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ADVERTISEMENT.

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




MEMORANDUM OF ASSOCIATION

OF THF

INSTITUTION OF ENGINEERS AND SHIPBUILDERS
IN SCOTLAND.

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

| Zd The Registered Office of the Associution will be situate in Scot-
and.

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
scienco 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 otherwisc 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 Servants of the Association, or
w any Member of the Association, or other person, in return for any
services vendered to the Association.



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 Member 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 he 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—

Davip RowaN, 217 Elliot Street, Glasgow, Engineer.

W. J. MACQUORN RANKINE, C.E,, LL.D., &c., 59 St. Vincent St., Glasgow.
M. R. COSTELLOE, 26 Granville Street, Glasgow, Measuring Surveyor.
BENJAMIN CONNOR, 17 Scott Street, Garnethill, Engineer.

JAMES DgAs, 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 Special Resoluti .
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ARTICLES OF ASSOCIATION

or THE
INSTITUTION OF ENGINEERS AND SHIPBUILDERS
IN SCOTLAND.

SecrioN L.—PRELIMINARY

1. For the purpose of registration, the number of
Members of the Institution is declared unlimited.
2. These Articles shall be 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 the
in the Memorandum of Association.

SkctioN II.—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 whomaybe
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 whomaybe
shall be persons not under 22 years of age, who have Apesiste
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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 adnission 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 trcated 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.L.E.S. ; for Associate Mem-
bers, A.M.LLE.S. ; for Associates, A.LLE.S. ; for Students,
S8.LLE.S.; and for Honorary Members, HoN. M.LE.S.

18. 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
vhe 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 proposal, 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 entitled
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 the
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
a8 & Member (or Associate Member or Associate or
Student or Honorary Member as thc case may be).
Thereafter the new Member, Associate Member, Associate,
Student or [Ionorary Member shall sign the Roll of
Members, etc., to he kept by the Secrctary, and on
making payment of any fees or subscriptions due he
shall be entitled 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 Council, or be
rejected on being balloted for, no notice shall be taken
of the proposal in the Minutes of the Geeneral 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-
BEARERS.

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 be 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
year only, but shall be eligible for re-election at the
expiry of the year.

19. Members only shall be eligible for slection 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
election as Ordinary Mecmbers 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
officiv Honorary Members of Council.

23. The Office-Bearers in oftice 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 clected in terms of these Articles, Such Office-

4
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Bearers shall be eligible for election for the new Council.
Of the new Council, two Vice-Presidents shall retire in
October of each of the years, 1903, 1904, and 1905,
their places being filled by election, 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 50 on thereafter 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 Council 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,
nor shall a retiring Vice-President be eligible for elec-
tion as a Member of Council until one year has elapsed
from the date of retiral.

24. The Members of Council shall be elected 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 Ist 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
be entitled to vote.

25. In March of each year the Council shall meet and
prepare a list of names for the election of Council for the
cnsuing year. This list shall be submitted to the
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Members at the Monthly Meeting preceding the Annuat
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 the list shall serve as a ballot
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 8o 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 not be eligible for
re-election.
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8Ection IV.—POWERS AND DUTIES 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 ex 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 an addition 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-
ments 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.

" Sction V.—SECRETARY AND TREASURER.

33. Subject to regulation by the Council, the Secre-
cary (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 eash 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 Institution, and of the receipts
and payments of each financial year, 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.

35. 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 embody reports from the
representatives elected by the Council to various official
bodies.

SkctioN VI.—AUDIT OF ACCOUNTS.

36. An Auditor, who must be a Chartered Accountant
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-




ARTICLES OF ASSOCIATION

ment along with the Audit and Annual Report, shall be
printed in the notice calling the First General Meeting of
the Institution in October, and shall be read at that
meeting.

Secrion 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 Meeting, nunless 25 Members shall be present.

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

(1) Minutes of last meeting.

(2) To read and consider the reports of the Council
and Treasurer.

{3) The meeting 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 Scrutineers shall then retire and verify the
Jists 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
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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 then
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 Zransactions,
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
[nstitution 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 Transactions.

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

LEach Associate shall, on election, pay an entrance feo
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 snbscription or entrance fee.

43. 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 payment 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 are transferred. All
persons who, as Members or Associates under the former
Articles of Association, had commuted their Annual
Subscriptions by a capital payment to the Institution
shall not be liable for any subscription, notwithstanding
the terms of this Article.

50. Annual Subscriptions shall become due on the
first day of October in each year, and must be paid
before 1st January following.

51. No Member or Associate Member or Associate,
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 Necretary. 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- retiring from¢
-dentretiring from the Institution, shall continue tobeliable
for annual subscriptions until he shall have given formal
notice of his retirement to the Secretary. Contributions
payable by Membors, Associate Members, Associates or
Students, shall be debts due to the Institution, and may
be recovered by the Treasurer.

54. In the case of any Member or Associate who has m%h
been long distinguished in his professional carcer, but ocertain cases.
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.

55. The Council may refuse to continue to receive Councilmay
the subscription of any person who shall have wilfully semeictioe e
acted in contravention of the regulations of the Institu. i cases:
tion, or who shall, in the opinion of the Council, have
been guilty of such conduct as shall have rendered him
unfit to continue to belong to the Institution, and may
remove his name from the Register, and he shall there-
uapon cease to be a Member, Associate Member, Associate
or Student (as the case may be) of the Institution.
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SkcrioNn 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-
oiates, 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 be 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.

8kcrioN X.—NOTICES.

58. Notices requiring to be served by the Institution
upon its Members, Associate Members, Associates,
Students, or Honorary Life Members, may be scrved
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 Upited 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 Ixtraordinary 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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adjonrned meeting is held. Such notices shall specify
the nature of tho 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 lcast four days before such meeting.
Notices for the meetings of Committees shall be given as
the Council shall direct.

61. In computing the #nducie of any notice the day
on which the same is delivered shall be reckoned as
an entire day

APPENDIX.
Form A.
Form of Recommendation and Undertaking.
A. B.............. 4] SN being upwards of .........

{nears of age and being desirious of belonging to the
stitution 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.

Dated this............ day of............ 19

We, the undersigned, from personal knowledge, concur
in the above recommendation.

I, the said A B., do hereby promise that in the event
of my election I will abide by the Rules and Regula-
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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ForM B,
Form for Transfer from one Class to another.

A.B........... 4} S .baving been a............
of the Institution of Engineers and Shipbuilders in
Scotland for.......ceveenunens years, and being desirous
of becoming &....ccceecvirvennianianene. of the Institution,
we, from personal knowledge, recommend him as in
every respect worthy of being elected a...............
of the Institution.

I, the said A. B, do hereby promise 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.

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

............................. President (or Chairman).

Dated this.......... daY Of evve.ryonnl9



BYE-LAWS.

MEDALS AND PREMIUMS.

1. Each of the two Medals founded by subscription,
for the best paper in the Marine and Railway Engineer-
ing Departments respectively, shall be awarded by the
vote of a General Meeting, 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 Railway 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.

8. 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 Council 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
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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 A8 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 p.m. 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 Holidays from the 11th 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.
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11. The books marked with an asterisk in the Cata- Bocksfor

{ogue shall be kept for consultation in the Library only,
and shall not be 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
his initials to the date of the return of the book or
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
notice.

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
bis subscription to the Institution shall be at liberty to
use the Library or Reading Room.
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{ime bocksmay 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 book be kept longer than twenty clear
days.

Lota to be 20. In the event of two or more persons applying for

drawn when two
mayapply for  the game book at the same time, the applicants shall

the same book.
draw lots for priority.

Istroduction of  21. Each Member shall be entitled to introduce a friend

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

Aooual seruting 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 notice
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.

NoTE.—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. WILLIAM MELVILLE.
ProF. A. BARR, D.Sec. JOHN STEVEN.
W. A. CHAMEN. JOHN WARD.
EDWARD H. PARKER,
Secretary.

215t April, 1903.




IN STITUTION
ENGINEERS AND SHIPBUILDERS

IN SCOTLAND

(I¥CORPORATHD).

FORTY-NINTH SESSION—1905-1906.

INSTALLATION OF THE PRESIDENT.

24th Oclober, 1905.

Mn Jomn Wamp, Vice-President, said he regretted that con-
tinued illness prevented their late President, Mr Archibald
Denny, from being present that evening and introducing to them
his suocessor, Mr James Gilchrist. Since noon of the previous
day he (Mr Ward) had travelled & good many hundred miles in
order to be present that evening, to join them in wishing for their
friend and new President a very helpful, happy, and prosperous
term of office. ~Mr Denny was about to leave for Egypt in search
of health, and he had been requested to tell the Members how very
real and lasting was the regret Mr Denny felt at his inability to fill
the Chair. They all knew what it was at some time or other
to be laid aside, perhaps for a week, or a month, or even longer,
but when the months slipped into years, as they had done in their
late President’s oase, it became very hard to bear. Had Mr
Denny been able to fill the Chair he would have justified the
hopes they had regarding him when they gave him that honour.
It was hoped his sojourn abroad would bring him renewed

1
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health, and should this be so, he could be counted upon to do his
utmost in the days to come to help the work of the Intitution, of
which they were all so proud. Illness was not a desirable thing,
but one effect was to link closer together those who took up the
work when the leader or chief fell out of the ranks for the
time being. Mr Denny had asked Mr Gilchrist, when he felt
ill-health coming upon him, to aet for him as Chairman of the
Council, and during that time Mr Gilchrist had fulfilled the
duties attached to that office faithfully and well. It had been a
good apprenticeship for the honour which had now come to him—
an honour which he was quite sure Mr Gilchrist valued very
highly. Mr Gilchrist was the unanimous choice of the Members,
and they believed he would fully justify by deeds their faith
in him. There was no need for him to formally present Mr
Gilchrist to the Members. Those who knew him longest esteemed
him highest. He had grown grey in the profession, and ranked
to-day as an outstanding captain of industry of engineering and
shipbuilding. From the experience garnered in the past years,
Mr Gilehrist should prove a very faithful help and strength to the
Institution and its Members. @ Without further words, he had
very much pleasure, indeed, in introducing Mr Gilchrist as their
President, and again wishing for him, in their name, a. most
happy and prosperous term of office.

The PRESIDENT took the Chair amid continuous applause, and
said he was not quite sure how to express his thanks for the
extremely kind manner in which they had received the remarks
which had been made by his good friend Mr Ward. Those
remarks had been more than kind, and he could only hope that
during his term of office he would so conduct himself as .to give
satisfaction to the Members. If he could manage that he would
do well. He thanked the Members very much for the kind appre-
ciation of the remarks which Mr Ward had made, and to Mr
Ward for the more than kind way in which he had said them.




PRESIDENT’S ADDRESS.

GENTLEMEN,—On taking the chair for the first time as your
President, I have to thank you for the great honour you have con-
ferred upon me ; but I approach the duties with fear and trembling
and a deep sense of my own unworthiness, especially when I look
back upon the long list of presidents who have preceded me, men
who were in the front rank of their profession, and distinguished
by their high seientific attainments—and although many of them
have passed away, their works remain as a valuable legacy.
When I think of what these men have been to the Institution, and
compare their work with my best efforts, I fear I shall come far
short of your expeotations. Fortunately, I have exceptionally able
oolleagues as members of my Council, who are deeply interested
in the welfare of the Institution, and upon whose help I can con-
fidently rely.

For the last two years the Institution has been deprived of its
President, owing to severe and long continued illness. In
April 1904, when arrangements were being made for the annual
-election, Mr Denny had so far improved in health that he antici-
pated being able to take up the duties of President in October.
Consequently, he was unanimously re-elected, but when the
opening of the Session arrived he was not sufficiently strong to
take up the duties. Mr Ward (our good friend and Vice-President)
occupied the chair, and in his opening remarks said that Mr
Denny was then improving, and that complete recovery would
.come in due time. Naturally, everyone was buoyed up with the
hope of his return to the Presidential chair; but, unfortunately,
last Session slipped past, and still he was not. Mr Denny
has suffered much bodily pain, and I am sure that the disappoint-
ment at the non-fulfilment of his cherished hope to carry on
the work of the Institution as he intended, has given him
4 deal of mental anxiety, which very probably may have retarded .
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his recovery. I understand that, although not yet restored
to his usual health, he is making satisfactory progress. He has
all the sympathy and best wishes of the Members, and I fervently
hope that, ere long, he will again be able to attend the general
meetings.

The Institution is now entering on the forty-ninth Session, and
it is pleasant to know that it is still progressing, not only in
respect to membersship, but also in the matter of finance. The
large influx of Members to the Institution has given the Coun-
cil a great deal of concern, owing to the present premises being
too small for their accommodation. These buildings are held
conjointly, one-half each, by the Royal Philosophical Society and
the Institution of Engineers and Shipbuilders in Scotland, and
were formally opened in 1880. At that time they were
considered large enough for all the purposes of both Insti-
tutions, but as the membership of both Societies has greatly
increased, your Council considered that a separation of the
two bodies was expedient, and that either one or the other should
take over the existing premises. Accordingly, during the last
two years many meetings have taken place between representa-
tives of the Royal Philosophical Society and of the Institution,
with the view of coming to some amicable arrangement. It was
ultimately decided to offer the Royal Philosophical Society a
certain sum for its interests, or that it should accept the same amount
for the Institution’s rights. The Councils of the two Societies agreed
upon the latter course, and it now rests with the Members of each
body to ratify the action of their respective Councils. The agree-
ment, which has been signed by both Councils, is that the Philoso-
phical Society pays the Institution £4,000 for its half share of the pro-
perty, and that the Institution shall occupy the premises as tenants
for two years at a rental of £100, plus £120 for services rendered,
making in all £220 per annum. As already stated, this agreement,
however, requires the confirmation of the Members of both bodies,
and for this purpose, special or extraordinary meetings will be
called. At present, it would be rather premature for me to say
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anything further. The Council of the Institution has appointed
a small committee of gentlemen, experts in land and property,
who are looking out for a site suitable for its requirements, and
soon, such a scheme as will recommend itself to all, will be placed
before you. I may say, however, that the Council are desirous of
erecting & building, commodious within, handsomely designed, and
one worthy of the Institution, and which will also be a lasting
ornament to the greatest engineering and shipbuilding city in the
world.

In connection with the proposed removal, it may be
interesting to place on record the number of Members on the
voll at the dates of previous removals. The Institution
was founded in 1857, and meetings were held in Anderson’s
University, 204 George Street, Glasgow, the first President
being Professor W. J. Macquorn Rankine, C.E., whose works
on civil and mechanical engineering are known throughout the
world :—

Sesston, 1857-58.

Members, 118
Associates, 1
Graduates, 8

127

In 1868, during the Presidency of the late Mr J. M. Gale, the
place of meeting was removed to the Corporation Buildings,
Dalhousie Street :—

Session, 1868-69,

Members,... 318
Associates, 49
Graduates, 14

376

An increase of 249.
Then, again, in 1880, when the late Mr J. L. K. Jameson, of the
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famous firm of Randolph, Elder & Co., was President, the present:
buildings were opened :—

Session, 1880-81.

Members, 378
Associates, 85
Graduates, 128

541

A further increase of 165.

At the close of last Session, the numbers were as follows :—

Sessim, 1904-05.
Members, .. 1081
Associate Members, ... 127
Associates, 91
Students, ... 202

1451
An increase of 901 during the occupation of these buildings.

From such a large membership, changes in the roll must be
expected, and I regret to say that during the past year, death
has removed from our midst ten Members :—James Foster, James
Gray, E. Hunt, David M‘Call, John F. Miller, Edmund Mott,
William Robertson, G. L. Watson, John J. Wilson,and John Young;
one Associate Member—George Anderson; and one Associate—
James Napier; of whom you will find special mention in the
Obituary of last Session’s Transactions.

Since the last volume was printed, two more of our old members
have passed away, Mr Thomas M. Welsh, the engineering partner of
Messrs A. & J. Inglis, Litd., who died on 25th September, 1905,
aged 70 years; Mr Welsh joined the Institution in 1869. On the
same day, Mr James Anderson, of Messrs Lees, Anderson & Co.,
died, aged 59 years ; Mr Anderson joined as & Graduate in 1874,
and became a Member in 1880. The Institution has also lost The

e ————



PRESIDENT’S ADDRESS 7

Right Hon. Lord Inverclyde, an Associate. He died on 8th
October, aged 44 years. Although his lordship only joined
the Institution in 1904, it, in common with the community of
Glasgow, mourns his loss, for the Counecil hoped, and he had prom-
ised, that he would take a deep interest in the welfare of the
Institution, but it was not to be.

With your permission, I should like to allude to some of the
papers which have been read during the past two Sessions.
During 1903 and 1904, ten papers were read, and last Session
nine, embracing such subjects as Superheated Steam, Valve Gears,
Marine Propellers, Properties of Radium, Mercury Vapour Lamp,
Uses of the Integraph for Ship Calculations, Railway Crossings,
Motor Cars, The Smoke Problem, Repairing Engines at Sea,
Transmission of Power by Ropes, Steam Turbines, Estimating
Strength of Ships, Compounding Locomotives, Gyroscopic Aoction
of Steam Turbines, and Gyrostats and Gyrostatic Action. These
papers, covering a large variety of subjects, were extremely inter-
esting and instructive, several of them bringing forth lively dis-
cussions, which were carried on in the friendliest spirit. The
authors well deserve, as they have already received, the thanks of
the Institution.

Many people not associated with the Institution are under the
erroneous impression that because the word ‘¢ engineers” is
coupled with shipbuilders in the name of the Institution,
that it only allows marine engineers to enter its ranks.
I would request every one to correct this error on every possible
occagsion. It will- be seen that the list of Members contains the
names of marine, land, locomotive, mining, hydraulic, sanitary,
gas, and electric engineers, also a large number of civil engineers ;
consequently, the word ‘‘engineers,” as used by the Institution, is
of the most comprehensive character. Having, therefore, such a
large -field to draw upon, the Council desires the hearty co-
operation of every Member in endeavouring to add to the roll,
practical and scientific men from each of the aforementioned
branches of engineering.
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Of the value of such an Institution as this there can be no
doubt. Those who are engaged in designing and construction
work, of whatever kind, have the advantage of bringing their
ideas and their difficulties before their professional brethren
where they can be discussed, and anything unsound fully
criticised. It is only by attending meetings of this kind, and by
reading the transactions of similar societies (many of which
may be found in the Library), that the engineer is enabled to
keep himself informed of the progress of science and the develop-
ment of manufactures. With respect to progress, much has been
accomplished during the last few years. Steamers have increased
enormously in size and power, and the introduction of the twin
and triple screws have enabled the enginner to apply power on
board ship hitherto undreamed of. Consequently the speed of
vessels both in the navy and mercantile marine has been greatiy
increased. The adoption of larger vessels has necessitated the re-
modelling and enlargement of shipyards and engine works, the
ocondemnation of old and obsolete tools, and the substitution of
new and * up-to-date ' plant, driven by electricity instead of
steam.

Steam turbines are now being largely introduced instead
of the triple and quadruple reciprocating engines on board ship, and
the results obtained have been somewhat phenomenal. At present,
the results are known only to a favoured few. Speed has been
well announced, but reliable information regarding initial cost,
upkeep, and coal consumption has not yet been given. To
Messrs William Denny & Bros., Dumbarton, belong the aredit
of introducing turbines into the mercantile marine. They have
spent much time, labour, and expense in bringing turbine-driven
ships to their present efficiency. All honour is due to Mr
Parsons for his indomitable perseverance in perfecting his inven-
tion ; but without the valuable aid of Messrs Denny the turbine
would not have created such a sensation among marine engineers
and shipowners. Quite recently Mr William Gray read s most
interesting and valuable paper, before the Institution of Naval
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Architects, on *“ A Comparison of the Performances of Turbines
and Reciprocating Engines in the Midland Railway Company's
Steamers.” These vessels were built for the Irish and Isle of
Man services; two were equipped with turbines, and two with
reciprocating engines. In that paper, Mr Gray showed that the
best results, so far as speed is concerned, were obtained by the
turbines, that the vibration always present with the reciprocating
engine is entirely done away with, that the difference in weight
is considerably in favour of turbines, and that the saving in
coal by their use is from 8 to 9 per cent. Mr Gray also says—
“The difference in the initial cost of the turbines is not great,
being 14 per cent. of the total cost of hull and machinery.”
That statement I think, requires some explanation, as my firm
offered recently for a steamer having four-cylinder triple-expan-
sion twin-screw engines of 4,800 1.H.P., with an alternative offer
for propulsion by turbines. Messrs Parsons’ offer was 637 per cent.
higher than the cost of reciprocating engines, 44 per cent. higher
for total machinery, and 19 per cent. higher for total cost of hull
and machinery.

Shipowners and marine engineers are looking forward with very
great interest to the performances of the two large Cunard steamers,
«Caronia” and * Carmania.”” These vessels, I am informed, are
of exactly the same dimensions, are built from the same model,
and have the same kind of boilers fitted—the first-named being pro-
pelled by reciprocating twin-screw engines, whilst the latter
has three propellers driven by turbines. As both ships will be
driven across the Atlantic on the same -station, accurate and
reliable results of the most valuable nature will be obtained.
The two large turbine vessels already running on the North
Atlantic have done good work, and are greatly favoured by
passengers owing to the absence of vibration, but it is ramoured
that the coal bill i8 much heavier than was anticipated. To-
night Mr Edward M. Speakman will deliver a paper on the
“ Determination of the Principal Dimensions of the Steam
Turbine, with Special Reference to Marine Work,” from which



10 - PRESIDENT’S ADDRESS

some light may be thrown on the darkness surrounding this
subject.

Since the general adoption of electricity for lighting pur-
poses, many schemes have been devised for the use of this as yet
unknown power. Cranes, lathes, planing machines, drilling
machines, punching machines, shearing machines, and in short,
all kinds of plant, for shipbuilding, bridgebuilding, coal and rock
cutting, or for engineering establishments are now driven by electric
power. The conversion of the old steam plant to the new
electrio plant has called forth the best efforts of electrical experts,
and so far they have every reason to be proud of their achieve-
ments. The citizens of Glasgow, aswell as the inhabitants of many
other cities, also thank them, for without their aid the splendid
systems of tramways would not exist.

Air compressors for pneumatic plant are now coming well to the
front. Most of the large shipbuilding, bridgebuilding, and boiler-
making firms are now using compressed air for boring, riveting,
and caulking, with marked success, and the various makers of air
compressors are experiencing a healthy competition as to who
shall command the market. Undoubtedly, the work accomplished
by pneumatic tools is of a very high order, but, unfortunately, up
to the present time the upkeep of such plant is so great that no
economy (except in time) has resulted. I know that this state-
ment may be questioned, but from my own experience and that of
several of my friends, the fact remains, particularly in regard to
caulking, the economy of time saved being swallowed up by the
cost of the upkeep ‘of the tools. Many engineers of marked
ability are at present ‘‘steeping their brains” as to the best
manner of rectifying these objections, and I am confident that
their united efforts will ultimately be crowned with success, not-
withstanding that the subject involves many difficulties, practical
and theoretical.

Locomotive builders have also been advancing with the times,
and have made giant strides, not so much on any great alteration
in design a8 in excellence of workmanship and efficiency ; and the-
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rapidity with which they now construct locomotives is really
nothing short of wonderful.

Machine tool makers during the last few years have been con-
tinually designing and making tools necessary for the various
requirements of their clients, with marked success. The speed now
attained in cutting material, and the accuracy with which it can
be finished has enabled the engineer not only to produce more work
in a given time, but better work. To machine tool makers,
manufacturing engineers of all kinds owe a deep debt of
gratitude, for without their help the great output and the smooth-
working machinery of the present day could not have been
accomplished.

Gas engines have now been largely adopted on land, many
firms having fitted up special gas producing plant for power
purposes, whilst others use the ordinary illuminating gas of the
district.  This latter plan, being much more expensive, is only
adopted where small power is required. This carries out the
prophetic statement of our deceased and highly esteemed friend
—Mr Foulis—who in his presidential address said—*¢There
can be no doubt that for stationary engines the gas engine
will come more and more into use, supplanting steam engines
and resulting in a great economy of fuel and & purer
atmospbere.” Some of the largest firms now use gas engines with
producer gas for driving dynamos which supply electricity,
both for motive power and for lighting, and I am informed that one
firm has not a steam boiler on its premises. Gas engines with
gas producers are now being made for use on board ship
instead of steam boilers and steam engines. An installation is
now being made in Manchester, for the Admiralty, of 500 B.H.P.,
and thoroughly practical and searching experiments may be
expected from such critics as the scientific staff of that body.
Messrs. Beardmore & Co. are also making gas engines to be placed
in an existing Glasgow steamer, and so great is their belief in its
efficiency that, unless the new installation proves more economical
in every respect than the old engines, the new machinery is to be
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taken out and the old engines replaced. I hope that Messrs,
Beardmore will not be called upon to do such disagreeable work,
but that the anticipated results will be attained. Hitherto, much
trouble and inconvenience has been caused by the tarry residuals
from bituminous coal clogging up the valves and passages, but ere
long efficient purifiers may be made which will overcome this diffi-
culty, for to use anthracite or dear coal makes the system very
expensive.

The Extraordinary Meetings which were held at the close of the
last Session, relative to the requirements of the Board of Trade, as
to the training, experience, and efficiency of young engineers before
being eligible for a second-class certificate of competency, were not
so well attended as the Council expected, consequently the discus-
sion was confined to few speakers, The subject i8 one of vital
importance to the prosperity of the mercantile marine, as no
steamer should be allowed to go to sea without a thoroughly
efficient staff in the engine room ; especially in these days, when
there are so many auxiliary machines on board ship, such as
centrifugal engines, separate feed, bilge, and ballast pumps,
electric, hydraulic, and refrigerating engines, also feed-heaters,
evaporators, distillers, grease extractors, &o., all of which require
special attention, and unless the engineer understands the
mechanism and the nature of the work to be done by each machine,
want of efficiency is bound to result, and the expectation of the
shipowner greatly disappointed. This subject has been consigned
to the care of the representatives of the Institution on the
Consultative Committee of the Board of Trade, and they, along
with their colleagues from the Institution of Naval Architects and
the North East Coast Institution of Engineers and Shipbuilders,
will no doubt bring such evidence before the Board of Trade as
will enable that body to come to such a settlement regarding this
subject as will be satisfactory to all concerned.

In all institutions like this, there are always * grumblers'—
people dissatisfied because everything is done differently from what
they would do. Strangely enough, these are the people who do
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nothing, except complain, and to all such I say—Amend your
ways. The commonest complaint is one regarding the nature of the
papers read; they are either too scientific, or else very un-
interesting. But, gentlemen, the remedy is in your own hands—
correct it at once. The members of the Committee on Papers
deserve the highest praise and thanks for the time they spend in
reading and selecting papers worthy of being put before the
Institution, whilst the contents of the Transactions, year after
year, speak for the excellence of their selection.

I have already referred to the various industries represented
by the Members of the Institution. From these Members there
ought to be no difficulty in getting papers representative of their
work.

Last Session, an innovation was introduced in the form of a
Smoking Concert. Many Members considered that the ordinary
meetings in the lecture hall, once a month, were cold and formal,
and gave no opportunity of association one with another—that,
in short, the friendly feeling and brotherly kindness which should
be characteristic of such an Institution was conspicuously absent.
To rectify this, it was decided to hold a Smoking Concert in
the Grosvenor Restaurant on the 3rd of March. Mr John
Ward presided, and the attendance was highly satisfactory,
about 300 being present. The programme was an excel-
lent one, thoroughly enjoyed, and there was ample evidence
that the success of such meetings was assured. On the even-
ing of Friday, the 13th of this month, another such entertain-
ment took place, over which I had the honour to preside. There
was & much larger attendance than on the former occasion—400
being present, and all agreed that such social gatherings, where
Members could be introduced to each other and freely indulge in
friendly conversation, were conducive in many ways to the welfare
of the Institution, and ought to be regularly continued. In
furtherance of this good object, the Council has arranged to
bold a Conversazione and Dance in the St. Andrew’s Halls on
Friday, the 10th November. Former meetings of this kind have.
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been well patronized and highly successful, and it is earnestly
hoped that the coming one may be the most successful of all.

The Graduates’ Section, or, as it is now named, the Students’
Section, has always been to me of special interest. I became a
Graduate in 1566, and, when in 1874 the Association of Assistant
Engineers, of which Association I was then President, amalga-
mated with the Graduates’ Section, I was chosen as the first
President of that Section. It is, therefore, very gratifying to me
‘o be able to state that our Students’ Section is being carried
on with greater success than ever under the Presidency of
Mr E. Hall-Brown, who has been unremitting in his efforts to
raise the standard of the meetings. Last Session seven meetings
were held, and the papers read were of high merit, extremely
interesting, and such as brought forth lively discussions.
From the Report of the Council, which you have now in your
hands, you will observe that 43 students were elected during the
year, whilst 12 students were transferred to the class of Associate
Members, and 11 to the class of Members. These transfers are
necessary and expedient, as it is on the Students that the future
greatness of the Institution depends. The young engineer of the
present day has indeed many advantages which his forefathers had
no opportunity of enjoying, and as brain power and intelligence
must be dominating features in the industrial warfare of the future,
it is absolutely necessary that he must train his faculties.

The Universities and Technical Colleges of this country have
now been splendidly equipped for teaching the science of
engineering, and up-to-date machinery has: been annexed to them
for imparting technical instruction. Much diversity of opinion
exists regarding the proper period for the training of students
attending such classes. Some say that it should be immediately
after leaving school, whilst others affirm that a more perfect know-
ledge of the theory of mechanics can be grasped after an
apprenticeship and when some knowledge of practical work has been
gained. At whatever time, either before or after an apprenticeship,
it isnow compulsory for success, that every young man must have a
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good theoretical training, for, as I have already said, brain power
and not handiwork is the necessity of the age. Dr. Caird, in his
opening address, said—*‘ It is the opinion of the great majority
of engineers in this country that it is only by a systematio training
in scientific and technical subjects, as well as in business methods
and in workshop management, that we can hold our own against
the vigorous, skilfully directed, and amply subsidised attacks of
our foreign rivals,” and what Dr. Caird said about foreign rivals,
is equally applicable to the vigorous efforts which we all make to
produce work cheaper than our own immediate neighbours. This
rivalry is in many cases to be deplored, although it is unquestion-
ably stimulating, and such Institutions as this, where ideas
are freely expressed and discussed, must in a great measure level
costs of production and minimise rivalry. In an address.
recently delivered by Mr Henry R. Towne, to the students of
Purdue University, he said—* The true function of the engineer is,
or should be, not only to determine how physical problems may
be solved, but also how they may be solved most economically.
The engineer is, by the nature of his vocation, an economist. His
function is not only to design, but also so to design as to ensure
the best economical result. He who designs an unsafe structure
or an inoperative machine, is a bad engineer; he who designs
them so that they are safe and operative, but needlessly expensive,
is a poor engineer, and, it may be remarked, usually earns poor
pay; he who designs good work, which can be exacted at fair cost,
is a sound and usually successful engineer; he who does the best
work at lowest cost sooner or later stands at the top of his profes-
sion, and usually has the reward which this implies.” A
man with a sound theoretical knowledge is undoubtedly a good
man, 80 i8 one with a good deal of practical and administrative
ability, but what is wanted is men having both these capacities,
coupled with energy, zeal, uprightness, and straightforwardness,
in all their actions. )

In conclusion, I might say that employers should train young
men to the best of their ability, and there their responsibility ends.
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Mr D. C. Hamilton.

The after career of young men depends entirely on their own
exertions, but [ earnestly entreat all the Students, to so conduct
themselves, that the honour and dignity of this Institution may be
maintained and recognised as one of the great Technical Societies
of Great Britain.

VoTE oF THANKS.

Mr D. C. HamiuroN (Member of Council) moved a vote of
thanks to the President for his able Address, which was both
interesting and instructive. Some present would, no doubt, have
liked to eriticise and discuss it, but he supposed that that was out
of the question. The President had mentioned the Graduates’
Section, and had told them that he was the first President of that
Section. He (Mr Hamilton) was a graduate at the time when
Mr Gilchrist was President of the Section, and he was not only the
first President, but he was the best. He (Mr Hamilton) was sure
that they all wished him to turn out the best President of the
Institution also.

The vote of thanks was carried by acclamation.




'THE DETERMINATION OF THE
PRINCIPAL DIMENSIONS OF THE STEAM TURBINE
WITH SPECIAL REFERENCE TO MARINE WORK.
By Mr. E. M. Speakman (Associate Member).
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I~ designing any turbine installation, the first and most essential
step is to estimate the highest suitable speed of rotation in order
that the turbine may be made as small as possible for any given
efficiency. 'While there is now no great difficulty in accurately
determining the proportions of turbines and propellers to ensure
certain results, with ample confidence to enable a stiff guarantee
to be made both for speed and economy, the principal dimensions
involve considerable calculation, and much attention must be
devoted to the eﬁlclency of propulsion if the best results are to
be obtained.

Knowledge of propulsive efficiency, and all its component values
for various classes of work, is essential for calculating propeller
dimensions, and thereby arrivicg at the highest revolutions attain-
able, for it is only when the rotary speed is settled that the best
compromise of turbine dimensions, chleﬂy in the matter of bladmg
arrangements, can be determined.

Turbine efficiency and propeller efficiency must be considered
separately and also together, because it may be found that the’
use of revolutions somewhat below the maximum obtainable ‘will’
incrense the combined efficiency, while on the other hand, to obtain'
certain advantages in weight and space, this efficiency may be

slightly sacrifieed at the highest speed, and it is necessary to know
2
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the effect of such modifications on the design and performance.
Roughly, the weight of the turbines will vary inversely as the
square of the revolutions, while the economy of the turbine will
remain almost constant if designed for the same internal con-
ditions; the efficiency of the propeller will be slightly improved
a8 the revolutions decrease and the diameter is made greater.

In electrical work the design of generators almost invariably
admits of very convenient speeds, but, in marine work, the size of
propeller necessary to avoid cavitation imposes a much lower
limit, with which the size of the turbine is greatly increased.
The minimum size of propeller required to avoid this pheno-
menon (and its attendant inefficiency due to increased slip and
consequent loss of thrust at the higher powers), must be calou-
lated at the beginning of any design, a8 it is almost impossible to
assume certain revolutions, and later on to design a propeller
to suit.

Cavitation is partly the result of attempting to obtain too much
work per square foot of blade area, and partly of excessive
peripheral speeds. It has been  found, by bitter experience
ocoasionally, that there is & narrow limit to the tensional pressure
possible on the water, per unit of projected area, beyond which the
propeller efficiency drops very rapidly. This pressure is approxi-
mately from 10 to 12 lbs. per square inch at a depth of twelve
inches below the surface, and to reduce the total thrust to this,
sufficient blade area must be provided, which, in conjunction with
certain practical proportions, necessitates a certain size of pro-
peller, thereby limiting the revolutions.

Friction and slip constitute the normal losses in all propellers,
and augmented resistance must also be taken into account.
This latter loss, however, is materially reduced with the
smaller diameters of propeller found in turbine work. Comparing
the *“Manxman "’ with the ‘¢ Ulster’’—a Holyhead mail boat of simi-
lar speed and power—the total disc area of the twin propellers of
the latter is 226 square feet (for two 12 feet diameter propellers),
while that of the ‘ Manxman " is only about 80 square feet. If
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the thrust deduction is proportional to the absolute area of the
disturbance of the stream lines at the stern, the effect on the
#Ulster ” will be far greater than on the * Manxman,” but this
action is to some extent affected by the intensity over the disturb-
ing area which again is modified by the proximity of the propellers
$o the side of the vessel, this being less in turbine work. The
disc area in H.M.8. “Velox" is less than half that of the propellers
in ordinary destroyers of the same power and speed. Cavitation
is & preventable loss, and its presence on many vessels with
insufficient blade area may be deduced from the falling off of the
thrust ourve and the rapid rise in the slip curve above a certain
speed.

From the analysis of numerous trials it appears that the pres-
sure per square inch of projected area, when reduced to twelve
inches immersion of tip, due to the effective thrust, is approxi-
mately 1 Ib. for every 1000 feet per minute of circumferential
velocity of blade tips. For a screw of a given pitch ratio, working
at its maximum efliciency, this velocity should be proportional to
the designed speed of the ship, and at full speed the pressures seem
to have hitherto been about 5 lbs. per square inch for slow cargo
vessels, from 6 to 7 1bs, for ocean going mail steamers, and from 7-5
o 8-5 for cross-channel steamers; in cruisers and battleships they
vary from 8 to 10°5 1bs. in some recent notable instances, and in tor-
pedo craft from 9 to 111bs. At about 9 lbs., rather less possibly, the
lowest suitable limit is reached for turbine serews; from 10 to 11 1bs.
may be more usual in fast vessels, and though even from 12 to 14
lbs. has been known, pressures over about 11 lbs. always seem to
be accompanied by low efficiencies. In large ocean going vessels,
which may be delayed by head winds and seas, a much lower
designing pressure should be used, but, in destroyers, as
suggested above, something may be sacrificed at the maximum
speed to obtain other advantages. The above pressure is worked
out as mean pressure, a8 there exists no method of determining
the local intensity. per square inch, though the tendency of the
distribution may be assumed in some cases. The only published
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results are in Barnaby’s papers on the trials of H.M.8. ‘ Daring,”
but they are very inconolusive in many ways. Fig. 1 is submitted
with muoh diffidence, merely as an illustration of the values of this
limiting pressure.

The maximum peripheral speed of tip ever used, I think, was
12,400 feet per minute in H.M.S.  Viper;” in H.M.8. “Velox” it
is about 11,650, and in the ‘ Londonderry” about 11,760, but
many vessels have been below 9000, which is quite normal for
ordinary destroyer practice.

The pitch ratio for turbine propellers has heen purposely made
considerably finer than usual. Thus, the pitch ratio for the
‘“Emerald” was about 0'6; in channel steamers and cruisers of
from 18 to 25 knots, it has varied from 08 to 1-0, and in torpedo
craft from 10, in H.M.S. ¢ Velox " to 1-35 in H.M.S. “Viper,"!
and 1-6 in H.M.8. « Cobra"’; the latter vessels having 1, 2, and 8
screws per shaft respectively driven by identical turbines, the
approximate revolutions at full speed being 900, 1200, and 1050,
for 27, 36, and 31 knots respectively on trial.

The percentage of slip has varied from 28 per cent. in H.M. S.
«Viper,” down to about 14 per cent. in the ‘* Viking "—channel
steamers usually having about from 17 to 24 per cent. For
large ocean going vessels, about 16 to 20 per cent. may be used
with due regard to other considerations of propeller efficiency.
The section of the blades should be carefully designed in order to
try to obtain a shape that will enable as high a mean pressure as
possible to be adopted. Recent experiments in the model tank
at Washington, D.C.,® seem to show that a symmetrical section,
as shewn in Fig. 2, will materially increase the pressure at which
cavitation commences, and also demonstrate that in fine-pitch
high speed screws the back of the blade should receive almost as
much attention as the face. This, as the author is well aware,
is no new idea, but there have been repeated indications, especially
in the trials of ordinary torpedo boat destroyers, that while the
guin may not be great, it is sufficient to merit attention, Mr.

*8ee D. W. Taylor’s paper, American Soo. N.A., 1804,
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Parsons has advocated a 10 per cent. reduction of pitch at the
blade tip in order to avoid excessive local thrust, which might
induce early cavitation, but there seems to be no advantage from
departing from a true screw. The tendency of late years, in recip-
rocating engine practice, has been to increase the ratio of projected
to disc area from the ‘2 of Froude’s classic screw, and the 22 to -26
of naval practice, to about *33; destroyer practice is included
between this and ‘37, or even ‘4, at which point turbine practice
may be said to commence. In this, even from 5 to ‘56 has been
used, but beyond, about ‘58 blade interference becomes excessive,
and to obtain greater area a larger diameter must be used.

The best form of blade is still undetermined. In the photo of
the stern of the ‘ Lorena,” Fig. 3, will be seen the usual shape
adopted, and experience seeme to show that this almost circular
shape, with the area disposed symmetrically on each side of the
centre line, and with the generating line of the screw at right
angles to the axis, gives as good results as any form.

I find that the following formula will give the diameter of a tur-
bine propeller with considerable accuracy when the effective thrust
along the shaft is known, and this must be calculated in any case
if the steam balance of the turbine is to be good :—

Diameter of propeller _ , /Effective Thrust in lbs. /T

in feet R Coefficient N

This coefficient has been deduced from the limiting pressure
per square inch, and the ratio of projected to disc ares, and is
given in diagram form, in Fig. 4, where the full coefficient 400 — 900
is given in the left hand scale, and values of C or ~ Coefficient
appear in the right hand margin. The square root is only extracted
for simplicity whereby such coefficients as 30 are obtained for
H.M.S. “Viper”; while for the ‘“Manxman,” that for the centre
screw is 26'4, and for the wing screws about 28:75. For large
ocean going vessels with lower designing pressures these values
will be rather less, perhaps about 2.

The following table gives a few propeller dimensions and the
corresponding coefficients, which the Author trusts will be of use
in designing high speed screws.
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Compared with above values of C, reciprocating engine practice
gives such figures as:—R.M.S8. “Lucania,” 165; H.M.S.
‘Diadem " oclass, 17-5; H.M.8. ¢ Exmouth” class 19-0, and
standard 30-knot destroyers of 6100 m.p.,, 20:8; all of which have
much lower ratios of projected to disc area, and therefore a larger
diameter and smaller C for a given power. Regarding these
figures, it must be understood that C is an approximation only,
and owing to the difficulty of obtaining the actual power in each shaft
in every case, cannot be considered as absolutely accurate, Pro-
bably, however, the error involved is under 2 per cent. It seems
likely, to some at present undeterminable extent but within narrow
limits for each class of vessel, that the propeller efficiency is pro-
portional to the coefficient C, and this seems to be borne out by
the trials of the ‘“ Manxman ’ and the ‘* Londonderry.”

Effective thrust is a somewhat subtle subject, and our know-
ledge of propulsive efficiency is by no means what it ought to be.
These considerations will undoubtedly be brought into far greater
prominence in the near future, and it is by no means improbable
that the Admiralty or certain private owners will require some
definite standard in this, just as coal or steam consumption is
regulated at present. The more propeller efficiency is
studied and understood the greater will be the improvement in
the design of turbine installations for marine work; the turbine
itself is a comparatively secondary consideration, and while at
present propeller dimensions for turbine steamers can be quite
as closely determined as those for ordinary work, the exact pro-
portions must necessarily largely remain subject to modification
from actual experience.

While a general tendency has been very noticeable towards
inoreasing the propeller diameter and reducing the revolutions,
there will of course be some point, at present undetermined, at
which the triple screws used in turbine work will be distinetly
less efficient than ordinary twin screws. Very largely, this is the
case at present with triple screws driven by piston engines, on
account of excessive thrust deduction and interference, but probably
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before this point is reached the weight of the turbines will have
prevented its adoption.

Having obtained the diameter of the propeller and the revolu-
tions possible, the design of the turbine can then be undertaken,
but for this no formule exist at present, such as are met with in
reciprocating engine practice.

Restricting attention to the design of the Parsons type of tur-
bine, a few notes on the action of the steam among the blades may
be of interest. Expanding through a definite range of tempera-
ture and pressure, steam exerts the same energy, whether it issues
from a suitable orifice or expands against a receding piston. Two
transformations of energy take place in the steam turbine—first,
from thermal to kinetic energy; secondly, from kinetic energy to
useful work. The latter alone presents an analogy to the hydraulie
turbine, the radical difference between the two lying in the low
density of steam compared with water, and the wide variation of
its volume under different temperatures and pressures.

Fig. 5 gives a sectional elevation of a marine turbine blading
arrangement, and though this is only for an H.P. eyclinder
the principle is exactly the same throughout. The expansion,
which is approximately adiabatic is carried out in this annular
chamber from A to B, which essentially resembles a simple
divergent steam nozzle, but with this difference, that whereas in
a nozzle the heat energy of the working steam is expended upon
itself in producing high velocities, in Parsons’ turbine the total
expansion is subdivided into & number of steps, in each of which
a certain dynamic relationship between jet and vane is maintained.
The expansion of steam at any one stage is typical of its working
throughout the turbine. Each stage consists of a ring of stationary
blades which give direction and velooity to the steam, and a ring
of moving blades that immediately convert the energy of velocity
into useful torque. The total torque on the shaft is due to the
impulse of steam entering the moving blades and to reaction as it
leaves them, this process being repeated throughout the turbine.

' Leakage past the revolving portion of the spindle at D is
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almost entirely prevented by the ingenious form of frictionless
packing, shown on a larger scale in Fig. 6. The fine clearances
.and the sudden increase of section have the effect of alternately
wire-drawing and expanding the steam, so that at sucoessive
.grooves - it becomes increasingly difficult for the steam to leak
past the fine clearances. In the astern * turbines, a radial
form of packing, depending on fine tip clearances, must be adopted
-owing to the difference in expansion between spindle and cylinder.
Numerous varieties of these forms of packing exist, some of them
being extremely efficient in their action.

The laws governing the best theoretical velocity of steam and
blades are similar to those for water turbines, but in practice some
modification is necessary, and the best ratio of blade speed and
.steam speed is still a matter of opinion. The ideal condition for
impulse turbines occurs when the peripheral velocity of the
buckets is one-half that of the jet, or in reaction turbines, when
it is equal to it.

Parsons’ turbines, however, have been built with V¢, Fig. 7,
varying from ‘25 to ‘85 of Vs, where V¢ represents blade
velocity at mean diameter, and Vs the steam speed due to
-expansion across the row in question. A very usual ratio in

electrical work for large units has been % = 06, bus this involves

& greater number of rows than is possible in marine work, and the
ratio must be reduced. These ratios need very careful calculation.
The steam consumption must be accurately known in order to pro-
portion them correctly throughout the turbine, and the necessity,
{which is inevitable with the present form of caulking piece,) of
having the same area of openings in so many rows while the steam
volume increases so rapidly, adds to the difficulty of close
«calculation. The potential energy of the steam, corresponding
to the ‘“head” in water turbines, can easily be calculated for
given pressure differences.
B.Th. U. x 778 = Energy in foot lbs. per 1b. of steam = e.
Vs=8J¢ = 228 VB Th. U.
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For a given blade velocity, it is obvious, then, that the speed
ratio between jet and vane must affect the number of stages, and
the greater the ratio of V¢ to Vs the greater will be the required.
number of rows, that is, to obtain the required Vs at each stage:
a smaller pressure drop per row is necessary, or vice versa.

The best blading arrangement, scientifically and commercially,.
is the result of much theory and practice. The mean diameter is.
an arbitary dimension capable of wide variation without affecting
the efficiency, provided that the number of rows is correct; it is.
found by assuming, from experience, a blade velocity, whence—
Blade velocity in feet per sec. x 228

R.p. M. :

To arrive at the corresponding number of rows, the revolutions.
being given, the ratio of Vi to Vs must be settled, from which the-
steam speed can be obtained ; it is a convenient assumption at the
beginning of any design to consider the turbine as parallel through--
out and of constant efficiency, and to design on this basis. The
number of rows N on one diameter can be found by working out.
the B, Th. U’s. necessary to give a certain steam speed at each row,

see Fig. 8; the available energy divided by the energy it is-
desired to abstract at each row will give the number of rows.
required. This result may be arrived at by various ways, but the-:
pringiple involved is the same in each case. Numerous empirical
coefficients for approximating steam speeds and the corresponding
number of rows are obtainable from experience, and are similar in
use and value to the Admiralty coefficient, that is, while they
represent & crude method of doing something that should be:
done more scientifically, they are very simple and capable of
rapid bhandling. Being, however, based on long and costly
experiments, much reticence is observed regarding their publi-
cation. Varying, of course, with the steam pressure and vacuum,
the number of rows on one diameter would involve an excessive:
length of turbine and also inconvenient blade heights, It is,
therefore, usual to divide the rotor into three or more
stages, which hag the advantage of shortening the turbine and.

Mean diameter in inches =
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reducing the number of rows. If » == the fraction of power
developed in the first cylinder or barrel, g = number of rows in

the first barrel, and with the alteration of diameter and increase of
blade velocity in the succeeding stages, the number of rows on
other barrels are so altered as to keep, for equal powers and
efficiencies : —

(Blade velocity)* x No. of rows = Constant.

The vane speeds adopted in practice vary considerably; for some
time 100 feet per second was regarded as a standard for the first
row, and I think the Westinghouse Co. at Pittsburg was first to
make a radical departure in this and adopt far higher speeds.
The maximum vane speed used for Parsons’ blading is, as far as
I am aware, about 375 feet per second in the low pressure
blades, and 170 in the high pressure blades of electrical
turbines; the lowest speeds used are in marine work, and
are only about one-third of these. To some extent blade speed
is governed by blade height; the speed should be so modified
that this may be at least three per cent. of the mean diameter
to reduce the proportion of clearance losses. Leakage over
the tips of the blades is perhaps not so detrimental on
acoount of actual leakage loss as in its superheating effect
on steam between the row pest which it leaks and the last.
row, because this reheating effect upsets calculations regard-
ing openings by increasing the steam volume, and thereby
affects the fluid efficiency. This leakage over the tips must
be taken into account in designing reaction turbines. Tem-
perature and diameter influence the clearance, and the stiffer
the cylinder is to resist distortion due to heat the less it may
be made. A oclearance diagram based on measurements off
a large number of machines is given in Fig. 9.

In Table II., the vane speeds adopted in various classes of
work are given, and the reduction in peripheral speed on account.
of the propeller reducing the revolutions, and the necessary pro-
portion of blade height modifying the diameter may be clearly
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Tapre IL—MaRINE WORBK.

TYPE OF VESSEL. |_ o ooerel vaneSpeed | Moot | o
H.P. l . LP. - Vi—-Va. | Shafts.
1
High speed mail
steamers | 70- 80| 110-180 | -45--5 4
Intermediate do. 80- 90 | 110-135|°47-°5 (3 or 4
Channel Steamers 90-105 | 120-150 137-47 3
Battleshipsand = | g5100| 115-135 |48-59) 4
arge cruisers

|
Small cruisers 105-120 | 130-160 |-47-- 5! 3 or 4
l 1
|
! Torpedo craft 110-130 | 160-210 | -47--561| 3 or 4 |

ErLEcTRICAL \WOREK.

1
|

R | e e | B | S
‘ Expansion. | Fxpansion
| 5000 K.W. 135 | 330 | 70 | 70 |
3500 K.W. 18 | 280 | 75 | 1200 |
2500 K.W. 125 | 300 | 8 | 1360 |
1500 K. W. 1 | %60 | 72 | 100
1000 K.W. 125 | 250 | 80 | 1800
750 K.W. 195 | 260 | 77 | 2000
500 K.W. 120 | 9285 | 60 | 3000
250 K. W. 100 | 210 | 72 | 3000
75 K. W. 10 | 200 | 48 | 4000
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seen. To this combined action is due the fact that only in the-
faster classes of vessels, or in those small types in which some:
propulsive efficiency can be sacrificed, is the turbine applicable.
In slow ocargo steamers, though the revolutions may be high
enough, the power required is not sufficient to enable a reasonable
blade height to be adopted, and it is this consideration, viz.,
proportion of leakage over blade tips—that curtails the wider
adoption of this type of turbine. For the same low peripheral
blade speed, other types of turbine are unsuitable on account of
the impossibility of reducing the steam velocity sufficiently with-
out abnormal weight and inefficiency.

The smallest size of marine turbine is usually larger than the-
average electrical turbine as far as power is concerned, and there-
fore does not meet with the same commercial considerations as the-
smaller sizes of the latter type. These are not designed for the
same internal efficiency as the larger machines, chiefly on account
of manufacturing cost, and they do not attain anything like the
same efficiency compared with the Rankine cycle.

Speaking in reply to the discussion on his paper to the Institu-

tion of Naval Architects in 1903, Mr. Parsons said that, * for all
practical purposes, while the steam is traversing each set (of.
blades) as shown, it behaves like an incompressible fluid, just like
ﬁmtet would do, as the expansion is very small at each set. The
frictional losses and the eddy-making losses would be practically
identical within small limits with what they would be with water,
and the actual forces would be in proportion to the density of the
i_nedium, . + « In the turbine blades themselves, the efficiency
is between 70 and 80 per cent.”
. Using this hydraulic analogy enables one to calculate the number
of stages required in a different manner: the *equivalent head,”
gl}le to the steam pressure, may be found, together with that at
each row necessary to give the required velocity, from which both
the number of stages and the coeflicient of expansion at each stage
may be worked out.

In the early marine designs, such as the ** Queen Alexandra” and.
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H.M.S. “ Amethyst,"” the turbine drums were all made of the same
-diameter, and the higher speed necessary on the L.P.'s was got by
running at considerably higher revolutions than on the H.P. shaft;
‘but, following up the increase in propeller efficiency found to be
-due to the use of larger screws the speed for each shaft is now
more nearly equal, while the wing drums are made larger in
diameter. The vagaries of the following wake, however, necessitate
.slightly different propeller dimensions on each shaft, or else
.slightly different revolutions with the same screws; and it is
noticeable that in & triple-screw arrangement, the centre screw
being right-handed and the wing screws revolving outwards,
4hat the starboard propeller is influenced by the centre
.one, and almost invariably revolves at a lower speed.
In a four-shaft design, due to the varying wake values at
.different speeds, and possibly, also, to some unequal distribution
.of power, the outer screws run slower at low speeds, and faster
.at high speeds than the two inner shafts, but exact data as to
this, and the possibility of allowing for it in the design, are still
‘wanting.

In all types of turbines—Parsons’, Rateau’s, Curtis’, &c.—a cer-
ain ratio must be maintained between the blade velocity and
.steam velocity, and as steam aoquires very high velocities by
expansion, the blade velocity must be maintained either by the
revolutions or by large diameters, or both. As the weight in-
inoreases very rapidly with the diameter, and extraordinarily so
with the reduction in rotative speed, it is preferable to increase,
if possible, the revolutions or the number of stages rather than the
.diameter, and especially should this be done in cases where, as in
the Rateau or Zoelly types, the weight increases more rapidly in
inverse proportion to the B.p.M. and the diameter than it does with
.other types. To increase the revolutions, it may be necessary to
increase the number of shafts and propellers, thus reducing the
power per shaft and the effective thrust through each screw.
Increasing the diameter of the turbine adds largely to the con-
structional difficulties, especially of the cylinder.
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Having obtained the number of rows and the diameter, the
blading arrangement can be worked out in detail. The height of
blade depends on the volume of the steam and the speed at which
1t is to flow, and also on the ratio of the area of exit openings be-
tween the blades to that of the annulus between spindle and
«cylinder, which is about one-third in normal blades. The neces-
sary clear area to pass the steam being equal to volume -+ velocity,
and knowing this annular factor, say 3, for a ratio of one-third (or

2 for %, ete.), then
. . Clear area in square inches x 3.
Height of blade in inches= Mean circumference in inches.

The ratio of blade height to mean diameter should not be less
than 3 per cent. or more than 15 per cent., because in the former
the leakage will be excessive, and in the latter the bending moment
on the blade becomes too great, and the radial divergence of the
blades too much. The width of blade, the shape of section
adopted, and the circumferential pitch, are standard considera-
tions, and affect the factor 3 given above. It is not proposed to
«enlarge upon them in this paper. It may, however, be remarked

that for % greater than ‘6 the usual shape of Parsons’ section, as

shown in Fig. 5, should be modified to & somewhat different form
of blade, with & sharper entrance edge. This section is not to
be recommended, as, owing to the necessity of strengthening the
blade sufficiently, the metal must be placed nearer the exit edge,
thus increasing the angle between the face and the back of the
exit edge of the blades, and giving, in fact, an inferior shape of
opening compared with that obtainable with a blade section adapted
to ratios under ‘6.  If, for the present, it is sufficient to use the
blade sections and packing pieces similar to those now adopted
80 generally, in Table III. can be found a list of widths for a given
height, and the axial spacing of the rows. While this must be
kept down to reduce the length of drum, it must be sufficient to
allow for some play in overhauling; and sufficient clearance can
be allowed here without affecting the economy. The openings
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between the blades to allow of the passage of the steam are very
important, and must be carefully designed. The actual volume
of the steam—not the volume per lb., as found in tables, or the
volume due to adiabatic expansion, but the exact volume per lb.
at any point along the turbine—must be determined, in order to
arrive at the desired adjustment of velocities. It is extremely
doubtful whether the present blading arrangements give the best
results; greater accuracy of calculation and consequently improved
pressure distribution and efficiency seem likely to follow the use
of a more mechanical blading construction.

Fig. 10 shows the percentage error involved in using either the
dry volume, or that due to adiabatic expansion, compared with the
correct volume corresponding to the actual expansion in a large
turbine using dry saturated steam at the first row of blades and 27
inches vacuum. Attention must be paid to the effect of approxi-
mately adiabatic expansion and the consequent moisture in the
steam.

For manufacturing convenience, as well as to allow for the
expansion of the steam, the blade heights are stepped up, but no
rule exists for this; the blades might be of ome, or of sixty-four
beights, provided the blade openings are correct. It is, however,
convenient to step them, as in Fig. 5, say, in 8 steps of 8 each, or
4 of 16—even 9 of 7 would do—and so avoid any great variation
from the annular area factor 3 as shown above. To obtain heights
and areas, it is best to plot off graphically, volumes, steam speeds,
and clear areas required. The use of standard blade heights will
then enable the number of stages and rows per stage to be deter-
mined: wide differences can be made in any arrangement without
materially affecting the economy. The best arrangement is largely
& matter of convenience and experience,

The material of which blades are usually made is & mixture of
cheap brass containing about 16 parts of copper and 8 parts
of tin. Alloys containing zine are extremely unreliable for
high temperatures, but blades containing about 98 per cent.

of copper have been found very satisfactory for use with high
3
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superheats. More recently a material containing about 80 per
cent. of copper and 20 per cent. of nickel has been adopted,
and this is undoubtedly the best blading material existing. Steel
blading, drawn in the same way. as the usual brass section,
has been used in the United States with fairly good results.
The process of drawing turbine blades gives an extremely tough
skin to the metal used, not only increasing the tensile strength,
but greatly decreasing the chances of erosion,

It seems probable that the usual caulking piece now adopted will
be discarded in favour of a machine-divided strip into which the
blades may be fitted, and instead of the slotting, wiring, lacing,
and soldering process at the tip, a similarly machine-divided
shroud will be used, giving a far stronger construction, and
enabling finer clearances and better workmanship to be obtained ;
at the same time considerably reducing the cost of manufacture,
and the risk of blade stripping.

The chief causes of the latter may be set down to bad
workmanship in fixing the blades, defective blade material,
excessive cylinder distortion (this is probably the most fruit-
ful cause, and is a serious one, being due to bad design),
whipping of turbine spindles (which is also due to bad design, or
bad balancing), wear of bearings (which is very remote), and the
introduction of extraneous substances such as water or grit. In
fact, blade stripping may be said to generally occur from pre-
ventable causes. Small vibrations of very high frequency occa-
sionally set up an action in certain rows of responsive length that
fatigues the blade material and causes the loss of blades without
any fouling at all.®

Due to the action of the steam, an end thrust occurs in the
direction of the propeller, which is advantageously used in par-
tially balancing the propeller thrust, thereby reducing the size

* The writer had experience of this early in 1805 when a 5000 k.w. tur-
bine, under test in one of the large New York power stations, shed several
rows of blades. This difficulty has also oocurred in Europe, and can be
circumvented by an alteration in the position of the lacing strip.
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of thrust block necessary. A margin must be allowed here, and
the propeller thrust is not entirely balanced by the pressure on
the annulus between the dummy-ring diameter D, and the spindle
C, Fig. 5, plus the end pressure on the blades. For the diameter D
to give the required annulus, as well as that of the propeller, the
effective thrust must be carefully calculated ; and experience shows
that there is a drop in steam pressure varying from 10 to 15 lbs. per
square inch between the pipe inlet to the H.p. receiver and
the first row of blades, which should be considered in designing
this balancing area. The number of rows of dummy packing
used varies according to the designer’s judgment very largely,
and may be modified according to the pressure and the clearance
allowed —say a 7-1000th to a 15-1000th of an inch in electrical
work, and rather more in marine work.

The dimensions of the astern turbine are arrived at in the same
manner as those of the ahead, the efficiency being largely sacri-
ficed on account of weight and space, generally, the mean
diameter is made practically the same as that of the B.p. drum.

To a large extent, the inferior manceuvring capabilities of the
<arlier turbine steamers were due to insufficient astern power.

It may be remembered that in a marine turbine the spindle is in
compression and the cylinder in tension when working. In elec-
trical turbines where the end thrust must be eliminated by the use
of balancing pistons, the spindle is in tension and the cylinder is
balanced. The shafts between the turbine bearings and the drum
must be made amply stiff enough, as well as strong enough, for
any sag in the spindle will destroy the clearance. As will be seen
from Fig. 11, the stresses due to centrifugal force are very low in
the Parsons’ turbine, and except in occasional L.p. barrels do not
exceed about 7,500 Ibs. per square inch, while at the B.P. end they
are usually under 2,000.

The pressure on the bearings in a turbine is only due to the weight
of the spindle, plus the negligible addition in marine work of that
due to any gyroscopic action ; it may be taken as from 80 to 90 lbs.
per square inch as long as the rubbing velocity does not exceed 30
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feet per second. If it does, the pressure must be reduced so that
the product of pressure x velocity does not exceed 2500-2700. In
land work, 50 lbs. x 50 feet is very common. The friction heat
of the bearings added to that due to conduction through the pedes-
tals necessitates the use of large oil coolers, and in the case of
very high temperatures, of special kinds of oil. If possible, the
bearing temperature should not exceed from 140 degrees to 150
degrees F., though the writer has known of 190 degrees F. being
used without trouble. In marine turbines this temperature is
usually much lower. Rigid bearings are used for marine spindles,
not the flexible type adopted in land work.

Space does not permit of more than passing reference to cylin-
ders; but it would be difficult to exaggerate the importance of very
careful design in this connecticn. Cylinders, with heavy flanges on
the centre line, distort in a very curious fashion when heated with
their axes horizontal, and measurements taken off a hot cylinder on
a surface plate with micrometer gauges reveal some very remark-
able facts. When working, the temperature along the cylinder
falls possibly from 400 degrees to 100 degrees F. in a distance of
6 or 8 feet, and, unlike the reciprocating engine, this remains con-
stant ; the radial expansion is consequently more at one end than
the other; while at any point along. the turbine the tendency is to-
expand less at the flanges than at the top and bottom. For this.
reason ample clearance must be allowed; exactly what this will be
when spindle and cylinder are hot is hard to say, but it seems
most likely that the total clearance area will differ but little from
what it is when cold.

The longitudinal expansion when hot is often very marked, and.
in all turbines necessitates provision for the resultant movement
at one end. In marine work the after end of the cylinder is
secured to the vessel, the engine seating also performing the func-
tion of a thrust-block seat, while the forward end slides forward,
taking with it the entire shafting. The thrust block is at the for-
ward end of the cylinder, and also performs the duties of an
adjustment block for setting the longitudinal clearances, to do

———————
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which generally necessitates uncoupling the shafting abaft the
turbine. ‘

The difference in expansion between the cylinder and spindle,
from the thrust block to the dummy ring, may be the cause of
serious difficulties in large marine turbines, unless the closest
attention is paid to this feature in the design; and * warming up "
with these large cylinders needs possibly even more care than is
essential with large piston engines.

On shipboard, the turbine cylinders are practically under one’s
feet, and the radiation from them is very unpleasant, especially if
there is any leakage from the glands. To all who are responsible
for the lagging of cylinders and the system of ventilation in turbine
engine rooms I would call attention to the possibility of their having
to stand a watch of from 4 to 6 hours on the top of the B.P. eylinder,
such as in the case in H.M.S. “Eden" or H.M.S. *“ Amethyst,” the
heat in the latter vessel being almost unbearable. With reciprocating
engines, one stands on a comparatively cool lower platform with
the cylinders overhead, and with some chance of the hot gases rising
clear, but in naval turbine work, under a low deck, this point has
not met with adequate attention.

In the course of operation, more especially in marine work
where no superheaters are used, there is a distinct tendency for
the turbine to be supplied with wet steam, the effect of which on
the economy is very marked. Experiments that have been made,
show that the percentage increase in consumption is about
twice that of the moisture in the steam. For instance, with 2 per
cent. of moisture in the steam at the first row, the consumption is
increased about 4 per cent.

A considerable amount of data on the performance of turbines
compared with reciprocating engines for marine work, is now
available. The Admiralty has had tested both cruisers and tor-
pedo- boat destroyers, exactly similar but for their engines and
propellers, and trials of the Midland Railway Company’s steamers
and other cross -channel boats have corroborated the results
regarding economy obtained fron. the naval vessels. In Fig. 12 is

3
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given the steam consumption per unit of power of H.M.S. ¢ Ame-
thyst’’* compared with that of several recent warships, and it is
noticeable that only below from 55 to 60 per cent. of their full
speed does the consumption of the turbine exceed that of the piston
engines, Very seldom do vessels steam below these speeds. Cruisers
carrying relief crews to the China or Australian stations usually
proceed at about 60 per cent. of full speed, and in the Atlantic
manceuvres of 1903 nearly 80 per cent. of full speed was main-
tained by the large fleets, whilst the Japanese battleships built in
England made their first voyage to Japan at about 54 per cent. of
their full speed; at which ratio the consumption per 1.H.P. of both
the “ Hindustan " and ¢ Dominion," representing very recent battle-
ship construction by eminent builders, is materially in excess of
that of the first installation of warship turbines (not including the
destroyers). The total consumption of H.M.8.’s ¢ Amethyst " and
“Topaze” plotted on a base of power is given in Fig, 13, while
Fig. 14 shows that for the Midland Railway boats.t The progres-
sive trials of H.M.S. ‘“ Amethyst "’ are shown in Fig. 15, and, in
view of the results obtained from these various vessels, the whole-
sale adoption of turbine machinery in the Royal Navy is not
surprising.

It is probable that the adoption of cruising turbines will
be discontinued before long, and this view seems to be
corroborated by the consumption trials of the Midland
Railway steamers. Down to 60 per cent. of her full speed,
the “Manxman” required less water than the highly efficient
“Antrim,” and with a different blading arrangement in the

*Since the above-mentioned results were obtained, the steam piping
has been altered so as to permit the auxiliary exhaust steam to pass through
the main L.P. turbines when desired. This arrangement considerably de-
creases the consumption at low speeds, bringing the ‘‘Amethyst’s”consumpt.
tion below that of her sister ships down to ten knots, or about 45 per cent. of
full speed.

+Fig. 14 is compiled from the results given in Mr Gray’s paper to the
Institution of Naval Architeots, July 1905.

M
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main turbines, such & result should be equalled, if not improved
on, in war vessels. The additional complication involved with
two cruising turbines and their accompanying leakage and
receiver losses, together with a considerable increase in weight
and space occupied, largely modifies any advantages obtainable
in the way of reduced consumption at lower powers. An
improved (and easily obtainable) design of main turbine blading
should give a better result at the highest powers, practically the
same at intermediate powers (as in the case of H.M.8. “Ame-
thyst,” from fourteen to twenty knots), and only slightly inferior
at speeds below fourteen knots, while it will undoubtedly admit
of greater ease of handling and be much simpler. In a triple-
shaft arrangement the unequal distribution of power on the wing
shafts, due to the use of cruising turbines, is a distinet disadvan-
tage; the fluctuation in rotative speed, due to shutting off the
H.P. cruising turbine, may be seen from the trials of H.M.S.
*“ Amethyst.”

One of the L.P. rotors of the Allan Line steamer ** Victorian,"”
is illustrated by Fig. 16. This rotor is 8 feet in diameter, and
carries 80 rows of blades, varying successively from 1% inches to
7 inches in length.

Fig. 17 shows the complete blade rings of a Willan’s turhine,
the machine divided construction of which, coupled with the strong
form of shrouding adopted, presents such great advantages over
the present unmechanical system that its universal adoption may
be expected in the near future.

In conclusion, the writer would remark that it is impossible in
the scope of a paper such as this, to touch more than lightly on a
subject which is of such vast importance. Many of the points
dealt with above, such as cavitation, blading, cylinder de-
sign, ete., would require & volume to describe. While turbines
perbaps are still in their infancy, they are already largely supplant-
ing the reciprocating engine in many types of vessel. The next
few years will undoubtedly show as great an improvement as has
taken place since the advent of the “Eing Edward ' barely five years



40 THE STEAM TURBINE, WITH

ago, the more especially as the subject will, henceforward, be en-
gaging the attention of all engineers instead of a few specialists,
and that this improvement will more than justify the policy of the
Admiralty and of the Cunard Company is already certain.

It should be a matter of some satisfaction to the members of
this Institution that the present status of the marine turbine, if
not absolutely due to the Clyde alone, is at any rate entirely a pro-
duct of Great Britain,

Mr E. G. Izop (Rugby), speaking as an ex-marine engineer,
said he thought it was very evident that the turbine was the only
engine of the future for marine work, though no doubt progress
would be so rapid that it was probable that the design of a marine
turbine installation of ten years hence would very materially differ
from that adopted at the present day. Mr Speakman and him-
self had worked together on the turbine question, and he could
assure the Members of the Institution that Mr Speakman had
very closely studied the problems relating to propellers and tur-
bines with a view to obtaining better efficiencies in the propulsion
of large and small vessels, and he quite thought that the informa-
tion contained in the paper, which they had just listened to, would
make those interested take a deeper and more careful view of this,
one of the most important changes in the annals of marine en-
gineering. He quite agreed with Mr Speakman’s remarks that
no information was forthcoming from those who had been building
turbines; and while, no doubt, the reticence displayed was justifi-
able from the point of view that such experimental work was a
commercial asset they did not wish to part with, yet one could not
help feeling that such reticence was perhaps impairing the chance
Britons had of making their turbines, as their reciprocating engines
were, second to none in the world. However, he hoped that the
extraordinary keeness now displayed by marine engine builders in
~ this new class of work would result in the success which they
undoubtedly deserved. Mr Speakman had called attention to the
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ApPENDIX.—MaAY 1, 1906.

The following list gives the vessels, with turbine machine
fitted and under construction (but not included in Table

IvV).—
With Parsons’ Turbines :—

Kxors.
(a.) 2 Vessels for Great Central Railway Co., ... 189

» 1 Vessel for Glasgow & South-Western Rail-
way Co., “Atlanta,” ... 180

» 1 Vessel for Caledonian Steam P&cket Co .
“Duchess of Argyll,” ... 20-0

»» 1 Vessel for General Steam Nav1ga.t10n Co .
“Kingfisher,” ... . 200

,» 1 Vessel for British India 8. N Co Y Rewa., —
(c.) 2 Vessels for New York & Boston 8.8. Co., ... 200
,» 1 Vessel for Eastern 8.8. Co., Boston, Mass., 200
,» 1 Vessel for New England Navigation Co., ... 180

(b.) 6 Torpedo boat destroyers, G132-137, for Im-
perial German Navy, similar to 8125, —

,» 1 Cruiser, “ Lubeck " type, for Imperml Ger—
man Navy, —

(c) 1 Ba.ttleshlp (pro;ected) for U. S Na.vy, “ Dela.-

With Curtis’ Turbines :—

(c.) 1 Vessel for Southern Pacific S. 8. Co., 8.s.
“Creole,"” ... 160
(415'-8" x 53’ 0" x 25'-0" dra.ught 10 160 tons dls-
placement ; revolutions 250)
(5) 1 Cruiser ‘“Lubeck” type, for Imperial
German Navy (projected), . —

With Zoelly Turbines.—

(%) 1 Vessel for Baltic trade, built by Messrs.
Howaldt, ... 130

,» 1 Vessel similar to s.s. “Ka.lser, 20-0

H.P.
6,500

1,600
3,500

4,500
10,000

5,000
7,000

8,000

1,000
6,000

Two small experimental vessels have also been built:—
(a.) 1 by Messrs. Yarrow, similar to s.s. ‘“Caroline,” fitted with

Fullagar turbines.

(b.) 1 by Vulean Co. 60'-0” x 9'-0”, fitted with Schultz turbines.
NOTE.—(a) Built in England ; (b) in Germany ; (c) in United States.

In addition to the above, numerous vessels are under considera-

tion for the Government and leading private companies of France,

Germany, Japan, and elsewhere.
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sample ring of blading exhibited during the evening, and, speaking
as & member of the firh which made its blading on this principle,
he would like to point out that there were many advantages which
accrued from the use of separately built-up machine-divided blade
rings; as for instance, correct spacing of blades, correct angles
and openings, increased facility for handling the blading and com-
pleting the necessary blading work before the rotor and casing
were finished. One of the features of the system was the channel
shrouding which gave extraordinary stiffness to the blade rings,
and had the added advantage that if contact did take place between
the revolving and fixed elements, no harm was done, as it was
practically impossible to disturb the blading even under the
severest conditions known at the present time—a factor of great
importance in a marine turbine where absolute breakdown of any
portion of the propulsive agent was to be avoided. He would,
however, point out that this shrouding made & virtue of necessity,
that was, it reduced the effect of contact to a negligible item ; this,
in his opinion, was hardly the way to tackle turbine problems, and
bhe would advise most exhaustive tests being made on eylinder
distortion with a view to annuling the cause, and hence the effect
would disappear, he hoped, nearly entirely. The finer the clear-
ance the better the steam consumption, but there were other ways
of improving the efficiency of turbines just as important as reduc-
tion of clearances, which were too often neglected; for instance, the
frictional losses in the blading were a most important item, and could
be considerably reduced by & proper attention to blading materials
and construction. He veutured to submit a small chart, Fig. 18,
which showed where the most important losses occurred, and these
losses, if considered carefully, could be minimized considerably.
Concerning the actual blading strip itself, this could be improved
considerably, and it was hoped that figures would be given later
which would explain more fully how a great saving in friction
losses was obtained. There was another vitally important matter
to be considered in the manufacture of turbine machinery if it was
to reach the excellence of the present marine reciprocating engine,
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hich was that men and methods would have to be revised and
Bapted to this special class of work; turbine manufacture to be
*success called for a much finer degree of accuracy and much
jore careful workmanship than was accustomed to be met with

the manfacture of big reciprocating machinery; and while he
confident that designers and workmen would rise to the
gcasion, it was impossible to give too much attention to this, one
't the most important factors making for the ultimate success of
e marine steam turbine. There was an all-prevailing thirst for
formation on turbine design, but it must not be forgotten that
e design was only the preliminary canter, as there were innumer-
le intricacies to be attended to in the manufacture and steaming
hich were, if anything, more important than the actual design.
e sincerely hoped a good discussion would be the result of Mr
peakman's valuable paper, and the great interest taken in steam
rbines by the Members would, he felt sure, result in an exchange

f opinions invaluable to the records of the Institution.
Mr JouN WarDp (Vice-President) said it was a coincidence that
ost of the Members who could speak with weight and authority
n the subject <were at the present moment (together with the
embers of the late Turbine Commission) guests of the builders
and owners of the largest, and probably the most successful,
turbine steamer yet built, viz., the “ Carmania.” Her official trial
had commenced on the Clyde that morning, and would continue
until she arrived at Liverpool. It was an open secret that the
trials of the steamer on the Clyde during the past week had ful-
filled in every way the highest expectations of all connected with
her. That was a matter of great gladness to every Member of the
Institution, but be also felt that it carried with it a tinge of sadness
and regret, that the late Lord Inverclyde—the talented chief of
the Cunard Company, who had such faith in the possibilities of
turbine machinery, that he agreed to have it fitted in the
¢Carmanisa,” and so judge it on its merits in Atlantic run-
ning —had not lived to see the trials which were just con-
cluded and had been so successful. The paper contributed

SPECIAL REFERENCE TO MARINE WORK
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by Mr Speakman would, he was sure, prove of much value
to the Institution, The Author showed a thorough acquaint-
ance with turbine construction, and many of the deductiong he
made from that knowledge and from the data regarding ships’
performances, which he had collected, were of much interest
Speaking of the turbine vessels built by Messrs William Denny &
Bros,, much of the data given by Mr Speakman could only be in
the nature of an approximation, as none of it had been published
by them, or others, as far as he knew. He did not, therefore,
touch on the accuracy of the figures given, but there was one
point which bad not been taken up in the paper, and it was the
question of power measurement in turbine vessels. While it was
not easy to indicate turbines in the ordinary sense of the word, it
was possible to determine the shaft horse power, namely, the
power delivered to the propellers. The ability to do this, of course,
gave them the power required to drive the vessel, and also the
turbine efficiency, provided the steam consumed by the turbines
was accurately measured. In addition to this, if one was provided
with an experimental tank, extremely interesting results in screw
problems could be obtained. For instance, were the effective
horse power of a vessel known, then by means of such an instru-
ment as the torsion meter, now before them, and shown by the
joint-patentee (Mr Charles Johnson), the nett horse power
delivered to the propellers could be ascertained, which was usually
called the shaft horse power; and if the augmentation of resist-
ance produced by the propellers were known—which could also
be determined in the tank—a measure was at once had of the
total screw efficiency. = When his firm began to build turbine
vessels, the need of such an instrument was at once apparent, and
the question was gone into by their late President, Mr Archibald
Denny, and a member of the Leven Shipyard Electrical Staff (Mr
Charles Johnson). After a great expenditure of time and trouble,
the many difficulties in the way were successfully overcome, and
a practical and reliable instrument designed, and used with
complete success on the turbine vessels built by his firm, To
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obtain the torsion, a suitable length of shaft was chosen for the
measurement, and disos were fitted at each end. On each of these
_dliscs a permanent magnent was secured radially, with a sharp edge
at the periphery of the dise, lying with the edge parallel to the
shaft. Essentially there was a single ooil inductor set beneath
one of the magnets, and a series of coils beneath the other magnet.
These were arranged circumferentially, and lay very olosely to-
gether, so that the sharp edge of the magnet passed directly
opposite each separate coil in turn. When the shaft was at rest,
and without torsion, the magnet at one end was placed above its
coil, and the magnet at the other end was brought exactly above
the first of its series of coils. As soon as the shaft was re-
volved with the transmission of power, a torsion was put upon it.
When the first magnet reached its single coil, it was apparent.
that the other magnet would no longer be above the first.
coil of its series, but above some other coil farther round the
the circumference. The recording box of the torsion meter was
designed to ascertain which coil was the one directly beneath the
magnet at that time, and hence knowing the spacing of the coils,
the amount of torsion at the radius of their centres was ascertained.
To obtain this information, the currents induced in the coils at each
end were balanced, that was to say, when each magnet was above:
a coil the currents induced were adjusted by resistances, so as to
exactly neutralise one another. A telephone receiver differentially
wound was so connected that, the separate currents from the in-
ductors at either end of the shaft were made to act simultaneously
upon the diaphragm of the receiver. There would only be one
position where that neutralisation took place perfectly. For all
other positions a ‘ tick "’ would be heard at every revolution of the
shaft. By making contact with each coil of the series successively,
it was easily discovered which was the particular coil where the
neutralisation took place, there being no *tick " for that position.
This selection of coil was made by passing a switch over s series
of studs, each stud connected to one of the series of coils, and each
stud therefore representing a fixed amount of torsion, namely, the
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distance between adjacent coils of the series. A direct reading
from the scale round the studs would give the amount of displaee-
ment of the magnets relatively to one another, and therefore the
amount of torsion. The foregoing was a description of the torsion
meter in its simplest form. In practice it was usual to supply six
single coils at one end of the shaft, and a series of coils at the
other, the distance between the single coils being rather less than
the whole space occupied by the series of coils. This was done to
give greater range of measurement to the instrument. In effect
this arrangement multiplied the amplitude of measurement of the
simple form about five-fold. The apparatus upon the table was
fitted for three shafts, and, as would be seen, had two circles of
studs for each shaft, one for the single coils and the other for the
geries of coils. There was provided a row of studs at the top of
the box; these were connected to resistances, and were for
balancing the currents induced by the two permanent magnets,
which were not necessarily of exactly the same magnetic intensity.
A feature of this induction method was that there was no actual
touching of the fixed and revolving parts, and therefore no error
introduced by the wearing away of surface. It could be left in
position for any length of time, and was always ready for use. The
recording box might be placed in any convenient position in the
ship where comparative quietness could be obtained to take the
observations; the connecting cables being led to it from the
inductors. He thought no apology was required for making this
digression, as Mr Speakman had pointed out how important it was
that one should know the inter-relation between the turbines and
the propellers. He placed a high value upon Mr Speakman's
paper, which would prove of service to Members and a valuable
acquisition to the Transactions.

Mr Arex. Craie (Member), said he had read Mr Speakman's
paper with very great interest indeed and be had noted several
points upon which he would like to ask Mr Speakman a few
simple questions. With respect to the question of pressure per
square inch of projected area of propellers, the Author stated that
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pressures of from 12 to 14 lbs. had been known, but he was under
the impression that in some torpedo boat destroyers the pressure
reached as high as from 15 to 16 1bs.  If this really were the case—
What percentage of slip of propeller might be expected under the
circumstances? With regard to the adoption of turbines for tramp
steamers, that would come, but in the meantime the most valuable
information which Mr Speakman, or any other expert, could put
before them was in connection with channel steamers and de-
stroyers. With regard to the ratio of projected area to disc area,
the highest mentioned by Mr Speakman was *58, but he knew
that in some cases that figure had been exceeded. He had taken
great interest in the turbine steamer * Victorian,” to which the
Author had referred in Table I., where it was stated that the pro-
peller had a diameter of 9 feet 6 inches. To him the propeller
looked smaller than that, and he was certainly surprised to see that
-some material had evidently been removed from the tips of the
blades. The original propellers were four-bladed, and he under-
stood that they were being replaced with others of three blades
about 8 feet 10 inches in diameter, He 'would like to ask Mr
Speakman what he thought about that change? Referring to
Fig. 7, the Author said that ‘‘Parsons’ turbines, however, have
been built with V¢, varying from 25 to ‘85 of Vs.” He would
like to know what the ratio was in channel steamers, and how
this effected the economy of the turbine. In the formula (Blade
velocity)? x No. of rows = Constant, it was not quite clear what
$hat constant really was, and the Author, in his reply, might perhaps
be able to state how it was used in turbine design. Coming
to the blades of the turbine, Mr Speakman seemed to
think lightly of the principle on which the blades were
fixed in the Parsons turbine. He (Mr Craig) had seen a few
Parsons’ turbines, and certainly to his mind the fixing of the
blades seemed a weak point. The arrangement of blades exhibited
on the table was a very excellent substitute for the method used
by Mr Parsons. The fixing of the blades was pretty much con-
trolled by the weight of the hammer and the strength of the
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engineer’s arm, but with this new method the variance of pitch of
blades appeared to have been eliminated. From what he had seexx
of the Parsons turbine blades in position, they seemed not to be
so regularly spaced as those in the Willans’ ring on the table. The
action turbine was the turbine that he was practically wedded to,
and he would like to ask Mr Speakman if he thought that there.
was any possibility of the action turbine being used economiocally
for driving steamships ? It had certainly one advantage, in that-
superheated steam could be used. He did not know whether
superhesated steam had been used for Parsons’ marine turbines,
but he looked to Mr Speakman for this information. The stripping
of blades would be a very serious matter if such occurred in mid-
ocean, and from what Mr Speakman had said it was very apt to-
occur. But he gave no instance of such a thing having taken
place, and many like himself would like to hear of the results of
such stripping, and the best way to obviate the same. The Author
referred to turbines for generating electricity and marine turbines,
and said that the former were not designed for the same internal
efficiency. What did the Author mean by this internal efficiency ?
In Table ITI, he noticed that the widths of turbine blades varied from:
$ of an inch up to 1} of an inch, and he had been lead to believe that.
for lengths of 21, 24, or 30 inches their widths should be greater.
It would be seen from the diagram above Table III. that there was
a clearance at blade tips which extended for the full length of the
space traversed by the steam without any opposition whatever,
This clearance seemed to him to correspond with a leak in & main
steam pipe, involving an irrecoverable loss. The retardation of
the steam in its passage through the turbine by the wire lacing of
the blades was also another loss which he thought might be.
obviated by a better mechanical device. In discussing matters of
this nature, it was better to have reliable figures—he did not
mean to say approximate figures—but figures upon which an
engineer could rely. He desired to thank Mr Speakman for
baving submitted such a meritorious paper.

MrJ. R. Jack (Member) remarked that Mr Speakman’s paper
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really concerned the engineer more than the naval architect, but
as they had fo work together it was of interest to them both. In
taking up the question, Mr Speakman hit the nail on the head as
the very beginning, where he said that the turbine efficiency and
the propeller efficiency must be considered separately and together.
The propeller of & turbine driven boat was nearly always too
small, because if a big propeller were fitted a larger turbine would
be necessary than the engineer could afford weight for. The same
difficulty obtained, though on a smaller scale, in motor boats, and
he thought the motor boat might be looked to for a solution of that
problem. In such small craft, the propellers could be altered
cheaply and experiments readily carried out. It appeared to him
that the motor boat seldom gave & high efficiency, because the
revolutions were kept down in order that the propeller might be
large enough to have some efficiency; with the result that neither
motor nor propeller reached their maximum efficiency, each having
made & sacrifice to help the other, and so it was exactly on a par
with the turbine vessel. Although he was afraid his engineering
friends would scoff at the suggestion, he thought the time had
arrived when the question of gearing should be considered. In
the early days of screw propulsion, gearing was adopted, as the
engines could not run fast emough for the propeller. Direct
driving followed, and he felt that with the present style of motor
or turbine it might be advisable to introduce gearing. He had
experimented with gearing in & small way with a motor boat, and
the results had surprised him. He tried a small petrol engine
geared down two to one by a chain drive, with the result that the
motor was able to run at its maximum revolutions. The pro-
pellers running at a reasonable speed could be of a reasonable
diameter, and a ratio of effective horse power to brake horse power
could be obtained almost as high as the best of the turbine boats
that were mentiongd in the paper. Of course it was one thing to
work gearing with a boat 25 feet long, and quite another matter
with a ship 600 feet in length; but he thought there was a

possibility of screw gearing being adopted somewhat on the. lines
4
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of that used in the Lanchester motor car. It would run for
thousands of miles without showing appreciable wear, and such a
gear might give the de Laval turbine a chance of being applied to
marine propulsion. Another advantage of using a large propeller
was in starting and reversing the vessel. With the small propeller,
that was a weak point in a turbine ship, and a large propeller
would get over the defect. Tank models helped largely in in-
vestigations, but they bad their limitations. The principal
limitation was atmospheric pressure. A model propeller placed
a foot below the surface had an atmospheric pressure equivalent
to nearly 30 feet of water on the top of it, and a propeller 30 feet -
in diameter had only its own diameter above it. That difference
was 8o serious that it shifted the cavitation point out of scale
altogether. To get over this difficulty, an experimental tank would
have to be arranged with self-recording instruments, the air being so
rarefied that during experiment it would bear the same relation to
the model as the atmosphere did to the full-sized ship, There was
another difficulty with the present type of turbine vessels. They
bad almost invariably three shafts, Now for river or cross-channel
steamers that did not matter, but with large passenger and cargo
vessels having such an arrangement the designer had a grievance.
The bottom of the ship abaft the machinery space was monopolised
by these shafts, and the result was that the centre of gravity of
the cargo spaces was very far forward, which, of course, could not
be helped. The common centre of gravity of the ship, when
loaded, was much further forward than when light, and therefore
inevitably there was a big difference of trim between these con-
ditions. A vessel only devoted to cargo might be designed with a
quarter deck or a long poop or something of that kind, but cargo
steamers driven by turbines were not yet in evidence—if ever they
would be. Usually the upper part of a turbine vessel was
monopolised by passenger space, and the objectionable feature
could not be got over. If the centre shaft could be got rid of, a
tunnel as in an ordinary twin screw steamer might be arranged
There was another shipbuilding point referred to by the Authop
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regarding the defective ventilation of turbine rooms, and he knew
that a great number of vessels suffered from that. It was a fault
that was not altogether incurable, and it was largely due to the
nervousness of the turbine maker with regard to stripping of
blades and possible break down. A turbine was long (un-
fortunately, it usually worked out rather longer than the ordinary
engine), and it was liable to the disease of stripping, when it had
to be taken out to be sent back to the maker ; in consequence, the
air casing bad to be made large enough to let the turbine out. If
the makers of turbines could guarantee that the turbines would
not require to be unshipped for repairs, the shipbuilders could
divide the air casing into two portions, with one portion over the
after end of the turbine room and the other over the fore end, and
80 have a complete circulation of air through the space. It was
pretty much the same with regard to ships’ galleys, which in some
ships were very hot places. Some of them, indeed, were worse
than any naval turbine room; in fact, it was almost impossible to
live in them, but with this system of ventilation the galley
nowadays was no worse than any other part of the ship. Astoa
comparison between ordinary screw steamers and turbine vessels,
it was almost impossible to get data on which to work, because a
comparison which was true to-day was not so to-morrow. The
best published comparison was that respecting the Midland Rail-
way Company’s steamers, which furnished an excellent contrast
between the ¢ Antrim " and the ‘‘ Londonderry.” That had been
drawn up with every care to avoid undue favour to the turbine,
and still the turbine showed a sensible advance on the reciprocating
engines, taken at the time. But to-day that comparison was of
little value. The * Antrim " was an exceedingly fine vessel, and
if she had to be repeated to-day he doubted if either her designers
or builders could improve upon her from the standpoint of speed,
but with the “ Londonderry” it was quite different. Coming from
the 22 knots of the “Londonderry” to the 23 knots of the
« Manxman,'’ there was an increase of boiler pressure of from 150
to 200 lbs. The turbines were designed to utilise all the steam
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produced by the boilers, whereas in the ¢ Londonderry” they
were designed t6 work best with the single-ended boilers shut.
down. In order to carry the extra weight, the “ Manxman " had
bad her beam increased one foot. To-day & ‘ Londonderry’
could be easily built to reach the speed of the ‘“ Manxman'”
without any of these increases, and in fact in the case of the
“ Invicta " it had been done on even smaller dimensions. He had
looked through the paper in vain for one thing, and that was any
reference to the gas turbine. The steam turbine had given the
engineer & lighter motor—there was no doubt about that—its
introduction had got rid of a great deal of the vibration, if not all,
but the weight and trouble of the boilers still remained. He was
sorry to add to the number of questions which Mr Speakman had
to answer, but he would like to know if Mr Speakman did not think
that if the gas turbine did not come pretty soon it would have
a hard fight with the reciprocating gas engine for marine pro-
pulsion ?

Mr W. H. RmobrLesworTH, M.Sc. (Associate Member), said it
was with feelings of more than ordinary diffidence that he rose to
address the meeting after the very eloquent opening by Mr Ward.
He would like to offer a few critical remarks on this interesting
paper, but before doing so he would like to pay tribute to the skill
with which Mr Speakman had collected the tables and data on
matters which were certainly not very easily got at. The first
part of the paper was devoted to the relation of propeller and
motor, and the intimate inter-relation of these had formed the
subject of many essays and attempts at elucidation, whilst the
attempts at overcoming the difficulties had produced almost as
many wonderful devices as the search for the elusive perpetual
motion machine. The particular troubles incident to high rota-
tional speed had often been made patent to those who had tried
to obtain light weight machinery or small dimensions of propeller.
The steam turbine was essentially a high speed motor, and it was
only by a compromise between almost irreconcilables that any satis-
factory propelling apparatus could be made. To that problem the
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-first part of the paper was devoted, and it was assumed as a working
basis that the desirable thing was to make the revolutions as great
a8 was consistent with & reasonable propeller efficiency. That was
a point which required some proof, a8 it was quite conceivable that
some lower speed at which the propeller efficiency might be
greater would pay in spite of the probably increased dimensions
and weight of the turbines. The Author’s first step in the solution
of this part of the programme was to obtain the minimum diameter
.of the propeller, and this he did without reference either to pitch
«or revolutions, both of which must obviously have no inconsiderabls
influence on the dimensions of the propeller. He would suggest
that & somewhat similar formula to that on page 21 might safely
be used to give the minimum projected blade area, but that in this
present form the Author’s formula was incomplete and apt to be
misleading. It was probable for ships which had to make fair
weather passages and for which a high trial trip record (in smooth
water) was the desideratum, that the pressure should be pushed to
the point at which cavitaton was imminent, but for ships that had
to keep time in all weathers the pregsure allowed should be kept
down something like in the ratio of the smooth water resistance
to the augmented resistance due to bad weather, etc. On page 24
the Author said, ‘“ Having obtained the diameter of the propeller
and the revolutions possible, the design of the turbine can then be
undertaken, but for this no formule exist at present, such as are
met with in reciprocating engine practice.” He had tried to show
that the diameter obtained by the formula on page 21 ought rather
to be regarded as an indication of the minimum projected area,
whence of course, assuming a surface ratio, diameter could be
obtained, but he nowhere saw any method of determining revolu-
tions unless he was to infer it from the allowable speed of blade
tips. The relation between axial thrust and circumferential speed
of blade was by no means a simple one, as might be seen from the
Author’s Fig. 1, which might be accepted for the present purpose.
Hence any calculation of revolutions from these two elements
alone must be of somewhat doubtful value. Accepting the thesis
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that the revolutions must be kept as great as practicable, he would
suggest that the propeller should be designed on the ordinary lines
if possible by a method involving all the elements of the propeller ;
that was revolutions, diameter, pitch ratio, and surface ratio, ete.
That might have to be done for a series of revolutions, and one
ought to be able then to see what sacrifice of efficiency would be
necessary in any particular case in order to keep the thrust pressure
on the blades below the predetermined maximum. The maximum
revolutions could also be determined, and the problem solved
generally. Even then, the solution or solutions of the propeller
problem would not be as definite as might be wished, for it was well
known that many cases have arisen in which the best information
had been read as a basis for determining propeller dimensions, and
yet vast improvements have been made by changes of propeller
which had apgarently not been foreseen in the original solution.
The case of the ctuisers of the ‘“Drake’’ class would at once occur
to many. Assuming the dimensions of the propeller fixed, then
the next consideration was of the turbine problem. He did not
propose to deal with that at any great length, but he must call the
Author’s attention to the looseness with which he had explained
his method of finding the velocity of flow of steam. That was, he
thought, best explained as that velocity which implied that the added
kinetic energy of the fluid was equal to the work done in expand-
ing, in whatever way it did expand—adiabatic or otherwise—from
the initial pressure to the final pressure in the passage under con-
sideration. In Fig. 19, if a pound of steam at p, v, passed through
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the turbine and expanded to p,v,, then at any particular stage in
the turbine, if the pressure was pv for a small drop in pressure,
such as from row to row, the work = v & p, and the velocity was

2
such that ‘;Lg = - v3p, theinitial velocity being neglected, or with

2 .
an initial velocity V; v, zgv‘ = — v8p. Ina paper read before the

[y

Institution last session, Mr Melencovich gave a very elegant method
of finding the successive pressures, and hence the drop in pressure
from row to row when the work was equally divided amongst any
number of rows of blades. It might be noted that the Author’s use
of “8" as the value of /2¢ in his formula was capable of a re-
finement which was surely well worth making. Even a common
10-inch slide rule showed a very considerable difference between
the accepted value of ,/2g and 8. In connection with the relation
of the blade velocity and the steam velocity, it was worthy of note
that the two cases quoted at the middle of page 25 were only
correct when the angle between direction of motion of the
impinging or issuing jet and the blade was zero; for all other
cases, a relation depending on this angle held good. Of course,
in a combination impulse-reaction turbine the relation of these
velocities was empirical to a certain extent. In conclusion, he
would point out the futility of elaborate theoretical investigations
of the necessary blade heights, etc., when it was impracticable to
approximate to these dimensions, and the blades had to be made of
constant size for very considerable portions of the length of the
turbine, although by suitably grading the packing pieces much
might be done to make the openings of approximate sizes;
and until a method of building turbines was evolved which
allowed each row of blades to be made of the proper size, all
turbine dimensions must of necessity depend on a number of
empirical rules which would naturally be guarded with the
greatest jealousy by the fortunate possessors of sufficient ex-
perience to enable them to devise such rules. One line of
progress, it seemed to him, lay in the direction of abolishing
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steps in the size of the various rows of blades, and another
was in the adoption of & more mechanical construetion of the
blades and passages, one example of which was shown by a very
enthusiastic advocate at the last meeting,

Mr Jorn REIKIE (Member) considered Mr Speakman's paper
one of very great interest to every engineer. Although the Author
had framed it with special reference to marine work, the question
of economy in steam consumption was of vital importance to all
engineers, and any remarks bearing on that question might lead
to still greater economy than that now attained in general practice.
As a locomotive engineer—in which branch of engineering it was
at present impracticable to make use of the steam turbine — he did
not agree with Mr. Izod that this type of engine was the only one
for future marine work. For marine practice, although the turbine
might at present have a great advantage over that of the slow-speed
triple-expansion reciprocating engine with respect to high rotative
shaft speed and steady running, still the introduction of a high-
speed reciprocating engine in combination with a high steam
pressure of 500 lbs. and upwards, and designed so as to make use
of steam superheated to & high degree, would not only place it on
au equal footing with the turbine as regarded high rotative speed
and eliminating vibration, but it would enable it to reach a very
much lower consumption of steam than that possible with the
turbine as now designed. Regarding economy in steam con-
sumption, his opinion was that if the maximum efficiency were
to be attained with every engine designed, it became necessary to
have a standard in the quality of steam generated in the boiler,
equally as much as for material used in making the engine. 8o far
as he could judge, steam of the highest pressure carried in boilers
was accepted by many engineers as being the best in quality.
That appeared to him to be a mistaken idea; the measure of
quality in steam should be temperature, not pressure, so that
every engine should compete on equal terms in economy in steam
consumption, independent of the pressure carried in the boiler.
On page 36 the Author, when referring to the cylinder of the
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-¢urbine, mentioned a temperature of 400 degrees as a maximum,
although that temperature did not admit of the best quality of
steam being used in the oylinders, still it would be found by a
reference to Fig. 12, that the consumption of steam was as low
as 13} Ibs. per1.5.P. He would like to ask the Author if the steam
used in the cylinders of the engines of the other vessels shown in
the same table was of the same temperature, for if not it might go
a long way to explain the difference in steam consumption. As to
the introduction of a standard quality of steam, experiments only
would bring to light what the temperature should be to form that
standard. So far, he had found no difficulty from using a tempera-
ture as high as 900 degrees F. in cylinders; this, however, might be
as much above the average required to bring about the best results,
a8 400 degrees F. was too low. Experiments on the Continent with
a 300 B.P. engine had proved that with a temperature of about
540 degrees F., the consumption of steam per 1.B.P. was brought
down to 99 Ibs. What could be acoomplished with one engine
should be within the reach of all engineers ; a universal reduotion
of steam consumption was surely a goal all interested in the search
for economy should endeavour to reach, If the steam turbine
could not compete with the reciprocating engine under such
exacting oonditions, he had no doubt it could be designed to do so.
He was not quite sure if MrIzod had not already in view the early
introduction of very highly superheated steam, for he remarked
that the turbine of ten years hence might differ materially from
that of the present day.

Mr James HaminroN (Member) remarked that some observations
made by Mr Jack had suggested to him that he might say
a word or two which might be useful in connection with
cavitation and the figures for the pressure per unit of projected
ares of propeller. He had for a long time thought that blade
interference had more to do with inefficiency of propellers than
cavitation, and he had taken the trouble to plot down the path
traced by each blade of a propeller, and it was very surprising to
see, when allowances for the advance of the screw, the slip, and



-68 ) THE STEAM TURBINE, WITH
Mr James Hamilton.

.the wake were made, what a very small layer of water each blade
-had to vyork upon with fast speed yessels, such as were under dis-
cussion, and it was worse when .the ship did not travel fast like
the screw. That had been confirmed in a small yacht fitted with
v motor, which he owned, and he was surprised to find that in
making a distance of about 13 nautical miles, after one of the
blades of the propeller had been thrown off, she went about as fast
with the one blade as with the two blades. It was not very good
for the shaft, but he did not think it suffered. The point was that
there was a great deal less blade interference, and there was very
little difference between the speed with the two blades and the
speed with the one blade. Of course the engine was running
about 1,000 revolutions in the one case, and about 750, or the
normal speed, in the other case, the propeller going at half the
speed of the engine in each case, connection being by a chain
belt and pulleys. Those investigating propeller problems should
consider the question of blade interference. It was perhaps easy
to calculate the pressure on the disc, but in what way could an
analysis be made to show that after reaching 11 or 12 lbs. per
square inch the efficiengy fell off? Although the adoption of such
a pressure might be a convenient way of ensuring that the pro-
pellers were not made too small, the falling off in efficiency
might be equally & question of blade interference and not a
matter of cavitation at all.

Mr James ANDERsON (Associate Member) said that Mr Speak-
man had stated that the tensional pressure of propeller blades
was approximately from 10 to 12 lbs. per square inch at a depth
of 12 inches below the surface, and he desired to know if the
indicated horse power used in the thrust formula, got from
model experiments, was calculated from the steam consumption
or from a torsion meter ? He considered the formula at the foot
of page 35 somewhat indefinite, and he could not make out what
“8" was.

Mr JouN ALEXANDER (Member) asked the Author if he would
tell the Institution what the present method of grouping the
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turbines was in & vessel running at cruising speed? In electrical
work the power of the steam turbine was generally governed by
altering the period of the blasts of steam admitted to the turbine,
and he would like to know if this method was used in vessels with
turbines running at reduced snerda?

Mr R. T. Narier (Member) observed that the use of triple pro-
pellers came up in connection with the application of the steam
turbine to marine purposes. Those who had experience with
twin screw steamers knew that the slip was much greater than
with single screws, and he asked, if it was not a business secret,
whether it was customary to make the centre propeller, where three
were used, of less pitch than the wing propellers. If this was not
‘done at present, he was prepared to learn some day that power
was being lost. Another matter was the time required for the con-
struction of large steam turbines. The number of blades on a
single rotor amounted to hundreds of thousands, and the number
that could be fixed in a working day was limited. He asked if it
was not the case that for engines of large power those of the
turbine type required longer time to comstruct than did multi-
cylinder engines.

Mr RoBerT Rovps, B.Sc. (Member) observed that Mr Speakman
had said that the greater the ratio of V¢ to Vs, the greater would
be the required number of rows of blades. It appeared to him
that, the number of rows required depended on the amount of
useful work that could be given to the turbine by the steam per
row of blades. He would like to know what particular law Mr
Speakman adopted when he calculated the volume for actual
expansion, whether it was with 70 per cent. efficiency or 80 per
cent., or some intermediate value?

Correspondence.

Mr B. M. NemsoN (Manchester) felt that Mr Speakman’s
paper was full of useful information, much of which, he believed,
had not been published before. Mr Speakman had referred to
the leakage over the tips of the blades in Parsons’ turbine. The
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effect which that leakage had on the efficiency of a turbine, was &
question which had been generally passed over without comment,
by writers of papers on steam turbines. That was probably due
1o the fact that it was difficult to tell how much loss was due to
this cause. = Mr Speakman suggested that that leakage was
perhaps not so detrimental on account of actual leakage loss as in
its heating effect, tecause the heating of the steam increased'its
volume, and thus upset calculations regarding dimensions. It
was, of course, impossible in designing a turbine to calculate
exactly what the heating effect due to leakage over the tips of the
blades would be ; but it was quite possible, he believed, to calculate
the heating effect with sufficient exactness to enable the turbine
dimensions to be determined without great error due to that cause.
The changes of volume of the steam caused by friction and by
the transference of heat to the metal parts were, in his opinion,
much more difficult to ascertain beforehand than the change of
volume due to the heating effect of leakage past the tips of blades.
While the difficulty due to this change of volume, produced by
leakage past the tips of blades, was, in his opinion, not serious, he
believed that the direct loss due to this leakage might be, and in
some cases was very serious. A certain amount of heat energy
of the steam was at every stage converted into kinetic energy.
With the kinetic energy so acquired, some of the steam-—some-
times a large percentage—leaked past the tips of the blades, and a
great part of its kinetic energy was converted back into heat. It
might be thought at first sight that this energy was not lost: it was
only converted into another form. As a matter of fact, however,
much of it was lost as far as ultimately getting useful work out of
it was concerned. This would be obvious on alittle consideration.
He did not need to give the proof here, but the loss was on the
same lines as that which would occur if the heat produced by
friction in the turbine bearings were used to generate steam to
drive the turbine. The leakage past the tips of the blades was, in
his opinion, an important loss in turbines of the Parsons type.
The percentage leakage was usually greater at the high pressuro




SPECIAL REFERENCE TO MARINE WORK 61
Mr R. M. Neilson

end of the turbine, but the thermo-dynamic loss for & given weight
of leaking steam was here least. Fig. 9, showing the tip clear-
ances, was very interesting, but its value would, he thought, be
much more added to if the heights of the blades were also given.
He presumed that the overall diameter was measured from tip to.
tip of the rotating blades, and was not the outside diameter of the-
fixed casing. A little more explanation of Fig. 10 would also be
useful. Mr Speakman gave a formula, which depended -on the
effective thruss, for finding the diameter of a propeller. In order
to use that formula as the Author intended, it was necessary to.
know what assumptions he hed made in obtaining the effective
thrust. On page 30, it was stated that * the higher speed neces.
sary on the L.P’s was got by running at considerably higher revolu-
tions than on the B.P. shaft.”” Why ‘“necessary’? In referring to-
the material of which turbine blades were made, Mr Speakman said
the alloy contained 16 per cent. of copper and 3 per cent. of tin.
It would be interesting to know what the remaining 81 per
cent. was ?

Mr Hexnry L. S. Nicor (Southampton) stated that having had.
a considerable experience in turbine work, both in designing and'
running turbines from 200 .w. to 5500 k.w., and being at present
with Messrs. Thornycroft, directing their turbine work for torpedo-
boat destroyers, he felt much indebted to the Author for his very able
and valuable paper. One had only to study the subject a little to
find the many difficulties which had to be overcome before the final
design could be attempted. The Author had, as one might say,
laid the foundation stone. Of the many papers which had been
read before the various Institutions, perhaps never had the subject
been so openly treated, and he hoped the formnls given in this.
paper might be fully considered and bear a future weight in
turbine design. From a practical point of view, he would like to
bring forward three important points, namely:—(1) Distortion
through cylinder design, (2) balancing, and (3) end thrust. With.
regard to distortion, he had met with it in several turbines, and in
one special case, an 1800 x.w. machine on test (after being bal-
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anced, and all other preliminaries attended to) commenced to tip
80 badly that the test had to be abandoned. That was due to the
distortion of the cylinder, and it had to be overcome by * relining
up”’ the spindle and increasing the blade-tip clearance between
the cylinder blades. That was done by fixing and driving a
narrow emery wheel, to an arrangement on the boring bar,
keeping the bar out of its true centre, thus increasing the spindle
blade-tip clearance where actually required, and treating the
cylinder blade-tips in the same way. Although he approved of
superheated steam,- naturally such high temperatures caused
more distortion, which, he was afraid, would never be totally over-
come, a8 it took place in various directions. In his experience, the
most effectual way to overcome distortion had been to increase the
number of radial ribs or webs. As to balancing, that was also a
very important point, and he had recourse to the knife edge, which
should have plenty of bearing surface to ensure easy rolling, and
to prevent marking heavy spindles. Then, finally running the
spindle in its bearings, either by a motor, apart from the turbine, or
by steam in its cylinder. The provisions for fixing balance weights,
the number, and easy access to same, were points in design of
great advantage. The end thrust, the Author said, could be cal-
culated, and great care was necessary in the calculation. The
figures could only help to decrease excessive end thrust, the final
end thrust being acquired by careful measurement and regauging
at the blades.

Mr Joen Warp (Vice-President) considered it incorrect to
say that the torsion meter was not a dynamometer. It might
be pointed out that the torsion meter was greatly superior to that
kind of dynamometer which absorbed the power to be measured,
in that it measured the power transmitted by a shaft while it was
.doing useful work. Every kind of dynamometer must of course be
calibrated. In the case of the torsion meter, the shaft formed an
-essential part of the whole dynamometric apparatus. It was the
spring which had to be calibrated, and this could easily be done
before it was placed on the vessel, or, alternatively, it would be
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found fairly accurate to use the followmg formula for ordinary
solid steel shafts :—

__140 x (f_i!‘ x 0
- L.

Where W R = Foot pounds turning moment.
d = Diameter in inches of shaft.
0 = Angular deflection in degrees. ) Between the discs
" L = Length in feet of shaft. of the meter.

-

Mr WirniaM GraY (Member) stated that the figures which
Mr Speakman quoted from his paper, read at the Institution of
Naval Architects in July last, were based oun observations made at
the speed trials of the respective vessels, and they were not
approximate. He (Mr Gray) did not say they were absolute
figures, they were given in the paper as comparative with the
word ¢ comparative ” italicised. The ‘* Manxman " had one foot
more beam to give her increased stability as she was built for the
Isle of Man passenger traffic, and the whole of the shade deck was
available for passengers as compared with a portion at the forward
end in the other vessels. The increase in beam had no connection
with the larger turbines.

Mr Joen H. MacarLPINe (Member), after reading Mr Spea.k-
man’'s paper repeatedly with interest and profit, thought
there were quite a number of points which the Members of the
Institution would like the Author to amplify. Some of these
he would touch upon in the following remarks. The co-ordinate
subjects of propulsive efficiency and propeller thrust were fre-
quently referred to. But while on page 23 effective thrust was
referred to as a somewhat subtle subject, at quite a number of
places the true value of the propulsive efficiency or thrust was
supposed to be known, or to be calculable with considerable
accuracy for the various classes of work, when determining the
proper dimensions of the propeller and the turbine. In referring
to Table I., the value of C was stated to be probably within 2 per
cent. of the truth. As C was proportional, in any case, to the
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square root of the effective thrust, the value of this thrust would
then be true within 4 per cent. It was hardly to be supposed
that anything like such a close approximation could be arrived at
except by a most careful experiment on the actual ship or on a
model. In the latter case, when passing from the model results
to those of the ship, with a propeller under a pressure of 8 or 10
lbs. per square inch of blade area, the margin of possible error was
considerable; for while the full size propeller was near the limit at
which it would work without cavitation, the intensity of pressure
on the small model propeller, at the corresponding speed, was quite
light, and it was not to be expécted that the action of the water
in the two cases would be entirely similar. If the full size pro-
peller produced cavitation, the action would be very dissimilar.
This was & question that would repay careful experimental
research. To predict, in a proposed design of ship and propeller,
the value of the effective thrust within 4 per cent. seemed to him
practically impossible, and in the design, both of the propeller and
turbine, much larger errors would have to be allowed for. But
the question of propulsive efficiency was one to which Mr Speak-
man had evidently given extended study, and he felt sure that he
could add much of interest to what was popularly known on the
subject, and give interesting data on which his conclusions were
based. In Table I. the approximate value of C was given as
80'8. From the equation—

Diameter of propeller in feet =_"(/TT_

T .
C?= 7 X Effective thrust per square foot of disc area.

From this, for the *“ Amethyst,” effective thrust per square inch of
disc area—

30-82x 4
T x 144
In Engineering of November 18th, 1904, would be found the follow-
ing data for the * Amethyst’" :—

= 84 lbs., . Al
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14,000 L.B.P. (This must be estimated).

Revolutions
Propellers. Diameter. Pitch, ger minute,
Centre, ... 6 - 8" 6-56 4494
Starboard, 6 - 8" 575 484
Port, ... 6 - 8" 575 499
From which—
Travel of propellers per minute.

Centre, 6:56 x 449-4 = 2948
Starboard, ... 575 x 484 = 2783
Port, ... ae 575 x 490 = 26869
3) 8600

Mean, ... . 2867

From this the indicated thrust approximately—

14,000 x 33,000
The total disc area = 349 x 8 x 144 square inches. Therefore, the
pressure per square inch for 100 per cent. propulsive efficiency—

161,000

=310 x 8 x 144 = 107 lbs.
Equation A gave the effective thrust per square inch from Mr
Speakman’s figures, from which the propulsive coefficient was—

There must be some serious discrepancy between the data used in
the paper and that given by Engineering, as it seemed hardly likely,
with propellers working under such high pressure, that the pro-
pulsive coefficient was much if any above 50. The sentence, ‘It
seems likely, to some at present undeterminable extent but within
narrow limits for each class of vessel, that the propeller efficiency
is proportional to the coeflicient C, and this seems to be borne out
by the trials of the ‘Manxman’ and the ‘Londonderry,”" he found
very obscure, and would like Mr Speakman to explain it more
fully. As C was proportional to the intensity of disc pressure, it
seemed to him that its relation to the efficiency of the propeller
must be quite complex, involving a number of otber variables, and

b
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following & law very, different from the simple one stated. No

doubt Mr Speakman’s conclusion that where there was danger of
cavitation there was no advantage of departing from a true screw,
was founded on good data; but it seemed obvious that with a true
screw the pressure at the tip must be a good deal more intense
than at the root of the blade. This might be a positive advantage
for low-pressure screws, but surely must be a disadvantage when
the pressure was near the allowable limit. This seemed to be
borne out by the experience of the writer with some torpedo-boat
propellers. In one set, the variation of pitch was such as to make
one expect great irregularity of pressure and consequent bad per-
formance at high speeds. These were replaced by propellers
which had a diminished pitch towards the tip. In the first, the
dreakdown of efficiency occurred long before the maximum speed
was attained, and in the second, there was no indication of break-
down, though the contract speed was exceeded by fully 14 knots.
The fining of pitch towards the tip, giving diminished slip and
more edgewise movement through the water, must increase the
peripheral speed which could be used without producing cavitation.
With regard to the turbine, also, he was sure Mr Speakman could
readily add much of very great interest. He suggested that Mr
Speakman should give an appendix containing the full caloulations
for a particular case, giving both the rough calculations on which
one would make the preliminary determination of blading and the
more exact calculations of fall of pressure, efficiency, ete., with
notes at the various steps showing what was deduced from theory
and what from experience and judgment. Perbaps this was asking
too much, but it would compress a large amount of information
into a concise and easily used form. All who had had to do with
turbine calculatiens must know that the theory was very imperfect,
and experience counted for & great deal. So far, those who had
had most experience, especially with marine turbines, were exceed-
ingly niggardly in what they had put on record, and Mr Speakman
would render a distinct service by boldly breaking this reserve.
There was much which one would like to see discussed further. For
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instance, it was stated that ** the best ratio of blade speed to steam
speed was a matter of opinion.” Was it not the case that
V. /V, =6, as used frequently in electrical work, had been found
to be the best, but that this ratio must be reduced in marine work
partly, as Mr Speakman stated, to keep down the number of rows
of blades ; but still more, at some sacrifice of efficiency, to accom-
modate the fast moving turbine to the slow moving propeller?
A few lines would bave made clear the origin of the important
formula for equal powers and efficiencies—
(Blade velocity)* x No. of rows = Constant.

For if V,/V, = constant, the flow (neglecting secondary losses)
would remain similar for the different values of V,; and the loss of
head in passing each row would be proportional to V,? or V.2
The similarity of flow also showed that the steum, on passing one
set of blades, was deprived of energy in proportion to V,?; hence,
for equal powers, the larger V,* or V% the smaller, proportion-
ally, was the number of rows required. Also, the total loss of
head would remain constant. It seemed probable that the
eddying and other losses would not greatly alter this constancy of
efficiency. The tabulation of the value of the constant of this
formula in a few typical cases would be very valuable. He
thought Mr Speakman had not stated the real difficulty which
prevented the turbine being adopted in slow ships. The propeller
must be large enough to drive the ship against a head wind and
sea, or to keep it off a lee shore. This, together with any allow-
able pitch ratio, would bring the revolutions so low that the
turbine could not be thought of. Yig. 10 showed the expansion
line of the steam lying between that for saturation and the
adiabatic line, as of course it should, since, due to imperfect
efficiency arising from frictional and leakage losses, etc., less
energy was extracted from the steam between the two definite
temperatures than would be were the expansion exactly adiabatic.
Thus the actual expansion curve, such as that given in Fig. 10,
would not be quite the same for all turbines. It would be of
interest if the Author set down exactly the assumptions made in
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this particular case. It was obviously a point of considerable
importance in the determination of blade openings and the
intelligent design of the turbine.

Prof. A. JamiesoN (Member) stated that Mr John Ward had
showed and explained the construction and action of the very
interesting and ingenious Denny-Johnson torsion meter which his
firm had used ; but he neither gave the full particulars concern-
ing the percentage accuracy of the results derived from it, nor
referred to the reliance that could be placed upon these particulars.
Further, members would feel greatly indebted to Mr Ward if he
would give them details of the necessary preliminary tests of shafts
in the works, for angle of twist produced by different torques, upon
different sizes and qualities of shafts. It would also be interesting
to know how closely the results arrived at by use of the formula
Mr. Ward gave, agreed with the results obtained from the torsion
meter, since he (Prof. Jamieson) had failed to prove that the con-
stant 140, used in Mr Ward's formula, agreed with the constants
given by various authors, as shown by the accompanying remarks.
The formula given by Mr Ward for the turning moment of a-
screw-propeller shaft was as follows:—

WR = 140 x £d)‘ x 0

‘Where W R = Foot-pounds turning moment.
d = Diameter in inches of shaft.
0 = Angular deflection in degrees. ) Between the discs:
L = Length in feet of shaft. of the meter.

It, however, did not agree with the formula deduced from Seaton,
Bauer, Ewing, and Jamieson’s rules for the torsional moment of
resistance of circular solid shafts, which all closely agreed with
each other, viz.:—The turning or twisting moment

Cmd'0_ Cd‘6 _515446, . .
3L I02L L oo

T.M. =
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‘Where C = modulus of rigidity, was taken as 5250 tons per square
inch,

d = diameter of shaft in inches.
0 = the total angle of torsion or twist in circular measurs.
L = length of shaft in inches between the two fixed points.

‘Whereas, in Mr Ward's formula—

But@in degs. was equal
140 <« d* x 6

T.M.= I

foot-pounds. Jto 0-]%0 in circular mea-

sure.

xd*x0x180xTx12 _ 36xd‘x 0
Lx12x22x2240 =~ = L
when—  d = diameter of shaft in inches.
0 = the total angle of torsion in ecircular measure.
L = length of shaft in inches between the discs.

Hence, T.M.= 140 inch-tons,

Would Mr Ward kindly explain wherein this great, apparent differ-
ence occurred between the numerical constants 3:6 from his
formula, and 515 as derived from the other authorities mentioned
above? It might be as well to state that Bauer and Ewing used a
value for the modulus of rigidity, C = 5250 tons per square inch.
Also, they used a shearing stress in the case of steady motion,
fs = 13,500 lbs. per square inch with steel ; whilst, with wrought
iron, f, = 9000 lbs. per square inch, which might be taken as safe
values for the stresses in shafting.

Mr RoBerRT JoHNSON (Associate Member) considered that the
results so far achieved reflected the greatest credit on those
responsible for the introduction of the steam turbine for marine
propulsion, but it was a matter for regret that more had not been
made public both with regard to the performance of the machinery
and to the method of design. The advantages claimed for the
turbine might be considered under four heads:—1, absence of
vibration ; 2, reduction in space occupied; 3, reduction in weight,
and 4, increased economy. As to the first, it was a temptation to
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think that this point had been overestimated. So much had been
said about it, and the subject had been forced into so much pro-
minence that one was led to believe that the bogey of vibration
had been set up for the express purpose of being knocked down
again. His own practical experience with turbines certainly did
not confirm the assertion that less space was occupied, i.e., less
length of ship (the important matter in the case), since in all cases
with which he had been brought into direct contact, the fore and
aft length of engine room would easily have sufficed for recipro-
cating engines of the same power. In certain classes of vessels
where the speed of rotation of the machinery was high, everything
was sacrificed to obtain lightness. Saving of weight was certainly
an important matter, but from experience so far gathered with
turbine machinery of the largest description, any material reduction
in weight would not be consistent with durability and reasonable
propeller efficiency, and the natural tendency at present was to
make the turbine more substantial. It was upon this question of
economy that the marine turbine must stand or fall. Unless the
turbine could shew itself ceferis paribus superior in economy when
employed for propulsion, it could never supersede the piston
engine for the ordinary purposes of commerce. And it was
curious that those who knew the facts and who appeared to be
most directly interested in the matter maintained a discreet silence
on this point. The case of H.M.8. “ Amethyst'’ was perhaps a
striking exception, but it must be remembered that extraordinary
methods were adopted to secure efficiency and the ship carried no
fewer than seven turbines, three only of which were required for
full speed. This involved a degree of complication and an amount
of expense, which could not be seriously entertained as a per-
manent condition. As to the contention raised with regard to
reversing, viz.—that a turbine propelled ship could be brought to
rest in the same distance as was required for a ship with ordinary
engines—it was exceedingly difficult to believe that the astern
turbines would take effect on the ship as quickly as piston engines,
in view of the fact, inseparable from all turbines, that of necessity
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the starting torque was small. Mention was made in the paper of
cases in which the blades of turbines had been stripped. This
appeared to be a not altogether infrequent occurrence and would
be a very serious matter especially if it happened in mid-Atlantic.
Blade stripping might arise through the very small radial clearance
permissible, if so, then a hot bearing would almost of necessity be
followed by the loss of many blades. It was a matter for regret
that Mr Speakman had not been able to enter into the question of
design more fully, but nevertheless the paper formed a substantial
addition to the literature of the subject, It would be of great
interest if the Author could supplement the information already
given by stating what the angles of entrance and exit respectively,
of the standard blade section, really were. Mr Speakman said—
“The actual volume of the steam—not the volume per lb., as
found in tables, or the volume due to adiabatic expansion, but the
exact volume per lb. at any point along the turbine, etc.” He was
quite at a loss to know what this meant, as the only volume the
steam could have per lb. was the volume as per tables, the suitable
table of course being used. Was it possible that Mr Speakman
meant the volume of steam, per lb. of mizture, at any point, ete. ?
MrJosx Warp (Vice-President)—The formula which he had placed
on record was based on actual tests of solid round steel shafting
as fitted to all the steamers built by his firm. Tests had also
been made with steel, iron, and brass rods of 18 inches in length
and § of an inch in diameter, which gave for & values of 134,
132, and 57 respectively. The lengths of ships’ shafting tested
varied from 14 feet to 78 feet, and the diameters from 4§ inches
to 7% inches. Altogether, 46 tests had been made, of which
five were early experimental, in 1901; 37 were made on actual
shafting for turbine steamers, and four on actual shafting of
reciprovating marine engines, All the tests were outwith the
ships, and in all cases the uniformity of the scale of torsional
deflection had been proved by measuring the effect of five or
.8ix loads.  The error involved by refraining from testing a
particular shafting, and taking £ = 140, would not probably be



72 THE STEAM TURBINE, WITH
Mr John Ward.

very serious. The true value of %k could, however, be easily
found (and the error thus avoided) by making the actual tests
on each piece of shafting to which the torsion meter was to
be applied. In view of the extensive practical tests and the
remarkable consistency of all the results of power measurements
which had been obtained from turbine steamers built by his
firm, and some fitted with reciprocating engines, it did not seem
necessary to comment on the calculations Prof, Jamieson had been

Fig. 20.

good enough to send him, beyond pointing out the error into which
he (Prof. Jamieson) had fallen in stating the same in the Trans-
actions. It was open to Prof. Jamieson or any one else to make
actual tests. At the request of Mr Speakman he had much pleasure
in supplying an illustration of the Denny-Johnson torsion meter,
Fig. 20. '

Mr W. J. Goupig, B.Sc. (Member), thought that Professor
Jamieson had made a slip in his calculation when deducing the
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“‘torque” equation, given on page 69. It was hardly pos-
sible that such a descrepancy between the constants, as shown
by Professor Jamieson, could be due to any error in Mr Ward’s
formula, as he presumed the figure 140 was the average of a large
number of experiments on actual shafts. On looking into the
matter, he found that Mr Ward’s expression was exactly the same
:a8 that which could be derived from first principles when the value
-of C=25250 tons per square inch, or 11,760,000 lbs. per square
inch was taken for the rigidity modulus. This would be evident
from the following calculation:—It could easily be shown if a
portion of a shaft AB, of diameter d inches and length  inches,
had the plane b twisted relatively to the plane @, Fig. 21, by a

P RADIANS

4—————— L[ INCHES ——p
Fig. 21.
torque T, so that any radial in the plane b was deflected from Oa

f?}g ‘l, and the

inch-lbs., C being the rigidity modulus in lbs.

to Ob through an angle of ¢ radians, that, ¢ =
7Cd'¢
1

per square inch. In the notation given by Mr Ward, the length L
was in feet, and the angular deflection 6 in degrees, so that, in the

torque T =

-above expression, ! = 121, and ¢ = 5—70 3 ‘When these were sub-

stituted, and the left-hand side further divided by 12, to bring the
torque to foot-lbs., it became—

T 31416xCd‘6 _ Cd‘6

122 32x12Lx 573 84,046 L

and when 11,760,000 was substituted for C, the expression took

the final form—
T = 140 d* 6
L

foot-lbs ;

, a8 given by Mr Ward,



74 THE STEAM TURBINE, WITH
Mr W. J. Goudie.

If, as suggested by Professor Jamieson, Mr Ward could favour the-
Members with particulars of a series of tests on shafts of various
diameters, it would be instructive to note the values of the rigidity
modulus for steel derived from these full-sized members, instead of
from small specimens of the materials, The modulus could be
easily ascertained in each case by multiplying the constant by
£4,046.

Prof. A. Jamieson felt pleased that his reference to the torsion
meter had elicited such practical information, as well as the fact,.
that the formula, as stated by Mr Ward, had been based upon
results from full-sized shafts. Further, that the previously
accepted constant for the modulus of rigidity of steel shafts,
where C = 5250 tons per square inch, had been confirmed by the-
large number of experiments carried out by Mr Ward’s firm. It.
was, however, unusual to issue a formuls with the numerator and
denominator in different units, e.g., where d was in inches and L in
feet, as corrected by Mr Goudie. Consequently, the fundamental
formula as deduced by him (Prof, Jamieson) for the torque,

T.M. = 515; : Qinoh-tons

was correct, and agreed closely with the results taken from actual
practice, as stated by Mr Ward.

Mr SPEAKMAN, in reply to the discussion and correspondence, said
that he had first to thank the many gentlemen who had contributed
thereto, and especially Messrs William Denny & Bros., Dumbar-
ton, who had given the Members such an excellent opportunity of
making themselves better acquainted with the Denny-Johnson
torsion meter. He would endeavour, as far as possible, to
answer the speakers individually, but in some cases one reply
would suffice for more than one critic. He was greatly indebted to
Messrs Willans & Robinson for the loan of the sample ring of
machine-divided blading, to which he had referred in the paper,
and which was a magnificent sample of refined commercial
workmanship. It was more than this, of course; it was
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essentially a practical solution of the hitherto weakest feature of
the multiple reaction turbine. The * disease of blade stripping,’”
quoted by Mr Jack, was a very great difficulty, and the cases in
which it had occurred were very numerous; as the blading repre-
sented such a large proportion of the cost of the turbine—perhaps
one-fifth to one-sixth—such an improvement, representing as it
did a much cheaper and infinitely more reliable system, must affect
turbine design to an enormous extent. His friend, Mr Izod, who
had been so largely responsible for the success of this invention,
had given a diagram to illustrate his remarks, in which he sum-
marized the losses that occurred in the turbine, though he gave
no analytical values, which he might easily have done. The
principal losses were due to leakage and friction, though the
percentage of each varied considerably in different types of
turbine. With the shrouded blading, the somewhat excessive
clearance necessary to prevent any chance of the blade tips
coming into ‘contact with the cylinder, which almost inevitably
caused stripping, was reduced to a minimum, as the effect of
contact was negligible. What these clearances were could be seen
from Fig. 9, and as Mr Craig also drew attention to the saving
possible, he thought the following figures would cast some light
upon the subject. Taking, for instance, the low-pressure turbine,
shown in Fig. 16. The drum was 93 inches in diameter, and the
height of the first ten rows of blades 13 of an inch. From Fig. &
it would be seen that the tip clearance amounted to about ‘080—
ten-thousandths of an inch per foot of diameter was a good rule
—and as there were two tips to a pair, the effective area through
the blades was only that represented in Fig 22. The actual clear
area through a row of normal blades was only one-third of the
annular area, and with these dimensions would amount to

94:375" x 31416 x 1:315"

3 = 120 square inches = a.

The clearance area was 94:375” x 31416 x 0:160" = 47 square
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inches = b, and the ratio of b to a was 392 per cent.*
Obviously, with a shroud, this tip leakage could be almost pre-
vented—the actual clearances being only about one-eighth of those
necessary for a blade. A great many similar points cropped up in
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the design of blading. In the dummy packing, for instance, a clear-
ance of ‘055 of an inch on a 90-inch labyrynth diameter meant a
clear leakage area of 14-3 square inches, corresponding to a 4}-inch

* This, of course, was only over the first stage—but the clearance loss in
the analytical work-diagram might be caloulated in the same way. Need-
less to say, it would be somewhat less.
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pipe. Regarding Mr Izod’s remarks on friction, he did not feel
able, owing to lack of space, at present to give the actual figures
regarding the saving obtainable by the use of smooth blades, but
anyone who cared to put the ordinary brass blade under & micro-
scope, and compare its surface with that of a copper nickel blade,.
would certainly be enlightened as to the possibilities of improve--
ment in blading material. Mr Ward stated that the data given in
Table IV., referring more especially to the vessels built by Messrs.
Denny, was only approximate, and he fully realised that, the more
8o a8 Mr Parsons himself, in separate publications, had given
different dimensions for the same vessel. If any objections were:
made to this table, it was perfectly open to the builders of the
vessels to supply the actual figures, but the table was, he believed,
substantially correct. It was, however, an obviously unintentional
error for Mr Ward to say that some of this data had not been
published either by his firm or others, in proof of which he would
refer him to Mr Parsons’ papers to the Institution of Civil Engineers.
and to the Institution of Naval Architects, as well as to Mr Gray's
paper. Some of it had likewise been taken from a pamphlet
entitled, *“ Extracts from the Dumbarton Herald regarding Turbine-
Steamers, built at Dumbarton by William Denny & Bros.,” and
sent to him by that firm. This tallied with Mr Parsons’ own
publications.  With regard to the torsion meter shown, he
was very grateful to Mr Ward for adding a feature of such
material interest at the present time to the discussion on the
paper. If the idea of shaft horse-power measurement were not
entirely new, at anyrate the ingenious method of obtaining
readings was, and the machine had the merit of great simplicity.
Based on the principle that even the strongest shaft would assume
& twist under the influence of torque, and that the arc of torsion
would be proportional thereto, there were several other meters of the
same kind available, and he was sorry that Mr Ward had confined
himself to a description of the instrument—which had appeared
in Engineering some time before—rather than giving some idea of
the results that could be obtained from it in order that comparisons.
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might be made with other types. Apparently, with this meter, it
‘was only possible to obtain occasional readings on engines of
practically constant torque, such as turbines or electric motors,
and it was therefore at a great disadvantage compared with such a
torsion indicator as Dr. Fottinger’s, of the Stettiner Maschinenbau
A. G. Vulean, from which continuous diagrammatic records of the
effective torque of any marine engine could be obtained. The tor-
sional vibrations of shafting were very important—they accounted
for many fundamental differences between ordinary steam engines
and marine engines, and, incidentally, vibration had frequently
resulted in blade stripping. These vibrations were due to the
periodic fluctuation in propeller resistance, and, in the case of
ordinary engines especially, of the varying tangential force acting
on the cranks. The latter force, due to the steam acting on the
turbine blades, was practically constant, and did not affect the
readings off turbine shafts to any extent, of course, but the vari-
able nature of the propeller resistance did so very considerably, by
setting up torsional oscillations, the action of which affected the
effective torque and also the propeller thrust, and could only be
determined by some continuous method of measurement. This
formed the essential feature of Dr. Fottinger's method, and
naturally necessitated greater complication; but, until the true
-effect of these torsional oscillations was known, it appeared that
the great potentialities of continuous, and therefore more accurate,
measurement more than justified this method. It might be re-
marked, in passing, that practically all the published data on this
subject was of German origin, for in Germany the'question of
the B.H.P. of ordinary marine engines had received very careful
attention during the last eight years. In the case of the * Kaiser
Wilhelm II.,” the Vulcan Company had obtained an efficiency of

-94 per cent. on service, and if such a result was obtainable with’

piston engines and twin screws, it was not surprising that the
North German Lloyd Co., whose large steamers stood so high
in point of propulsive efficiency, should have adhered to this type
.of engine instead of adopting the turbine. The subject of accurate




SPECIAL REFERENCE TO MARINE WORK 79
Mr E, M. S8peakman.

power measurement in turbine vessels was very interesting, hut it
was also necessary to investigate the effective power in ordinary
vessels as well, if any reasonable comparisons were to be made. This
had been done most exhaustively, and the results liberally published
by Dr. Fottinger, whose work on the subject was unexcelled, but
as far as turbine vessels were concerned *those who knew the
facts (to quote Mr Johnson) and appeared most directly interested
in the subject, maintained a discreet silence.” Power measure-
ment led up to economy, and in turbine steamers this involved the
most careful consideration, not only of the turbine and of the pro-
peller, but of their combined efficiency, for unless it could he
shown that this was at least practically equal to that of ordinary
engines, to adopt turbines might be a very doubtful expedient.
This last was certainly not the view that he would take, but ship-
owners frequently did, and in view of the attempted suppression
of data, especially on the subject of design, this silence was signifi-
cant. In answer to Mr Craig, it was very likely that pressures
of 15 and 16 lbs. per square inch of projected area had been
reached in turbine work, but it simply involved & sacrifice of
propeller efficiency in order to get a suitable turbine, and the same
applied to the higher ratios of projected to disc area. With blades
of circular form in the projected view, such as were shown in
Fig. 3, a ratio of 0-6 was about the highest obtainable, but if the
propeller blades were broadened at the tip so as to bring this ratio
even higher—and the necessity for this was already apparent—it
would be necessary to thicken up the root of the blades consider-
ably. It had been proved very conclusively in the United States
experimental tank what sacrifice of screw efliciency was involved
by this, and as the turhine efficiency would remain constant to a
large extent, it was only too probable that increasing the area ratio
would, as Mr Hamilton remarked, entail a further drop in propeller
efficiency due to blade interference. In fact, as Mr Barnaby pre-
dicted soon after the trials of the * Daring,” it might be necessary
in future, as speeds and powers increased, to put up with reduced
propulsive efficiencies. In remarking on the possibilities of action
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turbines in marine work, Mr Craig had opened up a very imporant:

aspect of the turbine question. Mr Izod had not given analytical
values in his diagram of losses, but they were entirely changed by

the adoption of action turbines in which friction was the chief

loss as opposed to leakage in the Parsons type, and it might
eventually be shown that for low-speed work, where the ratio of
blade height to mean diameter was very small in this machine,
that action turbines would prove more successful. It might
interest the Members to know that Herr Zoelly, from whose
electrical turbines the Continental syndicate were obtaining such
remarkably good results, had achieved considerable success in the
application of his type of turbine to a 13-knot tramp steamer,
built by Messrs Howalds, of Kiel. This installation, made by the-
Escher Wyss Co., of Zurich, was of 1,000 B.B.p. With two turbines.

driving twin screws, the steam consumption was only 14 lbs. per-
H.P., & result that was materially better than most published tests.

on other types, excepting the case of H.M.S. «“ Amethyst.” Apart
from its applicability to slow-speed work, this multiple-stage action
turbine was specially suitable for marine work, as it allowed of
almost any superheat being used. Temperatures, in fact, like
those quoted by Mr Riekie became both feasible and advantageous,
and some development in this line might certainly be expected
before long. Hitherto, with the Parsons marine turbine, depend-
ing on clearances like it did—fine, as far as the chance of stripping
was concerned ; large, as compared with the effective opening—
superheat had not been used, but with the action turbine much
larger clearances were possible without loss of efficiency. MrC.G.
Curtis had placed & twin-screw arrangement of his own type of
turbine in an 8,000 m.p. 16-knot cargo steamer for the Southern
Pacific Co., and in a scout cruiser for the U.S. Government; while
the A. E. G. Co., of Berlin, his German licensees, had also done so-
in the “ Kaiser,” of the. Hamburg-American Line, from which
remarkably good results had been obtained. These three instal-
lations all consisted of separate and independent turbines, one on
each shaft, both being complete in themselves and both reversible.

e ————— ~—
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The reduction in complication by the use of two instead of three

shafts was very great, and the superior efficiency of twin over
triple screws would, he thought, before long, cause some modifica-
tion in marine turbine practice. This agreed with Mr Jack's
criticism of turbine-driven cargo steamers—that the third shaft
was very much in the way. Mr Jack had also referred to the gas
turbine, and the possibility of its competing with the gas engine
for marine work. While he doubted the probabilities of this for a
long time to come, he (the Author) certainly thought, that for low-
power and slow-speed cargo vessels, that the gas engine would be
adopted before any steam turbine; history would probably repeat
itself if the gas turbine ever did come, but the enormous practical
difficulties in the way necessitated for the solution of the gas tur-
bine problems a stroke of far greater genius than was ever required
for steam turbine work. In answer to Mr Royds, the volume
for actual expansion was taken with 70 per cent. efficiency in the
case given in Fig. 10; this diagram was inserted to show the
necessity of very carefully investigating the question of openings
between the blades—in other words, of blade heights, as standard
sections were necessary, but perhaps it would have been more
correct to say volume of steam per lb. of mixture. He failed to
appreciate Mr Riddlesworth’s reasoning when he stated that
elaborate investigations of these openings were unnecessary in
view of the considerable difference in volume shown by the
curves; possibly it followed from his hypercritical anxiety for

the use of 8:022 instead of 8 for the ~64:37. His friend, Mr
Macalpine, had asked for more information regarding the calcula-
tion of dimensions. The formula quoted (Blade Velocity)? x No.
of Rows, gave a rapid and easily handled approximation of the
diameter and number of rows when the revolutions were deter-
mined. The suitable blade speeds were given in Table II., and
the value of the constant, or rather coefficient, might be taken as
about 1,500,000 for marine work—say, perhaps, 1,400,000 to
1,600,000, while for land work it was rather higher, being about
1,600,000 to 1,700,000. The blade heights were simply calculated

6
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from the total volume, the desired steam speed, which was from
two to three times the blade velocity, and ratio of exit opening
between the blades to the annular area. He entirely disagreed
with him about the imperfection of the theory of design, as it was
much simpler than that of a reciprocating engine, but a good design
had got to be worked out in a properly scientific manner. The
determination of dimensions and the possibility of forecasting
results in strict conformity with the designed and desired effici-
ency compared with the Rankine cycle, could he done with great
accuracy, though not by the simple method of accepting some-
one else’s empirical rules. He certainly maintained that the
most suitable ratio of steam speed to blade speed had yet to be
determined. Equally good—almost record results in fact—had
been ohtained with wide differences, hut there were so many
variables to be considered that it was hard to lay down definite
rules; mechanical possibilities and the question of manufacturing
costs entered into consideration so much. In answer to Mr
Neilson, a higher vane speed was * necessary "—possibly * advis-
able” was a better word—at the L.p. end to avoid the unwieldy
and unmechanical blade heights that would bhe necessary if there
were no increase of speed. The volume of steam, as Mr Neilson
knew, increased very rapidly at the L.p. end, and to get the clear
area for this to flow through could be done in various ways, but
to increase the diameter, and consequently the vane speed, and the
steam speed too, was one of the simplest. It was with this in view,
as well as the leakage question, on which he fully agreed with Mr
Neilson, that he had stated in the paper that the blade heights
bore a certain ratio to the mean diameter—about 3 to 15 per cent.;
above 15 per cent. the blades were apt to hend at the root. Mr
Neilson, and also Mr Macalpine, had referred to the propeller
diameter formula which he had given. It was based on the
cavitation theory—or rather fact, as it had since become with the
high speed screws now used—the first step heing to obtain the
actual effective thrust necessary, for which resistance data from
tank trials, including the wake and augmented thrust values, was
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of such assistance. Failing this, Mr Barnaby’s formula for effec-
tive thrust might be used. Experience showed what the limit of
pressure was per square inch of projected blade area, due to this
effective thrust, for various classes of vessel, and consequently the
projected blade area in square feet became (as was given by Mr
Barnaby) :—
Effective thrust in lbs. _ { Projected blade area in
Pressure per square inch x 144 { square feet.

His (the Author's) formula went a good deal further, he believed,
because by inserting values of the pressure, and of the ratio of
projected to disc area, one could arrive at the disc area for the
effective thrust. It then needed little or no extra trouble to insert
the ratio of diameter to disc area, whence by means of a diagram
which gave the coefficient that he had called C, the propeller
diameter could easily be found for a given pressure and area ratio
when once the effective thrust was known. The ¢ Invicta,”
referred to during the discussion, showed, it was said, a consider-
able improvement over the * Londonderry’’ on smaller dimensions;
her propellers were rather larger in diameter and probably more
efficient, and might be expected to have a “ C " value of, say, 27-6,
compared with the « Londonderry’s” 30-5. The diagram was only
drawn out up to a -6 ratio of areas, but anyoune who cared to pursue
the subject could easily extend it. With reference to the points
brought up by Prof. Jamieson and Mr Goudie as to the modulus of
rigidity, it might be of interest to record the fact that this figure
—5,250 tons per square inch—had been corroborated by experi-
ments on an assortment of steel shafts made by various companies,
which were carried out at the Royal Mechanical Testing Station
at Charlottenburg, for Messrs Blohm & Voss, a few years ago,
when Mr Frahm was commencing his experiments on the torsional
stresses in shafting. This figure, again, was practically identical with
that found from actual experiments made last year on the 63-inch
shafting of the turbine cruiser, ** Lubeck,” of the Imperial German
Navy; in this case, the average of the four shafts calibrated, showed
a shear modulus of 11,774,160 lbs. per square inch, making
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k = 14009. Mr Johnson had referred to the advantages
claimed for the turbine. As far as reduction of space was con-
cerned, those who claimed this seldom or never added that
occupied by at least one extra shaft tunnel, but in most cases some
overhead space had been saved. As to absence of vibration from
main engines, this had certainly been proved in a great many
vessels, but propeller vibration still remained, and he agreed with
him that too much was made of this claim. For instance, in the
“ Carmania,” the vibration—slight as it was—was noticeable just
where it was not wanted, viz., in the berths. It was almost impos-
sible to say, by placing one’s hand on the turbine cyclinders,
whether the rotor was revolving or not, but no excellence of the
turbine “could overcome the vibration due to a very rapidly
revolving centre propeller passing the stern post, or to the
inevitable fluctuation of propeller resistance. As far as the
« Carmania’’ was concerned, he could assure Mr Johnson that
while the vibration was enormously reduced. compared with the
“Lucania” or the ‘ Deutschland,” it represented no improve-
ment whatever on the ‘Baltic” or the ‘ America,” in his opinion.
What a passenger cared about was personal comfort rather than
pallograph records ; he did not feel the vibration if he were walk-
ing on deck, and if well enough to spend his time in the smoking
room, he did not care much if he did feel it; but where it was
desirable to reduce it was in the rooms, and this was just where it
was most noticeable in the * Carmania.” While he certainly pre-
ferred the slower and scarcely noticeable throb of the ¢ Baltic’s "
engines, compared with the rapid and intermittent tremour due to
the *Carmania’s’ screws, it was only fair to say that the testi-
mony of lady passengers who had used both vessels was that they
noticed considerably less vibration in the ‘ Carmania " than in the
“Caronia.”” A good deal depended on how the ship was built.
Again, where weight was concerned, the saving was important in
warships and channel steamers, where considerable reductions
had been obtained; but in vessels like the “ Carmania,” in which,
on a rough day, half-way out, five or six hundred tons of water
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ballast might be let in: What advantage was there in saving a few
pounds per horse power on the main engines only, unless the
auxiliaries and the boilers were effected as well as the adoption
of turbines? Saving in weight in Atlantic steamers was of com-
paratively small moment. Regarding the shape of the standard
blade section, the general exit angles were from 20 to 25 degrees,
but they varied somewhat with the width of the blade and the
shape of the section. At the low-pressure end the exit angle
was increased to allow a greater opening in proportion to
the annular area. There were an enormous number of stan-
dard sections in use by various firms; and just at present
there was a tendency to alter the shape somewhat in order to
obtain greater strength at the root to resist bending. He might
be permitted to refer to the ¢ Carmania,” in which he had crossed
to New York on the maiden trip, returning in her on her third
voyage. Almost exceptionally rough weather prevailed on the
first two complete trips, but it was remarkably calm on the third.
The universal testimony of every engineer who had visited the
turbine room, either en route or at either end, was to the magni-
ficent success which had attended the skill and thoroughness
which the staff of Messrs John Brown & Co. had lavished on the
vessel and her machinery. The engine room was spacious and
cool, in spite of a large overhead saving of space that had been
devoted to second-class accommodation, while every detail showed
with what thoroughness and care the design had been investi-
gated and carried out. It was not surprising that the vessel, as
Mr Ward said, should have fulfilled the highest expectations of all
connected with her in every way. He gave a summary of the speeds
for the successive voyages on the following page. In spite of very
heavy weather, the average of the longest distance run in one day
worked out at 18:16 knots. One very noticeable feature was
the absence of racing in rough weather, compared with that notice-
able with ordinary propellers; though the revolutions rose slightly
a8 the screws approached the surface, the effect was not felt on
deck at all. In conclusion, he wished to again thank the Members



THE STEAM TURBINE, WITH

86

Mr E. M. Speakman.

-sa8wssed yBuox L1ep ¢
*8INOY [BIOAGS JOJ IOYJBIM JO JULOXB UO 0} AB[ [9HI0A o

‘diysqySry ooy Apusg 03 diyriy3ry yo0y squnsq wWoig

| ooy L9% L | 9% 2
| | _
otear | o8t | ooet | esor | 9991 | wear
| ! i
160 86 9 | % LT 9 [420- 61 L | %8 06 9| OF O L 4.18 6 L
m g plw g p|lwm o qopjm oqop|m oy P, weawop
|
586G 688'C 808 | 08L L08'5 08L'B
oraea | — |erweel — |orweaq| —
— 15 "usp — jogweq | — 8 "0Q
|
- T _
owoR mo wwog |  wwo “Jmoy 00
|
m Om -N -ﬁ
_ P _ — .- oo -
I
w "ADVAOA

T ‘sjouy—Lep |
euo Ul Unl eousysip 3seSuory

.es .en .305“'@8&@
‘ompy w30

coe

*** 4 SJOUY—UNI SOUBYSIP [830],
oen see -M.ﬂow BQZ GNQH
‘[oodaeary yyery

ses oo




SPECIAL REFERENCE TO MARINE WORK . 87
Mr E. M. Speakman.

for the way in which they had received the paper. The subject
of steam turbines was one of engrossing interest at the present
time, and it was therefore a source of much pleasure to himself to
have been able to submit a paper on the subject to the Institution
of Engineers and Shipbuilders in Scotland, of which so many of
the leading Members had contributed to the present status and
success of the marine steam turbine.

The PreSIDENT said that every Member was deeply indebted to
Mr Speakman for bringing this most interesting subject before the
Institution. He was curious to know as much as possible about
turbines, and he had learned a great deal from Mr Speakman's
paper. He proposed that the Institution should award Mr Speak-
man a hearty vote of thanks for his paper.

The vote of thanks was heartily accorded.




THE EVOLUTION AND PROSPECTS OF THE ELASTIC
FLUID TURBINE.

By Mr R. M. NEemwsoN (Manchester),

SEE PLATES VI., VII., VIIL., AND IX.

Read 19th December, 1905.
TrE efficiency of large steam turbines built for driving electric
generators bas been brought so high during the last few years that
there is little chance of the present records for low steam con-
sumption being lowered in the near future to any great extent.

The elastic fluid turbine is, however, in the Author’s opinion, by
no means so perfect or so adaptable as it may reasonably be
hoped that it will be in the near future.

With regard fo the propulsion of ships by steam tur-
bines, wonderful progress has been made during the last ten
years, but there is still room for improvement in the steam
turbine screw propeller combination, especially with respect to
vessels which have to steam at widely varying speeds and with
respect to small slow vessels. There is also room for improve-
ment as regards reversing.

For many purposes the speeds of rotation, which it has been
found necessary to give to steam turbines, especially those of
small power, has been a serious objection to their use.

Moreover, the serious falling off in the efficiency of turbines
when run with a poor vacuum, and the still greater drop in their
efficiency when run non-condensing has in many cases prevented
their adoption.

Steam although a convenient, is not the only possible elastic
fluid for a turbine; and the much greater ranges of temperature
with the same range of pressure obtainable by the employment of
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other fluids instead of or in conjunction with steam deserve serious
<consideration.

It is neither desirable nor likely that engineers will rest content
with the success already attained, but will strive, by improved
constructions of turbines and cycles of working, to allow a still
greater percentage of the heat units obtainable from burning coal
or other suitable fuel to be converted into useful work, and will
further strive to adopt the elastic fluid turbine to work effectively
under conditions at present unfavourable to it.

An immense amount of time, money, ingenuity and patient
work have been expended on matters relating to elastic fluid
turbines; and quite a large proportion has been spent on in-
ventions intended to be of a revolutionary nature. Much of the
time would have been saved or expended more usefully had there
been a greater knowledge (1) of what had already been tried by
others, and (2) of the most hopeful lines on which to work and the
utmost possibilities obtainable from certain treatments of the fluid
and certain working cycles.

It is of course impossible to give in this paper anything like a
full account of what has already been done with elastic fluid
turbines ; but it was thought that a brief historical sketch would
be both interesting and instructive. This is consequently pre-
sented; and following it are some notes and suggestions on
possible lines of progress and difficulties to be overcome, which it
is hoped will be of some use or will, at least, induce a good
discussion.

It will never be known for certain when an elastic fluid was first
employed to rotate a machine deserving the name of a turbine.
Hero, the Egyptian philosopher, is usually honoured by having
his name placed first in the history of the steam turbine. The
nature of his rotating steam globe is well known, but it is not
certain that he was the first to use it or even that he did any
research work at all in the matter. The point is, however, of little
consequence.

Windmills (which come under the heading of turbines when the
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latter word is used in its broad sense) were probably used in very
early times, but with these the present paper will not dea!.

As regards turbines actuated by elastic fluids other than air,
there were undoubtedly attempts made to usefully employ such in
the seventeenth, if not in the sixteenth, century. Branca, an Italian
architect in 1629, described an engine in which a jet of steam was
projected against vanes carried on the periphery of a horizontal
wheel, which was consequently caused to rotate and to do useful
work in pounding drugs. An engine of substantially the same
nature was used by a Jesuit named Kircher in 1642.

In 1694, a model motor car is said to have been exhibited to the
Emperor Cang Hi of China by Grimaldi and Periera. Grimalidi
was a Jesuit who had great mechanical ability. The car in question
is said to have carried a brazen vessel containing a coal fire. This
generated steam from water contained in a vessel situated over the
fire. The steam was directed on to vanes arranged like those of a
windmill, and the shaft carrying the vanes actuated the driving
axle of the car.

In 1784 a patent was granted to Wolfgang de Kempelen for
obtaining and transmitting motive power. Fig. 1 shows the
turbine proposed by Kempelen. A is the boiler provided with a
safety valve B. C is a turncock controlling the admission of steam
to the pipe E, which conducts it to the eylinder D, which, in turn, is
secured to a vertical tube situated within and concentric with the
pipe E. This cylinder D has a small hole at each end, the holes fac-
ing opposite directions. One hole can be seen in the drawing. The
escape of steam from these holes causes the cylinder to rotate
about the axis of the tube E. The inventor states that * having
accomplished this first moving power which constitutes the
principle of the machine, any kind of machine or engine may very
easily be put into motion by it by means of a handle, crown-wheel
pinion, or other connection adapted to it, as is done with respect.
to a double pump by the eccentric trunion K."*

¥ Specification of British Patent No. 1426, of 1784. The drawing is

reproduced from *‘The Steam Turbine,” by R. M. Neilson, by kind
permission of the Publishers, Messrs, Longmans & Co.
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About the same time James Watt patented a turbine in which
steam was employed to force water out of a vessel adapted to
rotate about a vertical axis. The vessel had two chambers, and
the steam was admitted alternately to these, the steam exhausting
from one chamber while it was entering the other. The escape of
the water from the chambers, under the action of the steam,
rotated the vessel.* About the time that Watt received his letters
patent for this invention, he commenced to get on well with his
reciprocating engine, which hitherto had caused him muech dis-
appointment by the slow progress he was able to make with it.
The turbine idea seems, therefore, to have been dropped soon after
its conception. +

In 1823 Samuel Brown, whose name is famous in the history of
the gas engine, suggested that gas should be burned in a chamber
80 as to heat the air contained therein and drive out some of it,
and then that the partial vacuum produced by the cooling of the
air in the chamber should draw up water which could afterwards
be discharged into the buckets of an overshot water-wheel. The
water-wheel could be used to drive machinery.

In 1837 Sir James Caleb Anderson, Bart., proposed to convey
the steam exhausting from the cylinder of & reciprocating engine
to a rotary engine of the Hero type, which rotated in a chamber
connected to a condenser. The turbine spindle drove on to the
crank shaft which was connected to the reciprocating piston.}

In the same year John Hardman and William Gilman § both
proposed to convey steam to nozzles mounted on a rotating wheel
and causo this steam escaping from the nozzles to act so as to
rotate another wheel in the opposite direction. Both inventors

* For a fuller description, see Specification of British Patent No. 1432, of
1784, or “The Steam Turbine,” by R. M. Neilson, Longmans & Co.
Third Edition, p. 10.

+ This turbine of Watt’s must not be confounded with his rotary piston
engine, which was ccnoeived at an earlier date.

{ British Patent 7407, of 1837.
§ British Patents 7308 and 7417, of 1837.
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proposed to connect the two wheels together by gearing, Gilman
by bevel wheels, and Hardman by an internally toothed wheel,
and an externally toothed wheel connected by a pinion.

Gilman also proposed to expand the steam in stages and employ
several turbine wheels in series, each in a separate chamber, a
scheme which has been successfully developed in recent years by
many turbine engineers, notable M. Rateau in his multi-cellular
turbine. Fig. 2 shows Gilman’s multi-stage turbine. The steam
enters each wheel at the centre and quits it at the circumference.

In 1838 Matthew Heath described an engine of the Hero type
with diverging nozzles.* The reason he gave for employing
diverging nozzles was that the ‘ power of movement’ to be
obtained by ‘ expanding the steam’’ (as he said) might not be
lost. The invention was not that of Heath himself but of ‘“a
certain foreigner residing abroad.” Heath may have known that
better results could be obtained by using diverging nozzles; but
it is to be inferred that he did not fully understand their effect.
It is interesting, however, to find at this date a description of a
diverging nozzle although it was not called by that name. The
Author has come across no previous record of diverging nozzles
having been proposed for an elastic fluid turbine.

Heath proposed to furnish the stuffing boxes of his turbine
spindle with ‘ pounded amianthus instead of common hemp
which would catch fire from the rapidity of the rotary movement
in spite of oil cisterns.”

Heath also proposed to blow steam into a furnace and to con-
vey away the mixture of steam and products of combustion for
use in an engine. He did not, however, mention in the specifica-
tion of his patent if he intended to use this mixture in the Hero
type of engine.

About 1840, James Pilbrow of Tottenham, Middlesex, seems to
have devoted considerable time to the steam turbine idea. Pilbrow
made experiments with steam jets and made calculations from the
results of these experiments. His data and his treatment of the

*British Patent 7554, of 1838.

e ——— o — — - -
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subject were not such as to give him accurate results as to the
velocity of steam jets; but he found out at any rate that, with a
large drop of pressure, a very high velocity could be obtained, and
that with a single wheel very high vane speeds were consequently
called for.

In order to work economically with a lower vane speed, Pilbrow
proposed to arrange two or more wheels in series. Figs. 3 and 4
show an arrangement of two wheels in series proposed by Pilbrow.
The vanes are arranged on the peripheries of the wheels, and
overlap each other. Fig. 5 shows the vanes of two such wheels in
section, the steam nozzle also being shown. Pilbrow seems to
have tackled the steam turbine problem in a fairly scientific
manner. It is doubtful, however, if he understood the necessity
of expanding the steam in & divergent nozzle in order to obtain
the best results with single stage expansion. The balance of
probability is that Pilbrow did not have this knowledge, and
without it his turbines could never be a success.

Robert Wilson, of Greenock, was granted letters patent in 1848 *
for improvements relating to rotatory engines. His specification
describes several designs of steam turbine in which the steam
passes in series through several sets of moving buckets. Fig. 6
shows Wilson’s design for an outward flow steam turbine. The
steam is intended to pass from the centre outwards through the
six sets of buckets, of which the second, fourth, and sixth are
carried by a disc keyed on a shaft which rotates in a clock-wise
direction, while the first, third, and fifth are attached to a disc
which is either stationary or rotates in a counter-clock-wise
direction. Wilson intended his turbines to be powerful machines.
One of them is shown in his specification drawings as being over
9 feet in diameter.

In 1850, William Francis Fernihough, of London, proposed to
mix the products of combustion from a furnace with steam or
water spray, and to use the mixture to propel a turbine.t Fig. 7
shows an apparatus proposed by Fernihough, A is a furnace

* British Patent No. 12026, of 1848,
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chamber made of plate iron lined with fire clay and provided with
fire bars B, on which fuel is burnt. Combustion takes place under
pressure, air being forced by a blower through the pipe E. Water
is forced in the form of a spray from the nozzle or rose H, and,
falling upon the fire clay bars G, kept hot by the combustion of
the fuel, is vapourised The combined steam and products of
combustion, mixed with small particles of unconsumed fuel, pass
through the nozzle I into the chamber K, and act to rotate the
vanes L L, which are formed integrally with the spindle M. The
rotation of the spindle M can, by means of a belt or belts P, be
made to drive machinery.

An engine of the Hero type is said to have been employed at the
printing establishment of Messrs Chambers, of Edinburgh, previous
to 1852." The Author has not, however, been able to get any
particulars of this engine.

A wheel 11} feet in diameter, provided with vanes on its cir-
cumference and driven by steam jets at 500 revolutions per minute,
is said to have been tried at the Surrey Docks prior to 1852. It
fell into disuse, however, owing to its steam consumption being
greater for an equal duty than that of a piston engine.t The
Author has been ungble to get any particulars of this engine,
although Mr J. 8. Gaskell very kindly put himself to considerable
trouble to try to get information about it.

In 1858, the French mining engineer, Tournaire, pointed out
very clearly some of the requisites of & successful steam turbine.
He proposed to expand the steam in stages to avoid excessive
velocity, and to employ helicoidal gearing in connection with
turbine shafts rotating at high speeds.

In Bourne's Treatise on the Steam Engine, fifth edition, 1861,

occurs the following passage :—}

* British Patent No. 13281, of 1850.

+ ¢Steam and Locomotion,” by John Sewell, published by John Weale,
London, in 1852, pp. 224 and 237.

t A Treatise on the Steam Engine by John Bourne, Published by
Longmans, Fifth edition, 1861, page 397.




THE ELASTIC FLUID TURBINE 95

“Steam of a high temperature will, therefore, be more
economical in its use than steam of a lower temperature, and
surcharged steam being much hotter than common steam is
- consequently more advantageous. After all, however, the tem-
peratures which it is possible to use with any kind of steam in
an engine, are too low to render any very important measure of
economy possible by their instrumentality. We are, therefore,
driven to consider the applicability of other agents, the most
suitable of which appears to be the air, and this brings us back to
the point from whence we started at the commencement of the
present chapter. Small measures of improvement are worth
very little consideration when great and important steps of
progress are apparently within our reach, and to us it appears
quite clear that the products of combustion may be employed to
produce motive power, not through the instrumentality of a
cylinder and piston, but rather by means of a turbine or an
instrument like & smoke jack or Barker’'s mill and which may be
made to work in water or some other liquid. In this way high
temperatures may be dealt with, and it is only by employing very
high temperatures that any great step of improvement is to be
attained.”

The specification of a patent granted to M. P. W. Boulton in
1864 * contains some interesting suggestions regarding turbines
actuated by hot gases. The patentee seems to have appreciated -
that a difficulty in driving a turbine wheel by produects of com-
bustion lay in the high velocity that would have to be given to the
wheel to obtain a good efficiency. He proposes three methods of
overcoming this difficulty :—

(1) To cause a high velocity gas jet by an injector action to suck
in a supply of air, thus obtaining a large body of fluid at a low
velocity instead of a small body at a high velocity,

(2) To employ several turbine wheels arranged in series, each
one utilising a portion of the velocity of the gas jet.

* British Patent No. 1636, of 1864.
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(8) To employ the hot gases to exert pressure on a liquid, and
so foroe the liquid to drive a hydraulic turbine.

Fig. 8 is a reproduction of the patentee’s drawing illustrating
the first method. The nozzle A is supplied with hot gases
travelling at a high velocity, and induces a current of air in the
tube B; and the combined gases induce a further current of air in
the tube C, The whole of the fluid, travelling at a moderate
velocity, then acts on the turbine D.

The second method is not illustrated, Fxg 9 illustrates the
third method. The gaseous products of combustion (or other gas
or gases) are forced through the passage H into the chamber A,
and drive liquid (at present in the chamber A) through the valve
B into the passage C, which leads to the turbine. The liquid
leaving the turbine passes into the tank F. When sufficient gas
has been admitted to the chamber A, the supply is cut off by
a valve and the gas allowed to expand. When a sufficient quantity
of liquid has been forced out of the chamber A, a valve in the
passage K is opened, the pressure in the chamber A falls, and
liquid enters by the valve L and displaces the gas. The cycle of
operations is then repeated. It is stated that the valves may be
operated by the motion of the liquid, and that two or more vessels
A may be employed, so as to give a more constant supply of liquid
to the turbine. D is an air vessel arranged on the passage C.

Boulton proposed to mix steam or water with the products of
combustion in order to reduce the temperature of these. Fig. 10
shows an apparatus proposed by him for utilising some of the heat
of combustion of a gas for generating steam and obtaining a
mixture of steam and products of combustion, An inflammable
gas is burned in the chamber A, which is enclosed in the chamber
B containing water, The products of combustion proceed down
the passages C C and enter the water. The gas, in passing
through fine holes in the plates or gauze D, gets broken up, and
rises in * fine streams "’ through the water, thus heating the water
and generating steam. Heat for generating steam is also pre-
sumably obtained from the sides of the passages C C. The baffle
plates E E are provided to cause the gas to take a zig-zag course.
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The specification of a patent granted to John Morrison Hunter,
of Morristown, N.J., U.8.A., in 1868,* contains a description of a
flying machine proposed to be propelled through the air by means
of propellers actuated by gas jets, Pilbrow bad previously pro-
posed to rotate a propeller by steam jets. Hunter proposed to
employ gaseous products of combustion, the fuel employed being
preferably American natural oil. Fig, 11 is a section of Hunter’s
proposed vapouriser, and Fig, 12 is an end view. The oil is
poured into the funnel M and admitted to the vapourising tubes L
through two valves arranged in series, one only being opened at a
time. A section of a tube is shown in Fig. 13. The oil is first
passed along the crescent-shaped upper part, and then back by the
larger section. Products of combustion from a furnace passes
through between the tubes and heats them.

Fig. 14 shows the preferred form of nozzle, One of these
nozzles is arranged on each propeller blade. The vapour is
led to the chamber A by the tube B, and then passes through the
holes C C, and escapes between the inner surface of the cone D
and the outer surface of the cap E, which can be adjusted to
regulate the supply of vapour. Air is caught in the cone F by
the backward rotation of the nozzle, and mixes with the vapour at
the exit of the nozzle. Ignition at the moment of exit was
proposed to be accomplished by an electric spark or by means of
spongy platinum. The products of combustion from the furnace
are led to each nozzle by the annular passage G and pipe H. An
.nduced draught from the fire is thus obtained.

In 1869-70, John Bourne proposedt to produce carbon monoxide
by the inccmplete combustion-of coal dust with air, and to after-
wards complete the combustion by additional air and inject steam
or water into the resultant hot gases, which could then, he stated,
be employed to drive a turbine. The actuating fluid could, if
desired, be diluted by mixture with additional air before use in the

* British Patent No. 2680, of 1868.
+ British Patents Nos. 3705, of 1869, and 1859, of 1870.

.
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turbine. The apparatus for producing the motor power fluid is
explained at great length in the specifications of Bourne’s patents,
and many forms of apparatus are described and illustrated.
There is no drawing or description of a turbine. Bourne intended
to employ very high pressures. He states, for example, in one
place that he prefers the pressure of the water injected among
the hot products of combustion to be about 1,000 lbs. per
square inch.

Mr Parsons, in a paper recently read before the Institution of
Civil Engineers, mentions the use of steam turbines ¢ in the sixties
and seventies "’ to drive the assisted draught fans on some of the
Holyhead-Kingstown mail steamers.

James Anderson, in a provisional specification with an
application for a patent in 1871,* makes suggestions regarding gas
turbines, although no details of construction are given. Anderson
states that the object of his invention is to secure increased
-economy and advantage in producing currents, or otherwise
developing motive power by means of heat, and that the invention
consists mainly in igniting a mixture of combustible gas and air
in a continuous manner in a chamber or channel near.a nozzle or
orifice through which the gases of greatly increased volume, due
to the combustion, issue in the form of a jet. The inventor states
that * the gases resulting from the combustion, and issuing from
the ignition or combination chamber or channel, or a current of
mixed gas and air produced by a jet action of the gases, is led into
a reaction turbine, so as to thereby impart rotation to machinery.
Or, again, the ignition or combination chamber may be the hollow
arms or body of the turbine itself. The ignition or combination
chamber or channel is to be lined with fireclay or other suitable
refractory and non-conducting material to retain heat sufficient for
insuring the continuous ignition or combustion of the gas, and to
prevent loss of heat. The combustible gas and the air are led to
the ignition or combination chamber under a suitable pressure by

* Application for British Patent No. 2326, of 1871.
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separate pipes, or they may be led to it in a mixed state by one
pipe; but in this latter case a diaphragm of porous material must
be interposed at the inlet into the ignition chamber to prevent the
ignition from extending back along the supply pipe. There may,
of course, be two or more nozzles, orifices, or outlets to one
ignition chamber.”

In 1877, a patent was granted for an invention communicated
by Joseph Wertheim, of Frankfort-on-Main, Germany, for “obta.in-’ .
ing and applying motor power.”* Fig. 15 is an elevation of
‘Wertheim's engine, and Fig. 16 is a vertical section of part of it.
A is a chamber into which air and gas are admitted and in which
they are exploded, the pressure of explosion driving water down
the pipe T, so a8 to drive the turbine wheel situated within the
casing C. When the water is flowing down the pipe T, the valve
G is open and the valve Q is closed, so that the water is directed
along the passage X and acts on' the lower vanes of the turbine
wheel. The flow of water continues up the pipe H into the
reservoir D, which is provided with an air chamber E. An excess
of pressure then ensues in the reservoir D over that in the
explosion chamber A, and, the valve G being now closed and the
valve Q open, water flows down the pipe H and through the
passage Z, acting on the upper turbine vanes. The water rises up
the pipe T and expels the products of combustion from the ex-
plosion chamber, thus completing the cycle.

About 1882, Dr Gustav de Laval invented a turbine on the
principle of Hero’s engine. Figs. 17 and 18 show the nozzle N
and the S-shaped flyer F which were employed. This turbine
seems to have been intended chiefly for the direct driving of milk
separators; and milk separators so driven are, the author believes,
now at work. Dr de Laval does not seem to have thought of the
divergent nozzle till a later date.

In 1884, the Hon. C. A, Parsons applied ior a patentt for

* British Patent No. 3444, of 1876.
+ British Patent No. 6735, of 1884.
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“Improvements in Rotary Motors actuated by Elastic Fluid
Pressure,* and applicable also as Pumps.” The specification of
this patent is exceedingly interesting, and has probably been more
read than any other British patent specification. Four editions
have been sold out by the Patent Office. A particularly interest-
ing part of the specification is the following passage, which has
reference to turbines actuated by gaseous products of combustion :—

“ Motors, according to my invention, are applicable to a variety
of purposes, and if such an apparatus be driven, it becomes a pump
and can be used for actuating a fluid column or producing pressure
in & fluid. Buch a fluid pressure producer can be combined with
s multiple motor, according to my invention, to obtain motive
power from fuel or combustible gases of any kind. For this
purpose I employ the pressure producer to force air or combustible
gases into a furnace into which there may or may not be intro-
duced other fuel (liquid or solid). From the furnace, the products
of combustion can be led in a heated state to the multiple motor
which they will actuate. Conveniently, the pressure producer
and multiple motor can be mounted on the same shaft, the former
to be driven by the latter; but I do not confine myself to this
arrangement of parts. In some cases I employ water or other
fluid to cool the blades, either by conduction of heat through their
roots or by other suitable arrangement to effect their protection.’

The early Parsons steam turbine, as described in this specifica-
tion and as first made, was geunerally speaking the same as the
modern Parsons turbine. Many improvements have been made
since then, but the first Parsons turbine constructed in 1885 was
a practical and satisfactory machine. It was of the double-flow
type, the steam entering at the centre and exhausting at both ends.
It ran at 18,000 revolutions per minute, and was in use for many
years.

* The expression—actuated by fluid pressure—was unfortunate. It has
remained in use, and has led to much misconoception as to the action of
turbines, which, of course, are operated by the kinetic energy of the fluid,
and not directly by the preseure.
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In the list of distinguished and talented engineers to whom
credit is due for developing the steam turbine idea, and securing
for the steam turbine its present extensive use, the Hon. C. A.
Parsons easily takes first place. The more one considers the
subject of the evolution of the elastic fluid turbine, and the more
one views each step of progress in the light of the knowledge
existing at the time, the more one appreciates the value of the
work done by Parsons.

In 1889, Dr de Laval applied for a British Patent* for a steam
turbine wheel combined with a divergent nozzle for converting the
heat energy of the steam into kinetic energy, and directing the
steam into the turbine buckets. Two views of the wheel and
nozzle, taken from the patent specification, are given in Figs. 19
and 20. The nozzle is substantially the same as the de Laval
nozzle now used, but differs in two details—(1) The neck A is
angular instead of being rounded ; (2) the approach B to the neck
i8 longer than is now employed.t

Another British Patent of Dr de Laval's, of the same year,} has
reference to the flexible support of bodies rotating with higher
angular velocities. Several devices are described for giving
flexibility, including the one now adopted in de Laval turbines—
making the shaft sufficiently slender to be flexible within the
limits required. These two features—the diverging nozzle and
the flexible shaft—are the essential features of the modern de
Laval turbine. _

Mr Alexander Morton, of this city, did & considerable amount
of experimental work on the flow of fluids through nozzles of
different forms from a higher to a lower pressure, and several
steam turbines were made and run by him during the years 1884
to 1893. Mr Morton read several papers before Glasgow societies

* No. 7148, of 1889.

t A section of a modern de Laval nozzle was illustrated in & paper read
before this Institution by Mr. Konrad Andersson in 1902,

1 No. 12509, of 1889,
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on the results of his experiments, including a paper before this
Institution in December, 1893, on Rotatory und Reaction Engines.

Figs. 21 and 22 illustrate a steam turbine of Morton’s of about
16 B.H.P., which was employed in driving a Schielé fan at the
works of Messrs Campbell, Smart & Co., Old Dumbarton Road,
Glasgow. The right hand part of Fig. 21 is a side elevation of the
engine, and the left hand part a vertical axial section. The right
and left band sides of Fig. 23 are cross sections on the lines of
LL and RR respectively of Fig. 21, looking respectively to the
left and to the right.

The cylindrical casing A encloses three chambers, of which the
left hand one and half of the centre one are shown in section in
Fig. 21, The casing is built up of two parts, of which the plane
of division is indicated by P P. The divisions between the
chambers, of which one C is shown, are cast in one piece with the
respective parts of the casing, and are flat. The end covers KK
are dished. In each chamber is a duplex wheel composed of three
circular steel plates, of which the centre one N is flat, while the
others O O are dished. These three plates are connected together
at the ircircumference by the brass rings SS,. The centre plate
is attached to the nave M, which is mounted on & conical part of
the shaft D, Nozzles are formed in the brass rings S 8,, those in
the ring S being outward flow, and those in the ring S, being
inward flow, as shown in Fig, 22, where the outward flow nozzles
are indicated by the letters U U and the inward flow nozzles by
the letters V'V,

Steam is admitted to the first wheel by way of the conduit T
and the anuular space W around the shaft, The steam passes
outwards between the plates O and N of the first wheel, and quits
the wheel and enters the chamber X by way of the nozzles U, in
which it expands and gains velocity, the change of momentum
acting to rotate the wheel,

The steam then passes back from the Chamber X to the interior
of the wheel by way of the nozzles V, in which it again expands,
and the reactive force is again employed to rotate the wheel, The
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steam passes inwards towards the shaft, and proceeds to the
second wheel by way of an annular passage between the bearing
Y and the interior of the partition C, The steam proceeds through
the second and third wheels in the same manner, The nozzles
through the ring S of the first wheel measure 4 of an inch by
4 an inch, The other nozzles are progressively greater, till the
last set are nearly % of an inch by 1 inch. The vanes E and F
are provided for the purpose of re-directing the steam after leaving
the nozzles. The vanes F are carried by the non-rotating conical
plates H, of which there is one for each wheel.

The means for balancing the axial pressure on the first wheel
is shown in Fig, 21, Z is an annular chamber which is kept ab
the same pressure as exists in the second compartment of the
wheel by means of the tubes L, This chamber is proportioned
80 as to give the necessary balancing effect,

This turbine was tested at various speeds up to rather over
1,000 revolutions per minute, It was found to be the most efficient
at the higher speeds, and another turbine was consequently
designed to run with a greater angular velocity.

This second turbine had only one chamber. Fig. 23 is a vertical
_section of the machine. There are two wheels, each formed of
dished plates connected together by rings containing nozzles.
The first wheel through which the steam passes outwardly has
four dished plates B, C, K, L, and three rings 1, 2,3, The second
wheel through which the steam passes inwardly has three dished
plates M, N, P, and two rings 4, 5, The nozzles formed in the
rings are very much the same as those of the previously con-
structed turbine. Fig. 24 shows the (outward flow) nozzles of the
outermost ring of the first wheel, and Fig. 25 shows the (inward
flow) nozzles of the outer ring of the second wheel. Vanes E are
formed on the casing A to arrest the rotation of the steam issuing
from the nozzles in the ring 3, and vanes F, F!, F2, F% carried by
dished plates H are provided at the exit ends of the other nozzles
to redirect the steam. Ring 1 of the first wheel is 9} inches,
ring 2 is 12} inches, and ring 3 is 15 inches in diameter. The two
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rings of the second wheel are respectively 15 inches and 12}
inches in diameter. Ring 1 (of the first wheel) has eight nozzles,
each ¢ of an inch by } an inch. Ring 5 (of the last wheel) has
ten nozzles, each } of an inch by 1 inch.

The two wheels are mounted on the same shaft which runs at
4,000 revolutions per minute, ordinary oil cups and wicks being
used for lubrication. The steam enters the casing by the duct R,
and leaves it by the duect 8.

The engine was tested by Professor Barr and Mr H. A. Mavor,
of this city, and, with steam at 78 lbs. per square inch above
the atmosphere and a vacuum of 20 inches, was found to consume
87 lbs. of steam per B. H. P.-hour when developing 1016 brake
horse power.

These two turbines of Morton’s were found to run satisfactorily
and give little trouble. Their high steam consumption was,
however, against them.

In 1894, M. Rateau began the construction of a single-wheel
steam turbine; and Rateau turbines of this type were built at
St. Etienne and at Paris during the years 1895 and 1896. The
best design of single-disc Rateau turbine had a wheel like a Pelton
water-wheel. Several of these turbines are said to be still running.

The Rateau multi-cellular turbine seems to have been schemed
out by M. Rateau about 1897, and one of these machines, of about
900 m.P, was commenced by Messrs Sautter, Harle & Cie., in
1898. A Rateau multi-cellular turbine of 1,000 u. p. was to have
been exhibited at the Paris International Exhibition in 1900, but
was not ready in time; and it was not until about 1901 that the
Rateau multi-cellular turbine had really passed over the pre-
liminary experimental stage.

About 1895-6, Mr C. G, Curtis, of New York, started ex-
perimenting on a type of steam turbine differing considerably from
either the Parsons or the de Laval, the only two turbines which
had then been made on anything other than an experimental
scale. Mr Curtis’ object was to obtain satisfactory results with
fewer parts than the Parsons type of turbine required, and yet

- -
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to get sufficiently low speeds of rotation to avoid the use of gearing,
About 1900, the General Electric Company of America undertook
to build Curtis machines for service, A 600 kilowatt unit was
then built, and was put into operation at Schenectady towards the
end of 1901. This machine had a horizontal shaft. Shortly after
this, work was commenced on & 5,000 kilowatt unit for the Chicago
Edison Co., and a 500 kilowatt unit for the Newport (R, I1.) power
station of the Massachusetts Electric Companies. These machines
had vertical shafts.

The Riedler-Stumpf and the Zoelly turbines have been placed
on the market at a still later date.

Although there are at present being constructed, and sold in large
quantities, turbines which differ among themselves very consider-
ably, there is a visible tendency of the different types to approach
each other.

The history of the Curtis turbine appears to show a gradual
approach towards greater similarity to the Rateau.

The Zoelly turbine, which very closely ‘resembles_ the Rateau,
but is of later date, has a less number of stages and higher vane
speed, thus approaching more nearly to the Curtis.

The British Westinghouse Electric and Manufacturing Co., Ltd.,
have recently altered their design of Parsons’ turbine and provided
nozzles and what they call ‘“impulse’’ blades, which deal with the
first part of the expansion of steam. The initial treatment of the
steam very closely resembles that adopted in the Curtis turbine.
The length of the turbine is much shortened by this device.

The Brush Electrical Engineering Coy., Ltd., have recently
shortened their standard designs of turbines.

The Stumpf turbine was made first with one wheel, but there is
now a design having two wheels.

The Maison Bréguet, who manufacture the de Laval turbine in
Paris, are said to be experimenting with multiple-wheel turbines.

The present tendency seems, therefore, for the different types
to come closer together.

The success of the steam turbine during the last few years has
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caused much attention to be given to the question of the employ-
ment of hot gaseous products of combustion to drive a turbine.
To one who has not considered the question deeply, it appears
natural to think that, as steam turbines have been built to suc-
cessfully compete with reciprocating steam engines, it ought to be
possible to build a gas turbine to successfully compete with
reciprocating gas engines. It will be useful to consider here the
relative advantages and disadvantages of reciprocating and turbine
steam engines, and to try to see how far these will apply to
reciprocating and turbine gas engines.

In a reciprocating steam engine the frictional losses are
generally small — wonderfully small in some cases; but it
suffers, however, from two great losses. One of these is that
the expansion cannot be carried to the condenser pressure, and
the other is that more steam is consumed than is represented
on the indicator diagram. The first loss is very well under-
stood; but practical considerations prevent one from reducing
it. The volume of steam increases so rapidly with loss of heat
at low pressures that, to expand the steam in a cylinder in a
manner approaching the isentropic to a good vacuum would
require a cylinder of unpracticable size. For example, if steam at
200 1bs. pressure absolute were expanded isentropically to a pres-
sure of 0'6 lbs. absolute (28-8 inches of mercury when the baro-
meter is at 30), 255 per cent. of the steam would be condensed ;
and the volume of 1 lb. of the steam and water would be over 400
cubic feet. It would require a cylinder 6} feet in diameter by 12
feet stroke to contain this single Ib. Even to expand the steam to
a much poorer vacuum would require a cylinder of unpracticable
size for the power. A turbine or the other hand can, without any
practical difficulty and without the necessity for huge dimensions,
be made to expand the steam almost to the pressure in the
condenser.

The other great loss with reciprocating steam engines is, as
aforesaid, that more steam is actually consumed than is accounted
for by an indicator diagram. Strictly speaking, this is a proof of
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the loss rather than the loss itself. The causes of the loss are
probably initial condensation and leakage past valves; but how
much of the loss should be attributed to initial condensation, and
bow much to leakage past valves, is a question about which there
is much difference of opinion; but that a waste of steam does
occur has been proved beyond doubt.

These two great losses are incurred by reciprocating steam
engines, while steam turbines are practically free from them.
But the efficiency of steam turbines is only about the same as that of
reciprocating steam engines. Therefore, turbines must be sub-
jected to losses from which reciprocating engines are exempt, or
to which reciprocating engines are subjected to a less extent.
These losses may be understood by turbine builders, but they
have not received from engineers in general an amount of
attention proportional to their importance. The losses are due to
friction and eddies. In a reciprocating engine there is friction
between the moving metallic parts. This friction accounts for the
difference between the Lu.P. and the B.H.P., and is in its important
features well understood.

In a steam turbine running well there ought to be very little
friction of this nature. There are, however, fluid frictional losses
and eddy losses which depend upon the type of turbine and the
dimensions and speeds of rotation of the rotating parts. For simi-
lar wheels, the moment of frictional drag or the speed-reducing
torque produced by the rotation of the wheel in steam of a given
pressure and dryness fraction (or superheat) varies approximately
at least as the fifth power of the diameter and the square of the
angular velocity or revolutions per minute. The useful work
taken per second or per minute from the turbine by this drag is
therefore proportional to the fifth power of the diameter of the
wheel and the cube of the angular velocity. From this it can
easily be deduced that it is better, as far as this loss of work is
concerned, to obtain the requisite vane speed with a small wheel
and a high angular velocity than with a large wheel having
a relatively small angular velocity. There are usually, however
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considerations which limit the angular velocity and thus cause a
much greater absorption of energy from the turbine spindle than
would otherwise be the case.

There is also friction in the passage of the steam through the
moving buckets of-a turbine and through the nozzles or guiding
passages, which reduces the velocity of the steam, and there-
fore reduces the amount of mechanical work obtainable from
it. The loss in any case presumably depends greatly on the
velocity of the steam.*

Kinetic energy is obtained by the expansion of the steam in one
or more stages, and there is always some of this energy
which is not given up to the rotating parts of the turbine, but acts
to produce eddies. The percentage kinetic energy which thus
goes to eddies depends upon the type of turbine, the vane and
steam velocities, the angles of the buckets, ete.

The kinetic energy given up by the steam or by the rotating
parts of the turbine in friction and eddies is (except for a possible
small loss by eddies at exhaust) converted back into heat, some
of which escapes; but the greater part as a rule is given back
to the steam. It is important to consider what real loss & turbine
suffers through friction and eddies.

An entropy temperature diagram for steam is shown in Fig. 26.

A B represents the heating of the feed water, B C the generation
of steam, C D the isentropic expansion of the steam, and D A the
isothermal condensation of the remaining uncondensed steam back
to feed water at the original temperature.

The efficiency of any heat engine working on the cycle shown
is represented by the ratio of the area ABCD to the area FABCE,
the latter area representing the total heat supplied to the engine,
and the former area the portion of this which can be converted
into mechanical work.

If a steam turbine, working in conjunction with a steam genera-

*The friction in different types of turbine is compared in a paper read by

the Author before the Manchester Association of Engineers, January 14th,
1905.
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tor and with a condenser, could work on the cycle shown by the
diagram (which has been called the Rankine cycle), then the
thermal efficiency would be represented by the ratio of the area.
ABCD to the area FABCE,

In steam turbines some of the mechanical energy represented
by the area A B CD is absorbed by friction (eddies are included
in the term friction). Heat is produced by the friction, and this
heat is employed in whole or in part in adding to the heat energy
of the steam. Generally, by far the greater part of the friction-
produced heat must go to increase the heat energy of the steam.
In a turbine of the Parsons type this heat energy is added to the
steam gradually and, presumably, with fair regularity during the.
expansion of the steam. In other types of turbine the supply of
heat from this source may be less regular, Let C H represent the
expansion of the steam while being continually supplied with
friction-produced heat; C H has been drawn straight, but there is
no reason why it should be a straight line—it may be concave to
either side. The total heat given to the steam by friction is then
represented by the area E C H K. Of this the part represented by
the area D C H is converted into mechanical work, and the part.
represented by the area EDHK is rejected to the condenser.
The total mechanical work is then represented by the area A BCH.
The work done against friction must come from that part of the
heat energy of the steam which has been converted into mechanical
work. Therefore, before the net amount of useful mechanical
work obtainable from the steam can be ascertained, an amount equal
to or greater than the area EC HK must be deducted from the
area ABCH. Let only an equal amount be deducted, that is,
suppose that all the friction-produced heat is given to the steam.
If the line M N be drawn so that the area N M C D equals the area. -
ED HK, then the area N M CH equals the area ECHXK. The
area A BMN then represents the net mechanical energy of the
steam which is or can be usefully employed. The line N M has,
of course, no significance as regards its position or inclination or
curvature. It is only drawn to cut off an area of a given size, and
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it is usually convenient to draw it straight and vertical. It will be
evident from the diagram that friction must always cause a net
loss of mechanical work. It will also be evident that the ratio of
the net loss to the work done against friction, 1.e., the ratio of the
area NMCD to the area E C HK depends upon when the friction
occurs. The net loss is greater or less, according as the friction
occurs at a later or earlier period in the expansion.

Fig. 27 is a similar diagram for steam which is superheated.
This diagram requires little explanation. The line C Q represents
the superheating of the steam at constant pressure (before ad-
mission to the turbine). WX is drawn to cut off an area
X WCQYV equal to the area RVST, so that the area ABWX
represents the net useful mechanical work obtainable.

This frictional and eddy loss is so great with steam turbines as
to lower their practical efficiency to approximately the same as
that of reciprocating steam engines of equal power. Now this
frictional and eddy loss may be expected to occur whenever the
heat energy of an elastic fluid is converted into mechanical work
by means of a turbine. Therefore it must be counted upon in a
gas turbine, and it will handicap the gas turbine as compared with
the reciprocating gas engine. The gas turbine will be further handi-
capped owing to frictional and eddy losses during compression.

It will therefore be obvious that, unless the gas turbine wastes
less energy than the reciprocating gas engine in other ways, it will
have a much lower efficiency. It ought to waste less energy than
the reciprocating gas engine does in the friction between relatively
moving metallic parts. In a reciprocating gas engine, the friction
of the piston, crank shaft, crank pin, skew gearing, cams, &e., is
usually & large fraction of the total 1.H.P. of the engine. The gas
turbine ought also to waste less energy at exhaust, because it
ought to be able to expand the gas down to approximately the
pressure of the atmosphere, whereas reciprocating gas engines
usually stop the expansion very far short of this. Otto cycle
engines stop the expansion when a volume is reached equal to the
volume before compression. The pressure at exhaust must,
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therefore, in Otto engines be very much above atmospheric if the
efficiency is good.

The relative losses which will be incurred by gas turbines and
reciprocating engines by heat transferred to metal surfaces and
radiated or conducted away will depend upon the nature of the
turbine used. In a reciprocating gas engine, a large amount of
heat passes from the gas through the walls of the cylinder into the
water in the jacket. If gas, at the same high temperature as
exists in the cylinder of a reciprocating explosion gas engine just
after the explosion, were admitted to a turbine of the Parsons type,
the blades would have to be water cooled (it is questionable if
this would save them, but admit it for the sake of argument.), and
a much larger amount of heat would pass to the jacket water than
is the case with a reciprocating gas engine If, however, divergent
nozzles were employed to convert the heat energy of the gas into
kinetic energy before the gas was admitted to the casing in which
the turbine wheel or drum rotated, the heat losses in the turbine
would be much reduced. The nozzles would, of course, have to
be made of or lined with refractory material, and in certain cases at
least would have to be water cooled in addition. The heat trans-
ferred by the gas to the nozzles would be appreciable, but still
probably not very great. It would probably be advisable to make
the nozzles larger for the power than in the case of steam turbines,
and employ fewer of them, thus reducing the cooling surface per
square inch of section at the throat.

Steam can be expanded very satisfactorily in divergent nozzles,
even with very large ratios of expansion, for example, from 200
Ibs. per square inch absolute to 1 lb. per square inch absolute,
which is a ratio of 200. No experimental data of much value are,
however, to be obtained regarding the corresponding expansion of
hot air or the hot gaseous products of combustion obtained from
the combustion of a hydro-carbon in air; and, until such experi-
ments are made and the results published, one will be very much
in the dark as to what help may be expected from the divergent
hozzle in enabling successful gas turbines to be obtained.
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When an elastic fluid is passed through a nozzle or orifice from
a higher to a lower pressure, the heat energy corresponding to the-
drop of pressure is converted into kinetic energy. In order that
the kinetic energy may be in a form in which it can be utilised to-
the best advantage to produce mechanical work, it is necessary
that the velocities of the particles should be arranged in some
methodical manner—it would not do if the particles were moving
all in different directions, and all with different magnitudes of
velocity. For turbine work it is desirable that the particles should
all leave the nozzle with the same velocity, both as regards
magnitude and as regards direction, so a8 to produce a homo-

geneous stream of constant section, or, as it is sometimes called,.

though rather paradoxically, a “solid stream of fluid.” With
steam, a close approximation to this effect can be obtained by
adopting a suitable nozzle. The design of the nozzle depends
upon the initial condition of the steam and the final pressure.
After the heat energy of an elastic fluid has been converted into-
kinetic energy in a nozzle, some of the kinetic energy so obtained
is converted back into heat owing to friction. There is a loss
due to this double conversion, which loss has already been dealt
with., With steam expanding in a suitable nozzle, the loss
appears to be slight. Without experiment, however, it cannot be
said that the loss would be equally small with other elastic fluids.
Experiment in this direction is much needed.

It has also been proposed to mix steam or water with the bot
products of combustion in order to reduce their temperature, thus
obtaining a large mass of fluid at a moderate velocity instead
of a small mass at a very high velocity. This proposal has much
to be said in its favour, and several experimentists seem to have
adopted it. It is as well, however, to take care lest its value is
not overrated.

If the gas and fuel are compressed before combustion to a high
pressure, and the Brayton or Otto cycle followed except as regards
the mixture with the water or the steam, a fairly high ideal efficiency
is the result. The ratio of negative work to gross work is, however,
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high—much higher than one might at first be led to suppose.*
If no compression is adopted and the fuel and air burnt at, or
exploded from, atmospheric pressure, there is approximately no
negative work ; but the efficiency is not high for a gas engine.
The products of complete combustion of a hydrocarbon with
oxygen are steam and carbon dioxide of which the steam is con-
densible. If more steam is added, the proportion of condensible
matter is increased. It will, therefore, be possible by the aid of a
condenser and air pump to work the turbine condensing. The air
pump will, however, require to be large. A reciprocating air pump
would probably be out of the question. A rotary air pump might do.
The compression losses in a gas turbine are so important
that a good deal of space can be justifiably devoted to them.
In a gas engine, compression of the air and fuel before ignition
is necessary for efficiency ; and generally it may be said that the
greater the compression, the greater the thermal efficiency. Now
compression means negative work—it means that some of the
mechanical work which has been obtained from the heat energy
of the fluid never leaves the engine, but has to be expended in
pumping. Let the terms gross work, negative work, and net work
be used. The gross work is the total mechanical work performed
by the fluid. It is represented in the pressure-volume diagram of
an explosion engine by the area ABCDEF, Fig. 28. The
negative work is represented by the area A B CF.+ The net work

*See paper read by the author before the Inst. of Mechanical Engineers,
Oct. 2lst, 1904.

1In the negative work has been included not only the work of compres-
sion, but also the work done in delivering the charge in a compressed state.
This ia the true negative work if the compreasion is performed in a separate
chamber from that in which expansion takes place. It is not strictly true
in the ordinaiy Otto engine in which there is no delivery of the compressed
charge. With a turbine, the compressed charge would have to be delivered
after compression, and the negative work has been defined accordingly.
If the work of delivering the compressed charge is included in the negative
work, then an equal amount of work, representing the work done in entering
the combustion chamber must be included in the gross work. This has been
done. Otherwise the gross work would have to be represented only by the
area F HCDE and the negative work by the area H C F.

8
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is the difference between the gross work and the negative work
and it is represented by the area CD EF. It is this net work
which engineers usually wish to obtain when they take an indicator
diagram of an engine. Therefore, they measure only the area,
CDEF, given on the indicator card. In an ideal engine, one is
concerned, as regards the efficiency, only with the ratio of
the net work to the heat supplied to the engine. With engines
which are not ideal (and, of course, no engine is) the ratio
between the negative work and the gross work is very im-
portant. Especially is this the case if the efficiency of com-
pression is low. To show this forcibly consider an extreme
cagse. Suppose that the ratio of negative work to gross work
in an ideal engine is 0'5; or in simpler language, suppose
that the pump requires half the gross power of the machine, there
being no friction. If now the machine is not ideal, and if the
mechanical efficiency of the pump is only £, and that of the motor
only £, no useful work whatever will be got out of the machine—
all the work will be absorbed by the frictional and other losses.
For, if the power of the motor proper, including that spent on
friction is 100, the pump will require 50, and as its efficiency
is ¢ it will take 75. This is exactly what the motor will give
out after deducting friction. There will, therefore, be no power
whatever obtainable from the machine for doing external work.

Even if the mechanical efficiency of the motor were increased
from 75 per cent. to 85 per cent., or the mechanical efficiency of
the pump increased from 67 per cent. to 77 per cent., the work got
out of the machine would amount to only 39, or 20 per cent. of that
obtainable from the ideal machine, the addition to the efficiency
of the pump having in this case the same effect as the addition to
the efficiency of the motor proper, although the work done by the
pump is much less than the work done by the motor. '

Let E represent the efficiency of the motor proper, and ¢ the
efficiency of the pump. Let n represent the ratio of negative work
to gross work, which would exist in an ideal engine, that is an
engine in which E and ¢ were both unity. Let W, represent the
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work which would be got out of the ideal machine, and W the
work that can be got out of the actual machine-—

Then W = W, (E - ’g-)

If n is a very small fraction, ¢ is of comparatively little import-
ance; if n is large—say from 03 to 0:5—e is of very great
importance.

Turbine compressors do not seem to be efficient, with the
possible exception of those used for small ratios of compression.
It is desirable, therefore, in a gas turbine, to be able to work with
a small value of n. Unfortunately, a small value of n means,
as a rule, a small value of W, for a given quantity of heat energy
supplied to the engine. This was discussed somewhat fully in
a paper, read by the Author before the Institution of Mechanical
Engineers, in October, 1904, to which paper reference can be made
by those interested. An efficient gas turbine, which is a turbine
both as regards the motor and the pump, seems therefore to depend
on the obtaining of an efficient turbine compressor. If someone
could produce a turbine compressor, or any other form of rotary
pistonless compressor, which could compress air isentropically from
atmospheric temperature and pressure to a pressure of 300 lbs.
per square inch, with an efliciency of 90 per cent., the road to
a successful and economical gas turbine would be very much clearer
than it is now.

The preliminary experimental stage of the gas turbine has
not yet been passed, and it cannot at present be said whether or
not it ever will. If satisfactory information were obtained from
experiment on the following four points then it could be said
whether or not there was any reasonable chance of success in
the near future :—

1. Losses in pneumatic compression to high pressures—
(a) With reciprocating compressors.
(b) With rotary compressors.

(c) With a combination of reciprocating and rotary com-
preesors.
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2. Expansion of hot gases in divergent nozzles.

3. Tranference of heat from gases to metals at high tempera-
tures—especially at very high velocities.

4. Ozxidation of turbine blades®when exposed to the action of
air, steam, carbon dioxide, &c., at high temperatures.

Until thorough experiments have been made on these four points
and the results published, the chances of success of the gas tur-
bine will be very much shrouded in darkness. It is to be hoped
that this information will be forthcoming before long; and it
will then probably be known whether it is worth while expending
money and brain energy on the gas turbine problem, or whether
it would be better to divert finances and energy to more re-
munerative channels.

‘Whether or not turbines actuated by hot products of combustion
will ever come into extensive use, the Author is certain that tur-
bines actuated by some elastic fluid will form a very large per cent-
age of the prime movers employed during the next 50 ygars. This
prophecy is made with & good knowledge of the success that has
been achieved with gas producers and large reciprocating gas
engines—and with a belief that the advantages of steam turbines
have often been overrated—and it is not made from any special
feeling of attachment to turbines, but from a careful weighing of the
advantages and disadvantages of reciprocating and turbine motors.

Although information on the four points mentioned above is very
badly wanted, it is possible without this information to effect im-
provements on turbines actuated by an elastic fluid, composed
wholly or largely of steam generated in a boiler. A few suggestions
as to the lines on which progress may possibly be made are now
offered.

1. Where condensing cannot be employed, the steam may be
superheated by mixing with it hot products of combustion obtained
by burning coal gas, natural gas, or producer gas. No great im-
provement in efficiency need be expected by this scheme over
what is now obtained with superheated steam in non-condensing
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tarbines, but the initial cost and depreciation in the case of a gas
producer will probably be Jess than in the case of & superbeater of
the ordinary externally-fired tube type; and the cost of fuel for
producing a given thermal value of actuating elastic fluid may also
be reduced.

2. With steam turbines employed for the propulsion of steam-
ships it is common practice to provide one high pressure turbine
to drive on to a central shaft, and a pair of low pressure turbines
each driving on to a wing shaft. Reversing turbines are placed
in the L. P. turbine casings. It is suggested that it might be
advantageous to construct the H.p. turbine with a single stage of
expansion, and to arrange for steam being passed through it in a
reverse direction when it is desired to stop quickly or go astern, in
addition to passing steam through the usual reversing turbines in
the L.P. casings. The advantage in quick stopping and reversing
would be that, not only would an increased aggregate reversing
torque probably be obtained, but, what is more important, there
would be three propellers acting to stop the vessel instead of only
two. It seems a great pity when in turbine steamships a con-
giderable aggregate propeller area has been obtained at a sacrifice
of weight, cost, and turbine efficiency that, one-third—and in some
cases one-half—of the total propeller area should be out of action
at a time when it may be most urgently required—say, to avoid a
collision in a fog.

In a single-stage u.p. turbine the error in areas, due to passing
the steam in a reverse direction through the turbine, would not be
very objectionable, seeing that the turbine when reversing would
be passing only about one-third of the steam it passed when going
ahead, and the expansion of the steam would take place wholly in
the nozzles before the first moving buckets were reached, and
would be independent of the areas through the moving and fixed
buckets. A branch pipe would have to be arranged to take live
steam to the exhaust end of the m.p. turbine, where a reversing
set of nozzles would have to be provided. These would be small
matters. Conduits would have to convey the exhaust steam from
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the H.P. casing to the condenser for use when reversing. These,
although of considerable sectional area, would be short, as the
steam could reach the condensers by way of the exhaust end of
the L.p. casings. Valves controlling the passage of steam through
these conduits would be required, and a considerable amount of
force might be required to open these valves quickly. If a revers-
ing engine were employed, however, the requisite force would be
easily obtained.

8. There seems to be no insuperable obstacle to the use of
gearing in the driving of the propeller shaft or shafts of small
vessels. A direct drive is, of course, preferable mechanically, but
a direct drive in a small vessel of low or moderate speed means an
expensive and not very economical turbine, and a propeller
having a smaller projected area and a higher speed of rotation
than is generally desirable, The use of gearing would allow of a
small high-speed turbine being employed in conjunction with a
propeller or propellers of ample projected area rotating at a speed
not exdessively high. The employment of gearing in vessels
driven by turbines would be considerably different from the
employment of gearing in vessels driven by reciprocating engines.

In the case of turbines the high speed of rotation of the turbine
gpindle would allow of the employment of fine teeth and small
tooth pressures; and the uniformity of turning effort of the
turbine and the great kinetic energy of its rotating parts would
tend to promote smooth running even if the propeller occasionally
left the water.

4. Condensing arrangements are open to improvement. Steam
turbines benefit much by a good vacuum, but the cost of condensing
plant and condensing water are sometimes very great. In marine
steam turbines the question of cost of condensing water disappears,
but another important factor is introduced in the shape ot weight
of condensing plant.

" Mr Parsons has lately increased the vacuum in the condensers
employed with some of his turbines, by introducing what he terms
a vacuum augmenter. This consists of a steam jet propelling
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device placed between the main condenser and an auxiliary
condenser. This device produces a considerably lower pressure
in the main condenser than esists at the suction side of the air pump.
Further developments on the lines inaugurated by Mr Parsons
may not unreasonably be expected. The subject which is of a
somewhat complex nature deserves very careful consideration.

!

Discussion.

Mr W. H. RipprLEsworTH, M.8¢, (Associate Member), asked
what Mr Neilson meant by a single-stage turbine, as such an
expression seemed somewhat indefinite? In connection with the
marine steam turbine the Author suggested the use of a high
pressure turbine of a single-stage type, so that by arranging
suitable nozzles on the discharge side it could be reversed. If by
a single-stage turbine, one with a single row of moving blades was
understood, then the speed of rotation would be of necessity high
and the desirable (for marine purposes) low speed of rotation would
be sacrificed to the idea of obtaining more astern power.

Prof. A. Jamieson (Member) complimented Mr Neilson upon
his interesting history of steam turbines, and upon the clear way
in which he had stated the prospects of gas turbines as well as
the necessity for experiments before any decided opinion regarding
their probable success could be arrived at. Prof. Jamieson doubted
the propriety of Mr Neilson’s substitution of the term isentropic
for that of adiabatic expansion in the example he gave. Did
Mr Neilson accept the definition, “that adiabatic expansion meant
doing work without gain or loss of heat,” and, ‘ that isentropic
expansion meant doing work without change of entropy”? Further,
did he consider that entropy meant simply the ratio of the heat
taken up or rejected during a small change in a working fluid to
its absolute temperature, or, d ¢ =dH/r? If so, would Mr
Neilson, in his reply to the discussion, kindly furnish proofs from
reliable tests, with actual turbines, to substantiate his preference
for isentropic as distinct from adiabatic expansion. Mr Parsons,
n his paper on * The Steam Turbine and its application to the
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Propulsion of Vessels,” read at the Summer Meeting of the
Institution of Naval Architects, June 26, 1903, gave the consump-
tion of steam in his turbine as 15'8 lbs. per K.w.-hour or about
9-8 lbs. per 1.H.P.-hour, when using steam at 142 lbs. per square
inch (by gauge?) delivered to his turbine at 250° C. or 514° F.,
a superheat of 152° F. Whereas, in the combined paper read
by Mr Parsons and Mr Stoney before ““The Institution of Civil
Engineers,” London, last month, the Authors’ lowest consumption
of steam was given as 14'7T4 lbs. per x.w.-hour for a 3000 x.w.
turbine, using steam at 138 lbs. per square inch (by gauge?) and
586° F. or a superheat of 235° F., with a 27-inch vacuum. Now,
using the same estimated combined efficiency of 83 per cent. for
dynamo and turbine as in the previous case, and 1 K.w.-hour as
1:34 n.p.-hour, then—

1-34 (u.p.-hour) : 1 (8.P.-hour) : : 14:74 lbs. : zlbs,

100 per cent. : 83 per cent.

..z = 913 lbs. steam per 1.H.P.-hour.
This is an improvement of 6'8 per cent. in the economy of steam
over the previous case, and 27 per cent. gain upon the results
obtained by Messrs Lindley, Schréter, and Weber in their tests
of a 1000 x.w. Parsons Steam Turbo-Alternator for the City of
Elberfeld, in 1900, when they got 2015 lbs, steam consumption
per E.w.-hour with ordinary steam of 150 lbs. pressure per
square inch and a 27-inch vacuum. This showed a very great
improvement in the economy of steam with a larger turbine,
greater superheat but practically the same vacuum, although an
increase from 27 to 28 inches vacuum was known to produce an
economy of 4} per cent. in the steam used by the turbine alone.
The following questions naturally arose from the above data and
from other published results—(1) Were the pounds of steam
required to work the air and circulating pumps and the vacuum
augmenter included? (2) When turbines and reciprocating
engines of the same power were compared, did Mr Neilson con-
sider that the estimated 1.H.F. of the former could be fairly ranged
alongside the actual indicated H.p. derived from the latter, more

i —— e -
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especially when the steam used for air and circulating and feed
pumps were all taken into account in complete trials of reciprocat-
ing marine and land engines ? (3) These two questions naturally
evoked another. What reliance could be placed upon the per-
centage exactitude of torsion-meters or dynamometers for
estimating the shaft horse power of marine and land turbines?
Mr Parsons now claimed, that steam travelled at a moderate
velocity through his turbine and flowed through each ring of
blades approximately as an incompressible fluid. But, when
viewed over the whole range of the turbine, the expansion of
the steam was governed by the usual adiabatic laws of steam,
and from 70 to 80 per cent. of its energy was transformed into
useful mechanical work. This most assuredly meant that the
efficiency was from 70 to 80 per cent., or, that from 70 to 80 per
cent. of the heat energy of the steam which passed through his
turbine re-appeared as useful work in the turbine shaft, and was
there available for driving dynamos or screw propellers or any
other suitable appliance to which his turbine might be coupled.
Now, take his best published results, for a 3000 k.w. turbine
driving a dynamo, which used only 1474 lbs. of steam per x.w.-
hour, as supplied to it at 138 lbs. pressure per square inch (by
gauge?) but superheated to 235° F. and with only a 27-inch
vacuum. No record was given of the efficiency of the dynamo,
but it would be perfectly fair to assume that, it gave 92 per cent.
a8 the ratio of the x.w. got out, to the K.w. spent on its shaft to
drive it; and, that 1 k.w. was equal to 1'34 m.p. If a lower
dynamo efficiency were assumed at full load, then the turbine
would appear to be still more efficient, since it would show a still
less consumption of steam per B.H.P. or per shaft horse power than
the following proportion. But well-designed and constructed
dynamos of 3000 k.w. output at full load, gave as a rule quite
92 per cent. electro-mechanical efficiency in the sense here applied
to the case in question—

Hence, as, 1'34 H.P. : 1 H.P. :: 14:74 lbs. steam : # lbs. steam.

100% :92¢Y
&z  =10"12 lbs. of steam per B.H.P.-hour.
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The method of calculating the heat required per minute by The
Institution of Civil Engineers’ Standard of Comparison per H.P.
might have been adopted, but its formula for an engine using
superheated steam was*—‘The B.Th. U. per minute per u.P. for
the Standard Engine of Comparison, with superheated steam™ =

42.4{L. + T — T, + 0‘48(T..—T.‘)}

(T, —T, )(1 + ,I-I-,‘i)+0-48(T..—T, = (hyp.log.'%: + 0'48hyp.log.%:l')

Where T, is absolute temperature of saturated steam at stop-valve

pressure.
»  Tauy " " of superheated steam at stop-
valve.
” Te " Y] ) in exhaust.

»w  La,, latent heat of steam at temperature T,
»» 0°48,, the specific heat of superheated steam.

This appeared a rather formidable and complex formula to tackle
and one might naturally question the correctness of the final
result arrived at? Whereas, the following was a much simpler
expression which he submitted for critical examination, as he
believed that it included all the requisite factors of the Institution
of Civil Engineers’ formula, when used in conjunction with the
temperature entropy or heat energy chart as herewith applied—

. Work got out at turbine shaft
u.0.P. Efficiency, "= Heat energy used by turbine

Heat units equivalent to one B.H.P.

(Hea.t put in per lb. —heat rejected at exhaust
per lb.) x Ibs. steam per B.H.P.-minute.

Or,

33,000 foot lbs. per minute
=J (H - k) W, foot per lbs. minute’

* See Minutes of Proceedings, Inst. C.E., Vols. CXXX.V,, p. 294, and
CL., p. 218, e/ seq. for 1902-03.
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Where, J = Joule’s equivalent (778 foot lbs. of work per B.Th.U.)
”» H = Heat units per lb. of steam supplied per minute to
turbine at stop-valve,
” h = Heat units per lb. of exhaust (wet) steam per
minute.

” W, = Weight of steam passed into turbine per minute
per B.H.P.

33,000 = Number of foot Ibs. of work per minnte per B.H.P. or
shaft-horse power.

By gauge, 138 lbs. steam pressure = (138 4 15) or 153 lbs. absolute.
From any good table on the properties of saturated steam, it could
be seen that each pound weight of such steam contained 119168
B.Th.U. Further, each lb. of this steam was superheated to 235
degrees F'., therefore the additional heat units per 1b. due to this
superheat was—

B.Th.U. of superheat = Weight of steam x degrees rise x specific

heat of steam.
Or, BTh.U. ,, =1 x 235° F. x *48.
”» ”» = 1128

= (119168 + 112-8) = 1304-48 B. Th. U.

From the accompanying ¢ or temperature entropy diagram,
Fig. 29, which he had drawn to seale for the turbine in question,
as well as from calculations and from good entropy tables, he found
that, with superbeated steam admitted to the turbine, as previously
stated, the condition of the exhaust was wet steam of 85 per cent.
dryness fraction. In other words 15 per cent. had become con-
densed, and was at & 27-inch vacuum, or gave 1} lbs. absolute
back pressure at a temperature of 114 degrees F. (or 82 degrees
above 32 degrees F.) Consequently —

Dry saturated steam.
Dry saturated . Dry saturated stea BThU 1b. B.Th,U.{ Bblb
As, 1 lb . 851bs.  :i 11193 ;0497
Liquified steam.
, Liquified stesm.  Liquified steam. B.Th. U. perlb. B.Th. U. for 15ib.
Andas, 11b. : -151lbs. :: 83 : 12-3
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Hence, the total heat per lb. of wet exhaust steam was—
(949'7 4+ 12:3) B.Th. U,, or, h = 962 B. Th. U.

The weight of steam used per hour per B.H.P. was found to be 10-12
lbs., or, W, = 10-12/60 lbs. per minute. By substituting for the
symbols the previously ascertained values in the equation—

_ 83,000
TTTECRW,”
Then, 9= 2.0 1012 = b
TT8 (130448 — 963) —-=

Or, the efficiency of that particular turbine was 74 per cent. by
this formula and calculation. Mr Parsons was to be congratulated
upon this high efficiency ; but, observe, that no steam was reckoned
herein, for production of the vacuum, and as might be the
case — for instance, at the Westinghouse Company’s plant ab
Yoker—for the engine to work the exciter dynamo to produce the
field magnetism for the alternating current dynamo. Would 5 per
cent. additional steam be a fair allowance per B.H.P.-hour for the
whole of the auxiliary plant, when the cooling water had to be
forced through the condenser tubes at such a great velocity to
produce such a high vacuum as was desired for the efficient
working of steam turbines? All those interested in the highly
speculative question of gas turbines would do well to study
most carefully, not only Mr Neilson’s excellent and instructive
suggestions, but also Mr Dugald Clerk’s Presidential Lecture to
The Junior Institution of Engineers on * The Problem of the Gas
Turbine,” delivered on 3rd November, 1905. Mr Clerk said,
“Only one gas turbine had really rotated within his own direct
knowledge . . . with a total brake-horse power equal to that
evolved by two blue-bottle flies!”

Mr JouN Riekie (Member) said that Mr Neilson's paper on
the turbine was very interesting both from a historical and
a practical point of view. The Author dealt in a very clear
manner, not only with the losses brought about by frictional
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eddies which took place in this type of engine, but also with
the acknowledged losses due to cylinder condensation and
leakage past slide valves which occurred in the reciprocating
engine. He had had no practical experience with the turbine
engine and could therefore offer no suggestion as to the
possibility of minimising the losses from frictional eddies. He
had had, however, an extensive experience with the reciprocating
type of engine and could testify to the practicability of making
a very substantial reduction in its present losses. Mr Neilson
stated that practical considerations prevented one from designing
a reciprocating engine so that the steam could be carried
down to the condenser pressure. On that point he did not
quite agree with him and believed that the ratio of high to
low pressure cylinder ares could be so arranged that the
number of expansions could be considerably increased without
increasing the area of the low pressure cylinder. Moreover,
even from the use of higher steam pressures and from the
use of steam of high superheat it would still be practicable to
expand the steam down to atmospheric pressure before final
exhaust took place. The waste of steam due to cylinder con-
densation could be reduced to a minimum by superheating it
to 700 degrees or even 800 degrees F. The excessive waste
from valve leakage could be overcome by abolishing the use
of all forms of slide valves and using tappet valves only. The
proposed cylinder ratio referred to had been successfully tried
on engines. The use of highly superheated steam, ranging
from 700 degrees to 800 degrees F., with tappet valves, was
in daily use on steam motor cars. It only remained for the
combination to be tried on an engine, no matter whether
large or small, to demonstrate that a turbine engine of equal
power, a8 now designed, could not live in competition with it.
Mr Neilson also alluded to the use of gearing to assist the
turbine engine, but it was needless to point out that gearing
which was a source of loss was not required with the recipro-
cating engine.
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Mr W. B. Sayers (Member) remarked that he had been experi-
menting for the last 18 months on & method of driving turbines
by means of a heavier liquid driven by steam and also by gas
-explosion, but having said so much he was not at liberty to enter
further on that subject. He had had to stop his experiments in
the meantime for financial reasons, but recently he had been
giving attention to a turbine to be driven by an elastic fluid, and
he would like to say a few words about such turbines. He had placed
on the blackboard a few figures which represented some elementary
considerations. Before he spoke about these he would say that
Mr Neilson described rather minutely the turbine invented by Mr
-Morton. Criticising that design, with the view of seeing what
might be the cause, or causes, of too low an efficiency to be of
practical value, he noticed one point in particular, and that was
that the nozzles, which were represented by little narrow slits
through the rims, in Figs. 24 and 25, seemed to be of wrong
form. They were divergent nozzles, whereas they ought to be
convergent nozzles. Another point about Morton’s turbine was
that there were a number of discs, one inside of the other, and
these were rotated at a high velocity in the dense steam, the density
diminishing, of course, towards the exhaust end, but there would
be considerable friction between these discs and the steam. To
go a little further on the question of convergent and divergent
nozzles, he noticed the statement by Mr Neilson that the different
types of turbines showed a tendency to draw towards one another.
He supposed he referred to the fact that Westinghouse used
divergent nozzles on Parsons’ blades; Curtis used divergent
nozzles on blades which were somewhat like Parsons’; de Laval
and Stumpf, on the other hand, used convergent-divergent
nozzles ; but Stumpf, instead of using steam only once on the
turbine wheel as did de Laval, provided guides to catch the steam
off the buckets, and returned it through them & second time, or
directed it into another set of buckets. Now, if one considered the
essential thing that happened in any turbine, he would find that
the steam had to expand as it passed on through the turbine in
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order to give up its energy. In de Laval's turbine it expanded
down to its lowest pressure right away, appearing at the discharge
end of the nozzle as kinetic energy, and there was simply one
velocity stage, or two velocity stages, or more. The matter was
much more complicated in the Parsons or Curtis form of turbine.
What he wanted to elucidate—he was striving himself to get a
clear mental picture of what happened—was just how much of
the several possible actions took place, and what sort of attention
ought to be given to them. Referring now to the question of
convergent and divergent nozzles, Rateau, in his book *‘On the
Flow of Steam,” showed that the proper form of nozzle depended
upon the ratio 1; . where P was the pressure at the inlet, and P! the

pressure at the outlet end, If the ratio IiPl were greater than 0-58,
the nozzle should be convergent, but if less than this value, the
nozzle should first converge to a ‘‘ throat’" (the sectional area of
which determined the quantity of steam which would pass with
a given initial pressure) and afterwards diverge, Fig. 30.
Further, with a given initial pressure, the pressure and velocity at
the discharge ends of the nozzle depended upon the ratio of the
areas of the inlet and &scha.rge ends of the nozzle, and was inde-
pendent of the pressure in the exhaust chamber so long as the latter
-did not exceed the pressure corresponding to the area of the dis-
charge by more than a definite amount. That amount was the
pressure equivalent to the kinetic energy of the steam, and was equal
to V2m. The point to grasp was the vital importance in elastic fluid
turbine design of the correct proportioning of the nozzles or pas-
sage ways between blades, etc., to correspond with the law of flow
of the expanding fluid. So much had been said, and rightly as
regards the importance of good vacuum, that the above might, at
first sight, seem contradictory to experience, but unless the pas-
sage ways or nozzles have an area of not less than that corres-
ponding to the back pressure in the exhaust, reduction of this
pressure would have no appreciable effect in increasing the
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velocity of flow of the steam in the turbine. The effect of
reducing the pressure in the exhaust, if the area of the discharge
ends of the passage ways or nozzles were too small, was that the
steam on entering the exhaust chamber being freed from lateral
constraint expanded in a direction at right angles to the direction
of flow, deflecting and accelerating the flying particles uselessly.
In other words, there was no appreciable increase of expansion
and consequent acceleration due to lowering the exhaust pressure
until the exhaust chamber was actually reached, unless the area
of the discharge ends of the passage ways or nozzles was suffi-
ciently great. All this became clear when once one realized the
fundamental conception of the pressure of the elastic fluid
being balanced only against the inertia of its own mass, and
entirely absorbed in producing acceleration of its own particles,
instead of being balanced against another resisting body, the
resistance of which depended. partly upon the back pressure, as
in a piston engine. In a multiple stage turbine the steam was
being retarded while passing through each set of moving blades,
and was accelerated by its own expansion and redirected while
passing through the fixed guides. Or, if there were only ‘“ velocity ”
stages, then the steam would be retarded,.when passing through
each set of moving blades, and would be redirected when passing
through each set of guides, This was only a very partial state-
ment of the laws affecting the flow of steam through turbines.
Parsons’ turbine required, for the most advantageous condition,
convergent nozzles or passage ways, and on inspection, Fig. 32,
it would be seen that the fixed and moving blades in a Parsons
turbine form between them converging passage ways. On the
other hand, turbines using one or more * velocity stages’’ would
generally have a greater drop of pressure between the two ends of

1
the nozzles than was represented by % = 058, and nozzles or

passage ways should therefore be convergent-divergent. Referring
again to Mr Morton’s turbine, Fig. 23, as there were five stages, it
was clear that the ratio of the pressures across any one stage would




THE ELASTIC FLUID TURBINE 129
Mr W. B. Sayers.

always be greater than 0-58, and consequently the nozzles should
have been convergent, instead of divergent, as shown in the figure.
It did not necessarily follow, of course, that the correcting of this
point would bave lifted the turbine from failure to success. The
general design was probably hopeless, but if the turbine had been
provided with three or four times the number of passages or nozzles,
and other parts modified to pass a greater quantity of steam and
develop a larger power, it would probably have come much nearer
success. Passing now to the consideration of the problem of
designing a turbine of the Parsons type. If,in Fig. 31, A represented
the area taken at right angles to the axis of the annulus, in which
& gang of rings of blades of the same length were fixed, then
expansion of the steam occurred during its passage from one end
to the other of this annulus, and therefore a greater volume must
pass at the outlet end of this annulus than at the inlet. This was
possible in three different ways, and in combinations of two or all
of these three ways :—

1. By acceleration occurring during the flow along the
annulus so that the velocity was greater at the exit
end than at the inlet.

2. By the. effective area being made to increase towards
the outlet end by reducing the thickness of the
blades.

3. By the effective area being made to increase toward the
outlet end by reduction of the amplitude of curvature
of the blades, thus reducing the obliquity of flow of
the steam round the cylinder, Fig. 33.

Note.—In practice 2 and 3 went together, one involved the other.
Examination of these three points showed that when a number
of rows of blades were made identical, as they were in practice,
for convenience in manufacture, expansion of the steam passing
through such uniform rows of blades must be accompanied by
acceleration of the flow of steam, because 2 and 3 both required
non-uniformity of the blades. It therefore appeared that the ratio
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Xi referred to in Mr Speakman’s recent paper (where VI was the
mean speed of the turbine blades and Vs the steam speed) could
not be constant through a succession of uniform rows of blades.
Next it appeared that if the increased area of the annulus A,
corresponding to the increase in volume of the steam due to

expansion, were obtained entirely by thinning of the blades

towards the outlet end, the ratio X._t might be kept approximately
S

7
constant. Again, if increase of area were obtained by reduction

of the obliquity of flow, % could not remain constant, for con-

sideration of Mr Speakman’s velocity diagrams, Plate II., showed
that the relative velocities of steam and bladesfor a given blade
speed was directly connected with the angle of obliquity of
the flow. The magnitude of the effect of varying the angle
of obliquity of flow was great, being proportional to the
cosine of the angle of obliquity to the axis. Referring to Fig. 31,
if the first row of blades deflected the steam stream to an angle of
68 degrees with the axis, the effective area of the annulus A to
the flow of steam would be A cos 68 degrees or 0-37 of the area
of the annulus A taken at right angles to the axis. If succeeding
rows of blades deflected the steam to diminishing angles of
obliquity until the last row deflected it to 30 degrees only,
the effective area would have increased from 0:37TA to 086 A,

or, the increase of effective area would be 8%?:8.8 2:3 to 1.

He was endeavouring to give the mental picture which he had
in his own mind, of the conditions of the problem of design
in a Parsons turbine and also of the action of the steam stream
through the blades, and to make this more complete he would
say that if the turbine shaft were fixed so as to prevent it from
revolving, the steam would take an undulating or zig-zag course
through the turbine, and if the fixed and moving blades were
identical the undulations would be equally above and below a
line parallel with the axis. When the turbine was allowed to
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revolve the effect of the motion of the blades was to tend to
straighten out or diminish the amplitude of the undulations on
one side only of the axial line, that was those caused by the
moving blades, with the result that as the speed increased
the stream fell more and more away from parallelism and took
a helical course around the drum, Figs. 33 and 34. From published
drawings of Rateau’s turbine, it would be seen that convergent
nozzles were used, and also that there were a considerable number
of discs which revolved in separate cells filled with steam starting
at high density and diminishing towards the exhaust. It would
be interesting to have definite information about the efficiency of
Rateau turbines, and especially to know what percentage of the
losses was due to the friction of the dises in the dense fluid. He
did not know whether there were any figures available as to the
efficiency of this turbine as compared with Parsons’ turbine. It
followed, he thought, from the considerations he had put forward,
that they might have the steam accelerating as it passed through
the buckets, and consequently, that in addition to * pressure”’ and
¢ velocity ” stages there might be ‘* acceleration ” stages, but this
last was a stage or condition to be avoided.

Mr Epwin GriFriTH (Member) said the remarks made about the
velocity of steam through one stage of a Parsons turbine by Mr
Sayers were quite in order, and, as those who dealt with the Par-
sons’ turbine knew, the last stage of that turbine had blades set at a
different angle towards the exhaust end. Strictly speaking, the
blades in every stage ought to be changed in angle, but the differ-
ence in efficiency did not justify the practical objections involved.
At the exhaust end, where the volume increased very rapidly, it
would be necessary to have the blades of an abnormal length to
give the proper volume with the normal angling. With reference
to the Rateau turbine, there was some published information on
that point. Mr Yarrow had tried a torpedo boat with the Rateau
turbine and another with the Parsons turbine, and he thought the
results of the trials had been published; at any rate, Mr Yarrow
had told him that the results were practically the same in both
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cases. The amount of coal used was about the same, and so was
the speed. Reference was made in the paper to the astern power,
and it was suggested that the B.P. might be made a single stage
turbine with provision for passing the steam in the opposite direc-
tion. It seemed to him that that would involve a reduction of the
power of the H.p. shaft very considerably in going ahead, and if
the centre turbine was single stage the bulk of the expansion
would need to take place on the wing turbines, so that there
would be an equal ratio of power between the three shafts, to
meet which it would be necessary to reduce the centre screw, pro-
bably to an undesirable small dimension. For that reason he did
not think very highly of the suggestion. Some of the other means
adopted to get additional astern power were more practical, such
as increasing the power of tbe astern turbines on the two wing
shafts, which had been done in almost every recent installation.
The Admiralty were adopting astern turbines on every shaft, and
meeting the trouble in that way. He thought it might be worth
trying another type of turbine for working astern in conjunction
with a Parsons turbine for working ahead—some type that did not
take up so much fore and aft space. He did not think the
Rateau turbine was such a long turbine as the Parsons, and the
Curtis turbine was shorter still.

Mr 8avErs—Was it not she case that the Curtis turbine had a
higher speed in proportion to its shortness?

Mr GrIFFITE was nof familiar enough with the Curtis turbine
to answer that question definitely; it depended upon the number
of stages. There did not seem to be any inherent reason why it
should not have & greater number of stages than at present, and
when used for the astern power it would not be a very serious
thing to put up with a loss of efficiency as was done with Parsons’
astern turbines. He suggested that those who were using Parsons”
turbine for ahead work might learn something of the other types
by using them for astern work. Mr Neilson had said that the
turbine was inherently irreversible. = The Parsons turbine was
inherently irreversible, but the turbine, as such, was not neces-
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sarily so. As a matter of fact, some years ago, he himself had
experimented with a turbine that was reversible. He reversed it
when going 3,000 or 4,000 revolutions ahead to practically the
same speed astern in about six seconds, and that reversibility was
obtained without sacrificing the ahead efficiency at all, so that he
did not agree with such a sweeping statement as that the turbine
was inherently irreversible. He thought that turbine experts
might direct their attention towards obtaining a satisfactory
reversible turbine. The one he referred to was perfectly satis-
factory in that respect. He would not advise Mr Neilson to put
any money on the idea of geared shafts. Even if the proposal
was reasonable he would not get marine engineers to listen to him.
Mr Neilson also said, ‘‘ In marine steam turbines the cost of con-
densing water disappears, but another important factor is intro-
duced in the shape of weight of condensing plant.” He did not
think the weight of condensing plant was an important factor
considering its great efficiency value in turbine installations.
There need not be in condensing plant any appreciable addition
in weight if it were made efficient. It was getting to be well
known that the condensing plant was most inefficient on board
ship in reciprocating practice, and he knew, as a matter of fact,
that in the Durham College engine at Newecastle, & new type of
condenser had been tried, and that a much better vacuum
obtained with less than half the usual cooling surface ratio.
Prof. Weighton was now preparing a paper giving a full account
of his experiments, and all those who had been connected with
turbine work were thoroughly aware of the low efficiency of the
average condensing plant on board ship. The importance of it in
turbine work had directed a great deal of attention to the subjeet,
and the addition in weight that might be involevd with an efficient
plant, was of small consequence, compared with the saving in coal
with turbine machinery. He thought the Members of the Institu-
tion were highly indebted to Mr Neilson for bringing his valuable
paper to their notice.
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Correspondence.

Professor Ropert H. SmitH considered that the history of
the steam turbine had been very completely and ably dealt with
in W. Gentsch’s ¢ Dampfturbinen,” 1905; and that in
addition to the splendid 1905 edition of Dr. A. Stodola’s
“Die Dampfturbinen,” there had also been more recently
published an excellent treatise by W. H. Eyermann also entitled
“ Die Damfpturbinen,” and dated 1906. The approximation now
taking place among the designs of several firms of builders and
mentioned by Mr. Neilson was very interesting. For some time
he bad been convinced of the desirability of lessening the number
of stages from that found at the end of the scale. He had been
told of a new theory by Prof. Banki, of Buda-Pesth, which fixed
a definite number of stages as the most economical number for
each prescribed combination of peripheral speed and horse power.
It must evidently consist in a minimum balancing of frictional
losses and exhaust kinetic energy losses. Mr Neilson did not
mention leakage as one source of loss in turbines, but in most
forms its amount must be very considerable. The kinetic energy
of the steam that leaked through the clearance b>tween wheel and
oasing must be wholly lost. Mr Neilson's law of friction and eddy
loss in turbines might be more simple, and therefore more easily
intelligibly expressed by saying that the driving force so lost was
proportional to the square of the product of diameter by linear
speed. It seemed questionable whether any large proportion of
the eddy kinetic energy was reconverted into heat within the limits
of the working parts of the turbine, and what was so reconverted
must in some material ratio go into the iron and not go to reheat-
ing the steam. As to the gas turbine discussion, in his opinion
the greatest difficulty lay in the burning of the guides and blades,
or their distortion through overheating. The attempt to avoid this
diffioulty by expansion-cooling before the gas reached the blades
meant, of course, restriction to an extremely small number of
stages. He believed it very possible to use a fluid compounded of a
mixture of burnt gas and steam, and he had made experiments in
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that direction. A portion of the heat of combustion was first used
in heating and evaporating water into steam, and then the burnt
gases were further cooled by mixture with the steam while the
steam was superheated. By regulating the proportion of steam
and burnt gas, one could get any desired combination of pressure
and temperature above the temperature of saturated steam. The
combustion of gas or oil fuel went on steadily, of course under full
pressure, without deviation from the most efficient conditions of
combustion. The objection was the large proportion of the nega-
tive work in compressing the air needed for combustion to the full
working pressure.

Mr. F. J. RowaNn (Member) having been prevented from
attending the last meeting of the Institution, wished to say
that he had read Mr Neilson’s paper with much interest, and
thought that the historical and descriptive portions left little to be
desired, except with regard to the first, in which, seeing that the
Author subsequently gave much prominence to the gas turbine
question, he thought that he might with advantage have enlarged
that part by including in it some account of the various designs
of gas turbines which had been proposed. Several of these were
very ingenious, and it would not he easy to find a better way of
illustrating the practical difficulties inherent to the gas turbine
problem than by giving a description of the plauns of inventors and
the investigations of those who had dealt with the theory of the
subject. Amongst the inventors were Crossley and Atkinson;
Heinrich Zoelly, of Zurich; René Armengaud and Charles Lemale,
of Paris; Franz Windhausen, jun., of Berlin; and Thomas G.
Saxton, of Lexington, Ky.; and amongst the investigations which
had been published, Mr Neilson’s paper to the Institution of
Mechanical Engineers (in their October, 1904, Transactions),
took a prominent place, and there were those of Alfred Barbezat,
in the Revue d' Electricité; R. Barkow and K. Schreber, in
Zeitschr. Elektrotechn., of Vienna; Dr. C. E. Lucke, of Columbia
University, and Prof. Sidney A. Reeve. Dr. Lucke’s experiments
on the expansion of hot gases in nozzles were a commencement of
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the line of investigation desired by Mr Neilson, although they dealt
with gases of comparatively low temperature; and Mr T. E.
Stanton had made some research into the influence of velocity on
the transference of heat from gases to metals. With regard to
the idea thrown out by Mr Neilson that with steam added to the
products of combustion, a condenser and air-pump could be used,
would not the size of air-pump and the power required to drive it,
render this method impracticable? It had been proposed to utilize
the heat of such waste gases in heating feed-water and air for
combustion, and he (Mr Rowan) understood that experiments with
a gas turbine so arranged were in progress.

Mr NEILSON, in reply to Mr Riddlesworth's query as to the mean-
ing of a single-stage turbine, stated that, the expression did not
indicate & turbine in which there was only one ring of blades, but
a turbine in which the expansion of steam took place all at one
step. There might be one or more rings of moving blades. In
Curtis’ turbines as many as four rings of moving blades had, he
believed, been arranged in one stage, the steam being redirected from
one to another by means of fixed blades. In a H.P. single-stage
marine steam turbine either three or four rings of moving blades
might be employed according to the diameter which could be given
to the H.P. casing ; and s sufficiently low propeller speed could be
obtained. Such a high pressure turbine would have certain dis-
advantages compared with & high pressure turbine of the Parsons
type, but would also have advantages over the latter. Mr Griffith
objected to the use of a single-stage m.P. turbine on the ground
that this would mean a reduction of ahead power on the central
shaft, but he (Mr Neilson) did not think that such a reduction was
a necessary consequence. The single-stage H.P. turbine could be
made of any desired power. The power would have to be deter-
mined by considerations of propeller efficiency and accommodation
on board ship. The turbine should have a large diameter for the
power if the nature of the ship and the engine-room arrangements
allowed ot this. Mr Griffith referred to the Admiralty adopting
astern turbines on every shaft. If by this was meant the placing
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of H.P. reversing turbines on the H.P. shafts, and L.P. reversing
turbines on the L.p. shafts (as reported in an engineering journal),
the device had several objections. In the first place the length of
the H.P. turbine casings would be increased, thus calling for more
fore and aft space, which, as Mr Griffith stated, was an objection.
In the second place the H.p. reversing turbines would cause an
appreciable drag when the vessel was going ahead, as they would be
rotating in wet steam at a considerable pressure. In the third
place the initial reversing torque (which was usually of much more
importance than the normal power when steaming astern) would
pe reduced by compounding the reversing turbines unless these
were made very large. All the reversing turbines should, he con-
gidered, take boiler steam and exhaust into the condenser. By
using one single-stage H.P. turbine and two L.p, Parsons’ turbines,
a high initial reversing torque could be obtained on all three shafts;
and the fore and aft space required by the turbines would be small.
There would also be no more drag caused by the reversing tur-
bines when the vessel was going ahead than with the present
arrangement, Mr Griffith referred to Prof. Weighton’s experi-
ments on condensers. He (Mr Neilson) was acquainted with
some of the results obtained by Prof. Weighton, and looked for-
ward with great interest to perusing in full Prof. Weighton’s
paper, which, he understood, was to be read at an early date
before the Institution of Naval Architects. There was no doubt
that Prof. Weighton’s experiments would have a most important
effect on condensing plant designed both for land purposes and
for turbine propelled vessels, especially warships. Although the
weight of a condenser on a turbine ship might be small compared
with the benefit to be desired from it, still the weight ought to be
taken into account in considering what degree of vacuum should
be employed. If, by special design, the weight of condensers for
a given effect could be reduced, this would obviously affect the
degree of vacuum to which it was desirable to work, especially in
a warship. Prof. Jamieson referred to the meaning of the words
‘adiabatic ” and ‘‘isentropic.,”” He (Mr Neilson) had used the
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word ‘‘isentropic” because theré was no doubt as to its meaning,
which was that given by Prof. Jamieson. The meaning of “ adia-
batic "’ was doubtful, different meanings having been applied to it by
different writers.* He did not consider that turbines and recipro-
cating engines could be fairly and satisfactorily compared except
as regards their B.H.P. or E.H.P. when driving electric generators.
Concerning the consumption of steam by the auxiliary plant, this was
a very big question, and he was afraid could not be fully gone into
on the present occasion. He might state now, however, that the
steam consumption of the auxiliaries varied very greatly with the
degree of vacuum for which the plant was designed; and with
high vacua the temperature of cooling water and the design of the
condenser had an immense effect on the power required to work
the auxiliaries. Prof. Robert H. Smith’s remarks were always
interesting. Regarding loss due to leakage in turbines, he (the
Author) had not dealt with this loss independently of other losses.
The loss due to leakage in a turbine of the Parsons type was
almost wholly due to the eddies produced by the leaking steam.
But for these eddy losses the leakage would be of little conse-
quence. If the kinetic energy of the steam leaking past one ring
of moving blades could be usefully employed, in whole, by the next
ring of moving blades, there would of course be no loss due to
leakage. As a matter of fact, however, the leaking steam pro-
duced eddies. Eddies were also produced by other causes, and he
dealt with the eddy loss as a whole. He should have liked to have
heard more of the experiments which Prof, Smith had conducted
on turbines using a mixture of burnt gas and steam. Mr Riekie
alluded to the expansion of steam in a reciprocating engine down
to the condenser pressure. No matter what ratio was adopted
between the cylinders of a reciprocating engine, if the steam was
expanded down to the condenser pressure, the low pressure
cylinder would have to be large enough to contain the steam
which passed through the stop valve for every stroke of the
engine. With a low condenser pressure the volume of this steam

*See discussion in the Engineer, December, 1905.
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would be so great as to necessitate a quite impracticable bulk for
the low pressure cylinder. He quite agreed that there would be
no difficulty in expanding steam in a reciprocating engine down to
atmospheric pressure, even if a high degree of superheat were
adopted, but the expansion to a pressure corresponding to a good
vacuum was a very different matter. He quite agreed with Mr
Sayers with respect to the importance of the correct proportioning
of the nozzles and passage ways between the blades of elastic fluid
turbines. Sometimes, however, the correct proportions had to be
slightly deviated from for practical considerations, and this could
often be done with very little loss of efficiency. Mr F. J. Rowan
referred to the researches and experiments of several engineers at
home and abroad on the gas turbine question. He (Mr Neilson)
had considered that his paper would have been too long if he
satisfactorily described recently proposed forms of gas turbines.

Mr Rowan's list of names and articles were useful for reference.

With respect to Dr. Lucke’s experiments referred to by Mr Rowan,
these were interesting to physicists, but he did not think that they
threw much light on the gas turbine problem, and it would be a
mistake to form conclusions relating to gas turbine possibilities on
the results of these experiments. Regarding his suggestion of
using & condenser and air pump, with a mixtue of steam and pro-
ducts of combustion, he threw out the idea as an arrangement
mechanically possible. Whether or not it would ever be com-
mercially desirable, was at present an open question.

The President moved a vote of thanks to Mr Neilson for his
excellent paper.

The vote of thanks was enthusiastically accorded.




THE APPLICATION OF CALCULATING CHARTS TO
SLIDE-VALVE DESIGN.

By Mr Wuriam J. Goubie, B.Se. (Member).

SBE PLATES X., XI,, AND XII.

Read 19th December, 1906.

In getting out the design particulars for a marine engine slide-
valve, the valve diagrams most commonly employed are probably
the Zeuner and the Bilgram, as their construction, unlike that for
the so-called ‘‘harmonic” diagram, or the valve ellipse, involves
the use only of straight lines and circles.

Despite this fact, however, they still possess the drawback, that
in either case the result of the modification of any of the variable
elements of the problem cannot be ascertained, unless the
diagram is either partly or wholly redrawn. It has often
occurred to me that, the time and labour involved in this tenta-
tive process might be much reduced by the substitution of one or
more calculating charts for the valve diagram, and as the outcome
of the idea, I have designed the charts which form the subject
of this paper.

The elements which enter into the various problems relating
to simple slide-valve design, may, for the present purpose, be
classified into three groups, as follows:—

Group I.—This contains the elements, cylinder diameter, stroke,
revolutions, steam or exhaust velocity, port length or circumfer-
ence, and port opening or width. Of these, either the port open-
ing or width is usually the unknown quantity.

Group II.—This coutains the elements affecting the steam dis-
tribution at the outside edges of the valve, viz., valve travel, port
opening, lead, outside lap, cut-off, and connecting-rod ratio. Of
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these, the valve travel and the outside lap are usually the unknown
quantities. ‘

Group III.—This contains the elements affecting the steam
distribution at the inside edges of the valve, viz., valve travel,
angular or linear advance, inside lap, compression and releass,
and connecting-rod ratio. Of these, either the inside lap or com-
pression, or release, may be the unknown quantity.

In order to deal with every possible case involving the foregoing,
- I have designed a chart to handle each group of elements. Strictly
speaking, Chart No. 1 is of a preliminary character; Charts Nos.
2 and 3 being the calculative substitutes for the valve diagram.
The purpose of this paper is, first, to indicate the basis on
which each chart has been constructed to meet the requirements
of the case, and then to illustrate, by a number of numerical
examples, how the charts may be applied, to obtain as closely
approximate results in practice, as can be got by the longer and
more laborious geometrical constructions.

Taking Group I.:—

Let D = Cylinder diameter in inchgas,
L = Stroke in feet,
N = Revolutions per minute,
V = Bteam or exhaust velocity in feet per minute,
8 = Mean piston speed in feet per minute,
A = Port length in circumference in inches,
W = Port opening or width in inches,
a = Port area in square inches.
Then—

(;L Ds ) (LN) = (W) V, that is—

(% D’)S:aV:K.

On Chart No. 1, the left hand and right hand diagrams show the
graphical interpretations of the corresponding sides of this
identity. On a piston speed base are plotted values of the
revolutions for a series of values of the stroke; and on the same



142 THE APPLICATION OF CALCULATING CHARTS

piston speed base are plotted values of K for a series of values of
the cylinder diameter. Similiarly, on a port area base are plotted
values of K for a series of values of the steam velocity, and on the
same area base are plotted values of the port opening or width,
for a series of values of the port length or circumference. The
ordinate scale, for values of K, which, however, does not appear
on the chart, is the analogue of the sign of equality in the identity,
and links the diagrams together. From this explanation, the rule

appended for the direct use of the chart will be readily understood.

The piston speed is first ascertained from the given revolutions and

the stroke ; the value of K is then obained from the determined

piston speed and the given cylinder diameter; the port area is

then obtained from the determined value of K and the given steam

velocity ; and finally the port width, or opening, is obtained from

the determined port area and the given port length. The rule for

direct use of the Chart may, therefore, be stated as follows:—

Cuart, No. 1.
Rule 1.

(a) From the revolution scale follow the horizontal to the
stroke curve.

(b) Follow the vertical from the stroke curve to the cylinder
diameter curve.

(¢) Follow the horizontal from the cylinder diameter curve
to the steam velocity curve. :

(d) Follow the vertical from the velocity curve to the port
length or circumference curve.

(e) Follow the horizontal from the port length curve to the
port opening or width scale, and read the result.

For those who may wish to avoid operation (¢) and use the
piston speed direct, a scale of piston speed has been added at the
top of the chart. Also, since it is advisable to know the port area,
and as the calculation for it is exactly the same as that for the
steam or exhaust-pipe diameter, scales for these values have been
added at the bottom and the top, so that at the end of operation (c),
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by following the vertical from the velocity curve to either the
lower or the upper scale, either the port area or the steam or
exhaust-pipe diameter can at once be ascertained.

Altogether, it will be seen that this chart shows at a glance the
interdependent relations between nine elements more or less
directly connected with the design of the valve. The accuracy
of the results obtainable is limited only by the size of the
chart. The sets of curves, the velocity curves in particular, are
not as complete as they might be made, owing to the restriction
imposed by the size of the Volume of the Transactions; but even
with this limitation, as will be seen from the numerical examples
at the end of the paper, it is possible to get quite reliable figures
for preliminary design purposes. The scales used throughout are
logarithmic, as any attempt to plot the curves to uniform scales
would result, with the working limits adopted, in a chart of
unwieldy proportions, possessing the common defect of the crowd-
ing of each set of curves near the origin. When the log scales
are substituted, each series 'of curves consists of parallel straight
lines, inclined at 45 degrees to either axis, so that it is only
necessary to obtain one point on each curve, and draw a line
through it with the aid of the 45-degree set square.

Turning now to Greups II. and II1.., there are, doubtless, several
ways in which the different elements may be graphically com-
bined; but the production of a chart, on which they can be
handled without a considerable amount of preliminary or inter-
mediate calculation, is not quite such a simple matter as that of
Chart, No. 1.

The following methods of construction have been adopted here,
by means of which, all calculation, except that of a simple addition
or subtraction, is avoided ; the operation on Chart, No. 2, is con-
tinuous from start to finish, while on Chart, No. 3, there is only
one break in the continuity of the operation when the disturbing
element of inside lap is involved. Taking Group II., and referring
to Fig. 1, Plate IX,, Let—

L, = Outside lap,
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a = Lap angle,
! = Lead,
B = Lead angle, so that—
= (L, + 1) = linear advance,
0 = (a 4+ B) = angular advance,
W = port opening,
R = length of crank,
r = eccentricity, or half the valve travel, and
= piston travel to cut-off, when the conneoting rod is infinite,

z = fraction of stroke to cut-off = ._R

When the crank is in the dead centre position OP, the eccentric
is at Od, and the steam edge of the valve is at a, the port being
open by the amount of lead. Steam is admitted to the cylinder
while the valve edge moves from a to b and back from b to e,
and during this period the eccentric and crank each rotate
through an angle ¢, finally occupying positions Od, and OP,,
when the valve closure to steam admission takes place. The
error in the valve motion, due to the obliquity effect of the
eccentric rod, is here neglected, as in the case of the valve diagram,
since it is usually too small to appreciably affect results,

Here, obviously, ¢ = {180 - (2a + ﬁ)} and hence the angle
P, OM,, which the crank makes with the line of stroke at cut-off, is

8 = (180 - ¢)

= (2 + ),
Referring to Fig. 2, let P, O M, be bisected by the line O Q, then

the angle QOM, = %.__ (‘,L + g), and

fg=rsin (a + /%) VROV ¢
Ly=78na .. (2)
(Ly + ) = r Sin (a + B) 3)

Adding (2) and (3), 2L, + I =17 {Sm a + Sin (a + ﬂ)}

= r28in (a.+ %) Cos'g . (4)
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Dividing (4) by (1) E‘}gi‘ = 2Cos g

But since 2-is a very small angle, Cos -g— = 1, hence—

2
fg = (Ijo-'-;), &nd
I
Lo+ 5
2 . 8 1—Cos$ 5
= Sin g= '\/ 5 ®)

hence substituting in (5)—

l
L"+—2= 1-(2z-1)

r 9

sndh:r«[(l—-:r.)—%

In a new design the port opening is given, and the lap is required.
Since L = (r - W), theu—

(r-W)=rv(1 —z)—%,
and @W - 1) = 2r{1 - ¥1-2} =K,

The left-hand portion of Chart No. 2 gives the graphical inter-
pretation of this identity. On a port opening (vertical) base are
plotted values of K, for a series of values of lead, and on a cut-off
base are plotted corresponding values of K, for a series of values of
valve travel. This portion of the chart gives the same solution as
the Bilgram diagram when the connecting rod is infinite, viz., given
the lead, port opening, and cut-off, the necessary valve travel and
lap can be determined. From the nature of the right hand side of
the identity, a readable diagram cannot be obtained when uniform
scales are used, and logarithmic scales have again been adopted.
‘Their use, on the other hand, introduces the crowding defect in
the lead curves, and can be seen at the lower corner of the dia-
gram. A compromise has to be made between extreme conditions,

10
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and the relative dimensions of the scales used have been arrived at
by the eliminating process of trial and error.

The cut-off with an infinite rod being ascertained, correction has
to be made for the finite rod used in ordinary practice.

The error due to the obliquity of the rod can be calculated from
the expression—

+ 202

8n
where, n= connecting rod
stroke.

A proof of this will be found in Zeuner’s standard work on “Valve
Gears,” or in Cotterill's ‘¢ Applied Mechanics,” so that it need not
be enlarged upon here.

This value has to be added to the piston travel on the down,
and subtracted from it on the up stroke. The corrected value
divided by 2 R gives the necessary fractional value z. A quicker
and simpler way, however, is to obtain values of x directly by con-
struction from a large-scale diagram. For the right-hand portion
of the chart these values of cut-off, obtained by construction for a
finite rod, are plotted on the (vertical) base of cut-off with infinite
rod, for a series of values of the connecting-rod ratio. A combina-
tion of logarithmic and uniform scales is employed here, in order
to make one diagram serve for both top and bottom readings, and
to get in readable sets of ratio curves. To prevent confusion,
only five curves are plotted in each set. Intermediate values of
the ratios can be easily got by interpolation.

The direct method of the use of this Chart is either to find the
travel from the lead, port opening, and cut-offf and then to sub-
tract the port opening from half the travel and obtain the lap; or,
as is usually done in the case of the Zeuner diagram, from the
lead, cut-off, and an assured travel, to determine the port opening
and lap. When the leads are equal at top and bottom, the laps are
equal, since A=(I, +!)is a constant. If, however, as is generally
the case, the bottom lead is in excess of the top lead, the bottom
port opening will be greater than the top one by an amount equal
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to the difference between the leads, and in the operation to ascer-
tain the cut-off on the bottom side, the value to be used for the

bottom port opening = {top port opening + (bott. lead — top lead) z
From the foregoing the following rules may be formulated.

CaarT No. 2.
Rule II.
Given: Port opening, lead, cut-off, and connecting-rod ratio.
To find: Valve travel and outside lap.

(a) Follow the cut-off vertical to the connecting-rod ratio
curve, and note the horizontal from this curve.

(b) Follow the port opening horizontal to the lead curve.

(c) Follow the vertical from the lead curve till it cuts the
observed horizontal, and read the valve travel at the
print of intersection.

(d) Subtract the port opening from half the travel and obtain
the outside lap.

Rule III.
Given: Travel, lead, cut-off, and connecting-rod ratio.
'To find : Port opening and outside lap.
(a) Follow the cut-off vertical to the connecting-rod ratio
curve.
(b) Follow the horizontal from the ratio curve to the travel
curve.
{¢) Follow the vertical from the travel curve to the lead
curve.
(d) Follow the horizontal from the lead curve to the port
opening scale and read the result.
(¢) Subtract the port opening from half the travel and obtain
the outside lap.

Rule IV.
Given: Top and bottom leads, top port opening, and valve travel.
To find: Cut-off top and bottom, and mean cut-off.

(a) Follow the top port-opening horizontal to the top lead
curve
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(b) Follow the vertical from the lead curve to the travel curve.

(¢c) Follow the horizontal from the travel curve to the ratio
curve for the top end, and read the top cut-off on the
upper scale. Next subtract the top from the bottom
lead, and add the value to the top port-opening. With
this as bottom port-opening repeat the operations
using the bottom lead and ratio curves, and read the
bottom cut-off on the lower scale. Average these
values for the mean cut-off.

These three rules will be found sufficient for the handling of
any of the problems, connected with the steam edge of the valve,
which are likely to arise in the initial stages of a design.

Finally, taking Group III., when there is no inside lap the
location of the piston position at release and compression is a
comparatively simple matter, as will be seen by ‘referring to
Fig. 3. As already shown on Fig. 1, when the crank is at
the cut-off position O P, and the eccentric at Od,, the crank
angle § = (180 — ¢) = (2a + B). If OP, is the crank posi-
tion at release, and Od, the corresponding position of the eccen-
tric, then P, O P, = d, Od, = a, the lap angle, since both cranks
must describe this angle, while the valve edge moves from
position ¢ to k, before the valve is again in its central position.
At release, then, the angle the crank makes with the line of stroke
isy=(8-a) =(2a + B-a) = (a + B) = 6 the angle of advance.
Obviously the same reasoning holds for the location of the crank
position O P, at compression, so that when the'linear advance has
been determined from Chart No, 2 the piston positions at release
and compression are determinate. With an infinite connecting
rod the fraction of the stroke corresponding to the crank angle

. A . . . .
y=0=8in"? 7 s easily ascertained either from the expression

X, = X; = R (1-Cos 0) by calculation, or from a table of values
such as is given in Zeuner's standard work, or directly by con-
struction.

On the left hand diagram of Chart No. 3, the above conditions
have been graphically embodied by plotting on a valve-travel base
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the valuesof Sin — ‘-% for a series of values of the linear advance

A. The correction for the connecting-rod obliquity is made
as in the previous case by plotting in the right-band diagram, on

A
the (vertical) base of Sin ! ~ with infinite rod, the corrected cut-

off values with finite rod, for a series of values of connecting-rod
ratio. When, therefore, there is no inside lap, after the con-
stant element of linear advance has been determined from
Chart No. 2, the release and compression points are ascertained
by following the valve travel vertical to the linear advance
curve, then following the horizontal to the ratio curves and the
verticals from these to the corrssponding scales for top and
bottom release and compression. As in the case of Chart No. 2,
a combination of logarithmic and uniform scales has again been
adopted to get in a readable set of ratio curves. As the obliquity
error rapidly decreases towards the ends of the stroke, it is some-
what difficult to accomplish this object satisfactorily.

In marine engine practice, there is almost always positive inside
lap at the bottom and negative inside lap at the top edge of the
valve, and a modification of the Chart is necessary, in order to take
account of both these elements. Referring to Fig. 4, if the
valve has a positive inside lap = L,, then the eccentric and crank
must describe a further angle v, while the inner edge of the valve
moves from the central position % to the position m, where release
takes place. The position of the crank and eccentric at release
will therefore be OP, and Od, and the crank angle y, = (y-w).
By similar reasoning, it can be shown that at compression the
crank angle (in the fourth quadrant)is = y, = (y + ). It will
also be obvious that when the inside lap is negative, this order
will simply be reversed—that is, y, = (y + o) is the crank angle
at release, and y,=(y — w) is the crank angle at compression. Put

release

generally, then, the crank angle y for {c omp ression} =(0 F o),

1
with positive inside lap; and vy for {co;;::::ion} = (0 £ v), with
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negative inside lap. The upper and lower signs correspond
respectively to the release and compression. All that is necessary,
therefore, to take account of the inside lap is to determine the

inside lap angle w, add or subtract it from 6 = Sin ! -;\ determined

from the travel and linear advance, follow the horizontal
from this increased or diminished value of the crank angle
to the ratio curves, and complete the operation as before.
The arcs ¢s and g¢ do not differ sensibly in value from the

inside lap Li;; hence w (radians) :I—:_'—a.nd w (degrees) =573 %‘

For the determination of w, values of w, calculated from this
expression, have been plotted on the valve-travel base for a series
of values of inside lap. Jn order to avoid the objectionable feature

. . A .
of having the Sin -1 7 and o scales on the same axis, the venue

of this latter scale has been changed to the upper part of the
diagram, through the medium of the diagonal line AB. Asitis
not usually the custom, when designing a valve, to measure the
angular values, and as it is conducive to conciseness in the state-
ment of the working rules, the value of crank angle with
inside lap has been termed simply Result I'; that of the lap angle,
Result II; and the corrected value of crank angle, Result III, In
the light of the above explanation, the working rules for Chart,
No. 3, will be readily understood.

Crart No. 3.

Rule V.
Given: No inside lap.

To find: Release and compression.

(a) Follow the travel vertical to the linear advance curve.

(b) Follow the horizontal to both sets of connecting-rod
ratio curves.

(c) Follow the verticals from the ratio curves and read
(top release or bottom compression) on the upper
scale; (bottom release or top compression) on the lower
scale.




TO SLIDE-VALVE DESIGN 151

Rule V1.
Griven: Positive inside lap.
To find: Release and compression.
(z) Follow the travel vertical to the linear-advance curve,
and the horizontal to Scale [., and read Result I.
(b) Follow the travel vertical to the inside-lap curve, then the
horizontal to the diagonal line A B, then the vertical
to Scale II., and read Result II.
(¢) For { Release take, Result IT1. =(L. -II.)
Compression take, Result ITT.=(I. +II.)
From Value III. on Scale I., follow the horizontal to the ratio
curves, then follow the verticals from these curves, and read the
results on the corresponding scales.
Rule VII.
Given: Negative inside lap.
To find: Release and compression.
Perform operations (a), (b), and (c), as in Rule VI., but under—

(¢) For Release take Result III. = (I.+II.)
Compression take Result ITI. =(I.- IL.)

Rule VIII.
Given: Top or bottom compression.
To find: Inside laps.
(a) Follow the travel vertical to the linear-advance curve, and
read Result I. on Scale I.
(8) Follow the compression vertical to the corresponding ratio
curve, and the horizontal to Scale I, and read
Resul$ III.
(¢c) II.=(1IL -1.), and if negative, the inside lap is negative.
(d) From Value 1I. on Scale II. follow the vertical to A B,
and the horizontal to the travel vertical, and read the
value of the inside lap at their point of intersection.
This rule is equally applicable where top or botton release is
given instead of compression; and if the difference (III. — I.)
under (¢) is positive the inside lap is negative.
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NuMERICAL EXAMPLES TO ILLUSTRATE THE APPLICATION OF
THE CHARTS.

Ezample (1) The H.p. cylinder of a triple-expansion engine is
23 inches in diameter by 42 inches stroke ; the revolutions are 75 per
per minute. The piston valve is to be 11§ inches in diameter, with
an approximate circumference of 36 inches.

Determine, the diameter of the main steam pipe for a steam
velocity of 8000 feet per minute ; the port width for an exhaust
velocity of 5000 feet per minute; and the top port opening for a
steam velocity of 7800 feet per minute, assuming that 35 per cent.
of the gross port area is taken up by the ribs in the liner.

To find the main steam pipe diameter, apply Rule I., Chart
No. 1—

(a) Follow the 75 horizontal to the 42 stroke curve.

(b) Follow the vertical from the 42 stroke curve to the 23
cylinder-diameter curve.

(¢) Follow the horizontal from the cylinder-diameter curve to
the 8000 velocity curve.

(4) Follow the vertical from the velocity-curve to the upper
scale, and read steam pipe diameter==5Z, say 6 inches.

In the case of the port width opening, the net values will be 65
per cent. of the gross or actual widths.

(c) Follow the horizontal from the 23 cylinder-diameter curve
to the 7800 and 5000 velocity curves.

(d) Follow the verticals from the velocity curves to the 36-
inch circumference curve.

(¢) Follow the horizontals from the circumference curve to port
width scale, and read ‘65 port width=14;=1-218 inch;
and ‘65 port opening=§5="7812inch. Then the gross
port width = }%51—8 = 194, say 2 inches, and the gross

*7812
top port opening= —7—(8)2— =12, say 1 inch.
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Ezxample (2) For the above named engine the mean n.p. cut-off is
to be about ‘63. Taking top lead=4 inch, bottom lead =% inch,
determine the valve travel and the outside laps. Also determine
the steam velocity through the bottom port and the mean of the
steam velocities. The connecting rod is 7 feet between centres,

Here the connecting-rod ratio is 2. As in the case of the valve
diagram, assume provisionally that the top cut-off is about ‘67.

Apply XAule I1., Chart No. 2, to find valve travel and top outside
lap.

(a) Follow the ‘67 top cut-off vertical to the 2 ratio-curve for
top end, and note the horizontal from this curve.

(b) Follow the 1% top port opening horizontal to the } top
lead-curve.

(¢c) Follow the vertical from the lead curve to the observed
horizontal, and read at the point of intersection, valve
travel = 6 inches.

(d) Top outside lap = (3 — 14%) = 113 inch.

The linear advance A = (113 +}) = 134 inch.

The difference between the leads is (% — 1) = ;% inch, hence the
gross bottom port opening = 1% inch, and the bottom outside lap
= (13§ - 1) = 1} inch.

Next apply Itule IV. to find the bottom cut-off :—

(a) Follow the 1% bottom port-opening horizontal to the %
bottom lead-curve.

(b) Follow the vertical from the lead curve to the 6-inch travel
curve.

(c) Follow the horizontal from the travel curve to the 2 ratio
curve for the bottom end.

(d) Follow the vertical from the ratio curve to the lower scale,
and read bottom cut-off = -59, then the mean cut-off
_67+-59

2

Finally to determine the steam velocity through the bottom

steam port refer again to Chart No. 1.

=63 (as required).
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Here the gross port opening is 1§ inch and the net opening ‘65 x
1-375 = -8937 = 3§ inch.

(a) Follow the §% port opening horizontal to the 36 circum-
ference curve, and note the vertical from this curve.

(b) Follow the 75 revolution horizontal to the 42 stroke curve.

(¢) Follow the vertical from the stroke curve to the 23
cylinder-diameter curve.

(d) Follow the horizontal from the diameter curve to the
observed vertical, and read at their point of intersection
the approximate steam velocity = 6600 feet per minute,
then the mean of the steam velocities, top and bottom,

=M09 = 7200 feet per minute.
Ezample (3) For the above named engine, determine the neces-
sary top and bottom inside laps to give compression at about *887
stroke. Also ascertain the corresponding points of release.
Apply Rule VIII., Chart No. 3, to find the top inside lap. Here
the linear advance = 1}} ineh.

(a) Follow the 6-inch travel vertical to the 11§ linear-advance
curve, and on Scale I read Result I = 40.

(b) Follow from the lower scale, the ‘887 compression vertical
to the 2 ratio curve for top compression, then the hori-
zontal to Scale I, and read Result 11T = 35-3.

(r) II = (III-I)=(85'3 — 40) = - 47, and the top inside lap
is negative.

(d) Follow the 47 vertical from Scale II to A B, then the hori-
zontal to the 6-inch travel vertical, and at their point
of intersection read top inside lap = — $inch.

Next to find the bottom inside lap.

(5) Follow from the upper scale, the ‘887 compression
vertical to the 2 ratio curve for bottom compression,
then the horizontal to Scale I, and read Result III
= 44°7,

(¢) II = (III - I) = (447 — 40)=4'7. The bottom inside lap is
therefore positive and also } inch.
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Rules VI. and VII. might be applied here to ascertain the points
of release ; but since the laps are the same it will be evident that
the release top and bottom is also approximately -887.

Ezample (4) Each L.p, cylinder of the four-crank triple-engines of

a battleship is 66 inches in diameter by 48 inches stroke, Each
steam port is 624 inches by 3% inches. Assuming provisionally a
travel of 9 inches for the double-ported slide-valve, top lead = § inch
and the bottom lead = §inch, what will be the mean cut-off with
top outside lap=2 inches and bottom outside lap=1§inch ?

The connecting rod is 9 feet between centres.

Apply Rule IV., Chart No. 2, to find top cut-off —

(a) Follow the 2} top port-opening horizontal to the § top
lead curve.

(b) Follow the vertical from the lead curve to the 9-inch
travel curve.

(c) Follow the horizontal from the travel curve to the 2 ratio
curve for the top end.

(d) Follow the vertical from the ratio curve to the upper scale
and read the top cut-off = -784.

Next to find the bottom cut-off—

(a) Follow the 2} bottom port-opening horizontal to the §
bottom lead curve.

(b) Follow the vertical from the lead curve to the 9-inch travel
curve. :

(c) Follow the horizontal from the travel curve to the 2 ratio
curve for the bottom end.

(d) Follow the vertical from the ratio curve to the lower scale
and read bottom cut-off = ‘716, then the mean cut-off

- (784+-716)_ 75.

Ezample (5) If for the four-crank engine the top inside lap = —
£ inch, and the bottom inside lap=0, what will be the corres-
ponding top and bottom release and compression values ?

Apply Rule V'II., Chart No. 3, to find release and compression.
Here the linear advance = 2§ inches.
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(a) Follow the 9-inch travel vertical to the 2§ linear-advance
curve, and the horizontal to Scale I, and read Result I
=35'7.

(b) Follow the 9-inch travel vertical to the y%-inch top inside-
lap curve, then the horizontal to A B and the vertical to
Scale IT, and read Result II= 2-3.

(¢) For top release 1II = (I + II)=(35'7+2'3) = 38. For
top compression III = (I - IT) = (857 - 2:3)=33-4.

Follow the 38 horizontal from Scale I. to the 2 ratio curve for
top release and the vertical to the upper scale and read top
release ="918.

Follow the 33:4 horizontal from Scale I, to the 2 ratio curve
for top compression, and the vertical to the lower scale and read
top compression =-902.

Next apply Bule V. to find the bottom release and compression.

(¢) Follow the 9-inch travel vertical to the 2% inches linear-
advance curve. .

(b) Follow the horizontal from the linear-advance curve to
both sets of ratio curves.

() Follow the vertical from the 2 ratio curve for bottom
release to the lower scale and read bottom release=
‘885. Follow the vertical from the 2 ratio curve for
bottom compression to the upper scale and read the
bottom compression =:-928.

E.ample (6) Each L.p. cylinder of the four-crank engine exhausts
to the condenser through a pipe 243 inches in diameter. What
will be the velocity of exhaust to the condenser ; and also the mean
of the steam and exhaust velocities through the ports when the
speed of the engine is 120 revolutions per minute ?

Referring again to Chart No. 1. To find the velocity of exhaust

to the condenser.
" (a) Follow the 120 revolution horizontal to the 48 stroke

curve.
(%) Follow the vertical from the stroke curve to the 66 cylinder-

diameter curve and note the horizontal from the

curve.
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(c) Follow the vertical from the 24} diameter on the upper
scale to the observed horizontal and read, at their point
of intersection, the approximate exhaust velocity to the
condenser =7000 feet per minute.

To find the mean of the steam velocities and the exhaust velocity
through the ports.

Since the mean port opening = 2§ inches, and port width = 3}
inches, and the valve is double ported, the effective values are,
mean port opening = 5} inches, and port width = 7 inches.

(a) Follow the 5}-inch port opening horizontal to the 62§-inch
(interpolated) port length curve.

(b) Follow the vertical from the port length curve to the-
previously observed horizontal, and at their point of
intersection read the meun of the steam velocities =
10,000 feet per minute.

Again, repeat operations (v) and (d), using the 7-inch port width
value, and read the exhaust velocity through the full port = 7500
feet per minute (approx.).

These results can also be obtained by calculating the port area,
starting from the port area scale, and repeating operation (d).

These numerical examples should suffice to indicate that, results
approximate enough for all practical purposes can be obtained
from the Charts, with a minimum of calculation, and in much less
time than it would take to obtain them from a valve diagram. At
first sight the working rules may appear cumbersome; but in
reality the operations they describe can be rapidly carried out
if the charts are pinned on a drawing board and a T-square
and a set-square used to locate the intersections of the lines
and curves.

The figures obtained, in the examples, show that on Chart No. 1
port openings can be got to the nearest gy inch; pipe diameters
from 3} 'inches to 20 inches to the nearest § inch; while steam
velocities can be got, with fair accuracy, to the nearest 100 feet per

minute.

On Charts, Nos. 2 and 3, port openings can be got to the rearest.
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&5 inch ; leads and inside laps to the nearest i% inch direct, or to
#'= inch by interpolation ; valve travels to the nearest § inch direct,
or § inch by interpolation ; while the values of cut-off, release, and
compression, can be got correct to the second decimal, and with
«careful operation, with fair accuracy, to the third decimal place,

Mr R. T. Narier (Member) said that he had listened to the
paper with great interest, for, in earlier years, he made a special
study of valve gears, and was familiar with Zeuner's diagram.
Rather to his disappointment, however, no opportunity of design-
ing & valve arrangement in its entirety had fallen to his lot. He
concluded that the Author intended the curves to give a close
approximation to the values for port-opening, lap, ete., and did
not aim at superseding the valve diagram as drawn down in
regular form. He (Mr Napier) owned, to a sentimental regret,
that the designing of valve gears, the job which he well remem-
bered looking upon as the best job that the drawing office could
offer, should be reduced to a matter of measuring values off a
curve ; although, with the adoption of standard types of engine,
walve gears could hardly escape being standardised also.

Mr James ANDREWS (Member) expressed regret that Mr
Goudie's paper had induced such a meagre discussion, as it dealt
with a very important subject to the engine designer, and one
upon which much might be said. On looking over the Charts one
could scarcely fail to be impressed with the enormous amount of
thought and careful calculation which must have been expended
on them to bring them into their present form, and after putting
the Charts to a few tests, from known data, he felt sure there
could be no question but that they gave all the information which
was said to be obtainable. In the comparatively short time which
he had been able to devote to them he thought that there was
just & question as to whether that information was presented in
the best possible form, because he rather thought that the Author
had endeavoured to combine too much information in one sheet.
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Mr James Andrews.

Taking No. 1 Chart, for example, one commenced from revolutions
per minute, followed the horizontal line to the length of the
stroke, then the vertical piston-speed line was followed to the cylin-
der diameter, from thence along to a horizontal line to the speed
of steam line, and from that point along the vertical lines to the
port area, and steam and exhaust-pipe diameters; or again, the
vertical and horizontal lines might be followed to obtain the
length and width of port on their respective scales. Now, while
this operation would be very simple to Mr Goudie, who had devoted
much time to the construction of this Chart, it would be a very
difficult one to the average draughtsman who had few oppor-
t unities of designing valves, with perhaps long intervals of time
between them. The result of each stage was useful information
recorded, and from his point of view he would prefer the Chart to
be sub-divided into more than one diagram, because, he found
from the short experience he had had of it, that in the multiplicity
.of lines, cross references, and scales, that one was liable to make
mistakes. It was true that a board and squares would facilitate
the operation, but those requisites were not always at hand, many,
too, would prefer to keep their transactions with the various rules
intact, and in any case he thought that the liability to err was still,
more or less, present. He would submit that it was just as
.essential in a chart as it was in the case of speaking or writing, to
.convey the information in such a way, not merely that it would
be understood, but that it could not be misunderstood. Now,
take for example a separate chart or diagram giving revolutions,
stroke of engine, and piston speed, the required information would
be read off easily, accurately, and with more confidence by a
junior draughtsman, who was perhaps drawing a valve twice or
three times in a twelve month, and he would record the result
before proceeding to the next stage. No doubt Mr Goudie would
think this method too simple, but he (Mr Andrews) was
speaking more on behalf of the draughtsman who was not design-
ing a valve every day, who was most liable to err and who would
derive an equal, if not a greater benefit from Mr Goudie's system.
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Mr James Ancdrews.

Regarding Chart No. 2 it would be observed that the amount, of
lead was given in fractions of an inch. Now while that method
was very useful to the man who was setting the valve on the
engine, it did not strike him (Mr Andrews) as being very intelligible
to the draughtsman who wished to use lead to the best advan-
tage, and he thought it preferable that the amount of lead should
be stated in degrees of angle of crank, in advance of the dead
. centre or end of piston stroke. Lead was a very arbitrary factor
to deal with ; there was no hard and fast rule about it. Some
engineers had the notion that ¢, $, or f5 of an inch of lead was
the only choice admissible, but he had given valves as much as
an inch and a quarter of lead. which was beyond the limit of the
Chart, without injuriously affecting the steam distribution at that
point while greatly improving it at another. In fact the amount
of lead should be varied to suit the circumstances in each case,
and this could be most intelligently done in degrees of angle,
because it was not aftected by the length of valve travel. A 12-
inch valve travel might appear to have an abnormally large
amount of lead in fractions of an inch, while in fact it was under
the pnormal in degrees of angle as compared with the smaller
valve travels. Varying the lead within certain limits was often a
great convenience in varying the percentage of release or com-
pression by reason of the eccentric being turned one way or
another, and that was a relation which could not be so easily
followed on the Chart as on the Zeuner diagram. It was also-
useful to manipulate the lead to obtain the required port open-
ing without interfering with the valve travel. In his (Mr Andrews)
experience he could not recollect having seen an engine with too-
much lead, although it was sometimes credited with causing an
engine to knock, but it would generally be found that the
knock would disappear by linking up the gear, notwith-
standing that the lead had been increased. During the last.
twenty years, he (Mr Andrews) had been accustomed to using a.
comparatively simple modification of the Zeuner diagram for:
obtaining the preliminary information for a valve design. It would
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Mr James Andrews.

Fig. 5.
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Mr James Andrews.

be easily understood by reference to Fig. 5. The circle AD B
was drawn ten units or ten inches in diameter to any scale. The
length D H was then set off as the percentage of cut-off relative to
the stroke A B, so that the crank would be at K with an infinite
connecting rod. The angle of lead, E C D, having being marked
off to give 5, 10, or 15 degrees as required, then draw the lines E M
through C, EJ through K, EN through G, and CG at right angles
to EJ. Now any length O or O, parallel to CG measured to
give the necessary steam opening would have the steam lap L or
L, in the same straight line, and of course the sum of L plus O
was half the valve travel. For convenience of measuring he pre-
ferred to turn the diagram round as in Fig. 6, so as to measure
with the rule or scale on a horizontal line. This would be recog-
nised as the Zeuner diagram extended, so that it was applicable to
any engine having the same percentage of cut-off and angle of
lead, and since most engineers had a standard practice, probably
one such diagram would serve for every new design. The diagram
might also be drawn for a definite connecting rod, but having
designed hundreds of valves with it, he found the simple diagram
as shown to be near enough for all practical purposes in a pre-
liminary design, leaving the exhaust edges till the final valve
setting was required. He was sure Mr Goudie’s Charts would be
very useful to those who were designing valves often. They
embraced a considerable amount of information which must have
given him a great deal of study, but as he (Mr Andrews) had said,
he felt that in the hands of a junior draughtsman it would have
been better to have had the Charts subdivided.

Correspondence.

Mr J. F. Douaras (Southampton) considered that Mr Goudie’s
Charts showed a great deal of ingenuity, a vast amount of labour,
patient calculation, and neatness in design. He heartily congratu-
lated him on the results, and his efforts to still further reduce the
time spent in getting out the necessary data for this important work.
In these days of high pressure, slide rules, and calculating charts
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had become almost & necessity in the drawing office, and any means

to expedite or readily check intricate calculations or graphic methods
of arriving at results, were readily welcomed, Like all such efforts
to minimise labour, one had still to draw on experience for piston
speed, calculations for cut-offs and mean pressures, and the requi-
site leads needed consideration. With these arranged, the process
for fixing the other points in slide-valve design by these Charts
was much simpler than by the old time Zeuner diagram. A
comparatively short acquaintance with the Charts reduced one’s
labour to a matter of minutes instead of hours. He had not only
run over the examples given by Mr Goudie, but had taken some
data of his own, drawn by the methods mentioned by the Author,
and in each case had found very close agreement. He hoped Mr
Goudie would give a supplementary paper and continue his inves-
tigations for a curve which would give values for valve travel, etc.,
when the gear was linked up or out, as the method for attaining
this was at present somewhat involved.

Mr GoubiE, in reply, expressed his regret that so few Members
had taken part in the discussion. He was afraid that among
engineers there was a feeling of distrust in the use of the calcu-
lating chart, which it did not merit. To those who took the
trouble to study the simple principles underlying the construction
of such a chart, its operation was as equally simple and reliable as
that of its mechanical equivalent—the compound slide rule; and
he hoped that if the paper did nothing else, it would help to stimu-
late an interest in this somewhat neglected branch of graphics. He
desired to thank those who had taken part in the discussion for
their favourable comments on the Charts. Mr Napier “ concluded
that the Author intended the curves to give a close approximation
to the values for port-opening, lap, etc., and did not aim at super-
seding the valve diagram, drawn down in more regular form.”
This was just the end he (Mr Goudie) had in view, as he had indi-
cated, though perbaps not quite clearly on page 140, when he
attacked the problem on its graphical side. It was just as
essential that the valve diagram should be filed away with the
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rest of the engine drawings as the drawing of the valve gear to
which it was related ; and he had no intention of advocating the
abandonment of the diagram in favour of tabulated results obtained
from the Charts. He had aimed at the production of a combina-.
tion of curves from which, for given design conditions, the exact.
value of each unknown element necessary for the construction of
the diagram could be obtained in & few minutes, without any geo-
metrical trial and error process. Once the proper values of’
cut-off, lap, lead, etc., were thus ascertained, the draughtsman had
simply to take his instruments and embody the data in diagram
form right away. It would be found by those who took the trouble
to study Charts Nos, 2 and 3, that, in addition to the fulfilment of
this primary condition, they afforded the means for the rapid
analysis of the effect of varying any particular element of a.
design. In the case of the valve diagram, a separate construction
was necessary for each variation, whereas, with the Charts, the
effects of such variation could usually be at once ascertained by
inspection. The operation was much quicker, and there was not.
the confusion of lines which inevitably resulted on the Zeuner-
diagram when it was used for this purpose. He had been at con-.
siderable pains to design these Charts, so that the results obtained:
would be identical with those given by the Zeuner construction ;,
and he was pleased to note that Mr Douglas and Mr Andrews,
who had put them to the test against diagram values, had found:
them satisfactory in this respect. Mr Andrews took excep-
tion to the compounding of the diagrams on Chart No, 1, on the.
ground tbat the junior draughtsman would probably find a diffi-
culty in operating it. He (Mr Goudie) could quite understand the.
feeling of uncertainty of anyone, unaccustomed to chart manipula-.
tion, on a first trial of this Chart; but he did not think that this
initial trouble justified the dismemberment of the Chart as sug-.
gested by Mr Andrews. The ‘ junior,” he thought, would at the.
outset find just as much trouble when started on some line of work.
to which he was unaccustomed, but nobody would dream of alter-
ing the designs to save him the trouble of thinking out his,
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difficulties. The difficulty in this case was, however, more
apparent than real ; and he thought that Mr Andrews, and others
who were of the same opinion regarding this Chart, would see
that this was the case, if they adopted the following simple
expedient. Let them take an example, and, beginning at the
revolution scale, convert the horizontal and vertical lines of
operation into heavy dotted lines standing out in distinet relief
from the others. On each line mark one or two directional arrow-
heads, showing the route from one set of curves to the next,
between the revolution and port-opening scales. These lines and
arrow-heads would serve as guides to the eye for any subsequent
calculation. The port area and pipe diameters were of a secondary
character, and should not be mixed up with the calculation. For
their estimation a second example should be lined in, quite inde-
pendently of the other one. He might go into this secondary
-aspect of chart construction raised by Mr Andrews, in detail, and
deal with the various combinations which might be adopted,
and further demonstrate the fact that, although at first sight
apparently simpler for the operator, the graphical manipulation
of six elements in a series of separate charts, involved more
liability to error and time and labour than the co-related set he
had submitted. As he had already pointed out in the paper, this
Chart was really subsidiary to the others, and on that account he
did not think it justified an extension of his reply. Mr Andrews
took exception to the linear lead, and advocated angle of lead
instead, while, at the same time, he admitted that the linear value
was ‘“very useful to the man who was setting the valve on
the engine.” He (Mr Goudie) would be inclined to go further,
and say that it was a necessity for the erector, if he was to
embody the designers ideas properly in the engine. He did not
see therefore why the draughtsman should mix up angular and
linear values when getting out his diagram, as in every case he
had to ascertain the values of linear lead and linear advance for
shop purposes. He thought this was a generally accepted fact;
and for one designer who used angular values there were pro-
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bably ten who used linear ones directly in their constructions.
Referring to Mr Andrews’ diagram, Fig. 5, and taking for
illustration C D as the actual eccentricity or half-travel of the
valve, he thought that, from the constructional point of view it
was easier and handier to draw in the lead circle with D as centre,
and then draw EKJ tangent to it in the ordinary way thus
obtaining the point E, than to set off a small lead angle DEC
with a protractor or scale of chords. Mr Andrews’ diagram, how-
ever, was drawn with CD as a standard radius and not as the
absolute or actual eccentricity for any given case, and of course
under this condition it was necessary to use the angular lead
value, which was proportional to the ratio between the linear lead
and the actual eccentricity to be considered. The diagram really
represented the initial stage of the Zeuner construction, adapted,
through the medium of the auxiliary construction line E N, for the

determination of the ratio POT-OPCDINE ooy, varying travel, con-

“outeide Tap

stant lead, and constant cut-off. It was slightly more elastic
than the parent diagram, but it still necessitated the redrawal of
the construction lines for every alteration of cut-off and lead
angle, and it did not reveal the disturbance of the setting due to
the finite connecting rod. Mr Andrews stated that, after long
experience, he had found this diagram sufficiently good for pre-
liminary design purposes; but he thought Mr Andrews would,
as a rule, require to do a liftle final trial and error work when he
drew out his complete Zeuner. This brought the discussion back
to the initial trial and error conditions which he had set himself to
eliminate, by endeavouring, in chart form, to take account of every
variable of the problem, except that of the eccentric rod obliquity
which was always neglected in practice. Mr Andrews thought
that the variations of compression and release, due to alteration of
the lead angle, or, what was the same thing the angle of advance
9, could not be as readily followed on Chart No. 3 as on the
Zeuner diagram. He (Mr Goudie) had shown in the paper that
the crank angle at compression or release was y = (6 + v), and
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that the values on Scales I. and II. were really values of 6 and w
in degrees, 5o he thought that any one who had mastered the
principle of the combination would find no difficulty in making
an equally quick estimate from Chart No. 3, either by using the
angular or linear alteration of the lead. With regard to the
manipulation of the lead to get a given port opening with a fixed
travel, he thought that, for this purpose, Chart No. 2 rather
scored over the geometrical method. This was one of the many
analytical operations for which the Charts could be used. By
following the cut-off vertical to the connecting-rod ratio-curve,
then the horizontal to the fixed travel curve, then the vertical from
this travel curve, across the sixteen lead curves, sixteen values of
port-opening, and corresponding outside laps were at once
determined by simple inspection. How long would it take to get
this information by construction from a diagram? Mr Douglas’
remarks were more complimentary than critical, and he did not
think he could add much more in the way of comment than he
had already done, except to touch on the interesting point Mr
Douglas had raised regarding the ‘application of the chart method
to an analysis of the Stephenson link motion. Since he read the
paper he had acted on the suggestion thrown out, and by a
judicious ‘* method of approximation’ had evolved two equations
which could be embodied in chart form. The first of these dealt
with the alteration of linear lead due to any degree of ¢ linking in”’
between ¢ full ” and “ mid '’ gear ; and the second dealt with the
corresponding variations of valve travel, on the assumption that
there was no slotting action of the block in the link. He had
constructed two charts in skeleton, but had been forced to lay the
matter aside in the meantime, and was not in a position to judge
whether or not such a combination would be of any practical
value in the drawing office. The subject was difficult, and
demanded more time and study than he was able to devote to it
at present. He hoped in the light of what had been said that
although the discussion had been meagre, those Members who
were frequently dealing with valve design would give the Charts
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a good trial, and if they did so he was sure that they would find,
as Mr Andrews remarked, that they were ¢ very useful ” for pre-
liminary design or analytical purposes. There was just one point
which had not been raised, but to whiech his attention had been
directed privately, that was the size of the Charts, Nos. 2 and 3,
in the transactions, which had been reduced to about half the size
of the original. He had found by actual trial that the operation
of these Charts was much easier on the larger size, due
to the wider spacing of the curves, and he would suggest that
those who wished to make the most of the combinations,
should get the Charts enlarged, say from two to three times the
size of the lithographed ones, and adopt the following colour
distinctions. Draw the heavy lines in black, the light lines in
blue, and the dotted lines in red. He bhad done this in other cases
and found that it greatly facilitated the operation of the Charts.
The enlargement could be easily and quickly done by means of a
pair of proportional dividers, or by simply transferring lengths on
the edge of a slip of paper.

On the motion of the President, Mr Goudie was awarded a vote
of thanks for his paper.



THE FRAHM SPEED INDICATOR
By Mr W. C. MarTiN (Member).

SEE PLATE XIII,

19th  December, 1905.

Mr W. C. Martin exhibited the Frahm speed and frequ-
ency indicator, and explained its action. The instrument, he
said, which had been adopted by the Corporation of Glasgow,
was not only a speed indicator, but it also indicated the frequency
of alternating electric currents. The invention was due to
Mr Hermann Frahm, and was based on the employment of the
principle of resonance, which was the property that elastic bodies
posssessed of being set in vibration if subjected to rhythmic
impulses, the frequency of which corresponded with the natural
period of vibration of the bodies themselves. The instrument was
the result of Mr Frahm’s experiments on the torsional vibrations
in propeller shafts. The inventor did not cease his investigations
when he found a means of suppressing the dangers of resonance,
but went forward and employed the same principle for measuring
speeds, and his experiments had resulted in the discovery of the
present form of speed indicator. The fundamental part of the
indicator consisted of a spring of the best watch spring steel
Fig. 1, the dimensions for ordinary purposes being from 1} to 2
inches in length, } of an inch wide, and 35 of an inch thick. These
sizes permitted of a convenient adjustment of the apparatus, and
were sufficient for most practical purposes. They might be varied
in accordance with any special application. These springs were
set in a slit, cut in a small rectangular shoe, to which they were
firmly pinned and soldered. At its upper end, each spring was
bent over at right angles for about 4 of an inch, and the head thus
formed was covered with white enamel so as to render it easily
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vigible. In the angle, which the head made with the stem of the
spring, was placed a small drop of solder. The number of vibra—
tions that such a spring would make, depended primarily on the
length of the vibrating part and the weight of the head, as it was
made of a material as uniform as possible in quality and thickness,
80 that any desired period between the limits of 35 and 100 vibra—
tions per second could be obtained. By the employment of thinner
and longer or shorter and thicker springs, the range of measure-
ment could be extended either up or down, so that in most cases
a sufficiently long scale for normal measurements could be obtained.
A range of 25 springs, attuned to various periods, and spaced
1. mm. apart, was illustrated by Figs. 2 and 3. Similar combs
could be arranged to contain 100 or more units as required. Mr
Martin showed an experiment made with an ordinary gyroscope,
Fig. 4, by placing a small comb of springs on one of the pivot
screws. In all rapidly running machines, where the number of
revolutions per minute was a thousand and over, the instrument
might be directly attached to the machine, and for steam turbines it
was now being employed generally, as the method had proved most
advantageous. Another method for the production of vibrations
was to employ a tappet wheel or cam. Such a cam was fixed on
the shaft, the speed of which it was desired to measure, and worked
against a lever which was thereby caused to vibrate. The vibra-
tions could be transmitted to one of the combs by placing it
directly on the other end of the lever, or it might be connected
with the lever by means of a rod, wire, or string, Figs. 6, 7, and 8.
Should it be necessary to measure the speed of a machine at
greater distances, it would be better to employ electrical transmis-
sion. If it were desired to measure the speed of a machine which
did not furnish alternating currents, one must use a special alterna-
ting current generator, and u generator of the simplest form con-
sisted of a toothed disc of soft iron, which rotated close to the pole
pieces of a permanent magnet on which were wound two small
coils, as shown in Fig. 8. The revolving armature might
be fixed direct to the shaft, the revolutions of which it was
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desired to measure, or the driving power might be transmitted
from the shaft to the revolving inductor by means of a small belt.

The indications of the apparatus did not vary in the least with
the lapse of time, even in the case of apparatus which had been
worked continuously for nearly four years. Single springs had
during that period made more than one thousand million vibra-
tions, but they had not experienced any detrimental change, and
still possessed their original natural period. The number of
vibrations per second was not in the least influenced by the
manner in which the impulses were set up, nor by the amount
of movement of the cam, nor by the nature of the electrical
transmission. In the latter case the degree of accuracy of the
indications was not affected by the variation in the resistance of
the conducting wires, nor the voltage of the magneto-generator.
In fact, the accuracy depended solely on the frequency of the
impulses.

From the description of the apparatus, it would be obvious
that the electrically actuated vibrator might be conveniently
used for -ascertaining the frequency of alternating current
machinery, or the interruptions of a continuous current circuit,
and determining the number of revolutions per minute of any
shaft. Fig. 5 illustrated the apparatus used for electrically
registering the speed of any number of machines from a con-
venient centre.

The PRESIDENT moved a vote of thanks to Mr Martin for his
exhibition of the Frahm Speed Indicator, and said machines were
run now at such a pace that it was difficult to count the revolu-
tions. This was a most ingenious instrument, it appeared well
adapted for high speed indications, and there was very little about
it liable to be become defective, which spoke very much in its
favour.

The vote of thanks was carried by acclamation.



THE SCREW PROPELLER CONTROVERSY.
By Mr. James HowbpeEN (Member).

SEE PLATE XIV.

Read 23rd January, 1906.

THE following introductory remarks explain the circumstances
which have led me to bring this subject before this Institution
at the present time.

In November, 1895, Dr. Caird read a paper here on ¢ Propeller
Diagrams,” the curves of which he explained he had constructed
from the diagrams given in a paper read by Mr R. E. Froude
before the Institution of Naval Architects in 1886, on ¢ The
Determination of the Most Suitable Dimensions of Screw Pro-
pellers.” Dr. Caird said this paper ¢ marked an epoch in the
investigation of the properties and behaviour of the Screw Pro-
peller,” and characterised Mr Froude's work in this paper as
“beyond praise.”

In the discussion of Dr. Caird’s paper in the following month, [
took exception to Dr. Caird’s estimate of the value of Mr Froude's
investigation of the action of the propeller and his conclusions
thereon. The reasons I gave for my dissent from Dr Caird's
estimate of Mr Froude's work were, that the formule on which
his diagrams and curves representing values of thrust, efficiency,
ete., were constructed, were incompetent to fulfil the purposes
aimed at; the treatment of the subject, as a whole, being based
on erroneous conceptions of the real action of the screw in
propelling, and of the quantities of water put in motion under
given conditions of diameter, pitch, and slip.

As an example of the incompetent character of Mr Froude's
formule, given in the fifth proposition of his 1886 paper, from
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which both his and Dr. Caird’s diagrams were made up, I showed
its application to a case where two screws, tried in the same ship,.
gave equal speeds with the same revolutions and power of engines,
these screws differing only in diameter and shape of blades. A
proper formula applied to these two cases should, therefore, have
shown the thrust ordinates equal; but Mr Froude's formula,
when applied to these two cases, showed a difference in results.
of nearly 45 per cent., thus proving its incompetency in a very
marked degree.

As an example of the erroneous conceptions of the screw’s
action, which give rise to such formula and diagrams as those
of Mr Froude, I called attention to the theory of the screw
propeller, as given by Professor Rankine in his paper ‘“ On the
Mechanical Principles of the Action of Propellers,” published in
the Transactions of the Institution of Naval Architects for 1865,
which I bad previously fully proved to be erroneous. I also-
referred to the mistaken views of Dr W. Froude, as given in his
paper “On the Elementary Relation between Pitch, Slip and Pro-
pulsive Efficiency,” read before the same Institution in 1878, in
which, among other incorrect views, it was enunciated, ¢ that
instead of its being correct to regard a large slip as a proof of
waste of power, the opposite conclusion is the true one. To-
assert that a screw works with unusually little slip is to give
a proof that it is working with a large waste of power.”

Of both Prof. Rankine's theory and Dr. Froude's conclusions
on the effect of slip—for the latter did not formulate any definite
theory of the propeller’s action, but apparently accepted in general
Prof. Rankine’s views—I had given illustrations with geometrical
and quantitative proofs of the erroneous conclusions held by those
eminent men at the discussion of Dr. Caird’s paper in December, .
1895. These illustrations were taken chiefly from my paper, read
in 1890 before the Inmstitution of Naval Architects. The vital
errors of Prof. Rankine’s theory I had, however, previously
demonstrated in two papers, read before this Institution in 1878.
and 1879 respectively.
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In the following month, January 1896, I attended the adjourned
discussion expecting to hear Dr. Caird’s reply to my criticism.
On entering the hall a few minutes after eight o'clock, I found
Dr. Caird addressing the meeting, but heard no reference, after I
entered, to my remarks on his paper.

I happened to be away from Glasgow in February, and missed
seeing the Transactions issued that month, which contained the
report of the January meeting and Dr. Caird’s remarks.

Being much engaged at that time, I soon forgot the matter, and
it was only when looking over the Transactions of 1895-6 for some
other purpose, four or five years after these were published, that
I came upon a lengthy criticism, by Dr. Caird, of my remarks on
his paper on ‘‘Propeller Diagrams,” which I had failed to hear,
or see, in 1896. This criticism, to my surprise, contained state-
ments of a character so depreciatory and incorrect, that my failing
to challenge them, would, in my opinion, have been inexcusable.

A severe illness, however, soon after I lighted on Dr. Caird’s
remarks, prevented me from dealing with the matter at that time
as I intended, and although, since then, I have more than once
begun preparations for a reply, it is only now that I have been able
to put it into the form of this paper.

The statements of Dr. Caird, as given in the Transactions for
1895-6, which have led to the writing of this paper, are as
follows :—

“Mr Howden’s remarks fall naturally into three categories.
The first was a brief and not unsympathetic, if somewhat
inaccurate account of the paper he was criticising. The second
was a concrete example which was intended to prove the fallacy
of Froude’s 5th proposition ; the third was in the form of copious
quotations from previous papers of his own. He proposed to take
up Mr Howden's third category first.”

“QOf Mr Howden’s attack on Froude and on Rankine, the most
complete and conclusive refutation was to be found in the discussions
which followed the papers to which Mr Howden referred. He
would particularly direct the at‘ention of any one interesied to alr
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Froude’s remarks on Mr. Howden's 1890 paper, read before the
Institution of Naval Architects. It would be a work of mere
supererogation to add anything to these remarks.’’

These unqualified assertions of Dr. Caird, unsupported by one
word of proof, that my papers on the screw propeller were, in the
discussions which followed their reading, so completely and con-
clusively refuted as to make any further remarks by him a mere
work of supererogation, are, I believe, unique in the records of the
discussions of this Institution. Meantime, I shall only say, that
if these assertions were even but partially correct, they would
make any defence on my part either an impertinence or an evi-
dence of mental incapacity. But this defence of my writings on
the Screw Propeller, when carefully read, will not, I believe, be
accounted for by either of these alternatives. I undertake to
show conclusively that Dr. Caird’s statements are entirely con-
trary to fact.

The following facts pertaining to my papers and the discussions
thereon, should of themselves go far to controvert these statements
of Dr. Caird.

As a screw of any given size, shape, and pitch, and its move-
ments in propelling, can by proper analysis be accurately ascer-
tained and delineated geometrically in every part through each
revolution and at all per centages of slip, the exact movement and
velocity given to the water by the serew at every point can, there-
fore, be accurately ascertained and calculated.

All my former papers, four in number, demonstrating the
true action of the screw propeller, from the first read in 1877 to
the last in 1890, were based on this strict geometrical investiga-
tion of the action of the propeller under all conditions of
dimensions, shape, pitch, slip and velocity, so that the propeller’'s
action by such analysis was proved geometrically and quantita-
tively, as absolutely as any other geometrical problem, such as,
“The sum of the angles of any triangle is equal to two right
angles,” ete.

Further, none of the professional experts or writers on the
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screw propeller known to me, including Rankine, W. Froude
R. E. Froude, 8. W. Barnaby, ete., have taken the precautiol
to found their theories and formule on this geometrical investiga
tion, or on actual facts. Consequently, all their arguments an
formule as applicl to the screw propeller are, I am compelled t
say, founded on erroneous assumptions, and have no scientific basi
whatever. This is a strong statement, but there should be no diffi
culty in proving its correctness to those who will fully study this o
my former papers. This expectation is supported by the significan
fact that though in the discussion of my paper of 1890 at th
Institution of Naval Architects, mathematicians of the highes
rank whose theories I had controverted took part, not one
challenged my geometrical and other demonstrations, either o
the true action of the screw or of the erroneousness of the theorie:
of Rankine, Froude, and others.

It will be conceded, by those competent to judge of suct
matters, that when a demonstration is submitted of the move
ments, however complicated, of a material body of giver
dimensions, and supported by geometrical and quantitative proofs
it is exposed to instant detection, if incorrect, by all capable o
investigating these proofs.

As I have submitted such proofs in every paper I have read,
without in any one instance — pace Dr. Caird — having thei
correctness even challenged, I submit that this fact could only
bave occurred because they were correct, and this more
especially as those most interested in confuting them were
thoroughly competent to detect errors in the proofs submitted, il
they had existed. These being the facts in the history of this
controversy, [ have every reason to hope that all who carefully
follow the remainder of this paper will eventually agree that the
above statement regarding the errors of the hitherto recognised
professional experts is fully justified.

The Rankine theory of the propeller has been held as authori-
tative by professional experts since its publication in 1865, to
the present day. This has doubtless been greatly owing to the
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deservedly high reputation of its author, and to the natural
indolence which affects us.all more or less, and hinders our engage-
ing in any severe study. The further consideration of the subject
- at this time by this Institution should, therefore, be a matter
of considerable scientific interest, and if fully carried out, should
put an end to the numerous fallacies and the confused and
contradictory ideas which continue to discredit screw propeller
literature. :

It is now over twenty-eight years since I read my first paper
on this subject. A new generation of Members has grown up
since then under advantages of scientific education not possessed
by their predecessors, so that the subject matter of the paper
should be more generally followed now than when it was first
produced. As probably few of the present Members of the
Institution have read these papers of mine, so summarily dealt
with by Dr. Caird, it appears to me necessary, in order to give
an opportunity to these Members and others, of judging for them-
selves whether Dr. Caird’s statements regarding my papers are
according to fact or otherwise, that I present the subject anew
before the Institution.

I propose to deal with the subject by dividing it into sections
in the following order:—

(1) To describe shortly how I was led at first to take up
this subject of screw propellers, and to give a short
account of the several papers and the circumstances
which led them to being read.

(2) Demonstration of the true action of the propeller on the
water by geometrical analysis, proving the actual
movements imparted to the water by the blades in
propelling.

(3) Examination of Prof. Rankine's theory of the reaction
of the propeller and demonstration of its complete
erroneousness.

(4) Description of the true basis of the reaction of screw

propellers.
12
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(5) Examination of the discussions referred to by Dr. Caird
of the various papers read in Glasgow with comments
thereon, also of the paper of 1890 specially noticing
Mr R. E. Froude’s remarks to which Dr. Caird called
particular attention.

(6) Examination of Dr. Caird’s criticism of my remarks on
his paper on ‘ Propeller Diagrams ' of 1895-6, with
concluding remarks on the controversy.

I feel fortunate in having an Institution so suitable as ours for
the further consideration of this subject, as its forms give full
opportunity to every one interested to leisurely study the matters
at issue before the discussions are closed. It is therefore pre-
ferable in this respect, to such Institutions as that of the Naval
Architects, where the discussions must close immediately after
the reading of the papers. This Institution has also the advantage
of having among its most active members the Professors of
Engineering and Naval Architecture in our University, and also
the Professors of Engineering and allied subjects in our Technical
College, all of whom I trust will do me the honour of thoroughly
investigating the demonstrations and arguments I have to submit.

Coming now to the several divisions of the subject, I believe
that the first, which recalls the circumstances which led to my
taking up this subject, will be of interest, and will tend to the
better understanding of these papers as a whole.

First.—When the Institution of Naval Architects held its
summer session in Glasgow in 1877 in conjunction with this
Institution, I was asked, as a Member of the latter, to prepare
& paper on some suitable subject, to be read at the joint meeting.
At that time I was constructing propellers with portable blades of
forged steel, machined all over, to make them true in pitch and
thinner than any cast steel blades then used. These propellers
were designed with the object of reducing the axial resistance, due
to the greater displacement, and increased negative pressure behind
thicker blades, when revolving at a high velocity. It had
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happened also that a few years before this period I had noticed a
paper on “The Screw Propeller,” by Mr Arthur Rigg, read before the
Institution of Naval Architects, and other Institutions with much
commendation. In this paper Mr Rigg illustrated by diagrams
his views of the extent and direction of the motions imparted to
the water by the blades of the serew in propelling.

As the motions of the water, represented by the diagrams,
appeared to me to be clearly impossible, I therefore proposed
to write a paper for this meeting on the screw propeller, with
the twofold purpose of calling attention to some erroneous ideas
regarding the action of the screw blades on the water by a
demonstration of the motions actually generated, and of showing
the form and purpose of the propellers I was then constructing.
In preparing this paper, it appeared to me necessary, in order to
give a true geometrical exhibition of the action of a blade on the
water at various percentages of slip, to make complete drawings
of the motions of a propeller blade of given size and pitch; I used
one for this purpose, then working on an Anchor Line steamer,
taking the normal revolutions at 60 per minute. The preparation
and analysis of these drawings were to me of the greatest value,
a8 many hitherto vague and indefinite ideas regarding the actual
effect of the blades on the water became clear and self-evident, as
every geometrical problem must become when correctly solved.
This paper, which is recorded in the Transactions of the Institu-
tion of Naval Architects for 1877, sets forth the above objects as
fully as I could do in an article which was required to be read in
twenty minutes.

When so far advanced with this paper, I fell upon, for the first
time, Prof. Rankine's famous paper ‘‘On the Mechanical Principles
of the Action of Propellers.” * I began to read this paper with
much interest, the great scientific ability of its author leading me
to anticipate much instruction from its perusal. At the first
reading, I felt I had not been able to follow the argument
appreciatively, though I tried hard, believing my failure to be

*Transactions, Institution of Naval Architects, 1865.
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due to my own obtuseness. As a second reading yielded no
better results, I laid aside Prof. Rankine’s paper and completed
my own on the lines on which I had already begun.

The fuller working out of my paper, and a further perusal of
Prof. Rankine’s, eventually absolutely convinced me that Prof.
Rankine had entirely mistaken the nature and extent of the
motions generated by the action of the screw blades, and that
in consequence, the theory he had founded on this erroneous
basis was radically wrong. I further became convinced that
Prof. Rankine’s mistake had arisen from his neglect to make
a geometrical investigation of the movement of a screw blade
making slip. I then brought a second paper before this Institu-
tion in the ensuing session of 1877-78, setting forth much more
fully the principles embodied in my paper of 1877, demonstrating
the true action of the propeller, and also calling attention to the
erroneous basis of Prof. Rankine's theory. In the adjourned
discussions which followed the reading of this paper, one Member
called in question my objections to Prof. Rankine’s theory, though
no attempt whatever was made to prove my demonstrations
incorrect. This led me to read a third paper in the session of
1878-79 «“On the Reaction of the Screw Propeller, with a Review
of the Theory of the late Prof. Rankine,” in which, besides a
demonstration of its irreconcilability with facts, I proved also its
erroneous conception by diagrams and by the application of Prof.
Rankine’s own formula to actual cases.

Inthe discussions which followed the reading, and in that
which took place fully six months after (for this discussion, like
that of the previous paper, was adjourned to the opening of
the following session), no attempt was made to call in question
my arguments against Prof. Rankine’s theory, though some depre-
ciatory observations were made by the same member whose
former remarks led to the writing of this paper, these remarks
being evidently made to cover a retreat from an untenable position.

I then ceased writing further on this subject, until in 1889 Mr
R. E. Froude read two papers before the Institution of Naval
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Architects, “On the Part Played in Propulsion by Difference in
Fluid Pressure,” and “Remarks on Prof. Greenhill’s Theory of
the Screw Propeller.” As I had heard Prof. Greenhill's paper
read in the same Institution on the previous session, and as his
theory was a variation of Prof. Rankine’s, the reaction of the screw
being calculated by his formula, I therefore brought my fourth
paper before that Institution in 1890, ¢ On Various Theories of
the Screw Propeller,” in which I called attention to the errors of
Prof. Rankine's theory, and of various other writers on the screw
propeller, all of them being more or less under his influence. In
this paper, I again gave a demonstration of the true action of the
propeller, as in my former papers, and likewise of the radical
errors of Prof. Rankine's theory, showing also more or less fully
the distinctive errors in the writings on this subject of Principal
Cotterill, Prof. Greenhill, Dr, William Froude, Mr. R. E. Froude,
and others.

As the discussions at the Institution of Naval Architects follow
immediately after the reading of papers, and the practice is to
hand printed copies of the papers to be read to the members just
before the reading begins, I sent the MS. of my paper to the
Secretary some weeks before the date of meeting, with the request
to send printed copies of it, at least a week before the meetings
began, to all the writers then living, whose views I had controverted.
This request was carried out, so that all those writers had suffi-
cient time to study my paper before it was read.

Notwithstanding this precaution to give time to those whose
views I had controverted to prepare any proof they could find
against my demonstrations of the true action of the propeller and
the radical error of Prof. Rankine’s theory, no attempt whatever
was made to do this by any who took part in the discussion,
though Dr. Caird has directed attention to Mr Froude’s remarks
on my paper in this discussion as having given a specially com-
plete and conclusive refutation of my demonstrations.

As I shall later on quote these remarks of Mr R. E. Froude and
others referred to by Dr. Caird, a convenient opportunity will be
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given to judge of the correctness or otherwise of Dr. Caird’s
statements.

DeMoNsTRATION OF THE TRUE AcCTION OF THE PROPELLER.

Second.—1 have already stated that a proper knowledge of the
action of a screw propeller of any given dimensions, pitch, slip,
and velocity on the water, can only be found by making an exact
geometrical delineation of its movement at every part of the
blades in a revolution. Such geometrical delineation, when
properly analysed, will reveal exactly the only action possible by
each and every part of the propeller, during each revolution under
all conditions of working.

This investigation is made simpler by first examining the action
of the propeller under the conditions of its being a screw of
uniform pitch acting on water unaffected by the vessel's progress,
the vessel also moving evenly. When the several relative motions
of the propeller and water acted on are established under these
primary conditions, it becomes comparatively easy to ascertain
accurately the variations on these motions caused by currents
set up by the motion of the vessel, when the extent and direction
of these currents are determined, and likewise the effect of any
current on the propeller or the propeller on the current, under
any given direction and velocity. The effects of friction und of
the displacement by the body of the propeller blades do not
enter into this investigation.

The following propositions are established by the geometrical
investigation of the propeller's movements:—

(1) A circumferential line across the face of a blade at any
given diameter is in one plane.*

(2) When no slip occurs, these lines at all diameters within
the propelling faces of the blades pass through the
water without imparting to it any motion whatever.

*] am aware that a helical line across the face of a blade is not
absolutely in one plane, though owing to its short length when tested
with a flexible straight edge it appears so. The effect on the movement
of the water of these circumferential lines is however absolutely the same
as if made by a straight line, and that even if the blade be carried
round a whole convolution.
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(3) That, whether working with slip or without slip, the
distance passed through per revolution by each point
on & blade, at any diameter, is correctly represented
by the hypotenuse of a right-angled triangle of which
the base=2#r, and the perpendicular equals the ship’s
progress, or /(2774 (P~ 8)’=D, D being the distance
passed through per revolution ; P, pitch; and 8, slip.

(4) When slip occurs each point on the same circumferential
line at any diameter moves through the same distance
per revolution, but each succeeding point moves in a
line somewhat abaft each preceding point and parallel
to it, the distance between these parallel lines increas-
ing as the slip increases.

(5) When slip occurs the water is moved normally to the
face of the blade at any diameter at & uniform velocity,
to the extent of the distance between the parallel lines
described by the respective extreme points on the
entering and following edges of the blade on the eir-
cumferential line of the given diameter.

(6) The distance between these two parallel lines, or the
extent of motion given to the water by the propelling
face of the blade at any given diameter, is found by
dividing the slip of the water on the whole revolution,
by the number of times the length of the arc of the
circle across the blade at the given diameter divides
the distance passed over in one revolution by a point
in that arc; the quotient is the whole extent of the
movement imparted to any particle of water by the
propelling face of the blade, and the time in which
this motion is made, is found by dividing the period
of the revolution by the number of times the arc of the
circle divides the distance passed over by a point in
the arc in each revolution.

(7) Owing to the oblique action of the blade relatively to the
line of progress, the slip of the water at any given
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diameter is less than the slip of the screw, in the ratio
of the base to the hypotenuse of a right-angled triangle
in which the base = 27r, and the perpendicular = the
pitch of the propeller.

Of these seven propositions, which cover the complete action of
the propeller, the first and second are easily demonstrated. The
first is a condition of the construction of a screw of uniform pitch.
The second arises from the fact that all circumferential lines on
the propelling face of a blade at any diameter, when no slip is
made, coincide with the line of motion. The third is demonstrated

2 i
D D
/ . B
A F1G. 1. A B

FIG 2.

as follows:—In Fig. 1, let A B, in the right-angled triangle ABC,
= the circumference of the circle of a given diameter, and BC=
the pitch of the screw which, when no slip is made, = also the
progress of the ship per revolution of the screw; AC is then the
distance passed through by each point of the blade at that diameter.
‘When slip occurs = D C, then BD is the progress of the ship per
revolution, and the line A D is the distance passed through by a
point in the blade at the given diameter.

The fourth, fifth, and sixth propositions are more conveniently
proved in conjunction with the seventh, which latter I now give.
In the right-angled triangle, ABC, Fig. 2, let AB again = 2xr,
BC piteh of propeller, and BD progress of vessel per revolution
of screw; AC is the distance passed through each revolution by
a point in the blade at the given diameter when no slip occurs,
A B being at right angles to the line B C of the vessel's motion ;
C A B is the angle of obliquity of the propelling face of the blade
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at the given diameter to a plane at right angles to the line of
m otion.

‘When a slip of the screw occurs = D C, AD is then the distance
and direction passed over by a point in the blade at the given
diameter per revolution, as already explained. If now DE be
drawn at right angles to the face of the blade, that is, to AC, D E
is the slip of the water per revolution at the given diameter, while
D C is the slip of the screw at this and all other diameters ; then,
as ABC and D EC are similar triangles (their angles being equal),
DE:DC:: AB: AC, thus proving proposition 7.

Having established the relative proportions of the slip of the
water to that of the screw for one revolution, a most important
point of the investigation is reached, that of proving the actual
motion given to the water by a blade of any shape or form at any
diameter or percentage of slip. The slip of the water relatively to
the slip of the screw on the whole revolution being found by pro-
position 6, the factor which determines the actual movement of
the water and the time in which it is made, is, as stated in pro-
position 6, the breadth of the blade. By ‘‘breadth,”” I mean the
part of the circumferential line across the blade at the given
diameter.

The line DI, divided by the number of times the breadth of the
blade at the given diameter divides the line AD, gives the actual
movement imparted to the water by the blade at that diameter;
and the time in which that movement is made is found by dividing
the period of the revolutions by the number of times the breadth
of the blade divides the distance passed over by a point in the blade
at that diameter in that period.

In order to illustrate and prove all these propositions, quantita-
tively as well as geometrically, and to show the difference between
the actual motions made at different percentages of slip from those
supposed by Prof, Rankine and his followers to be generated, I
shall use the same propeller as I used in my first paper of 1877,

and all subsequent papers, and thereby utilize the calculations
and illustrations then made.
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This propeller, with the blade on the flat, is shown in Fig. 3.
It is 20 feet in diameter, 37-77 feet pitch, with a boss of 4
feet 11 inches in diameter. The breadths of the blades measured
on the arc are :—At 5 feet diameter, or close to the boss, 43 inches ;
at 6 feet 8 inches diameter, 51 inches ; at 12 feet 6 inches diameter,
52 inches; at 20 feet, or extreme diameter, 22 inches. This
propeller is not given as one of superior design, but as one in
actual work on a ship in 1877.

Fig. 4 shows the development of one revolution of this pro-
peller at 12 feet 6 inches diameter and 10 per cent. slip, with the
section of the blade at this diameter beginning and ending the
revolution. The parallel lines on this diagram, between the
beginning and ending of the revolution, show to scale the whole
extent of the motion of the water, caused by a slip of 10 per cent.
of this propeller at this diameter. In this Fig. the parallel lines
equal to the movement imparted to the water when slip is made
are shown as described in propositions 4, 5, and 6. The displace-
ment of the water caused by the body of the blade is not shown
on this Fig., only the slip motion.

Fig. 5 shows on a larger scale the movement of the water of the
same diameter made by a movement of the blade equal to its own
breadth. This diagram shows more distinctly the actual motion
imparted to the water by the blade at this diameter, and how this
motion is begun and ended in the passage of its own breadth.
Figs. 6 and 7 show the continuous motion through the water of
this section of the blade without slip, and with 10 per cent. slip ;
the displacement is of the blade only in the one, and in the other
the displacement of the blade combined with that of the slip.
In Fig. 7, and also in Figs. 9 and 10, the lines indicating
the separate and combined movements of the water by slip
and by the body of the blade, anticipate these respective move-
ments when the blade moves in the direction of the arrows.

Taking the revolutions of this example propeller at 60 per
minute, or one per second, with 10 per cent. slip, the following
Table gives the movements made by the blade at the four given
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diameters, and the number of times the blade at these diameters
Passes over entirely new surfaces of water per second or per revo-
lution:—

R
| | FEE
1 JFeet. Inches. Inches. Inches. ’

l 5 0 43 197 | 8%

| 6 8 51 2-59 [ 768 |
12 6 52 | ass | 1075 |
w0 22 ) : w93 |

These figures show the fact that with 10 per cent. slip (which is
greater than a properly proportioned screw should make under
ordinary conditions of working), the whole extent of motion
imparted to any particle of water from its first coming into
contact with the leading edge of a blade, until it receives its
last touch from the following edge, is in this propeller only

. 197 inches at 5 feet diameter, 2-50 inches at 6 feet 8 inches
diameter, 2:53 inches at 12 feet 6 inches diameter, and ‘82 inches
at 20 feet diameter, this latter being the most effective part of the
blade. At 5 per cent. slip the motion imparted to the water
would be slightly less than half the above, the distance AD, Fig. 2,
passed through per revolution being greater at 5 per cent. than at
10 per cent., while sthe breadth of the blade, or divisor, remains
the same. For the same reasons the slip motions given to the
water increase in a greater than arithmetical ratio when the slip
increases. Further, it should be noticed that the extent of the
movements given to the water is directly proportional to the
breadth of the blade; if the blade, in a given case, is made only
one-half the breadth, the motion given to the water at the same
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percentage of slip would only be one-half in extent, but made in
one-half the time. It should be noticed here also, that the motion
imparted to the water by slip is, after it is begun, continued at a
uniform velocity.

A further important fact is, that at any instant no motion is
given to the water by the blade except across its own face or
breadth, and there the particles acted on are not thrown off the
blade, but remain in contact with it, and are merely pressed as it
were into the contiguous mass—the small distance shown between
the parallel lines in the diagrams. The observed motions and
disturbances in the water at moderate slips are almost wholly
made by the displacing action of the body of the blades (often
increased by irregular pitches), which is quite a distinet action
from the slip motion made by a true screw, though generally
confounded with the latter. The movement of the water caused
by a moderate slip, in a properly constructed screw, is scarcely
noticeable, and is continuously undergoing a process of extinction
by falling into the partly empty space left behind the body of the
blade, somewhat as represented by Fig. 8. Figs. 9 and 10 show
sections of a blade, the one making 5 per cent. and the other 30 per
cent. slip. These figures were used in a previous paper to illustrate
the mistake made by Dr. William Froude, in saying, ** To assert that
a screw works with unusually little slip is to give a proof that it
is working with a large waste of power,” and they show, first,
the considerably greater displacement made by the blade when
working at 30 per cent. than at 5 per cent. slip; second, the much
greater movement of water in slip also made by the blade at 30
per cent. than at 5 per cent. slip. These greater displacements of
water at 30 per cent. slip, hesides reducing the speed of the vessel,
waste a much larger proportion of the engine power than when
5 per cent. slip is made.

When the actual motions imparted by the blades to the water
under any given dimensions, pitch, slip, and velocity are exactly
determined in the manner explained, the effect of a following or
other current can be comparatively easily investigated. For
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example, if the screw is working in a current following the
vessel in a direct line at 5 feet per second, at the depth
where the tips of the blades of the example propeller reach in
passing their highest point, the blade will there arrest the motion
of the current in passing to the extent of the velocity divided by
the time of the passage of the blade. This time is g4'yy of &
second, which, with the quotient subject to the reduction due
to the oblique action of the blade, is found to be 1'48 inches of
arrested motion. This added to the ‘82 inches of slip movement
imparted by the blade in still water gives 2:3 inches of slip, com-
bined with the arrested current. The eftect of the current can be
found at any other diameter in & similar manner, but in a vessel
with fine lines the following current does not extend to any con-
siderable depth below the surface. Currents flowing in from the
sides are similiarly calculable, and may be positive, negative, or
neutral, according as the currents flow from aft, forward, or coin-
cident with the angle of the face of the propeller.

Having now shown, geometrically and quantitatively, the actual
extent of the motions imparted to the water by a screw of given
dimensions, pitch, and slip per revolution, and how these motions
can be ascertained under all other conditions of dimensions, pitch,
slip, and velocity, my objections to Prof. Rankine's theory, and all
others based upon it, will be more easily understood, and likewise
the proof of the entire incorrectness of that theory. The incorrect-
ness of the Rankine theory, and of all modifications of it, is
necessarily completely proved negatively by simply stating that
it is based on the supposition that the extent of the movement.
imparted to the water by, say, 10 per cent. slip, averages in the
case of the propeller of this paper, from 18 to 14 times more than I
have just proved it to be; further, it assumes that a cylindrical
column of water in this case, 27-24 feet in length, can be generated
by the revolution of a screw and forced astern by it, like a solid
body, at an accelerated velocity, though the projected area of a
blade may be less than one-twentieth of the area of the end of this.
column. Other impossibilities are also assumed. It will, how-
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-ever, be more satisfactory to prove the total incorrectness of this
theory positively, as I have already undertaken to do.

ProreEssorR RANKINE’S THEORY.

Third.—This theory, given in the author's I.LN.A. paper of
1865, “On the Mechanical Principles of the Action of Pro-
pellers,” though erroneous in its basis and defective in its treat-
ment, is, owing to its definiteness, and being illustrated with
practical examples, capable of being examined both geome-
trically and quantitatively. It deals with both paddle and screw
propellers, but here we have to do with his treatment of the
screw only.

In defining the principles on which his theory is based, Prof.
Rankine says, in Section 8 of his paper, ¢ The reaction of the
stream of water, acted on by any propelling instrument, is the
product of three factors: the mass of a cubic foot of water, the
number of cubic feet acted on in & second, the velocity impressed
-on that water by the propellers.” In Section 9: ¢ The number of
cubic feet acted on in & second is to be calculated by multiplying
the sectional area of the stream by its velocity relatively to the
ship. This sectional area is, for a screw, the area of the disc, less
that of the boss, and the velocity of the stream relatively to the
ship is the sum of two quantities—the velocity of the ship, and the
velocity relatively to still water of the stream driven back by the
propeller—or, in other words, the apparent slip of that stream.”
In Section 10: ¢ For a screw, owing to the obliquity of its action,
the slip of the stream driven back is less than the slip of the screw
in the proportion of the square of the cosine of its obliquity to a
thwartship plane.” In Section 11: ‘¢ The remaining factor of the
reaction of the water—the velocity impressed by the propelling
instrument when the propeller acts on water that was previously
still—is simply the slip of stream already mentioned.”

Prof. Rankine, in his algebraic investigation of the subject,
works out the effect of the oblique action of the screw, referred to
in Section 10, showing that the slip of the water is less than the slip
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of the screw. This effect I had discovered, and worked out
geometrically, as shown in Fig. 2, before seeing it in Prof.
Rankine’s paper. He also gives a practical example of his
theory by applying it to the case of H.M.S. ¢ Warrior,” which,
‘with a screw 24 feet in diameter and 30 feet pitch, made on trial
12 per cent. slip at 54 revolutions per minute, and which with his
formula gave an 1.H.P. very nearly that obtained on trial. This
result, however, i8 entirely owing to the abnormal size and pitch
of the screw. Had he tested his formula on a screw more suitable
for the limited engine power, one much less in diameter and pitch,
the power by the formula with same speed of ship and 1m.P.
of engines would not have been one-half, and this theory would
never have been heard of.

I have to mention here that in working out the ‘* Warrior's ”
results on the basis of his theory, as given above, Prof. Rankine
assigns a quantitative value to the effect of friction on the blades
and of the screw working in disturbed water. In testing Prof.
Rankine’s theory and formula, I shall include among the minor
factors that of the effect of the oblique action of the screw only,
.and omit the effect of friction and working in disturbed water, as
these latter are merely hypothetical, and do not affect the main
issues of the investigation which are, I may remind you, the actual
movements given to the water by the action of the screw under
given conditions of dimensions, slip, and velocity, and the reaction
obtained therefrom in propelling. Prof. Rankine’s theory rests on
the supposed existence of & cylindrical column of water generated
by the screw, of definite length and area, and consequently of
ascertainable weight, which the propeller throws astern a definite
distance, necessarily intermittently, with a definite velocity
.dependent on the slip per revolution. The area and length of
this column and its velocity being thus ascertainable according to
this theory, under any given conditions of diameter, pitch, slip,
and velocity, the thrust reaction is, therefore, made calculable by

the formula Wo

The area of this reaction column, as defined by Prof. Rankine,
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is that of the circle described by the extremity of the propeller
blades in their revolution, less the area of the boss; the length of
the column = the progress of the ship per second, + the slip of the
stream per second ; and the velocity at which this column is driven
back = the slip of the stream per second.

To give a practical example of this theory, treated geometrically
and quantitatively, I again take the example propeller of this paper,
which is 20 feet in diameter and 27-77 feet pitch, having a boss
4 feet 11 inches in diameter, and the velocity as before—one revolu-
tion per second.  Fig. 11 shows the Rankine column of this pro-
peller to scale, at 10 per cent. slip, with the spiral ends which it
would necessarily have, but as it is more convenient for calculation
to make the length and weight of the column as a plain cylinder
of equal capacity, I have so represented it in Fig. 12. The length
of this column is made up of the two parts G H, 25 feet in length,
= ship’s progress, and H I, 2:24 feet in length = slip of the water
per revolution, which part is shown darker. The curved
outline of the after end of the slip part of the column getting
narrower, as it approaches the boss, shows the effect of the
increasing obliquity of the blade as it approaches the centre
in reducing the slip of the water. The extent and velocity
of this slip, as calculated by Prof. Rankine’s formula, varies
from 252 feet at the extremity, to 1:35 feet at 5 feet diameter
per revolution, and is sufliciently correct for calculation of cubical
contents if taken at an average of 2:24 feet; consequently, the
length of the column, from which the reaction is calculated by
Prof. Rankine's theory, is 25 + 2:24 feet = 27-24 feet, and the
velocity of the whole column per second in this case is 2-24 feet at
10 per cent. slip.

Fig. 12 shows the column made by the same formula at 30 per
cent. slip, the ship’s progress in this case being 19-44 feet per second,
and the average slip 6:72 feet, making the total length 26-16 feet,
and velocity per second 6:72 feet. The area of the column is in
all cases 314—19, the area of the boss, = 295 square feet. I
have shown in these figures a dark space behind each column
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equal to the slip per revolution. This represents a vacant space
which, though non-existent, is absolutely necessary to permit the
movement of the column required by the Rankine theory.
Before giving the quantitative results of Prof. Rankine’s theory
and formula, applied to the example propeller of this paper, at
several percentages of slip, I would ask your attention for a
moment to the supposed facts on which this theory is built. It is
based on the supposition that & complete and detached cylindrical
column of water can be formed by a screw behind itself each
revolution, and thrown by it astern, in this case 2:24 feet with 10
per cent. slip, in a compact mass endwise, by one impulse.
Such effects presuppose several impossible things, for example,
(@) the formation of a column of & definite length and area by a
screw blade in continuous working; (b) that a column of water
can be moved simultaneously like a solid body endwise by a blade
or any instrument less than the area of the column itself; (c) that
this slip movement of 2-24 feet per second can be made by one

impulse, so as to make the Y_‘\.(f,_v formula used by Prof. Rankine

for calculating the thrust force applicable—the slip movement
being one of uniform velocity, as shown by my diagrams, and
not accelerated; (d) that a detached column could be made by a
screw under water of a definite length so that its weight could be
calculable, and that a space could be formed behind this column
by the screw into which it could be thrown, as Prof, Rankine’s
theory postulates.

There are other suppositions involved by this theory equally
impossible, such as that propellers having two, three, or four
blades, must generate two, three, and four equal columns, as
each blade acts quite independently of the others. Other im-
possibilities may be mentioned, but enough have been given
to show that such a reaction column could not exist. The
following are examples showing the application of the formula
to cases when 10, 20, and 30 per cent. slip is made by the
example propeller :—

13
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(1) The thrust B.P. obtained from the example propeller at 60
revolutions per minute, with the screw making 10 per
cent. slip—

Let V = 27-77 feet, or pitch of propeller.
v = 2:24 feet, or mean slip of the stream per
second.
= 25 feet, or speed of ship per second.
= 27-24 feet (S + ), length of column acted
on by screw.
A = 295 square feet, or area of screw's disc —
area of boss.
W = A x L x 64 weight of column in lbs.
g = 32 feet, accelerating effect of gravity per
second.

T = Wo or total thrust of the screw in lbs.

_Tx8
P= 550
Here W = (205 x 27-24 x 64) = 514,291-2 lbs.
Wo _ (514,2912 x 224 ) _ 36,0003 or thrust in

, or H.P. expended in thrust.

e 1bs.
1,6361.8.r.expended
and TXS _ ) 360003 x 25 ),_ in actual thrust at
550 550 J 14-8 knots.

«{2) With the propeller making 20 per cent. slip—

v = 448 feet, mean slip of stream per second.

S = 22-21 feet, speed of ship per second.

L = 2669 feet, length of column acted on by

8Crew.
The other definitions as in (1).
Here, W = (295 x 26-69 x 64) = 503,907-2 lbs.

v _ (603,907-2 x 4-48) _ 70,547, or thrust

~g—'_ 33 in lbs.
_ (70,547 x 22-21)
—'——W — 2’849 I-HcP-,

expended in thrust in propelling the ship 13:15 knots. ,
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«(3) With this propeller working at 30 per cent. slip —
v = 672 feet, mean slip of stream per second.
S = 19-44 feet, speed of ship per second.
L = 2616 feet, length of column acted on by

screw.
Other definitions as before.
Here, = (295 x 2616 x 64) = 493,900°8 lbs.
_ (493,900-8 x 6:72) _ 103,719, or thrust
T ED) in lbs
— (108, 7125:; 19-44) _ 3,666°4 1.H.P.,

expended in thrust in propelling the vessel 11-51 knots.

"These several amounts of H.p., which, according to Prof. Ran-
*kine’s theory, would be obtained in thrust reaction from a pro-
peller of the given dimensions and pitch at the three different
percentages of slip, are not the gross r.m.p. of the engines, but
merely the thrust m.P., and do not include what is used by the
-engines themselves, or by the friction of the propeller, or the
resistance caused by negative pressure thereon. It is the H.P.
used exclusively in overcoming what, according to Dr. W.
Froude, is the ship’s net resistance + the augmented resistance
arising from the action of the screw. These are estimated by Dr.
Froude, in his paper of 1876, ‘“On the Ratio of Indicated to Effec-
tive Horse Power,” to be respectively equal to about 40 and 18 per
«cent., or, together 58 per cent. of the gross 1,H.P. of the engines.
‘Taking this estimate here, the gross 1.H.P. in these foregoing cases,
~worked out on Prof. Rankine’s formula, are as follows :—

«1) 10 per cent. slip, and
14-8 knots speed of} 58:100: :1636:2621 gross 1.H.P.
vessel,

(2) 20 per cent. shp, and
13-15 knots speed of }:58:100::2849:4912 ,, .
vessel,

«(3) 30 per cent. slip, a.nd
11:51 knots speed of +:58:100: :3666:6320 ,, '
vessel, .
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There is the extraordinary result of 2821 1.H.P., giving a speed
to the vessel of 14-8 knots at 10 per cent. slip, while no less than
6320 1.H.P. is consumed in giving the vessel 11:51 knots where
30 per cent. slip occurs.

These differences in slip would often be exceeded at sea under
the variations in weather which constantly occur.

The fallacy of this theory is made doubly conspicuous when the
formula is applied to this sorew, making a slip of 5 per cent. The
thrust L.H.P. is then only 871'6, and the gross 1.B.P. 1502, the
speed of the ship being 156 knots. In short, these practical
applications of Prof. Rankine’s theory to different percentages of
slip in the same vessel, with the same screw working at 60 revolu-
tions per minute, show that it breaks down as completely when
tested quantitatively as when tested geometrically. It is indeed
utterly inapplicable to any problems or calculations whatever con--
nected with the screw propeller.

Tae True BaAseEs orF THE REACTION OF SCREW PROPELLERS.

Fourth.—Having shown that Prof. Rankine’s *Theory of the
Reaction of the Screw Propeller” is erroneous in its conception,.
and does not remotely agree with the actual facts of the screw’s
action, it falls to me to show how the small compression of the
water which I have demonstrated is all that is made by even
considerable slip, can give a reaction from an element so unstable
as water sufficient to propel the largest steamers at the highest
speeds.

An experiment, illustrating the principles on which the reaction
of a screw propeller is based, has probably been made by most
here while standing in a rowing boat and moving the flat end of
an oar edgeways while holding it nearly perpendicularly and
immersed, say, 18 inches. If, while moving the oar so immersed
at a velocity of 6 or 8 feet per second, a sudden lateral pull is
given to the oar, the water will be found"to offer for an instant
almost as much resistance as a solid body. If, therefore, at this
comparatively low velocity, a surface of about 18 inches by 4
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inches offers so much resistance: How vastly increased will be
the resistance to a surface 50 times greater moving at a vastly
higher velocity ?

As every circumferential line on the propelling face of a blade
is in its action on the water exactly equal to that of a straight
line in continuous motion, the whole surface of the blade,
which is made up of these lines, acts like a flat blade pressing
against the water while running over it at an exceedingly high
velocity. The four blades of the example propeller of this paper
have an aggregate surface of 112 square feet, and as the outer
ends of the blades at 60 revolutions per minute with 10 per cent.
slip move at the high velocity of 67-62 feet per second, it is evident
that an enormous thrust reaction must be obtained with a very
slight compression of water from the four large flat surfaces of
these blades running over the inclined planes on which they press.
The effect of a flat surface striking water at a high velocity is well
known. Even a round body, like a cannon ball, striking on water
at a great velocity, rebounds as if it had struck a solid body. The
effect, therefore, of these four blades sweeping through the water
at a velocity of nearly 70 feet per second at their outer ends, and
over 37 new surfaces of water in that time, at their most effective
surface, is about equal to the blades running over helically inclined
planes of metal.

The water is the nut formed by the deep but short parts of the
threads of the screw continually cutting their way into it, but
without in the “slightest degree impairing the effect on the work-
ing faces. The screw blades, thus running over the faces of the
threads of the water nut, scarcely compress them owing to their
great velocity and large surface. The water owing to its incom-
pressibility and inertia, has not time to yield durirg the instant
of pressure, as the blades glide overit. The yield of the water as I
have shown, is, at 10 per cent. slip, only ‘82 inches at the outer
ends of these blades, but this is done in the 37th part of a second.
The intensity of this action will be the more appreciated when I
remind you that a heavy body falling freely in space at the earth’s
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surface passes from a state of rest through only -14 inches, or
about one-sixth of this space in the same period. 1t would, there-
fore, require 36 times the energy of gravity to give an equal
velocity to a body falling freely in space in the same time: How
much more, then, would it require to give an equal lateral move-
ment to & body of water surrounded and pressed upon by masses-
of the fluid under pressure ?

With these facts before us, it is not difficult to understand how
the reaction, or the law of equal and opposite forces, is fully
satisfied, with only the slightest backward movement of the:

water being made by the blades. The formula ng—v is no more

applicable for calculating the reaction of a screw propeller than it
would be for finding the reaction of a secrew working in a soft
metal nut from the wear on the faces of the threads of the nut,
caused by the friction and thrust of the threads of the screw
passing over them.

Having thus shown geometrically and quantitatively the actual
movements made by a serew propeller of given dimensions, pitch,
and velocity, at different percentages of slip, and likewise having
demonstrated both positively and negatively that the theory of
Prof. Rankine is wholly erroneous, it follows that none of those
writers who have adopted the Rankine theory, in whole or in part,
are able to guide others, either scientifically or practically, in the
construction or use of screw propellers.

TrHE DiscussioNs OF MY VARIOUS PAPERS REFERRED TO BY
Dgr. CaIgrb.

Fifth.—At the reading of my first paper in Glasgow, at the
summer meetings of the Institution of Naval Architects, on
August, 1877, in which I gave the demonstration of the true
action of the propeller, without reference to Prof. Rankine's
theory, there was no actual discussion, the remarks made being
purely of a complimentary character, the chief speaker being the
late Mr John Scott Russell.
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My next paper was read before this Institution on 23rd April,
1878. In this paper I called attention to the fact that the
geometrical analyses of correct delineations of the motions.
given to the water by the screw in propelling, were essentially
different from those which Prof. Rankine supposed to exist,
and on which he had based his theory. This paper, as well
as the previous one, I should mention, contained an investi-
gation of the displacing action of the blades as well as of
their propelling action, these actions being quite distinct from
each other; and also showed, in connection with the former,
the great practical advantages obtained from the use of thin
blades of machine-forged steel, arising from their greatly re-
duced displacement and the reduction of negative pressure,
when compared with thick cast iron blades, which were then
in general use.

This paper was first discussed at a special meeting, held
on 14th May of that year. Though a long discussion took
place, none of my demonstrations of the true action of the
propeller, or of the errors of Prof. Rankine’'s theory, were
called in question. To give opportunity for a fuller discus-
sion of the paper, the discussion was adjourned to the begin-
ning of the 1878-79 session, and took place on November 26th,
fully six months after the first discussion. At this latter
discussion, a written criticism of considerable length was sent
by Dr. John Inglis. The remarks of Dr. Inglis, at the pre-
vious discussion, were rather appreciative than otherwise, but
further study during the long interval had evidently wrought
a change, as the written criticism was distincly combative in
its character. The much greater part of this criticism bore
on that part of my paper which dealt with the displacing
action of the propeller, and showed considerable misapprehen-
sion of the subject. As this displacing action is