One of the aims of this jpaper is, therefore, to draw atten-
tion to the desirability of employing, as far as practicable, equally
efficient methods in the determination of the strength of all the
essential parts of the structure; and the word method should
here be taken in its widest sense, so as to cover not only mathe-
matical processes but any arrangement whatever, whereby the
necessary strength is in actual practice determined from the facts -
derived from experience. In some instances the methods adopted
may be simple, while in others they may involve the use of com-
plex formulee, and are termed scientific. The difference is really
only one of degree. If a point can be decided correctly by a
simple method, then that method is as scientific as one which
involves the use of higher mathematics; but, unfortunately, it
may be necessary to resort to the more cumbersome methods for
an equally satisfactory solution of other problems. Some method
or other of estimating the strength must necessarily be adopted if
ships are to be built to the best of our knowledge independently
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of the fact that pretty and exact mathematical solutions may not
be at hand. It is, further, evident that the strength must bear
some relation to the dimensions, construction, and general arrange-
ment of the vessel. It is this relation which it is desirable to
establish correctly, but if that cannot be done at present, it is
desirable to adopt approximate methods until more satisfactory
ones are provided. A method ought, therefore, not to be con-
demned when it is not correct, but only when a better one can be
substituted.

In the physical, chemical, and astronomical sciences, the
adoption of some theory has often been found advantageous
in furthering the progress of the particular branch of science
to which it was applicable; and sometimes that has been so,
even though the theory has on further investigation been
found to be fundamentally wrong. The mere adoption of such
a theory involves the employment of systematic methods in
dealing with the problems, and that in itself is of considerable
value, where a large field of problems is waiting to be attacked.
In all branches of physical science an important step forward is
marked by the introduction of methods of measurements, whereby
it becomes possible to deal quantitatively with the forces under
consideration. In fact, until such methods have been introduced,
it is impossible to deal rationally with any problems involving the
practical application of the science in question. Engineering
forms no exception to this rule. It was only after the introduc-
tion of methods of measuring lengths, capacities, weights, etc.,
that progress could be made in the practical application of logical
reasoning to ordinary engineering problems. In many such
questions it is, however, still impossible to deal quantitatively with
some of the elements involved, such as the complex forces some-
times acting on a structure, or the still more complex straining
actions produced by these forces. In such instances it may be
advantageous to adopt some simple hypothesis which makes
quantitative estimates possible. Such a hypothesis may supply
groundwork for a system whereby the forces and strains on
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& structure can be dealt with, and the various detached results
derived from experience brought together and compared. As time
goes on improvements will naturally be made in the methods, but
it is useless to wait for perfect solutions to be found cut and dried,
ready for use. From the nature of the problems, a considerable
part of the desired information cannot be discovered, but must be
gained gradually by the accumulated evidence of experience, and
it is impossible to assimilate the results thus obtained without
some method or other, whereby definite knowledge can gradually
be evolved. Another object of this paper is, therefore, to draw
attention to the advantages of adopting systematic methods in
dealing with the strength of ships. It is not the adoption of any
particular method that is recommended. Some particular ones
will be put forward, but they should be looked upon more as a
basis for discussion than anything else. The entire problem is one
that can only be dealt with by an exchange of opinion. Many
points of the proposed methods are not new, and are only included
to make the outline of the suggested system more complete.
When iron ships first began to be built they were constructed
very much in the same manner as wooden vessels. It was not to be
expected that the different nature and capabilities of the new
material should at once be fully appreciated. The first iron vessels
were, therefore, necessarily built tentatively, and left to prove
themselves strong enough or otherwise as the case might
be. Generally speaking, the tendency was to make the scantlings
in excess of what was required. The thickness of the shell
plating was very large compared with the frame spacing, and the
frame girders were also heavy. This, no doubt, was due to the
weak appearance of the very small absolute dimensions of the
material compared with those previously seen in wood ships. In
the general arrangement of the material, the previous practice
was also followed pretty closely. The thickest part of the shell
plating was at first applied at the middle of the side where the
wales were previously. Fore and aft stringers were worked on the
ingide of the frames, and it is even said that in some instances
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diagonal tie plates were fitted to the frames. Gradually the
different nature of the material, and the possibilities of obtaining
more efficient attachments than were possible in wood, were
realised, and the method of construction was slowly modified to
suit the changed conditions, not without some aid from the
experience of bridge builders. There is, however, no doubt that
all traces of wood shipbuilding practice have not yet entirely
disappeared from the present practice of steel shipbuilding. As
time went on, experience proved that here and there in the
structure of iron or steel ships the strength was insufficient under
certain conditions, and additions were made, and now and again,
by accident or design, the strength was reduced and still found
sufficient. Structures were in that way evolved for ordinary sea-
going vessels which were capable of resisting certain forces
without showing signs of weakness; 7¢., roughly speaking, the
ships were able to do their work under ordinary severe conditions
as to loading, rolling, and behaviour at sea, but to what extent
unnecessary material was present it was impossible to say. In
dealing with the strengthof ships, there is, therefore, this absolute
sound, although limited, foundation to start from, that certain
vessels with certain scantlings have not shown any signs of
weakness during ordinary severe tests. That at once immensely
narrows the problem of the determination of the necessary
strength of a ship, considered from the practical side of the ques-
tion, because it is known that, whatever the magnitudes of the forces
acting on ships may be, they cannot be greater than those which
would permanently strain the material that has been found un-
strained. It is well to bear this fact in mind, as it prevents an exag-
gerated view being taken of the magnitudes of these forces. The aim
of our methods is to make it possible to apply the experience gained
by existing or past structures to improvements in new ones. In
many problems of strength comparison, it is unnecessary to know
the magnitude of the forces acting, because. whatever they be, they
will be the same in both cases, and can therefore be eliminated.
In other instances, some knowledge of these forces is, however,
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essential. From an exact mathematical point of view, the correct
estimating of the forces on a ship under the most complex conditions
is, of course, an impossibility, and so is, to a yet greater extent,
the determination of their straining actions on the structure. An
exact mathematical solution is, however, not at all essential for
practical purposes ; in fact, it often looks pedantic, when all the
conditions on which it must be based cannot even be clearly
defined, far less provided for in an exact way. What is wanted
is & solution on broad lines that is correct in the essential points,
and in that respect the difficulties of the problem are perhaps
much overrated. The effect of many complex straining actions,
which can be more or less easily imagined, and which do exist to a
certain extent, is sometimes given quite undue prominence. It can
in most cases be proved that, although these complex actions are
present, they are 80 to an extent that makes them quite inessential
in the practical determination of the necessary strength of the
structure. A proper appreciation of the relative amount of the
strains due to the various causes is really quite as valuable as a
knowledge of their nature, and there can be no doubt that
much attention has often been given to the latter side of the
question at the expense of the former.

In commencing to deal with the question of the necessary strength
of ships on the basis of the known fact that certain vessels have
proved themselves strong enough under certain conditions, the
first difficulty met with is the one of determining what those tests
were that the structure had been submitted to. What were, in
fact, the most trying conditions the vessel encountered during
her existence ? It is quite clear that no ship is strong enough to
resist any kind of loading and any kind of blows from waves, and
when a ship is spoken of as strong enough, that does not really
convey any definite meaning unless the conditions under which
she is strong enough are specitied. It would, therefore, be
highly desirable, if more definite ideas could be formed as to what
are fair conditions to assume with regard to the worst combination
of bad loading and bad weather. In their general nature the forces
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of practical importance that act on a ship are simple enough.
They are the gravitation of ship and cargo, which act in a given
direction ; the pressure of the water, whether due to buoyancy or
impacts from waves, which acts normally to the vessel ; and the
reactions due to the change in the motion of the ship, whether
parallel or rotary, which are somewhat more complicated in their
action than the two former ones, but of nothing like their impor-
tance. The forces due to gravitation and the statical pressure of
the water are also easily determined quantitatively. The intensity
of impact from waves, the effect of variations in the pressures due
to the motions of the ship and the water, and, to a certain extent,
the rolling, pitching, and heaving reactions, can only be deter-
mined by the results of experience with actual structures, or by
experiments. It is somewhat surprising that so little reliable
experimental information exists on this subject, considering the
ease with which it could be obtained.

STRENGTH OF PLATING.

The first attempts at rational estimates of the strength of ships
were directed towards the determination of the stresses on a cross
section, assuming the vessel to bend as a whole owing to the
unequal distribution of buoyancy and support in a fore-and-aft
direction, and that problem was solved, for practical purposes,
many years ago, by what has become known as the girder theory.
This point has since received an amount of attention somewhat
out of proportion to its relative importance. When the strength
of a ship has been mentioned, it has nearly always been that
required to resist longitudinal bending which has been referred to.
When calculated stresses have been mentioned, they have been
those on a cross section. It is not entirely satisfactory that it should
be 8o, because it is, after all, very little use having a ship, that
will not bend in a certain direction, if she is weak in other
respects. In fact, it is not entirely free from being somewhat
irrational when considerable pains are taken in dealing with
one particular point in connection with the strength of a ship,




METHODS OF ESTIMATING THE STRENGTH OF SHIPS 185

" while the others are left to look after themselves. The influence
of the undue importance attached to the fore-and-aft bending has

en responsible for a good deal of misunderstanding, such, for
instance, as the idea that the plating near the neutral axis, or at
the ends of the vessel, could be of any thickness, as there was
assumed to be no stress at these places.

The most logical way of dealing with the strength of a ship
would appear to be to commence with the parts that are essential
in all floating structures. An outside shell is necessary in all ships,
and the determination of its necessary strength ought to be the
first problem to be faced. The outside plating being left practically
unstiffened between the frame girders, the fundamental problem
resolves itself into the determination of the thickness, which will
give sufficient strength to resist deformation between the points
of support. Tbe plating may not have to resist other forces, but
it must always be able to resist the normal pressure of the water,
and, in the first instance, all other possible forces may therefore be
ignored. The pressure on the plating of a ship, whatever its
cause, will be resisted partly by the bending and partly by the
stretching of the plating. The load will cause the plating to
deflect between its supports. This deflection will, however, at
once cause a direct tension to be set up in the plating, as the
deflected plate is longer than the straight one. If the plating was
bent only (in one direction), the determination of the stresses
would be simple enough, and if stretched only (in one direction)
it would be equally so. It is the combination of the two straining
actions that complicates the problem, as it makes it indeterminable
by the ordinary statical methods, seeing that the load might be
carried entirely by either one or the other of the straining actions.

To begin with, let it be assumed that the plating is unsupported
between the frames, and receives no support from side stringers
or keelsons. Under those conditions the following formule, which
are explained in the Appendix, determine the stresses with an
approximation which will probably be found to be sufficiently
exact for most practical purposes as long as the stress is below
the limit of elasticity :—
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Let E be the modulus of elasticity for direct tension,
d the draught of water in feet,
¢ the ratio of the distance between the frames and the thick-
ness of the plating,
q the direct tension on the plating,
2 the tension due to the bending of the plate at the frame, a.nd
g+ p, therefore, the total stress on the plating. Then,
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Assuming E to be 15,000 tons per square inch, these formule are
reduced to the following :—
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In applying these formule to the determination of the stresses
on the plating of any actual vessel, it will be evident that the
virtual length of spans of unsupported plating will be somewhere
between the distance from heel to heel of frame, and the dis-
tance from heel to toe of flange. It is, therefore, most satisfactory
to employ the mean of these two distances in obtaining the
ratio of span to thickness of plating, or in other words, the
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frame spacing minus half the width of the shell flange of the
frames.

The quantity d is the depth of water in feet which produces the
given pressure, but it need not necessarily represent
draught in still water. d’' + d” might thus be substituted
for d, where

d’ is the draught in still water, and )

d”is an equivalent measure of the pressure due to other
causes, such as the rise and fall of the level of water
agitated by waves, or to shocks from striking seas.

The quantity d’' can always be determined, but d” is one of
those quantities that cannot, in the nature of things, be found by
calculations. It will depend entirely on the character of the
waves, and, to a certain extent, on the size of the vessel. In
smooth waters it will be zero, and it will increase with the
roughness of the waters that the vessel has to frequent. The
quantity d”, therefore, varies with the locality of the ship’s
voyages, and, as far as the frame spacing is concerned, it is the
only factor affected in that way. It should not be impossible to
arrive by experience or experiments, or by both combined, at some
fair average values for this quantity for certain specified localities.
Be the determination ever so rough, it would make a more satis-
factory method possible than can be attempted without this
information.

If there are side stringers and keelsons fitted and attached to
the shell plating, then they will support the plating in the same
way a8 the frames do. The shellof a ship may, therefore, be divided
up into what is practically rectangular spaces of unsupported
plating.

Let ¢ be the thickness of the plating,

1 the spacing of the frames,

b the spacing of the stringers or keelsons, and

3 the deflection of the plating at the centre of one of the
rectangular spaces.

If the plating deflected by bending between the frames inde-
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pendently of the stringers, then, if d, is the pressure per unit
area and c a constant,

1f the plating bent between the stringers independently of the
frames for a pressure of d, per unit area, then :—
d,l b
=T

4
It 5,3, then%‘ =2
or, for the same deflection, the ratio between the loads carried will
be in the inverse ratio of the fourth power of the respective spans.
It is clear that in reality the plating cannot thus deflect indepen-
dently in two directions at the same time, but the error in assuming
that the ratio of the loads carried at a given deflection is the
same a8 when the plating deflects independently, is probably not
gréa.t.. At any rate, the greater part of the load will be transferred
to the long sides of the rectangular spaces, and the less to the
shorter sides in some such ratio, and until a more satisfactory
and equally simple method is devised, there would appear to be
no reason why this ratio between the respective loads carried to
the two pairs of sides should not be accepted as sufficiently near
the truth for present purposes.
Let d be the entire pressure per unit area,
d, and d, are then the respective shares of the load taken
by the frames and stringers. From

dy + dy = d and Z_l =(£I’),‘

are obtained : —

d d
d, = e and 4, = —
1+(5) 1+(7)

A glance at these two expressions shows that, when the spacings
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of the stiffening girders of the two systems are equal, then the
shares carried are equal, but where the spacing of the girders of
one system is greater than that of the other, nearly the whole of
the load is carried to the system having the smaller spacing. In
most merchant vessels the frames or floors will therefore take the
larger share of the load on the shell plating. When d, and d,
have been determined they can of course be used in lieu of d in the
above expressions for the stresses ¢ and p due to tension and
bending respectively. As the relations between the stress, pres-
sure of water, and ratio of unsupported span of plating to thickness
are not directly apparent from these expressions for the stresses,
some results are given in the Table in the Appendix for certaim
values of d and p. The stresses are also shown graphically in
Fig. 5. In the Table and the diagram d, or d, can be used instead
of d, and it is important that this should be done in com-
paring, say the strength of shell plating in warships with that of
merchant vessels, as the fore and aft girders will in the former
instance support the plating to about the same extent as the wide:
spaced frames. It is, as already said, not contended that the:
above method of determining the strength of the shell plating
of a vessel is exact, but it probably takes account of all the
essential factors, and within the limits of elasticity it will pro-
bably prove to be satisfactory for most practical purposes. When
it is used in comparative estimates of strength, the possible error
must be very small. When the limit of elasticity is reached the
plating takes a permanent set between the stiffeners and it adapts
itself to the conditions of pure stretching, in doing which it assumes.
the most efficient form for resisting the loads thrown upon it. If
the load is increased sufficiently, the plating finally ruptures at a
pressure many times in excess of that which was required to pro-
duce some permanent set. It is worth noting this point about the
plating of a ship, whether it is in the shell or in the bulkheads,
that it requires a comparatively small head of water to produce a little .
permanent set, but it would in most cases take a pressure equal to-
hundreds of feet to produce rupture. The latter eventuality can in
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fact never occurin & ship from a normal pressure, because the riveted
attachments would always give way long before the load necessary
to produce fracture could be reached. This agrees with observa-
tions as to the permanent set of tank-tops or bulkheads after some
accidental increase in the pressure. The greatest normal pressure
that the plating of a ship would usually be subjected to is probably
due to impacts on the fore end of the bottom plating, when that part
of the vessel has been lifted clear of the surface of the water and
meets a rising wave with enormous force. Even under this pressure
the plating does not rupture, it merely corrugates between the
frames. In a paper read by MrJ. J. Woodward, U.8.N., before the
American Society of Naval Architects, a very useful record is given
.of some tests on a hulkhead, which was submitted to water pressure.
The following Table gives the comparison between results taken
from that paper and the deflections and stresses worked out by the
.above method. The spacing of the stiffeners was 48 inches, which
gives a span of 464 inches, after deducting half the width of the
flange of the stiffeners. There were no horizontal stiffeners, and
the depth of the bulkhead was 23} feet. The modulus of elasticity
has been assumed to be 13,000 tons per square inch. It will be

' Head of Thickness Ratio of Calculated | Recorded | Calculated
unsupported| Deftecti i

‘Water of e Deflecta gtnnm
] Feet. "m"‘ thhkmess. | inches. inchee. I oq. ineh.
' d | t ® ) ! P+q
| 58 | 245 | 190 | a7 | g ! 640
. 110 | 245 | 190 | -520 i | 1095
| |

156 - -305 | 152 | 540 § | 1086

198 i 305 | 152 | 80 § | 1306

seen that the estimated deflections agree very closely with the
recorded ones. In fact the slight differences can easily be explained
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by the effect of the rivet holes in the plating having been ignored.
The estimated stresses are also entirely consistent with the
recorded fact, that there was a permanent set of from 0 to  of an
inch, particularly when the ignoring of the rivet holes is again
borne in mind. These experiments were chiefly carried out
with a view to determining the efficiency of the stiffening
of the bulkheads, and the information with regard to the
plating was only obtained incidentally. It should, however,
not be a very difficult matter to test the degree of approximation
of the above proposed formule by experiments on actual
plates. So far the plating has been assumed plane, as the
greater part of aship’s shell will practically be when small areas are
considered. Any curvature that the plating may possess will usually
add to its strength against normal pressure, as long as it is either
convex or concave. When the latteris the case, the stresses will
be principally only direct tensional. When the curvature is
convex the previous formule may still hold good, but the direct
stresses will be compressive. When the plating has 8 curvature the
stresses will be mainly due to bending, as such a form is in-
efficient for the transmission of direct stresses. For a vessel
340’ x 50' x 285 mld., of a draught of 22 feet, a frame spacing

of 24 inches, and shell plating 12 ;3 9 of an inch in thickness, the

direct tension on the plating due to the normal pressure of 22 feet
of water is “04 and 18 tons per square inch amidships and at the
ends respectively. The corresponding bending stresses are 2-48
and 447 tons per square inch, and the total stresses due to the
above causes, therefore, 2-52 and 4-65 tons respectively. These
stresses will, of course, be increased in agitated waters due to a
virtual increase of d the head of water. The reduction in the
stress towards amidships is due to the fact that other stresses may
have to be allowed for at that place,

TRANSVERSE STRENGTH.

The forces causing transverse stresses in ships are the same as
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those straining the plating locally and bending the vessel as a
whole. As vessels are almost invariably built with transverse
stiffening ribs made up of floors, frames and beams, the pro-
blem of transverse strength resolves itself into the determina-
tion of the stresses on these ringformed girders. The only
essential point of difference between longitudinal and transverse
bending is, that in the former case the stresses can be determined
by the ordinary statical methods, whereas the stresses are indeter-
minate in the latter instance, i.e. indeterminate by the usual
formule, but determinate by other more complex methods.
Certain points in connection with the transverse strength of ships
cannot be examined without the employment of methods that
will admit of the entire ringformed girders of floors, frames, and
beams being dealt with at the same time, in order that the mutual
influence of the individual parts on each other may be allowed
for. Itis, for example, clear that an appreciable increase in the
strength of the bottom will affect the stresses on frames and
beams, and vice versa. An increase in the breadth of the vessel
will increase the stresses on the framing, or an increase in the
depth will similarly increase the stresses on the beams. Such
questions can only be solved by means of methods which like that
of least work, supply the necessary condition to make the stresses
determinate. The employment of these methods does not
imply that there is any likelihood of the estimated stresses
being farther away from the actual ones than where the usual
statical methods are used. It only means more labour in arriving
at the results. The most important points in connection with the
transverse strength can be dealt with in a much simpler
manner, by considering the various parts to a certain extent
independent of each other. In the following it is only proposed to
deal with these points. The pressure of the water that the frames
has to bear is, of course, identical with that borne by the plating,
in fact the former receives the load through the latter. In still
water the pressure on the side of the vessel will therefore vary as
the depth below the surfaice. Amongst waves the pressure may be
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considerably increased at or near the load water line, due to impacts
from striking seas. At the keel the pressure may for the present
purpose reasonably be assumed to be as in still water. At some
point above the water line a limit must be found beyond which
striking hodies of water do not usually reach, and where the pressure
will therefore be zero. From the keel to the load line the statical
pressure of the water has, therefore, for seagoing vessels, to be
augmented by a certain amount which it is reasonable to assume
increases in intensity as the water line is approached, and which
at some point vanishes. From the known strength of certain parts
of ships one may roughly estimate a maximum pressure at the load
line due to impacts. In practice upper deck beams have been
found sufficient in scantlings when they were able to carry a load
equal to about three feet of water with an ordinary factor of safety.
At a higher position, bridge and awning deck beams have been
found to be of sufficient strength, when they were able to carry a
somewhat smaller load than the upper deck beams. From the
known strength of rudder stocks which have been found not to
show any signs of twisting, one can roughly estimate what the
maximum impacts of striking seas might be after eliminating the
pressure due to the speed of the vessel. It will be found to be
about } of a ton per square foot of rudder area. There are, there-
fore, rough limits to the pressures that can be applied to the sides
of a vessel in the neighbourhood of the load line.

Let CB, Fig. 7, indicate the pressure due to a steady
head of water, in which case A B is equal to the draught
A C. Assuming that the pressure on the bottom remains as in
still water, A B is constant and represents the entire pressure
at the keel. The curve of pressures including that due to
impacts, ‘must start at B and meet the side of the vessel at
some distance above the water line, let it be arbitrarily taken as
an arc of a parabola touching C B at B, and A C at a distance above
C equal to AC. In that case C D will be equal to} AB. Itis
a reasonable assumption that, the ‘magnitude of the impacts
which a vessel can receive from striking seas depends on-

13
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the size or draught of the vessel, or that CD varies as AB,
because, if the vessel is small, and the wave large, then the ship
will be moved bodily with the water. A curve of pressures con-
structed in this way cannot claim to be entirely satisfactory, but
in the absence of anything better, it may serve the purpose of
establishing a somewhat fairer comparison of strength than
would otherwise be possible, and it should be borne in mind that,
in many problems of comparative strength, a knowledge of the
exact load is entirely unnecessary, and that even a large error
in the estimated pressure may not appreciably affect the com-
parison.

In dealing with the strength of the side framing of a ship,
the double bottom, or even a single bottom with ordinarily deep
floors, may be considered rigid, as its stiffness is immense
compared with that of the framing. Where a deck or a complete
tier of beams is fitted, another practically rigid point may be
assumed if there is a deck above. Both the point L at the bilge,
Fig. 7, and the point E at the lower deck, are practically rigidly
fixed as regards translation either sideways or upwards, in all
vessels baving bulkheads. In assuming them to be also rigid as
regards alterations in the direction of the girders, no serious error
is introduced as long as the arrangement of bottom and decks is
similar in the vessels compared. If a load is moderately evenly
distributed, the bending moments due to it will be practically as
if the same load was distributed quite uniformly over the length of
the girder. In the following processes the bending moments have
therefore been calculated as if the loads were thus uniformly
distributed. Fig. 7 represents a section of a vessel having no
web frames or wide spaced beams. Let the distance between two
bulkheads be I. The total load on the sides of the vessel between
L and E and between the bulkheads is, therefore, equal to the
area L E F M multiplied by {. This load is partly transmitted by
the framing to the decks and bottom, and partly by the stringers
to the bulkheads. If the stringers alone acted, there would
usually be a very large deflection owing to their great length. If
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the frames alone acted, there would usually be a much smaller
deflection owing to their lesser length. As both sets of girders are
firmly connected together, they must deflect together. For a
given deflection it is reasonable to assume that the load carried by
each set of girders is in proportion to that which would give the
actual deflection for the particular set of girders.
Let W be the total load in tons,
d he equal to L E,
a and b the parts borne respectively by the frames and
stringers, and
3 the deflection. Then:—

o o as
O =C€C—ao—e = € -5
I,

Where I, and I, are the moments of inertia in inches 4 of all the
frames and all the stringers respectively in the hold considered,
including, of course, the shell plating, and ¢ is a constant.
Therefore : —

u LB .
@ + b= W tons, and ;= ﬁs = say m.
Hence ¢ = —* _ W tons, andb = — 1 W tons.
n 41 n + 1

The part of the load carried by each set of girders is thus
determined, and the stress on each set can be estimated in the
ordinary way :—
Let r be the frame spacing in feet, and
i, the moment of inertia of one frame in inches 4. Then :—

n ) (LEFM
r

. d
Stress on framing = ( ) tons per 8q. inch

n+4+ 1 35
i/ )
(/y 7
( 1 ) (JGHK)P
. 1 35 :
Stress on bottom stringer = A= + tons per sq. in.

(),
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A proper amount of plating should always be included in the
estimate of the moment of resistaace both for frames and stringers.
With ordinary lengths of holdsit will be found that the part of the
load carried by the stringers is infinitesimal. It is only when the
length of hold approaches the depth of hold that the stringers take
an appreciable part of the load, as in the case of oil vessels and
deep tanks. For ordinary vessels, the frames may be assumed to
take the entire load where the stringers in the hold are not
supported by beams or web frames. Let the 340 feet vessel,
taken as an example, be fitted with deep framing below a middle
deck, as shown in Fig. 7, in a hold 60 feet long. The ratio
n then works out at 480, or only ;}; of the load is borne
by the stringers. The stress on the framing, calculated in the
above manner, is 3:67 tons per square inch amidships, assuming
the depth d or LE to be taken from the last rivet in the floor
bracket to the lowest rivet in the beam knee, and the bending
moment being equal to that of the load L E F' M, distributed
uniformly over the length of the unsupported frame. At the ends
of the vessel the stress will be increased very considerably accord-
ing to the amount of sheer given to the vessel.

In a bold with web frames, as shown in Fig. 8, the ratio
between the loads carried by the framing including the webs and the
stringers respectively, may be determined as above in the case of
deep framing. The moment of inertia of all the frames, including
the web frames, and the moment of inertia of the stringers, must

be estimated as before. Therefore, again :— .
¢e=_"_W tons, and b = 1 W tons.
n+1 n+1

As with deep framing, the greater part of the load will be
carried hy the web frames to the deck and bottom, and the
smaller by the stringers to the bulkheads, except where the
length of hold approaches the depth. The total load on the

LEFM
side of the vessel is -(—3-5——)—1- The part carried by the webs

and frames in bending between L and E is :—
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n (LEFM)
AT 35 1 tons,
The part carried by the stringers in bending between the
bulkheads is :—

1 (JGHK)
I Sl T | tons.
The remainder of the load on the stringers, or the part that is
carried through the stringers to the web frames, is:—
n  (JGHK)
n+ 1 35
where /; is the spacing of the webs in feet. This latter part of the
load has to be transmitted from stringer to stringer by ordinary
frames bending between these supports. The load carried by the
ordinary frames at the lower span is therefore : —

n (I,NOM,)
e 35 ! tons.

}, tons,

The bending moment on the web frames, including the
frames, is :—

n (LEFM) inch
e 35 ! d inch tons,

when d is the depth L E.
The bending moment on the stringers is: —

1 JGHK) , n  (JGHEK),? .
TFi% 2+ i i l, inch tons.

The bending moment on the ordinary frames between the
stringers is :—
L GEBEM) g, 0 (L, NOM,)
n+ 1 35 n+1 35
Where d, is equal to LN. If » is the distance between the
frames in feet, then the bending moment on one frame is :—

1 (L,EFM n (LNOM,)
"+1° 3 Fi~ %

ld,.

r d, inch tons.

‘)rd+”



198 METHODS OF ESTIMATING THE STRENGTH OF SHIPS

LetI,, +r and I, be the moments of inertia in inches * of the webs
and frames, and of the stringers respectively, and let i, be the
moment of inertia of one ordinary frame. Then:—

n (LEFM)
n+1 35

().,
19)war

1 (GHK) 4 n_ (JGHK) l"
Btresson _ 7 + 1 35 n+1 35 1

ld
Stress on webs =

tons per square inch.

s = __tons
stringers T I/ squl:.rete
( /_1/), inch.
1 (LEFM)) n (L,NOM,)_ .
Stresson_n + 1° 35 —rd + n+1 35 i tons
frames i/ per
( 8] ),f 8q. in.

Let the 340 feet vessel have web frames, stringers, and frames,
as shown by Fig. 8, in a hold 60 feet long. The ratio » is, under
these circumstances, 287, and the stresses are 4°65, 1:74, and 1-:04
tons per square inch on the webs, stringers, and frames respec-
tively, the depths d and d, being taken amidships. At the ends
of the vessel the stresses on the web frames and on the frames
will again be increased according to the amount of sheer given
to the vessel.

Where wide spaced beams are fitted, they may be con-
sidered as forming rigid points, as far as the framing and
stringers are concerned. Although a deep-plate stringer gives a
very rigid support to the frames between two wide spaced beams,
it will, nevertheless, deflect to a certain extent when subjected to
a load. Part of the pressure (a) will, therefore, be carried
through the frames, as before, to the deck and bottom, and part (3)
through the stringer to the wide spaced beams. Using the same
symbols as before, then :—

n 1
)= —— .
“+1Wtons,and h 1‘+1Wtons

0 =
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Owing to the reduced fore-and-aft span, and the increased
depth of stringer, the greater part of the load will now be
transmitted through the stringers to the beams, and the smaller
part through the frames to the deck and bottom. The bending
moment on the deep-plate stringer, Fig. 9, is, ! being the distance
hetween the wide spaced beams:—

1 (JGHK) 4 :
TEI 35 12 inch tons.

The load transmitted through the framing between the deck
and the bottom is : —

n (LEFM)
T3 | tons, .
The bending moment, due to this load distributed over the
length L E, is :—
n LEFM
n+1 ~ 35
The remainder of the load which is carried by the stringer has
to be transmitted to the stringer through the frames bending
between the stringer and the bottom, and between the stringer
and the deck. The load carried on the frames between L and N
is, therefore :——

! d inch tons.

1 (LNOM)
o 5 I tons

The bending moment due to this load is : —

1 (LNOM),

o 55 d, inch tons,

d, being the distance from the top of floor brackets to the deep
stringer. The total bending moment at L is, therefore:—

n (LEFM)
n+ 1 35

1 (LNOM)

i 35 ! d, inch tons.

ld +
n
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Consequeatly if r is again the frame spacing, in feet, then :—

n (LEFM) , . 1 .(LI;gM)rdl

Stress on framing =" + 1 85 _nt !
’ 1
(/y)/
1 (JGHK),
n+1 35

Stress on stringer =

)

With ordinary depth of hold stringers, the second part of the
bending moment on the frames will usually be found to be the
most important one. The bilge stringer may be ignored, as it
will have no direct influence on the stress on the framing. In the
840-feet vessel, the value of = will now be only -133, and the
stresses will be 3-74 and 1-36 tons per square inch on the frames
and stringers respectively.

In the above the framing below a middle or lower deck has
been considered. In the 'tween decks the same method might be
applied, but, in addition to the stresses thus determined, these parts
of the frames will have to bear the bending moments thrown upon
them by the upper deck beams. With an eflicient distribution of
material the strength of the frames in the 'tween decks should not
be less than that of the upper deck beams, as it has to resist at
least the same bending moment. A minimum size of frames is
thus determined apart from what the pressure on the side of the
vessel might require. In single deck vessels the same considera-
tion ought to be borne in mind, as it is in such vessels of little
use to have beams attached to frames of very much smaller
dimensions, or vice versa.

The above method of estimating the strength of the side
framing of a ship cannot, of course, be considered either exact or
complete; but it includes probably the chief factors affecting
the question, such as the depth and length of hold, the size and
number of stringers, the spacing of webs and strong beams, the
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draught, the impacts from striking seas, and the size of the upper deck
beams. The method is simple in its application, and where other
things are similar, such as the stiffness of decks and bhottoms, it
probably gives results practically as near the truth as any that
might be obtained by more complicated methods. The most
important element it ignores is probably the variations in the loads
that may be carried by the bottom, due to changes in buoyancy
and loading.

The bottom of a ship is supported along the edges by the sides of
the vessel, and, at the ends of a hold, by the transverse bulkheads.
The support derived from pillars will usually be small and may be
ignored. If the pressure of the water on the outside is equal to
the load of cargo on the inside, and the weight of the bottom is
neglected, then the stresses will be simply compressive. If these
forces do not balance each other, the bottom will bend between
the supports, as the side of the vessel was assumed to bend between
its supports. In a fore and aft direction the bottom will bend
between the bulkheads, as if it were held rigidly at these points.
In a transverse direction it will bend as if only supported by
the sides of the vessel. If the breadth therefore is equal to the
length of the hold, the greater part of the load will be transmitted
to the bulkheads and the lesser to the side framing, because, for
the same deflection, the load carried by a girder supported only at
its ends will be only } that carried by a girder held rigidly at
the ends.

If W, and W, are the loads carried in a transverse and longitu-
dinal direction respectively,

I, and I; the moments of inertia of corresponding sections of

the bottom, and
! and b the length and breadth of the hold, then :—
w, IL B
W, T 51, ¥

and W, 4+ W,; = W, the total load.
The bending moments and stresses on the bottom can therefore
be determined on the above assumptions. In the middle of the
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bottom the resultant of the stresses in the two directions should be-
taken. In a 60 feet hold of the vessel 340’ x 50’ x 28-5’, the ratio of

—%:} is 1-38 for an ordinary double bottom, and,
W, = 58W, and W, = 42 W.

Let W be the pressure on the bottom due to the head of water,
viz., 22 feet, and, neglecting the weight of the bottom, the fore
and aft compressive stress on the inner bottom plating at the-
ends of the hold is 4:58 tons per square inch. The tension at the
middle of the hold due to longitudinal bending is 3 tons, and
that due to transverse bending is 2-29 tons, the resultant is, there-
fore, 3-76 tons per square inch. It is not often that a hold would
be entirely empty while the vessel was at her load draught as.
assumed, but it may occur when the vessel is light and amongst
waves, and in any case a different method of loading the bottom is.
easily allowed for in the estimates of the stresses. When it is
only a question of comparing the strength of the bottom of one
vessel with that of another, it is convenient to assume the hold
empty, and probably as satisfactory as any other arrangement of
loading that might be assumed.

When the loads are known the stresses on the beams, pillars, and
girders under decks, can be estimated by the usual formuls for
girders and stanchions. @ The most uncertain factor in the
estimates is the amount of the load due to falling bodies of water-
on the weather decks, and to reactions caused by the motion of
the vessel. The higher the weather deck is above the water line
the less will be the amount of water that falls on the deck. The
height in ccnnection with the locality the ship is to trade in ought,
therefore, to govern the factor for the weight that may have to be
borne by the weather deck beams. The rolling, pitching, and heaving
reactions will depend in the first instance on the state of the sea.
and weather, and only in the second degree on points connected
with the design of the vessel. The amount to allow for:
these forces ought, therefore, to depend entirely upon the locality
the vessel is intended for, and it would be very desirable if some-
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more definite information than is at present available could be
established by experiments or otherwise with regard to these
points.

LoNGITUDINAL BENDING.

The plating and framing of a ship must under any circum-
stances be submitted to the principal stresses so far dealt
with, even though the vessel may be at rest in still
water. It is possible. that there may be other stresses, such for
instance as those due to longitudinal bending of the vessel as a
whole. This action will take place, if the fore and aft distribution
of weight and buoyancy does not balance at each point, and only
then. In long vessels there may, in a sea-way particularly, be a
considerable difference between the weight and buoyancy at the
various points, and consequently the bending moments set up
thereby may be very important. The usual method of estimating
the effect of such actions is probably as satisfactory as can be
expected. It takes account of the essential factors, such as the
variation in the fore and aft distribution of the weight and
buoyancy, the moment of inertia of the cross section, and to a
certain extent of the locality of the waters frequented in so far as
that may be included in the height of wave assumed in the calcula-
tions. It would, however, also here be advantageous if the method
could be standardized somewhat. As it is, the bare statement that
there is such and such a stress on the gunwale of & ship conveys
very little meaning, unless all the particulars are stated with
regard to the method of calculating it. In the moment of inertia
calculation, it would be desirable to include only all con-
tinuous steel material, and to make no correction in the moment
of inertia itself due to rivet holes, as that would imply a jumping
up and down of the neutral axis at and between the frames;
an impossible state of affairs. The usual method of assum-
ing the height of the wave to be in a constant ratio to the
length, is also not so satisfactory as it might be, as the larger the
waves are the less their relative height is likely to be. To assume

— .
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2 height equal to the square root of the length would probably be
a fairer method of determining this factor for ordinary sea-going
vessels, t.e,, fairer in the comparison between the stresses on
short and long vessels. The height of the wave in proportion to
its length ought, however, to be governed also by the loeality,
and bere again it would be desirable if some more definite
information could be established as to the relative heights of
waves in the open ocean and in the more or less closed-in spaces
of the sea, such as channels, estuaries, etec.

The ordinary method of calculating the shearing stresses, due
to the uneven distribution of weight and buoyanecy in a fore-and-
aft direction, is probably also as satisfactory as need be under
present conditions.  Although the entire question of the longi-
tudinal bending of the vessel as a whole may thus be said to be
solved, it i8 not so in an exact sense any more than the problems
of the strength of the plating between the frames and the strength
of the frames themselves can be said to have been solved. In
respect to the determination of the forces producing the strain-
ing, all these problems are in the same state of exactness, or
inexactness, as it is the identical forces that produce the local
transverse and longitudinal straining, whether they be due to
static or dynamic causes. The distribution of the bending
moments and shearing forces can be determined by ordinary
statical methods in the case of the fore-and-aft bending of the
structure. The distribution of the bending moments on the
framing can only be found by employing methods other than the
usual statical ones, but that in itself does not imply any greater
probability of discrepancies between the actual and the calculated
stresses. At the discontinuities in the transverse girders all the
conditions, on which the estimates of the stresses are based, are
upset, and elements of uncertainty are introduced ; but it is exactly
the same at the discontinuities in the longitudinal strength as at
the ends of the bridges, at deck openings, or at doors in the side
of the vessel. The ordinary method of dealing with longitudinal
stresses neglects one important factor, viz., the distance between
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the frames and beams, and between the longitudinal girders when
the plating is in compression. It is evident that plating of the
same thickness will yield at greatly different amounts of com-
pressive stresses according as the spacing of the local stiffeners is,
say two feet or four feet. A comparison, however rough, which
takes account of this fact, is, therefore, better than one that
neglects it. Until a better method is suggested, the usual pillar
formula may conveniently be adapted for this purpose.
Let p be the calculated direct compressive stress,

p %, the total stress,

! the distance between the frames or beams, and

{ the thickness of the plating, then :——

_ I\ 1
no=p (l + (?) m).

Let b be the distance between the longitudinal girders. If it be
assumed that the bulging, which necessarily takes place in the
plating under compression, is distributed to the local supports at
right angles to each other in the same ratio as the bulging due to-
normal pressure, then :—

G)
n=p 4 LM

In this way & rough account is taken in a simple manner of the
important effect of frame, beam, and girder spacing, on the com-
pressive stresses due to the longitudinal bending of the structure:
as a whole. It is not to be understood that the above formula
really indicates the exact conditions. The stress need not
actually be increased where the plating has the greatest tendency
to bend, and it may even be less there than elsewhere, but at some
point the stress will be increased in some such ratio as indicated
by the formula, where the spacing of the girders is increased.

It is an important question to decide how far it is necessary to
combine the various estimated stresses on the plating, framing, and
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structure as a whole, in order to obtain a proper resultant stress
for comparison. Generally speaking the maximum stress on
the plating itself will be in the bottom, and the maximum stress
on the framing in the side of the vessel. Moreover, the stress on
the plating due to the bending of the frames is not very great, and
is usually at right angles to the local stress on the plating. The
strength of the framing may therefore be considered as practically
independent of the stress on the shell plating. The stress due to
the longitudinal bending, although not affecting the transverse
stress materially, may have to be added to the local stress on the
bottom plating. The-tension due to the normal pressure of the
water will exist mainly in the plating between the longitudinal
girders, and it must be balanced by the corresponding amount of
compression on the fore and aft girders themselves and on the
neighbouring plating. If, therefore, the stresses due to the main
structural bending are superimposed upon the local ones. then it
will be seen that when the former are compressive, they will add
to the latter in the regions of the longitudinal girders, but when
they are tensional they will add to the local stress on the shell
plating between the girders.

CONCLUSIONS.

The making of comparative strength calculations is not entirely
satisfactory, as long as the comparison is confined to one particular
point, such as the necessity of having sufficient material
to resist the effect of giving a vessel great length. It is
desirable as far as possible to give equal attention to all equally
important points of the structure. It would appear most natural
to deal first with the strength of the shell plating itself, then
with that of the transverse framing, including beams, etc., and
finally to consider the additions that may be necessary on account
of the length of the vessel. The methods that can be adopted for
the estimating of the strength of the shell plating itself and of the
framing, give results probably as near the truth as those arrived at
by the usual method of estimating the effect of the longitudinal
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bending of the vessel as a whole. The employment of such a
general method of comparison, even though it may be defective in
detail, would be desirable in itself, as it affords a basis whereby the
results gained by experience can be compared, and whereby it may
be possible to gradually assign more definite values to the
effects of rolling, pitching, and heaving reactions, impacts from
striking seas, height of waves, etc. The fact that the stresses
due to the main or essential straining actions are often very
high proves that, the effect of other and complex actions must
often be much overrated. Although the problems cannot
be solved with scientific exactness, the methods available are
probably satisfactory for the present requirements of practice,
and have not at any rate so far been used to their full
advantage. Experimental investigations are," nevertheless, very
desirable, particularly with a view to determine the forces
that act on a vessel in a sea-way more exactly than is possible by
the rough results gained by experience where structures have
broken down. The tendency to adopt special types of vessels for
ordinary work, or ordinary vessels for special trades, must in future
make it more and more desirable to improve the methods of
strength comparison, in order that they may be efficiently employed
in deciding whether ships under the changed conditions require
more or less strength than the previous vessels with which
experience was gained. It will, on the other hand, require con-
siderable improvements in construction and considerable changes
in the present uncertain methods of distributing the cargo in a
ship, before scientific exactness becomes necessary in the practical
methods employed in arriving at the required strength. Under
any circumstances better results are likely to be obtained by usi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>