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INSTITUTION
ENGINEERS AND SHIPBUILDERS

IN SCOTLAND.
(INCORPORATED.)

THIRTY-NINTH SESSION, 1895-96.

Inaugural Address.

By Sir WiLLiAM ARROL, LL.D., M.P., President.

Delivered 22nd October, 1895.

GENTLEMEN—

1 have to thank you for the great honour you have done me
in asking me to take the chair of this Institution. I have been a
member of this Institution for a number of years, although not
taking any active share in its management. I have, however, given
every encouragement that I possibly could to those of my assistants
who are in the habit of coming to the Institution and reading papers
and taking an interest in the papers generally. I have been much
interested in looking over these papers before they came here, and
asgisting in their preparation as well as possible. I am sorry that1 -
never have had the time to come here and take advantage of this
Institution in conneetion with the engineering works of the country.
My lines were generally fixed in another branch of engineering and
continuing hard at a business which grew ra.pidlyl and which
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required me to devote the whole of my time to it. Although I
must make that my apology for not having taken any part directly
in the proceedings of this Institution, as I ought to have done, it is
incumbent upon every person who is engaged in the trade and
commerce of the country to do something to assist others to follow
us, and we ought to do the best we can for our own interests and
the interests of our fellow men. It is not only our interest to assist
in such an Institution as this; it is our duty as well as our interest
to do so. I have, therefore, to thank you for the great honour
you have done me in placing me in this chair—a position which
I feel I am unable to fill, because so many eminent men have
aiready filled this chair; but, gentlemen, I shall do what I
possibly can, by every means in my power, to advance the inte-
rests of the Institution. I did not prepare any special address,
because there have been so many eminent men specially qualified in
the various branches of engineering, such as your late President,
who could take up everything connected with engineering and ship-
building. 1, practically as an outsider, have taken part in a branch
of engineering more as a contractor than as an engineer, and it is
rather difficult for me to fix on any subject which would be interest-
ing to you, but perhaps at the close of the session I may be able to
bring something before you which will be interesting and profitable
to the younger members of our Society. Gentlemen, the Institution
now enters upon its 39th session, and at the close of last session in
April, 1895, the numbers of the various classes upon its roll were as
follows :—Honorary Members, 9 ; Life Members, 17 ; Life Associate,
1; Ordinary Members, 473 ; Associates, 32 ; Graduates, 237, making
a total of 769. During last session 1 new Life Member, 34 Ordinary
Members, 4 Associates, 28 Graduates, making a total of 67, have
been added to the roll. We have during the same period lost
several members by death, whose names and a short notice of their
careers will be found in the volume for the session just published.
The Institution is also in a prosperous condition financially, the
capital account having increased by £240. The papers read last
session were numerous and varied, and the discussions well sustained.
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The Council earnestly hope that the members will support them in
their endeavour to provide suitable and plentiful papers during the
coming session. Already several members have offered to contribute,
and the dates of the reading of their papers have been fixed. It is
most desirable that members proposing to read papers should at
once communicate with the Secretary, so that the dates of reading
may be suitably arranged. The Institution is now in touch with
all the leading Engineering Associations, both at home and abroad,
exchanging transactions with them and with all the principal
Engineering Journals. The list of exchanges as published in the
transactions shows that there are fully 70 such exchanges. Our
members are now in all parts of the globe, and the extending
influence of the Institution is seen in the numerous letters received
by the Secretary with reference to copies of papers read or informa-
tion as to membership. Gentlemen, there has been nothing out-
standing of any great magnitude to attract attention for the last -
four or five years, but still there have been very important under-
takings going on around us in Glasgow which call for some
attention at our hands. We are apt to get familiar with those
great undertakings when they are at our own doors and seeing them
from day to day, but it is necessary, perhaps, that we should take
some notice of them so as to enable us to get certain facts from
some of those who are engaged in these undertakings in order to
bring them before the Institution. In the first place, I would say
that the Cessnock Dock on the Clyde is entitled to our special
notice and consideration. The Cessnock Dock is no doubt one of
the most magnificent docks in the country. When that dock is
finished, I question if there will be another dock which will be
better equipped than it. There is also the Graving Dock alongside
of it, another important undertaking in connection with the Clyde.
1 have no doubt that we will have full particulars of these docks
put before this Institution from some of those engineers who are
engaged upon these works. I have no doubt that some of them
have been here already in sections, but I presume that we will have
complete papers put upon the proceedings of the Institution by the
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time the docks are finished. Then there is another great under-
taking, the Underground Central Railway, belonging to the Cale-
donian Railway Company. That is a very important undertaking
in many ways. In the first place, it is very important to the great
masses of our working classes and to contractors and those who
require labour in such a district as this, because, when you find a
company, such as the Caledonian Railway or any great company,
spending such an amount of money in our midst, it is a very
important thing for Glasgow indeed, because, once that money is
spent, it is a guarantee that there will be a certain amount of
employment for a great number of men wherever that money has
been spent. Now, although this Underground Railway comes in
for a great deal of abuse about Glasgow, it is a very important
undertaking, and gives facilities which will enable people to get in
and about Glasgow after it is made. It has been a very arduous
undertaking. I have no doubt that the Caledonian Railway
Company, had they to do it now, would never have touched it,
because, gentlemen, I have always said about individuals as well as
undertakings that the longer we keep above ground the better.
We know pretty well what there is above ground and we can
calculate on what is going on above the surface, but we know very
little about what we are going to meet when we go down below.
At the same time, after it is completed, I think it will be a great
benefit both to the Railway Company and to the citizens of Glasgow.
In the first place, it will enable the Railway Company to manipulate
their traffic and manage it with a greater freedom, and therefore
reduce their working expenses. The whole of their local traffic will
be converted into circular traffic, which will circle round the town
and relieve the Central Station from all local traffic and enable them
to deal better with the main line traffic, which will be a great benefit
to the Caledonian Railway Company and at the same time be a
great benefit to the public of Glasgow in every way. The only
drawback that I see is one that will come back more on the citizens,
and that is, that there will be a perfect block on Argyle Street and
the lower part of the town when all these great railway stations are
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pouring out their passengers within 300 yards into one street. How
the street traffic is going to be managed when all these railways are
opened is a problem for the Council and for civil engineers to try
and solve. The next thing that I would draw attention to is the
Subway which is being made in the west-end of Glasgow. This is
another great and important undertaking. Of course it is one of
those things which are being made underground too. Whether the
public will appreciate so much underground work I am at a loss to
say, but it is a very important undertaking which shows a great
amount of courage in the people who have spent so much money in
putting an underground Subway all round the west-end of Glasgow
for the purpose of trying to get a fair remuneration for the capital
they have spent. I hope that this great undertaking will be a
paying concern to the people who have had the courage to make it,
and a benefit to the public in giving us facilities which will enable
us to get round about Glasgow easier than we can do at present.
There is another work in Glasgow, and I think there is very little
attention drawn to it. I don’t know but what it may come to be a
very important undertaking indeed, and that is the Harbour Tunnel
at Finnieston. It is now open, and traffic is passing through it
every day, but whether it will be a commercial success or not, it is
in the right direction in giving us another means of getting across
the river without requiring to go through the crowded streets of the
city. Our City of Glasgow now is pretty much like the two legs
of a pitchfork, and you require to get round about it before you
can get to the opposite ends of the prongs, and it is a great draw-
back. When produce has to be carted round about from Partick to
Govan it causes a great amount of expense and makes everything
dear, and increases the oncost of everything that has to be trans-
ferred. Now, in this time when the keen competition of life is so
great, it is the duty of the Corporation to enable people to get their
goods transferred from the one side of the river to the other at the
cheapest possible rate it can be dome, so that it is absolutely
necessary that the people of Govan and Partick should have com-
munication from both sides of the river. Although they are not in
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the City of Glasgow—and I think the sooner they belong to
Glasgow the better for their own interests and ours—we look upon
them all as one community, because we are equally interested in the
various districts of Glasgow, and although some of us may live on
the one side of the river and have our works on the other, we don’t
know when we may shift over to the other side, and it is absolutely
necessary that we have communication in the lower part of the river
as freely as we have in the upper. Then, the next important work
which I would draw attention to is the Corporation Water Works
and other water works in various parts of the country. There have
been some papers read in connection with this subject, but in
passing I think it is a very important thing that we should get a
record of the great underground works that the Corporation have
had in connection with the reservoir at Milngavie. There has been
a very important undertaking there in connection with the puddled
dyke or puddled wall, which will be a very interesting subject for a
paper, because water engineering at the present day is one of the
most important subjects which the public are interested in, for the
simple reason that the water is disappearing from the most of the
country districts in Mid-Lanarkshire and wherever there are coal
workings. The water supply in these districts disappears or is
diminished in such a way that the public have great difficulty in
finding much water in conuection with their houses. I know that
some of the farmers in Lanarkshire at the present moment have the
greatest difficulty on account of the want of water, and I am afraid
that many of these districts will become depopulated owing to the
disappearance of the water. Some of you, I dare say, will have
heard of this unfortunate thing in connection with the water works
in Upper-Lanarkshire, which is identically the same thing which Mr.
Gale has had to contend with. They have gone to an enormous
depth at Glengavell, and after spending I don’t know how many
thousands of pounds in trying to find a foundation they have
not found one yet. In fact, I believe the works are practically
abandoned, or it is proposed to abandon them after spending so
much money. You see the importance of having a section of this
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great puddled wall which Mr Gale found it necessary to put down
in connection with the Corporation Water Works. Well, gentle-
men, these are some of the things in connection with our district of
the country, and the next subject I would draw attention to is the
Sewage Works in the east-end of the town. That important under-
taking has evidently proved a success—so much so, that the
Corporation intend to apply it to the north side of the river. This
is one of the things which our far-seeing Mr Carrick, who used
to be Master of Works, kept before him, because he took the
opportunity when the Caledonian Railway Company intended to
go underground to re-arrange the whole of the sewage at the east-
end of the town in such a way that practically the Town Council
have got the Caledonian Railway Company to re-arrange the whole
of their sewage for nothing, and it enabled the Council to carry out
this experiment at a cost of something like £150,000 less had the
Central Underground Railway not been made. The purification of
the Clyde will be a very important thing for Glasgow, and I think
it is absolutely necessary that it should be undertaken as soon as
possible. There is no doubt that it will cost a great amount of
money. The rivers round about Glasgow are, no doubt, in a very
filthy condition, and are getting worse year by year. Our large
cities and great manufacturing centres are spread out all over the
country, and it is very difficult to get drainage. It is absolutely
necessary that the purification of the Clyde and its tributaries
should be taken up at the earliest possible moment, and not only
the Corporation of Glasgow but every other Corporation should be
compelled to contribute their share and purify their own part in
order to enable the rivers to be used by the people lower down.
Well, gentlemen, I don’t know that there is very much more to say.
With reference to the principal undertakings that have been going
on in the country, there was one in connection with the Tower
Bridge which was opened lately. That was a very important
undertuking that I had something to do with. That bridge is now
open and working, and I am glad to say it is giving every satis-
faction to the public, for whom it was built. There is another great
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bridge talked about—the Channel Bridge. It has been mentioned,
and a Company has been formed, and they are spending a certain
amount of money year by year, but I don’t think that any person
in this room will live to see a Channel Bridge. They may live to
see it started, but I don’t think they will live to see it finished. It
is a very simple thing to design a bridge for the Channel to cross
the Straits, but I don’t think any sane man would undertake such a
contract and live to sce it finished. At least I don’t think I would
undertake to do it. I was asked to meet the French engineers
three or four times during last year to discuss the matter, as they
seemed sanguine that the thing would be started. I said to the
director who came to me about it, that before anything practical
could be done in such a great undertaking as this the first thing to do
was to get the two Governments to settle the international question
before they went to Parliament or asked any person to put their
money in such an undertaking. The bridge was intended to be a
bridge pretty much in the style of the Forth Bridge. The cylinders
were to be put down and the piers to be put down pretty much as
I did those on the Tay, and the plans were evidently taken on the
same lines. The bridge was to be put down somewhat after that
style, but the difficulty is whether it would be a wise and prudent
thing to put a bridge in the midst of a channel, such as the English
Channel, between England and France. I would say, as a practical
man, that it would not be prudent for all the traffic that ever could
be run across it. Supposing trains were going as close as they could
to one another, it would never pay on this side of time, and it would
never give a return. Then there is the danger to shipping. That
would be so great that it would be almost impossible to prevent ships
getting dashed against some of the piers, and there would be an
enormous number of wrecks every winter if such a bridge was ever
put up. It would also be impossible to transmit a sufficient amount
of goods to France to make such a bridge pay in any shape or form,
because if you take the railway freight from London to this end of the
bridge it would be more than taking them all the way to France in
ships, and it is practically impossible to make it pay. I will only
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mention one more matter and then we will proceed to the other
business, and it is in connection with the finishing of a very large
undertaking in London, or rather the practical completion of it, and
that is the tunnel underneath the Thames. You are aware that they
have been making a tunnel under the Thames for the purpose of
enabling the traffic to be carried further down the river for a mile
and a half under the Tower Bridge down at Blackwall. They are
making it 30 feet in diameter for the purpose of carrying through
the street traffic, pretty much the same as the tunnel made by
Brunel three-quarters of a century before. That tunnel has been
carried through practically the same as the Hudson Tunnel at New
York, and it has been carried through very successfully, and now
they have joined and got it completed right through under the river
and on to the north side of the river. I am very pleased that it has
been such a successful thing, because my interest in it is this, that
the whole staff that has been carrying it through was composed of
some of our young men who were brought up at the Forth Bridge.
Some of these young engineers have read papers upon the subject.
I do not know that there is much more to say, further than the fact
that marine engineering on the Clyde is still in a position that we
would like to see improved, and we would like to see shipbuilding
on the Clyde better than we have it at present, or have had for a
considerable length of time. There is no doubt we would all like a
considerable amount more work going on on the Clyde than at
present. Things are not over busy in a number of the yards, but
it is a very difficult thing to keep those large shipbuilding yards
turning out vessels as fast as they can build them. Our late
President and the other large shipbuilders on the Clyde would be
very pleased to have a large number of ships and engines turned
out for the purpose of keeping their employees going ; but there are
two sides to this question, which is coming to be a very important
question in this country, and that is the keen competition of life in
which we are all interested, because a great amount of shipbuilding
on the Clyde re-acts on some other trade in the country. We are
all keenly interested in this competition, and everyone2 is doing the
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best he can. Every shipbuilder wants to build as many vessels as
he can, and every shipowner wants to run as many as he can and get
as large cargoes as he can. This is a matter that is very interesting
to us as a nation, but there are other people who are not so much
interested in it. We have a great agricultural depression, which
looks as if it were going to swamp the whole of our agricultural
interest in this country, and when you look at it in the proper light,
what is causing this great agricultural depression but our great
prosperity on the Clyde. The reason is this, that there are so many
employees in this country requiring employment. There are so
many shipowners or shipping agents who want to be always starting
lines of steamers and running to every place in the world, and they
are keenly competing for cargoes. The shipbuilder keenly competes
for building ships, and the shipowner for cargoes. Shipowners will
carry a cargo for little or nothing, and bring the foreign produce to
our shores at the lowest possible rate, and the competition has driven
our poor farmers down to the very lowest that they can exist at.
The depression in the agricultural interests is far more than we can
realise in this country, but we who are living in the large cities are
getting the benefit of this keen competition in which we live, because
we must have it to feed our working-classes as cheaply as we possibly
can. Without the foreign grain we would need to pay more for our
food, and it is very important that we should have those cheap food
products. We are getting all this benefit at the expense of the poor
agriculturist, but we as a nation cannot exist without the keen com-
petition in which we are interested. It is all in our interest, and
we must find another solution. We as shipbuilders and engineers
must try to get as many ships as we can, and find out some other
remedy for the agricultural interest. With these remarks I propose
that we now go on with the rest of the business for the evening.

Mr JonN INGLIS said he believed it was his privilege to ask the
meeting to accord a very hearty vote of thanks to Sir William Arrol
for his address. They were all familiar with the great works that
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Sir William Arrol had executed and the great difficulties he had
overcome, and that every engineer with an ambitious project looked
to him as a man who would be able to bring it to a successful con-
clusion. They considered him a man of deeds rather than of words,
but they were also glad to hear him tell them about his great deeds.
They looked forward with much interest to the account he had
promised to give later on of some of these feats of construction, and
in the meantime he proposed that they give the President a hearty
vote of thanks for his address.
The vote of thanks was heartily accor:ied.






On the « Exiension of the Loch Katrine Water Works.”
By Mr{JaMEs M. GALE, M.Inst.C.E.

The discussion on this paper was resumed on 22nd October, 1895.

The PRESIDENT stated that Mr Gale was not present. He would
ask Professor Barr if he had anything further to say.

Professor BARR gaid he did not think that he had anything further
to say on the paper. A report of some remarks that he had already
made on this paper appeared in the last volume of the proceedings,
but he would like to state that he had not corrected the draft sent him
for revision. As would be gathered from the report, the revision
meant the thinking out of what it was that he had said, and that
he had not found time to do when the draft reached him. With
regard to the paper, he had no doubt that most of the members of
the Institution would feel with him that they must take what Mr
Gale had written regarding these works as the best information that
could be given, and as something quite beyond their criticism. The
papers which Mr Gale had given to the Institution in former years
had attracted a great deal of attention. With this addition, and
possibly with the addition suggested by the President, describing in
more detail that wonderful puddle trench which no doubt many of
the members had had the pleasure and interest of seeing, these
papers would form in themselves one of the most valuable treatises
they had on the subject of water-works engineering. He thought
that the Institution was exceedingly fortunate in having had the
honour of publishing such a valuable record of great works accom-
plished.







« 4 New Departure in Steam Engine Economy, with a Description and
Tests of Field's Combined Steam and Hot Air Engine.”

By Professor ANDREW JAMIESON, M.Inst.C.E., F.R.S.E, ete.,
Of the Glasgow and West of Scotland Technical College.

The discussion on this paper was resumed on 22nd October, 1895.

Mr E. HALL-BROWN said, Professor Jamieson had given them an
account of a test of what he calls “a new departure in steam engine
economy,” viz., Field’s combined steam and hot-air engine, but, so far
as he could judge, Professor Jamieson’s test seemed to have omitted
the very important point that # is a hot-air engine as well as a
steam engine, and he merely gave the consumption (as determined
by him) of steam. He said that “as we were not specially studying
the economy of the boilers as steam generators, I will not put any
stress on the coal burned per pound of water evaporated, but rather
on the steam used per H.P. hour.” The facts seemed to be these :—
They had an engine using in the first instance steam generated in
in a very uneconomical boiler ; under these circumstances they were
told that the engine consumed 31 lbs. of steam per ILH.P. hour;
afterwards this engine was altered according to Field’s system by
putting an air heater in the flues, whereby some of the heat formerly
escaping to the chimney was caught, and the heated air so obtained
was used in the engine. It would therefore be seen that in the first
case the engine had one source of heat, viz., the steam, and in the
second case, two sources, viz., steam and hot air. Instead of heating
the air, a second boiler might have been fitted and the steam so
obtained from the heat of the escaping gases used in the engine,
thus reducing the consumption of coal; or a more efficient boiler
might have been fitted with the same result. Whether this
would have been as economical (looking at the question of
the coal used per B.H.P. hour) as the Field arrangement they
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had not snfficient data in the paper to say, but it would seem
that with a fairly good boiler, and the engine using 31 lbs.
steam per LH.P. hour—say 374 lbs. per B.H.P. hour—the coal per
B.H.P. hour could easily have been reduced to 3-56 lbs. In this
connection it might be pointed out that the boiler would be more
pressed for steam in Professor Kennedy’s test than in Professor
Jamieson’s, and consequently the steam might not be maintained at
113 lbs. per square inch in the earlier test, but might fall much
below that point; if so, the comparison became less favourable for
the Field engine, and the probability, that a more economical boiler
would have given equally good results, stronger. This was a point
which he would like to draw Professor Jamieson’s attention to, and
that it would add greatly to the value of the paper if he could
append a table of results from Professor Kennedy’s test.

In the general arrangement given by Professor Jamieson he
showed a steam superhearer, S.S. It was not clearly shown
where the heat was taken from, he presumed from the flues. Would
Professor Jamieson inform them if this superheater was in use
during Professor Kennedy’s test, and, if so, the degree of super-
heating in his tests, and those of Professor Kennedy? If in use
in both tests, the steam should have been more superheated during
the later test, as there was less steam passing through it.

The indicator diagrams shown in the paper were very remarkable
in many ways, but he would only point out that the steam
pressure in the cylinder was at least equal to, if not greater than,
that in the boiler (this was also stated in'the table), and that the
exhaust took place exactly at atmospheric pressure in spite of the
fact that hot air was being blown into the cylinder during exhaust.
Personally he had never been able to obtain correct diagrams show-
ing these results.

Regarding the tabulated results given by Professor Jamieson he
had little to say, beyond that the boiler efficiency seemed to have
fallen off very much in the second day’s trial when the evapora-
tion was only 7'9 Ibs. from and at 212 degrees, as against 8-9 Ibs.
on the first day.
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The question of the consumption of hot air was an interesting
one, and it was unfortunate that it had been practically over-
looked in the paper, but Professor Jamieson gave in his remarks
an estimate based upon the cylinder capacity of the engine.
He assumed that the cylinder was half filled with hot air at
1 1b. per square inch and 550 degrees F. Now if the cylinder was
half filled only, he could not agree with Professor Jamieson’s remarks
on page 7 of the paper, that * consequently the whole internal surface
of the cylinder was heated up to a temperature far exceeding that
of the steam, thus preventing the possibility of condensation, etc.”
He was of the opinion that to heat the cylinder thoroughly it would
be necessary not to half fill it with hot air only, but to blow hot air
through it and out of the exhaust ports. Possibly this was the case,
as a very considerable quantity of heat would be required to account
for the fall in consumption from 31 lbs. to 18 lbs. If he was right
in this, the quantity of air actually heated would be largely in excess
of that given by Professor Jamieson, and consequently the heat
abstracted from the gases would be much greater than his estimate.
Taking Professor Jamieson’s figures however, he made a slip in
saying that 2} lbs. of steam per minute was equal to about } of a
H.P. Asa matter of fact, in the Field engine cylinder it would be

equivalent to
256 x 60

12x18
He would not go into the figures of the heat actually transmitted
to the air, as this could only be an estimate, and might vary, from
the figures given by Professor Jamieson, to three or four times that
amount.

Only one other point he would mention was that although
the consumption of steam at the light load was very favourable, it
was more than counter-balanced by the low B.H.P.

It was always interesting to hear of a new thing, and this Field
engine had been no exception ; but he thought that most practical
engineers would agree with him that the merits of the invention
would require to be more clearly seen than they wer; at present

= 696—nearly 7 L.H.P,

\
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before it was largely adopted even in the few situations to which it
was applicable.

Professor JAMIESON replied to the remarks of Mr E. Hall-Brown,
that he had tabulated all his observations just as they were taken
down, and had described faithfully all the testing apparatus pro-
vided for his use by Messrs Field & Company. He agreed with
Mr Brown that it would have been both interesting and instructive
to have ascertained the exact amount of heated air which was
admitted into the cylinder of Field’s engine, and he regretted that
no means were placed at his disposal for obtaining the same. He
believed that the superheater was in use when Professor Kennedy
tested the engine (both before and after its conversion), and that
his estimate in each case was that the quantity of priming water was
entirely negligible, being on the average less than 0-2 per cent. Of
course, the boilers were more pressed for steam o produce the same
power before the conversion into Field’s system than afterwards; but
in each case there was no difficulty in maintaining the steam at the
desired pressure. He was sorry that he did not possess a table of
the results obtained by Professor Kennedy, but he understood that
his report distinctly and entirely attributed the improved economy
in the weight of steam used per I.H.P. to the application of Field’s
system ; for, the efficiency of the boilers worked out very nearly the
same before and after the conversion of the engine. - Of course, the
efficiency of the boilers fell when working light as in the author’s
second day’s trial. Any one who had carefully tested boilers for
their steam and coal consumpt had experienced similar results; for
the efficiency of a boiler would rise up to a certain point with the
demand for steam, and it then gradually fell if forced beyond that
point. The fact that the observed steam pressures by the two
boiler gauges were the same as the pressures as registered by
the indieator (in one instance 1 lb. less) went to show how faithfully
these pressures were recorded ; for the same assistant who noted
the two boiler gauges also took the indicator cards, and of course
some minutes elapsed between these respective observations. As
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stated in the paper, the spring of the * Wayne ” indicator was most
carefully tested after the cards had been taken and that of the
“Crosby ” indicator had been previously found to be correct.
Referring to the indicator cards of the first day’s trial, the atmos-
pheric line should have been traced by the zincographer’s artist
about gs-inch below the exhaust line. With this exception, the
figures were very exact reproductions of the original diagrams. Of
course, the statement that 2} lbs. of water converted into steam per
minute from and at 212 degrees Fah. was only equivalent to * one-
eighth of a horse-power,” was evidently an error in the re-writing of
his (Professor Jamieson’s) MSS. by an assistant for eight horse-power.
Since— 2} x 60
186

To be more exact, he might have said that the total heat absorbed
in raising 1 1b. of steam from water at 60 degrees Fah. to steam at
113-4 1bs. pressure per square inch by gauge was 1160 B.T.U. But
it was found by the first day’s trial that the Field engine only
required 18-6 lbs. of the steam per hour, and that if the cylinder
was but half-filled with hot air at each stroke then 20 lbs. of this
heated air would be required, or an expenditure of 2332-4 B.T.U.
every minute. Hence—

2332-4 x 60

1160 x 186
Or, to half-fill the cylinder at each stroke with air of 550 degrees
Fah. requires the trapping of heat from the waste gases equivalent
to nearly 64 H.P,, i.c,, just 4§ per cent., which was certainly not a
large amount when they considered the advantages otherwise
derived from the use of this heated air. There could be no doubt
that the boilers were not arranged on the most economical principle,
but they represented very fairly what had been hitherto the average
practice in this country. Further (as mentioned in the paper), the
engine had a very low mechanical efficiency. Nevertheless, with
these apparent defects he did think that it had now been clearly
demonstrated that the admixture of hot air with exhaust steam
greatly reduced initial condensation and consequent waste of steam
in the cylinder of an engino.

= 8 H.P.

= 64 nearly.
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MR R. E. FrouDE'S 1886 paper, read before the Institution of
Naval Architects, marked an epoch in the investigation of the
properties and behaviour of the screw propeller.

As is well known, he experimented extensively with model
propellers, and presented in graphic form, in a series of plates
which accompanied his paper, the results obtained with screws of
0-68 feet diameter, set at 1:235, 1'4, 18, and 2-2 pitch ratio,
advancing through the water at a velocity of 206 feet per minute.

These diagrams were very involved and difficult to use. So much
so that in 1892 Mr Froude read a supplementary paper, throwing
over the old forms and substituting a new set of curves, which have
the merit, not only of being easily and quickly applied, but of giving
the data sought for in an eminently comprehensive and lucid form.

The curves which I now submit have been constructed from the
1886 Froude diagrams and entirely without reference to and
independently of the 1892 paper. In fact these curves and Froude’s
later ones arrive at the same conclusions by differént methods.

It may be useful to quote his fundamental propositions laid down
in his 1886 paper, which are :—

(1) The performance of any given screw advancing at & given
speed through the water and turning at various numbers
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of revolutions per minute (i.e., with varying slip-ratio)
may be represented by a diagram where the abscissa
indicate values of slipratio: the ordinates of B B the
the corresponding thrusts : and the ordinates of A A
the corresponding efficiencies.

(2) With given slipratio the thrust of a given screw varies as
the square of the speed of advance through the water.

(3) With given slip-ratio and given speed of advance and with
given design of screw, the thrust varies as the square of
the dimension of the screw.,

(4) With given slipratio and given design of screw the
efficiency is unaffected by variations of speed or of
size of screw.

(5) (Consequent on preceding.)

A single diagram will represent the performance of any
number of screws of given design but of differing sizes
advancing at any variety of speeds through the water,
if the ordinates of the thrust curve are taken to represent

T
DV
where T = thrust ; D = diameter of screw ; V, = speed of advance-

As a result of the experiments referred to, Froude found that
with constant slip-ratio the thrust varied as %— 0-17 ; and, with

. D\°8
constant efficiency, as (F) .
Or, expressed in equations :

D_;r\ﬁ =C (IF? — 0'17). C being constant when s is constant.
1

D\o8
172'1“71& =B (P’) . B » ”» € »
His notation being in tens of feet for D, and tens of knots for V,,
T
becomes (ﬁ )?(Vl)*; and, putting N for this value, we get

T
Devy? 10) \1o
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C= ﬁ;—. @)
=
B= (IPL))‘“’, N. (IL)

From Froude’s Fig. 4 values of N have been very carefully
measured and, together with the corresponding diameter and pitch
ratios, substituted for the symbols in the above equations, which
have then been solved for C and B. These values of C and B are
given in exlonso so that the accuracy of the measurements may be
tested.

Fors =010 C= 217
» » =015 n = 84b
=020 , = 500
s =025 . = 693
»n =030 » = 940
9 3 = 03D » = 1260
3 = 040 ,» = 1700
o = 045 , = 9252
For abscissa value 2 B= 0553
» » 4 »= 1140
»” - 6 » = 1830
» » 8 » = 2700
» » 10 »= 3730
” » 12 »= 5060
» ”» 14 »= 6860
”» » 16 »= 9152

Of course the whole practical value of the curves now submitted
depends upon the aceuracy with which, first, the original curves
have been constructed, and, second, the data contained in them
have been extracted.

The results show Froude’s work to be beyond praise.

From these data our Q and W curves have been built up: and in
explanation of the form given to them I may say that it was
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thought desirable to eliminate the assumptions of an arbitrary wake
factor and of an arbitrary propulsive co-efficient—assumptions which
Froude made in 1886, and which he has retained in his 1892 paper.
The disc area has been taken instead of D3. Otherwise the material
to be treated, whether for purposes of design or of analysis, is in
much the same terms as those employed by Froude.

The speed of advance of the propeller, or V,, has to be fixed
sooner or later, and it is, I think, better to do so before using the
curves than afterwards by the method of correction.

In the absence of other data, Froude’s own scale in Fig. 8, or
better as given by D. W. Taylor, in his * Resistance of Ships and
Screw Propulsion,” will be found useful.®

I have found it very fairly exact for top speeds in the cases we
have analysed. By top speeds I mean the highest speeds attained
in ordinary practice having regard to the fulness of the ships
propelled. Mr Hok, in his admirable paper read before the North
East Coast Institute in 1893, gave, in tabular form, the suggested
top speed for 100 feet models with reference to their block
co-efficients. I give the same results, in graphic form, in Diagram
3, the abscissee being block co-efficients and the ordinates

\4
( L )}, or the square root of one-hundredth of the length of the

100
actual ship divided into the actual speed.

And it is just as easy to determine the propulsive co-efficient at
the outset, in cases of design, as after getting out the dimension and
pitch of the screw. The determination is, of course, a matter of
experience. In trial analysis, when the nett resistance and LH.P.
are known, ¢ is readily calculated.

The reason for taking disc area instead of D? was that the disc
constant is very commonly used in the literature of the screw

* The equations of the mean wake lines are :—
For single screws, w = 0'44 o — 0'02
For twin screws, w = 0657w — 020
o being block co-efficient.
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propeller, and it is well to retain as many familiar expressions as
possible in treating so abstruse a subject.

It will be noticed that Froude’s abscissa values may be done away
with entirely by plotting the efficiency curve directly on values of
W as absciss® ; and as W is used only for the determination of the
efficiency it is a more convenient form.

The construction of the curves is as follows :—

Transposing equations I and II. and restoring the original
symbols for N, we have:

%=(g_.an),(%b;ﬂ9. @’

e EE

Reducing T to T.H.P. and expressing velocities in terms of knots

per hour ; at the same time substituting for D2 its equi;falent 0_7& 0

these equations assume the forms of

1147 AV \
[P“‘ 017] b @)
and 1142 _(Dy®  AVp .
B P - THP, O

1142 1142

The ordinates of the Q curve are —— < and those of the W curve 5

or the reciprocals of C and B multiplied by a constant, 1142. The
final forms of these equations are:

D Ad—
Q= [P._.o-u] AR o ®

= SR

]
Or, as the expression (IEH? v - & is common to both equations,

denote it by C,, and we have :

Q= @—wﬁm (IIL)
4
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We (IF?)“. C.. A

These final modifications will at once be seen to be merely a
substitution for V,, of its equivalent (1 — w) V, and the introduc-
tion of E.H.P. and ¢, into the formuls in place of T.H.P.

As Froude has pointed out T.H.P. = EH.P. when ¢;, or hull
efficiency, = 1-00, and in design that is the condition generally
assumed. The formule as above are correct for four-bladed screws ;
for three-bladed C, is to be multiplied by 0-865, and for two-bladed
by 0-65.

These curves are applicable in cases both of design and of
analysis, as the following explanations will demonstrate :—"

DESIGN.

There is one pitch, and one pitch only, which will satisfy
the conditions of any case where LH.P., revolutions, speed of
advance, and diameter of screw are given.

I say diameter of screw, because as that is generally fixed by
conditions imposed by the draught of the ship to be propelled, it
may be treated as one of the data. But if a range be permissible it
is, of course, a simple matter to work out the problem for several
diameters and select that one which corresponds to the highest
efficiency.

To find Q it is necessary to have recourse to a mathematical
device, the solution being partly algebraical and partly geometrical.

If we turn to the relation of speed, real slip, pitch, and revolu-

tions, i.c.,
101} V(1 —w)

P=—ma— T—s ()
divide by D and invert, we get

D_(1—y)

P o101} [v 1 —w) (2)

* The equation of the Q curve is
Q-%-m
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Or, as the expression within large brackets is the well known
revolution constant, let us call it Cy and write

D=9 ¢, 3)

Substituting this value for Ilm the Q equation, viz. :

Q= [D_ 017] C. )

Q= 91%%(#;‘ (1—$)—017Cs (V)

This, in any given case, is the equation of a straight line referred to
the same axes of co-ordinates as the Q curve.

Now, the co-ordinates of Q and s have to satisfy both the Q curve
and equation V in any problem, and they can only do so at a
common point, na.mely, the intersection of the straight line with the
curve,

The method of application is as follows :— Solve equation Q for
two values of s, say for s = 0:0 and s = 0-5; spot those values of Q
on Diagram I, and draw a straight line connecting the spots and
cutting the Q curve. The point of intersection gives the true value
of Q and the corresponding abscissa that of s.

Having found Q and s,

we have

1_—

+ 01
D

6- + 0'17.

gl
Il
9'«0'

(VL)

"d
e.O

The work at this point is easily checked by calculating the apparent
slip-ratio from its relation to real slip-ratio and wake, and comparing
it with its value calculated from its relation to speed, pitch, and
revolutions. That is:

s —w

1—w

1013 V
1l =

sl=
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The pitch being determined, the value of W is calculated from
the equation.

C.
W= (F)Fa (VIL)
D
and the efficiency read off the W diagram.

ANALYSIS.

The difficulty we meet at the very outset in using these or any
other curves for analysis arises from the indeterminate character of
such factors as w and ¢,.

Had we no means of getting over this initial difficulty the curves
would be of little use for exact analysis; fortunately by means of a
device analogous to that of the “cutting line” in Design we can
arrive at very valuable results.

Hull efficiency is one of the three efficiencies of which the

propulsive co-efficient is composed, viz. : —

g=¢ X Xey
So that o= % )
T
Now C.
W =7P\vs
(o)
= -Péo-e (1 —wpV*
= (B) - EHP.

Substituting for ¢, its value in (1).

T
A (1—wpVe
i L
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Solving for e, we have: A
- s (L—wp Ve
A
To eliminate w, take the relation :

101 1—wV

l—3s

() i

1—s

@)

s (l—wp V3 = (3 P) R® (1 —s)s.
Substituting this in (2) it becomes :

A 3P R3 1—3
&= (11; o (304) - LHP, AL om)
This is the equation of a curve referred to the axes of Diagram 2,
which will be found to cut the curve of e,

The method of procedure is to solve equation VIII. for three
arbitrary values of W selected, so that one shall be greater and one
less than the value experience would lead us to expect, and let the
third value be intermediate between these two.

Spot the values so obtained on diagram 2 and sweep a fair
curve through them cutting the e, curve. The point of intersection
gives the true ¢; value and the corresponding abscissa the exact
valne of W.

Q and w are then easily calculated from the equations

P\o8
a= [0 (p)".w
s — g
1—s

An example is worked out in Appendix B.

The data from which the examples in the appendices are worked
out have been taken from Mr Martin’s paper on “ The Trials of the
Dutch Opium Cruiser *Argus,’” and, in order that the information
may be in as accessible & form as possible, I give a diagram of the
results of one of the progressive trials. (Diagram 4.)

and w =
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It contains a curve of E.H.P., the model having been tried in the
Royal Naval Tank at Amsterdam,

In pursuing these investigations I have had brought home to me
more and more forcibly the necessity for experimental data such as
can only be furnished by a well equipped tank.

T.H.P. or EH.P. can only be arrived at, with any satisfactory
degree of accuracy, by means of tank trials; and the complex
problem of the strange relations between thrust deduction and
wake gain will ever remasin, so far as I can conceive, not only
insoluble but unassailable, unless it can be brought under such
observation and subjected to such treatment as an experimental
tank alone renders possible. And that is, to my mind, equivalent
to saying that only in and through such methods can we reach a
thorough understanding of the action of the screw propeller.

In conclusion, I wish to express my indebtedness to Mr John
Anderson for very able assistance in the preparation of this paper,
and particularly in working out the cutting line for the determina-
tion of the Q value in design and the cutting curve for the deter-
mination of ¢, in analysis.

SYMBOLS.

A = Disc area of propeller in square feet.
D = Diameter ,, ”» ” ”»
P = Pitch ”» ” ” ”
T = Thrust ,, w g toms.
R = Revolutions of ,, per minute.
s - Mmﬁms{lm (t):.t';;o of propeller.

w = Wpaia ¥ F

factor.
V = Actual speed of slnﬂ in knots per hour.
wV= »n » Wake, ”»
1—w)V=YV, » 3 BCTEW in oo om through the

wake current in which it works.
t = Thrust deduction factor.

T.H.P. = Thrust horse power.
E.H.P. = Effective ,, »
LH. P = Indicated horse ,,
= Engine efficiency.
- Tew ”
¢ = Hull »

¢ = Propulsive ,,
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APPENDIX A.
Example for Design.
Data. V=16, E.H.P. = 640, w = 0-26.
R = 205. D = 76 feet. & = 1-00.
Fomulw. - C"Cn .
Q o1 (1—3)—017C,.
c Al —wpVse e
_ DR
G = Ql—wV
D
P=Q om.
C.
Calculating from the data we get :
C, = 114¢6. Cy = 130.

Q=1275 when &= 00.

Q= 540 , s=05.
Applying the straight line on diagram I. we get the point of
intersection at Q = 70, and consequently s = 0-39.

P re f
= 70 oy = 9°6 feet.
Tiz6 + 017
Checking by apparent slip :
B P —w _039—026_ o .
l—w 1—026 :
1013 V 1013 x 16

l=l——md-—=1—

PR 9-6 x 205

=

= 0-176.

C .
W= —p—( )‘o:s- lll_;l‘i =9471.
D

. ey = 061,
The actual pitch in the case of the “Argus” is 9-25 feet, the differ-

ence being due to the fact that the wake co-efficient works out at
0-24 instead of 0-26, and ¢, at 1-093 instead of unity.
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APPENDIX B.
Example of Analysis.
Data. D = 75 feet : P =925 feet : V = 16.
f=0142 : LHP.=1024: ¢ =085
¢ = 0°595. R = 205.

Formule,
3. RS (1 — )
Z_P) (304) 6 LHPD.: —W‘)‘

(1—9) (0-00076) . (2‘?{"32—"’)“ .

= 27885 x (_1%’1

_ D | P 08
Q= (1-,—017) (ﬁ) LW
=064 x 1°119 » W.

"‘U

= 0762 x W.
IfW =150 : Q=1143 : §=081
and e, = 0-61.
If W =100 : Q=162 : s =088
and ¢, = 0°67.
W= 80 : Q=61 . s= 0416
and ¢, = 0°6975.

A curve swept through these points of ¢, plotted on diagram II.
intersects the e, curve at
W =118 : Q=90 : s =035
and e, = 0-642
s —sg _ 0356—0142
T—s' 1000 —0-142

Thrust Efficiency (e, x ¢;) = 0'85 x 0642 = 0-546

e \_ 0-595 1.
¢, or Hull ,, (elx )—0——°546 =109
t, or Thrust Deduction factor = 1 = £x(1 —=w) = 1 - 109 x 0-758=0-174.

= 0°242.

w=
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It was agreed to postpone the discussion upon this paper till next
meeting, and on the motion of the President a hearty vote of
thanks was given to Mr Caird for his paper.

The discussion of this paper took place on 24th December, 1895.

Mr JameEs HOWDEN said this admirably arranged paper by Mr
Robert Caird on “Propeller Diagrams” raised issues on a rather
complicated and abstruse subject. Having given, in former years,
considerable attention to the action of screw propellers and the
phenomena attending their working, he wished to offer some remarks
on the points raised in Mr Caird’s paper. It might be described as
the eulogy of Mr R. E. Froude, or, at least, of his paper, read at
the ILN.A. in 1886, on “The Determination of the most Suitable
Dimensions for Screw Propellers.” Mr Caird had characterised the
teaching of this paper of Mr Froude as beyond praise, and as marking
an epoch in the investigation of the properties and behaviour of the
screw propeller. Mr Caird in his paper had therefore set himself the
task of producing curves representing the performances of screws,
these curves being constructed from Mr Froude’s diagrams and
formulse given in his paper of 1886, but by a different method than
that used by Mr Froude to represent the same effects in his later
paper of 1892. It might be taken for granted that any paper by Mr
R. E. Froude must contain valuable and ingenious matter, presented
with much literary excellence. In his paper of 1886 there were
investigations of an original and instructive character, but that the
sum total of the paper merited the estimate given of it by Mr Caird
he must decidedly take leave to question, because it was in a great
measure based on insufficient data and misleading conceptions, and
the conclusions derived therefrom were incorrect, and consequently
the paper did not fulfil its professed object, *“ The Determination of
the most Suitable Dimensions for Screw Propellers.” The formula
on which these curves were constructed left out of consideration
some essential factors on which the determination 5of the most
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suitable dimensions of a screw propeller for any given case depended.
Further, Mr Froude deduced from the performances of certain small
model screws of about 8 inches in diameter, of special shape, working
under special and limited conditions, the means of determining the
dimensions of screws for ships of the most divergent character.
The propeller, in fact, in his treatment became, as it were, a law
unto itself, while the ship and ifs character, in determining the
character and the proportions of the screw, were practically ignored.
Again, Mr Froude gave values to slip and pitch ratios taken from
one size and character of screw working under like conditions as
fixed factors for determining the proportions of all other screws,
giving to these most variable and in a sense accidental factors a
value and power in this determination far beyond that which they
actually possessed. A still further objection was that the principles
on which Mr Froude based his propositions were incorrect and at
variance with experience. He said, in Section 133 of his paper,
“The leading propositions concerning the efficiency of screws in
undisturbed water, whieh I am going to put forward, are primarily
based on the reasoning of the late Dr Froude’s paper, read before
this Institution (IN.A.) in 1878, entitled ‘On the Elementary
Relation between Pitch, Slip and Propulsive Efficiency.” These
propositions have been corroborated by the results of very numerous
experiments on model screws made at Torquay, they are also corro-
borated (as I gather from Mr Sydney Barnaby’s work on ¢ Marine
Propellers’) by the results of an entirely independent set of experi-
ments therein referred to.” Before referring to these theories and
investigations of Dr Froude and Mr Barnaby, it would be well to
mention here that they, as well as Mr R. E. Froude, had had their
ideas on this subject strongly influenced by an erroneous estimate
made by the late Professor Rankine of the extent of the motion
given to the water in propulsion from a given slip. The weight of
Professor Rankine’s authority had been so great as to lead all the
eminent men who had written since then on this subject to accept
without investigation his theory as correct, for the error had been
repeated by Professor Cotterill, Dr Wm. Froude, Mr R. E. Froude,
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Professor Greenhill, and many others, and here they found Mr
Robert Caird, amongst these eminent men, taking his views from
Mr R. E. Froude, a follower and defender of Dr Rankine’s theory,
though with various modifications. All these held on one to the
other, like links in a chain, and the whole to Professor Rankine.
Before referring more particularly to the points in the investiga-
tions and theories of Dr Froude and Mr Barnaby, referred to by
Mr R. E. Froude, he (Mr Howden) would return to the proposi-
tions in the 1886 paper of Mr Froude as given by Mr Caird, and
show why the fifth proposition, which embodied the previous four
propositions, did not fulfil the purpose for which Mr Froude wrote
his paper. This proposition was, A single diagram will represent
the performance of any number of screws of given design, but of
different sizes, advancing at any variety of speeds through the water

. . T
if the ordinates of the thrust curve were taken to represent D—,V?

where T = thrust; D =diameter of screw; V,=speed of ship’s
advance.” To show the undue value given to the diameter of the
screw in this formula in determining efficiencies or any values repre-
sented by ordinates of the thrust curve, he gave two examples where,
with exactly the same thrust and the same speed of ship, but with
a difference in diameter of screw, which difference in actual practice
could, by a slight variation in disposition of surface merely, without
altering area, give a greater thrust than the screw with the greater
diameter — that is, the engines with the same revolutions gave
thereby a greater speed to the ship. Suppose, for easier comparison,
that the screw of smaller diameter gave only the same speed, the T and
V, of the formula remained the same in value in both the following
equations (see Plate IIA-):—

(1) With larger screw, let T = 12,000 lbs., ozs., or any other unit of
weight, D = 12 feet, V, = 10 knots, then 1 = 85,
1
(2) With smaller screw, with T and V, as in (1), let D = 10 feet,

T _1
t#enD—zw—l2.
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In these two examples, with the same actual thrust and speed, by
the simple alteration of diameter of screw the ordinates of the thrust
curves actually varied as much as nearly 45 per cent. What value
could such formulwm, so inadequate, be for determining the most
suitable dimensions of screw propellers? He would say, little or
nothing, They were, indeed, entirely misleading, for instead of such
diagrams as they gave, representing the performances of any number
of screws of different sizes at any variety of speed, as was ciaimed
by Mr R. E. Froude and Mr Caird, they were only applicable to the
size and character of the propeller used in the experiments for one
particular case and with one particular ship, and almost limited to one
particular speed. He could only refer briefly to the basis of Professor
Rankine’s theory, which had led so many eminent men astray, on
the action of the screw propeller. It was necessary to understand
this theory in order to comprehend the reasoning of Mr R. E. Froude
and other writers of this school. The fundamental error of Professor
Rankine’s theory lay in his taking the fofal slip of a screw blade in
a revolution as being made by the blade from starting, and from
neglecting the fact that the actual water moved by the blade
directly was merely the slip of the whole revolution divided by
the number of times the breadth of the blade was contained in
the helical circle of revolution. This description would be easily
understood by the following diagrams (see Plate IIA-), Starting
with this fundamental mistake, Professor Rankine postulated for
8 basis of reaction a column of water equal in diameter to that of
the diameter of the screw, and in length equal, with a small re-
duction only, to that of the advance of the ship per revolution + the
slip. This column was driven astern in a mass, = the slip paer

revolution. By the application of the usual formula !Z—” to the

movement of this column, the thrust was obtained, and consequently
from the thrust and the velocity of the ship the T.H.P. was obtained.
Unfortunately it so happened that this formula, with the values of
W and v, found from Professor Rankine’s formula, as described, was
applied to the case of the “ Warrior,” with a propeller 24 feet in
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diameter, which, on trial, made 12 per cent. slip at 54 revolutions,
and which, with certain allowances made by Professor Rankine for
friction and working in disturbed water, gave an I.H.P. very nearly
equal to the actual I.H.P. obtained on the trial of this ship. Professor
Rankine did not appear to have made further investigations, but it
was evident that on his own formula the accidental coincidence
which occurred in this ship would have been entirely upset if the
diameter of the propeller had been reduced to 20 feet, or had the
slip been 6 9 instead of 129/ all which, with a more suitable pro-
peller, could have been effected. In an actual example of a steamer
given in his (Mr Howden’s) paper (read at this Institution in 1878), to
which he applied Professor Rankine’s formula at 10, 20, and 30 per
cent. slips, all being elips made by this steamer at sea under varying
conditions of weather, it was shown that with 60 revolutions at 10
per cent. slip and at 14°8 knots per hour the thrust horse power was
1635 ; at 20 per cent. slip, when making 13-15 knots with the same
revolutions, the T.H.P. rose by the formula to 3051 ; while at 30 per
cent. slip, and making 11-51 knots’ speed at same revolutions, the
T.H.P. was a8 high a8 8673. This showed that by this theory a speed
of 14-8 knots at 10 per cent. slip was obtained with considerably less
than half the power taken to give 11-51 knots’ speed when the slip
was 30 per cent. Mr Caird had given an example in the “ Argus”
as a case, he supposed, for he had not examined it, in support of
Mr Froude’s theory. He would recommend Mr Caird to beware of
coincidences. Dr Froude’s paper of 1878 on “The Elementary
Relations between Pitch, Slip and Propulsive Efficiency,” on which
Mr Froude said his 1886 paper was primarily based, was, though
based on a different view than Rankine’s, quite as much in error. To
explain Dr Froude’s ideas he would read parts of three paragraphs
from his paper on ¢ Various Theories of the Screw Propeller,” read
at the Institute of Naval Architects in 1890, in review of Dr Froude's
and other theories.

“ There are several points in the reasoning employed by Dr Froude
in setting forth the principles supposed to govern the screw’s action
which, I venture to say, must necessarily lead to erroneous con-
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clusions, notably, that to reduce the slip from 10 per cent. to 5 per
cent. would require at least a doubled area, and from 10 per cent.
to 2} per cent. we should approximately need to double the diameter
of the propeller.” An essential omission also in the consideration
of the effect of the increase of slip is that of neglecting, as I have
repeatedly mentioned, the effect of the breadth of the blade on the
slip motion. Had this essential point been observed, and the actual
motions of the water under various slips been ascertained, conclusions
very nearly the reverse of those come to would, I believe, have been
arrived at. The supposed comparatively smaller loss in friction
arising from the greatly increased area supposed by Dr Froude to
be necessary to reduce slip, and which, with views minimising the
detrimental effect of slip, led him to the general conclusion ‘that
instead of its being correct to regard a large amount of 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.’ )

“ The efficiency of a propeller, so far as giving a larger or smaller
slip is concerned, does not depend altogether, and it may not even
chiefly, on the amount of surface, but on the disposition of that
surface and the pitch employed. Two propellers may have exactly
the same surface, but one may with the same power propel the
vessel under the same conditions with half the slip of the other and
with an increased speed.

« Another important disadvantage in connection with the increase
of slip overlooked by Dr Froude should be noticed, that is, the
reduced progress of the ship. A speed of screw of 156 miles per
hour is reduced to}14-25 miles with 5 per cent. slip, to 13-5 with 10
per cent., and to 10-6 miles with 30 per cent. slip.

«If then 60 revolutions give 15 miles without slip, the same revolu-
tions will give 14-25 miles’ speed with 5 per cent. slip, but it will take
815 revolutions to give 145 miles’ speed with 30 per cent. slip.
Should, however, the pitch be increased in order to give 14:25 miles’
speed with 60 revolutions and 30 per cent. slip, as Dr Froude would
evidently have recommended, then an equal disadvantage would be
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encountered, as the pitch in this case would have to be increased
from 25 feet to 34 feet. The much greater resistance which a slip
of 30 per cent. would make with a pitch of 34 feet compared with
that from 5 per cent. on 25 feet pitch is made apparent by the
diagrams, Figs. 12 and 13.”

Mr Froude in his paper of 1886 refers to similar experiments
made by Mr Barnaby which corroborated his own results. As Mr
Froude does not give any account in his paper how his experiments
were made, it is necessary to ascertain from Mr Barnaby, in his
remarks at the discussion of Mr Froude’s paper in 1886, and in his
own paper, read at the Institute of Civil Engineers in 1890, how Mr
Froude’s experiments were carried out.

Mr Barnaby explains that his experiments were made by or at
the instance of Mr Thornycroft in 1883, Mr Barnaby assisting him.
A steam launch was employed, which was driven by a screw in the
stern in the usual manner at 4} kuots’ speed, but the screw from
which the thrust and efficiency diagrams were made up, and from
which, with Mr Froude’s collaboration, Mr Barnaby formulated the
rules for propeller, was one of 9 inches diameter and 10 feet 3 inches
pitch, and placed in the bow of the boat and driven by an apparatus
designed by Mr Froude. This screw gave a negative thrust until
its revolutions exceeded 530, after which positive thrust was recorded
—that is, when its pitch by revolutions exceeded the speed of 4}
knots given by the screw propelling the launch. As little thrust
was given on the dynamometer attached to this small screw when
working at little above the speed of the boat, and when consequently
there was little slip, it was concluded by Mr Froude and Mr Barnaby
that a screw working with little slip was a wasteful screw and of low
efficiency, and, on the other hand, that when much slip was made
and a much larger thrust obtained the efficiency was correspondingly
greater.

It is impossible to go into any fuller description of these experiments
here ; suffice it to say that the diagrams constructed therefrom by
Mr Froude, and the practical rules given by Mr Barnaby for finding
the most suitable relations between diameter, pitch, and revolutions



40 On Propeller Diagrams.

of a propeller, are all based on the performances of a screw which
did not propel the vessel, and therefore were utterly incapable of
giving any instructive guidance, or of being made use of for “deter-
mining the most suitable dimensions for screw propellers,” the object
contemplated by Mr Froude in his paper of 1886, which Mr Caird
has now brought before this Institution.

He regretted the limited time at his disposal had not allowed
him to put the matter in better form than in the remarks he had
now made.

Mr THoM said the paper now under discussion at the North-East
Coast Institution of Engineers and Shipbuilders by Mr J. D. Young
says :—* Experimental constants, such as those obtained by Mr R.
E. Froude, can be readily transformed and operated with under the
law of comparison, as also can the equations suggested by Mr Thom
and adopted by Mr Barnaby and others.” Mr Thom said he would
like to show, from a few examples of constants taken from known
steamers, the importance of working from the surface or projected
area as well as from the disc ares, although surface is not mentioned
or taken into consideration in Mr Caird’s paper.

Disc area x speed®  Projected area x speed?®

LH.P. LE.P.
“City of Rome,” ... . 220 69
“Furnessia,” .. 220 69
“ Kowshing,” e . 171 . 69
H.M.S. “Iris,” twin-screw, 459 136
Swift 3-bladed » 225 61}
, 4bladed 225 58

By means of these formulz it could be shown whether the proposed
propeller would be efficient or not. If these constants had been
tried on the proposed original propellers of H.M.S. “Iris” it would
have been seen they were too large, and had too much surface. As
the “Iris” was a twin-screw steamer, he had added the results from
two for comparison. He preferred to compare propellers from the
projected area looking fore and aft, as it remains nearer a constant
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than the other dimentions, because, if the pitch ratio is small, it
shows more surface in proportion and that a smaller propeller can
do the work, and if the usual diameter cannot be got, the surface
can be added, as shown by constants from light draught steamer
“Kowshing.” There are other considerations besides speed to be
taken into consideration in designing propellers. They should be
suitable for all weathers, which makes it impossible to fulfil the
conditions laid down on page 26, which says there is one pitch only
suitable for a given speed and LH.P., because with the same LH.P.
the speed will be different according to the weather and condition
of vessel, so that constants should be found from experience most
suitable for the trade the vessel is in.

Mr E. HALL-BROWN said he trusted that the question of the
screw propeller which had been so often raised, and which had been,
and was being, so fully investigated, would not remain much longer
in the domain of rule of thumb, as it was in our drawing offices at
present. The usual way of “designing” a propeller was to take a
somewhat similar vessel which did fairly well on trial or at sea, and
from it, as-a model, another propeller was deduced by Mr Thom’s
formula or other means. They had no real knowledge as to whether
the former propeller was the best possible for the ship; indeed it
may have really given very poor results ; all that could be said was
that the gross result was as good as was expected. It was only by
careful analysis, assisted, if possible, as Mr Caird pointed out, by
land experiments, that they could improve the propeller, and he
thought they ought to welcome Mr Caird’s paper as a help towards
that result. He trusted that the question of the propcller would
not be allowed to drop, as it had so frequently done, after so much
labour and thought had been expended upon it, simply because
engineers would not exert themselves to take advantage of the work
of investigation which had been already done. The object of Mr
Barnaby’s experiments was to determine for a given propeller the best
ratio of slip. This was done by allowing the propeller to move
at a certain speed through the water, and measuring the effective

thrust, the power used to drive the screw, and the number of
6
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revolutions of the screw. The useful work is the thrust multiplied
by the speed through still water—i.e., the speed of the launch ; and
this, divided by the work absorbed in driving the screw, gives the
efficiency. When the pitch x revolutions of the screw was equal
to the speed of the launch, there would be no thrust; and the
power required to drive the screw would be that required to
overcome the slight friction only of the apparatus. The slip of the
screw and the efficiency would be nothing. As the revolutions
were increased the thrust would increase, and useful work would
be done ; at the same time the work required to drive the screw
would increase, and the slip would also increase. Taking the useful
work (thrust x speed of launch) and the work required to drive the
screw, it was found that the useful work increased more rapidly
than the power required to drive the serew up to a certain point.
In other words, the efficiency increased up to a certain point. After
that the efficiency began to fall, but it fell slowly as the slip was
increased beyond the point of maximum efficiency. This shows
that the efficiency of a screw increases with an increase of slip, up
to a certain point, and thereafter begins to decrease. There is no
ambiguity about this result, and the fact that the propeller did not
drive the boat is certainly no reason for doubting its correctness.
The boat was only a vehicle for carrying the apparatus, and had it
been in front of the screw it would have disturbed the water, and
the results would have been unreliable.

Mr Purvis thought that Mr Caird might be asked to explain a
little more fully what he wanted to get at by his analysis. Mr
Caird was very clear in his own mind about it, and in a private letter
to him had made it rather more clear than in his paper ; also, why he
preferred to alter the form of the data as given by Mr Froude? At
first he was inclined to think that Mr Caird was making complication
more complicated, but on further consideration he did not think
that was so. In some respects Mr Caird seemed to have improved
on Mr Froude’s own presentment of his data.

It was agreed that the discussion should be adjourned till next
meeting.
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The adjourned discussion of this paper took place on the 28th
January, 1896.

Mr Camp said Mr Howden’s remarks fell naturally into three
categories. The first of them 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 fifth proposition ; and 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. Of 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 attention of any one interested to Mr
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. Of the first cate-
gory he did not propose to say anything—that was Mr Howden’s
resumé of his (Mr Caird’s) paper —except to thank him for whatever
was complimentary in his remarks. In the second, however, that
was Mr Howden's disproof of the fifth proposition advanced by
Mr Froude, there was very unexpectedly something to lay hold of.
In the statement of that proposition which Mr Howden gave within
inverted commas as a quotation from his (Mr Caird’s) paper, he
quite gratuitously, and he need scarcely say erroneously, interpolated
the word “ship’s” in the definition of the symbol V,, making it
mean speed of ship’s advance through the water, instead of, as it
was very clearly defined in the table of symbols on page 80, the
actual speed of the screw through the wake current in which it
worked. This had perhaps been done inadvertently, in which case
it was to be regretted that carelessness should have led Mr Howden
into so gross and palpable a blunder. It was this elementary
misconception which had led Mr Howden to make the amazing
statement that the ship and its character were practically ignored
in Froude’s treatment of the subject. Now for Mr Howden’s
concrete example. Let them bear in mind that it was given in
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order to demonstrate the undue importance which, according to
Mr Howden, Mr Froude attached to diameter as affecting screw
efficiency. Mr Howden had overlooked, or perhaps he had dis-
regarded as accidents—he put it somewhat in that way—two
elementary facts which appeared to him to be patent to the most
ordinary intelligence : the first that the curve under criticism was
for one pitch ratio only, and the second that it was plotted on
slip ratio as a base. Bearing that in mind, let them look at Mr
Howden’s figures. His first case was that of a 12 foot, and his
second that of a 10 foot propeller, the thrust and speed of advance
remaining constant in both cases. Let them assume a pitch ratio
of 1'1 for both. They could, of course, assume any pitch ratio they
liked, remembering that each one had a separate curve. Then the

ordinates, or Dgl 5 in the two cases, would be ordinates of Froude's
1

curve for that pitch ratio, the abscissa of the one being 20 per cent.,
and the other 26 per cent., on the slip ratio scale, and the revolu-
tions would be 94 in the case of the largur, and 124 in the case of
the smaller screw. Was that not exactly what one would expect—
namely, that the smaller screw would require 124 revolutions to
maintain the same thrust as the larger screw with 94% Again,
let them look at what Mr Howden said, just after his numerical
example, as to the character of the model screw trials. He said
that they were made with one particular ship, but, as a matter of
fact, they were made with no ship at all. Mr Howden was doubt-
less thinking of Mr Barnaby’s trials, which he had described further
on as having been conducted in collaboration with Froude. That,
a8 Mr Froude had written to him, was “a perfectly gratuitous
mistake.” Mr Howden said that the trials were “ almost limited
to one particular speed,” and he granted him that and something
more. He might leave out the word “almost ” and say, as he had
done in his paper, that the trials were conducted at 206 feet per
minute. The trials were made for a series of slip ratios from O to
40 per cent., and Mr Howden would perhaps now see that these
ratios were quite general, and applicable to any speed. Mr Howden



On Propelier Diagrams. 4d.

supposed that he had selected the case of the ‘ Argus” for analysis
becanse it supported Froude's theory. He selected it because it
was a published example, and because it contained that very rare
curve, the curve of E.H.P., and for no other reason. If Mr Howden
would be good enough to furnish him with any authenticated trial
data, he would be very glad to analyse them for him, and assure
him beforehand that the results could not fail to support what he
called Froude’s theory, provided always the screw blade was ellip-
tical in form, and with an expanded area of about 9-4 per cent. of
the disc area for each blade, and set at a pitch ratio within the
limits named in this paper—namely, 1-225 to 2:2. He must enter
a protest against the view that he had had any idea of presenting a
complete and universal solution of all problems connected with the
screw propeller—a view which the comse of this discussion would
almost point to as being held by some of the gentlemen who had
done him the honour of criticising his paper. He quite appreciated
Mr Thom’s point, but it appeared to him that the substitution of
projected area for disc area was that of one unit for another, and
little if anything more, because in Mr Froude’s experiments, the
blade being of fixed design, its expanded area was a fixed percentage
of the disc area. The projected area would of course vary with
the pitch, but its introduction into the formula would only cause
difficulty and complication, and it should be borne in mind that, to
obtain the experimental results, as the pitch was varied, so the
ratio of projected to disc area varied, and its effect upon thrust was
implicit in the result. If he did not mention surface it did not
follow that he did not take it into consideration; indeed, it was
impossible to avoid it. The question of designing a propeller
suitable for all weathers did not enter into the scope of this paper;
and Mr Thom would excuse him if he pointed out that he imposed
more conditions than a given speed and LH.P., when he said that
there was one pitch and one only which would satisfy them. He
had to thank Mr Purvis for calling his attention to the incomplete-
ness of his remarks on analysis. His idea was simply to place the
method at the command of the members for their use, if they cared
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to use it, feeling certain that systematic analyses of trial results on
the lines presented would of themselves open up new problems, and
possibly lead to a simplification of the process. He had prepared a
complete Analysis Diagram of the trial results of the “ Argus”
(see Plate VI., Fig. 5), which he would ask to have added as a
supplement to the paper, and which he trusted would answer the
purpose of showing the scope of the method. When the paper was
written, he had the impression that Froude’s 1892 method could
not be applied to analysis, and it was only on Mr Purvis’s suggestion
that a manipulation of the formulee by a device similar to that of
the cutting curve revealed the possibility of so applying these curves.
He had sent the solution to Mr Froude, who, while not having yet
had time to examine it, had given him full authority to make any use
of it he desired. Since then Mr Purvis had sent him an arrangement
which was an improvement on what he sent to Mr Froude, and he
had in view a still further abbreviation of the process. He would
be very glad to communicate the complete results to the Institution
either as a supplement to this paper or separately.
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VARIOUS attempts have, from time to time, been made to give
captains information regarding the stability of their vessels, and to
get from them in return information that may be usefully related
to the behaviour of the vessels, and may be of service to the naval
architect or shipbuilder when designing vessels of a somewhat
gimilar character, or for somewhat similar service. Without giving
any summary of these attempts, it may suffice here to mention the
names of Mr Alex. Taylor, Dr Elgar, Mr A. Denny, and the late
Mr Wm. Denny, all of whom have done much to bring stability
questions from the region of theory to the region of practice.

These atlempts to bring the knowledge of the seaman and the
naval architect into closer alliance, with a view to mutual assistance,
to the production of vessels that can be loaded with the best results
as to stability and steadiness, and to actual loading, such as to bring
about those best results, have all depended upon obtaining an
inclination of the vessel by shifting weights from side to side,
ascertaining the angle of heel caused by the said shifting, and de-
ducing therefrom the metacentric height, or some value in which
metacentric height forms the all important part.

My object on the present occasion is to point out the advantage
of another measure, viz.—in still water—the period of rolling, or
oscillation, as an alternative to the metacentric height for the
purposes referred to. I hope to be able to show that period of
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oscillation is a measure which can be more easily arrived at than
the metacentric height, and that it is at least quite as useful as
metacentric height as an index of stability. Period of oscillation
will, moreover, at once be admitted as a measure about which a
seaman can freely speak without feeling he is going beyond his
depth ; in this respect at least it has an outstanding advantage over
metacentric height.

In order to lay down a series of rules as to what the period of
oscillation should be, or as to what can be deduced from the known
period of a particular vessel, it is most necessary to have a large
amount of experimental data to go upon. Such data, in the mer-
cantile marine, is'no doubt at present quite unavailable. From the
records of British war vessels more is to be obtained; and, as I
shall shortly show, still more is to be had from the records of
French war vessels.

During the past summer, I have made the following notes from
my own observation :—

Time of
Single
Roll or
Dimensions.  |[HalfPe-
riod of
Oseilla-

tion.*

|
Mail steamer 820 x 85'0” x 19'6"] 65 |Bx<d [B+54
Cross channel steamer| 260 x 34'0" x 16'9”| 40 | Bxy/s% |B+-85
281 x 81'3" x 16'0” Bx1'ds [B+57
" . | 189x2907 < 1% Bx7¢s |B = 76
River paddle steamer | 255 x 25'6” x 9'6” Bxdds |B+7-7

200 x 22'0" x  7'9" Bx1s%s |B+73
225 x 22'0" x  8'6” Bx+% [B+53
190 x 20'0" x 72" Bxdf [B+6:7

“ ” |

” I”

”» ”

e e w o
QO o O

In the last two columns of this table is given the relation between
time of oscillation and the breadth of the vessel.

* For the purposes of this paper, it has appeared to be o?nveni?nt—even
though less classio—to deal with half periods rather than with periods.
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~ If sufficient data of this sort were available, and the behaviour of
each vessel carefully recorded, it would be possible, I think, with-
out any reference to metacentric height at all, to fix the relation
which the period of oscillation ought to bear to the beam. As, in
the present state of our knowledge, we have more data about meta-
centric heights than we have about periods, it seems best to trace
the relation between these two, and from our accumulated know-
ledge regarding metacentric heights to deduce rules for period, if
possible relating such period to some dimension of the vessel such as
the beam.

Probably the largest number of vessels introduced into any one
contribution bearing on the subject of period is to be found in a
peper by M. Antoine, in vol. II. of “ Naval Science,” published in
1873. On page 74 of that volume will be found an average value
of 130 for screw steamers ; this 130 being

Number of oscillations per minute x breadth of steamer
~/Metacentric height

metres being the unit of length. Converting metres into feet the
value 130 becomes 235 ; hence using feet as unit of length,

Number of oscillations per minute x beam _
~/'Metacentric height

When the corresponding value is worked out for any steamers
for which we possess sufficient data, results somewhat different from
235 are obtained. H.M.S. “ Revenge” (metacentric height = 3-78,
4 period = 76, beam = 75 feet; see Sir Wm. H. White's paper,
LN.A.,, 1895) gives 305; H.M.S. “Greyhound” gives 257; the
steamer “Daisy ” (metacentric height = 3 feet, 4 period = 3-8, beam
= 29 feet) gives 264. These differences of value are to be fully
expected ; an exact agreement® could occur only if the ratio of
depth to breadth were the same in every case and all the arrange-
ments of the vessels were exactly similar. For the purpose of this

236

* For the theoretical considerations upon which the above value may be
expected to be approximately constant, see Appendix. .
7
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paper, and dealing only with mercantile vessels of which the depth
to the weather deck is not less than seven-tenths of the breadth, a
value 250 is probably not very far from representing a fair average.
From the expression—

Number of oscillations per minute x beam _ 250
‘ ~/Metacentric height

it is easy to deduce the time (i.e. } period) of oscillation, viz.—
Beam
»/ Metacentric height

And from this two simple conclusions may be drawn: (1) since the
breadth of any vessel is o known quantity, the time of oscillation
and metacentric height for that vessel are practically convertible
terms ; if one is known the other can quite readily be deduced from
it; (2) if it is regarded that metacentric height should be indepen-
dent of size of vessel, then the time of oscillation must bear a
constant ratio to the beam.

If then time of oscillation and metacentric height can be regarded
as convertible terms, it is clear that obtaining the one is, for prac-
tical purposes, quite as satisfactory as obtaining the other; it only
becomes a question which is the easier to obtain. A little considera-
tion of all the circumstances will, I think, undoubtedly show us
that this question is answered in favour of the time of oscillation.
To obtain metacentric height it is necessary to have a calm day,
everything on board (except the operations in connection with the
inclining experiment) perfectly quiescent ; then to have bilges per-
fectly dry ; to shift a known weight through a known distance, and
obtain, by very careful measurement, the angle of heel produced by
that shift. To obtain time of ogcillation, on the other hand, it is
simply necessary to count the time of, say, ten single swings of the
vessel under favourable circumstances, and divide that number by
ten; a very slight roll is sufficient to allow of the count being made ;
facilities repeatedly occur in leaving a river or harbour ; a passing
steamer, or a turn of the helm gives a slight list, and a slight roll
results ; but slight as it is, it is quite sufficient to enable it and a

Time =24 x
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few succeeding rolls to be timed by a watch; presence of bilge water,
though not desirable in any but small quantities, does not vitiate
the result; movement of the vessel, in the line ahead, need
not be stopped; oscillation caused by waves would no doubt
lead to a wrong conclusion, but observations can readily be
obtained clear of this disturbing cause, and they are made so readily
that if the first is not considered satisfactory it can be repeated
almost ad libitum. No doubt the results obtained, however care-
fully, will always be subject to a percentage of error; but as with
metacentric heights, so is it also with periods, that the margin line
between safety and danger, or between comfort and discomfort,
cannot be so nicely drawn that a small error of observation will
throw the observer either to the one side or the other of that
margin.

One frequently hears such a statement as that a certain vessel
rolled very badly, and that if she had had more ballast in her bottom
she would have behaved better. It is natural to ask, in such a case,
" whether the vessel had not too much ballast to begin with, and (as
a means to judge of this) what was the metacentric height. If I
have been able to justify my contention in the foregoing remarks,
it would serve just the same purpose to ask what the time of
oscillation was in still water. Nay, further, within the limits of
type of vessel that I have indicated, we can lay down general rules
as to what should be the relation between time of oscillation and
breadth of steamer; for instance, in an ocean-going steamer of
the tramp description, with plenty of freeboard, the time may be,
beam x %4;, or, say, beam + 4 ; in a coasting steamer, subject to a
contingent of deck and other passengers, it should not be more than
beam x 447, or, say, beam + 6 ; while in a river passenger boat it
ought not to exceed beam x 4%, or, say, beam + 8. These values of
the time of oscillation nearly correspond respectively to metacentric
heights of 1 foot, 2 feet, and 4 feet. In a sailing ship also the
“time” should probably not be more than beam x '%. If the
various vessels have a “time” value much less than the above (in
other words, if the swing is quicker), they will be found too stiff, and
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will roll heavily, especially when exposed in a seaway. If, on the
other hand, the swing is slower, and the “time” in any case
approaches, say, to beam x 2%, or, eay, beam + 3, the vessel will—
even without any deck passengers—be found dangerously crank.

My suggestion then is that all captains should be encouraged to
take observations upon the time of oscillation, and should them-
selves relate them to the behaviour of their vessels, endeavouring to
discover whether an increase or decrease of “time” from, say,
beam + 6 is the more efficacious in lessening the tendency to roll.
By noting for themselves what the *time” is, alongside of the
stowage and the behaviour of the vessel, they will find they have a
standard of reference easily obtained, and valuable when obtained.
If, going further, these “times” are made available for the use
of others (i.e., if captains will report them, and some one will be
good enough to collect and tabulate them), we shall soon have a
valuable set of data, showing for various classes of vessels what
“time” is ascertained to be most satisfactory. Having such data,
we should not improbably find that some of our views regarding
proportions of steamers and other features which tell upon stability
and upon time of oscillation, require some considerable modification.
On this point I speak with some actual experience before me. Not
so very long ago I should have said that a metacentric height of
1'5 feet was quite enough for a cross channel steamer, subject to a
contingent of passengers or cattle; speaking to-day, I say that a
metacentric height of 25 feet is not a bit too much; in other words,
that a time of oscillation = beam x ¢, or beam + 6°5 is not too
little. The behaviour of the steamer “ Louth,” crossing from Liver-
pool to Dublin in the storm of the 21st and 22nd of last December,
and from Dublin to Liverpool in the storm of the 29th of the same
month, fully bears out this assertion ; the metacentric height on
both occasions being within a trifle of 25 feet. This behaviour does
not stand alone, the subsequent behaviour—both of the *Louth”
and the “ Wicklow "—in anything like stormy weather, fully con-
firming the  Louth’s ” character for steadiness. It is far from my
object to deduce a general conclusion from the behaviour of two
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steamers ; but that behaviour, in view of the circumstances, is at
least an argument for further observations. If it be established that
in making further observations it is quite as satisfactory to deal with
the time of oscillation as with the metacentric height, then there is
no reason why, oven in the present winter, our knowledge of what
is required for channel steamers, and indeed for other classes of
steamers as well, should not be greatly extended.

APPENDIX.

The two equations,
NB B
dT =
= 250 an 24 NS
where N = number of oscillations per minute,
B = beam,
m = metacentric height,
T = half-period,
are of course obtainable one from the other by the simple considera-
tion that T = %—9 The particular values 250 and 24, or some other
values, would be invariable for all vessels if transverse radius of
gyration (K) bore always a constant ratio to the beam (say = ¢ B).
This can be easily shown from the ordinary equation connecting

T with K and m.

3 T =T —_,
Vmg

= therefore 22—

B
= 556 ¢ ——
¢ m

0~/m

Taking 24 as an approximate value for 556 ¢ amounts to assum-

ing that ¢ = 5—5§= 432,

1 cannot pretend that IIS! = 432 for all classes of vessels. Indeed,

deducing its value for H.M.8. “Revenge,” we get ‘355, for the
# Greyhound ” -42, for the “Daisy” ‘413. It varies with the
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internal arrangements of the ‘vessel, at least to some extent, but it
varies far more with the ratio of breadth to depth, and with the rig.

Seeing, then, that g, or ¢, is not constant for different classes of

vessels, it follows that, for constant values of m, T will not bear a
constant ratio to B. But this does not nullify my contention that
for vessels of s somewhat similar class there should be a fairly
constant relation between time of oscillation and beam, nor my
further contention that if time becomes unduly long in relation to
beam, say more than one-third, a vessel becomes too crank. This
may be seen from the general consideration that the causes which
tend to diminish m, extra depth of vessel for instance in relation to
beam, likewise affect ¢, so that in the extreme limit that should be
allowed to T in relation to B, the values of ¢ and m play each its
part. I think, moreover, it will be found that the value (-432)

I have assumed for ¢, giving T = -24 7]3;;, applies with nearest

approximation to vessels of considerable depth in relation to
breadth—i.c., to vessels which may be expected to have a small
value of m; 8o that, if the smallest allowable value of m be deter-
mined upon, the corresponding value of T is readily obtained ; if m

must not be less than ‘5 feet, then T = %, B = about ?, as taken
in the paper.

In the after discussion,

Mr JonN INGLIS asked what would be the effect of bilge keels in
the experiments Mr Purvis recommended in the paper.

Mr Purvis said the.question as to the effect of bilge keels on
period had been pretty well answered in Sir William White's paper
and elsewhere. It appeared that the effect of bilge keels was not
large. Sir William White gave the effect on the “Revenge” as
an increase from 80 seconds (single swing) without bilge keels to
8°4 seconds with. A very similar result was obtained by Mr Froude
a good many years ago with the “Greyhound,” in which the addition
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of bilge keels made very little difference in the period. The effect
on period and effect on rolling were of course two entirely different
matters, as Mr Inglis would readily bear out. In Mr Froude’s
experiments there were two nearly similar vessels, the “Groyhound,”
fitted with bilge keels, and the “Perseus” without. The metacentric
height was made identical, and the two were put simultaneously into
a beam sea to get a good roll, with the result that the amount of
the oscillation was very markedly different, the average roll of the
“ @reyhound ” being only about half that of the ‘ Perseus.”

Mr PrcHER said there was one point which he thought
should be noticed. It seemed to him that the ratios which Mr
Purvis bad given, showing what might be considered safe, and
what might be considered unsafe periods of oscillation, would only
hold in one particular system of loading, because if they had a
.system of loading in which they had a lot of light stuff in the middle
and a lot of pig-iron at the sides, that would increase the radius
very much and give a long period of roll. The same thing could
not obtain in a man-of-war with main-deck guns. They could
increase the period of roll with exactly the same stability by the
men running out their guns. It would increase the period of
gyration, although it would only imperceptibly interfere with the
real stability of the vessel.

Mr Purvis said that Mr Pilcher certainly raised a real point,
showing the necessity for further data. He did not attempt to
claim that all ships ought to be taken in the same way, or that
men-of-war should be taken as merchant ships, but if they examined
any theoretical attempt to show the effect on period of alteration of
radius of gyration, through lateral movements of weights, they
would be struck with the comparatively insignificant nature of the
result.

Mr TroM said the effect of the position of the weights might be
very small laterally, but it was of great importance fore and aft. If
they took a modern yacht, and distributed the weight over the full
length of the yacht, she would plunge her bows right under in a
seaway.
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Mr Purvis said that no doubt that would be the case ; longitu-
dinally there was more scope for alteration of weights.

Mr W. D. ARCHER said that the point Mr Purvis had called
attention to with regard to the necessity when making an inclining
experiment of having calm weather and perfectly dry bilges was
one of importance. This method that he had devised for measur-
ing the metacentric height was very ingenious, and he thought
might be very useful to master mariners. It had always appeared
to him that an inclining experiment was too delicate for seamen
to perform with tolerable accuracy. Any one who had made an
inclining experiment knew how very difficult it was to get the
data that they relied upon, and what trouble there was to get
the water out of the bilges, and other things of that kind, and it
seemed to him that Mr Purvis had suggested a valuable means
of measuring the metacentric height by taking the period of
roll.

The discussion of this paper was resumed on 24th December,
1895.

Mr PURvVIS further stated that he had received the following letter
from Mr Hék, of Sunderland—*“We went out this morning (25th
November) with a steamer 840 by 44 feet 6 inches by 29 feet to
upper deck, and I had a splendid opportunity of rolling her, not, of
* course, in still water, but among waves. The swell was somewhat
irregular, but I had time to count the period on ten different occasions,
80 the mean value is probably not far from the truth. The steamer
had 650 tons of water ballast and 1060 tons of coal in her ; part of the
coal was stored in the bridge, and for the rest empty. She is a large
and full cargo steamer, was in ballast and bunkers, with a mean
draught of 12 feet 8 inches. Her metacentric height during the
experiment was 4'4 feet. The times of ten swings from side to side,
‘taken while she was lying broadside on to the swell, were, during the
ten experiments, respectively, 42, 87, 45, 42, 40, 43, 41, 43, 40, and 40
seconds, giving a mean } period of 4-13 seconds. Working out tbe
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value of N%g it becomes 308 (or T = ‘195 J-l_}) which is almost

m

the same as that of H.M.S. ‘Revenge.’ Coming to the general
question, I have long thought that the seagoing qualities of steamers
could never be determined by observing the metacentric height. I
have always felt that the theory of rolling is out of gear, and the
more I go to sea and the more I talk to sea captains the stronger is
this my conviction. I believe that the seagoing qualities of ships
can alone be settled experimentally and by considering the question
from a dynamical point of view. And for this reason I think your
paper is very valuable, and I hope it will give an impetus to experi-
ments in the direction and for the purpose you require. Personally
I shall certainly roll ships every time I get an opportunity, and on
the North-East coast we have splendid opportunities to roll ships
in a seaway and accumulate data tending to show the relation of the
4 period to the metacentric height. I don’t think that for given
beam the product of the period squared and the metacentric height
is a constant quantity. It may perhaps be as constant as the
Admiralty speed constant, but nevertheless the expression is simple
and may be of good use until something better is invented that is
based on varied and sufficient experimental data.”

Mr ARCHIBALD DENNY writes :—I have carefully examined our
records, and I enclose herewith a Table giving results of actual
practice where both the period of oscillation and the metacentric
height have been known.

Mr Purvis sent me his M.S., and I have already sent him some of
these results.

The first line gives the actual half period of roll.

The second line the actual M.G.

The third line the period obtained from Mr Purvis’ formuls,
knowing the beam and the M.G.

The fourth line.is the reverse of the third, assuming the beam
and period known, it gives the 