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QN A PROPUSED EXFPERIMENTAL TANK,
- By Professor F. P. Puopvis.
(Read at the general ﬁ1eet[ng of the sixth session of the
Association of Naval Architects, November 8, Igoz.]r
b b R
When in Froude started

experimental tank at Torquay it was intended to last for a few ycars

1871 the late Wm,

only ; some of the principal problems connected with the form of least
resistance were expected to be solved within that time. Partly for
this reason a purely temporary structure was considered sufficient; a
trench dug in the side of a hill and puddled with clay served all the
necessary purposes ;3 the offices and  workshops were of wood: so too
was the roof; the couples supporting the latter spanned the trench
from bank to bank, and from them hung wooden rods to carry the
rails ; the rails had a gauge of some 3 feet and were held in position
partly by support from the roof, and partly by a post in the water
near cach principal couple ; these posts were so placed as to reduce to
a minimum the obstruction to the natural motion of the water caused
by the passage of the model.

It soon got to be understood that the use of the tank could not
be so soon dispensed with ; but the Torquay tank, temporary as it was,
did duty for some 14 years, when (in 1885, six ycars after the death
of Wm. Froude)

was constructed at Gosport from the designs of Mr. R. E. Froude.

the present British  Admiralty Experimental Tank

The DBritish Admiralty (through the Froudes) has:thus been ex.

to construct his |

- perimenting for over 30 years.

Instcad of occupying the whole field

they (both the Admiralty and the Froudes) have gladly welcomed other

- comers, and in many cases have given the most valuable assistance and

!

- gained at Torguay and Gosport.

|
I
|
|
|

" advice cnabling forcign Admiralties to act upon the best experience

Of the tanks for the purpose of |

experiments on resistance now in existence the following may be

enumerated as forming the principal ;  viz:-those possessed by the
Governments of

Great Britain,

The Netherlands,

Italy,

IFrance,

Russia,

United States of America
and the private cstablishments of the Dennys (Dumbarton), the N. D.
L. (at Bremerhafen) and Cornell University.

More tanks are on the Zapis; a co-operative one for the ship-
builders of England, Scotland and Ireland, and other private tanks
being among those now under contemplation in Great Britain.

It will readily be scen that so far from considering the subjects
of experiment cxhausted, those who are responsible for the more recent
constructions are of quite a different opinion. It is well known that
notwithstanding the many papers of the Iroudes placed before the
public few of the results obtained for the British Admiralty are available
outside ; were they all available it is possible that much of tne nced

7

of multiplied tanks would vanish, but even then I think it would be

I
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found that the subjects for investigation are still numerous enough for
all the tanks at present engaged upon them.
The ideal object of a tank may be said to be the obtaining of the

of least resistance.

form It is easy to see that in practice many

influencing circumstances have to be taken into account. What the
nature of these circumstances is, it may be interesting briefly to consider ;
though I shall not attempt to do more than mention the most conspi-
cuous ; they arc perhaps

Speed,

Limit of draught, length, and breadth,

Dead Weight to be carried.
In a mercantile steamer the last term(D.W.)speaks for itsclf.  Ina warship
it may be said to include the armour as well as the armament, coals, &c.

These influencing circumstances notwithstanding, I think the work

of an experimental tank should have in view the plain ideal of @ form
of least resistance or something approaching to such form as shall serve
the purpose over a large range ; that it cannot, under any circumstances,
serve for more then a certain range of speed is perhaps well illustrated
by Mr. Iroude’s very carly experiments on the Great Rawven and Great
Swan (see Figs. 1, 2, and 3; at speeds less than 373 feet per minute
the former, Great Rawen, experienced the less resistance, but above
this speed the advantage lay with the Great Swan.)

For the purposc of giving data for the investigation of influcnces

just suggested model experiments are necessary in groups or series

somewhat as follows :

(1) Tne obtaining of a specially good form of lines; either by

accidental variation or by intentionally introduced modifications.
(The superiority of such form will no doubt be limited in its range of
speed, taken in relation to square root of length.)

(2)

the varying of the principal dimensions independently in such a way

Starting with such a known good form, there would follow

that the performance of ships of a definite draught may be inferred, but
with varying length and/or varying breadth. (The general form
being the same, such matters as the coefficient of fineness of all these
ships would be the same.)

(3) The varying of the coefficient of fineness, adopting some
principle of variation, and applying the variation to a certain number
of definite relations of length, breadth and draught.

In this very general sketch you will see that I make no mention
of the effect of the propeller. It will be readily understood that
however the investigation is extended to include the effect of the
propeller upon various forms, the outcome must be a very considerable
addition to the work required to be undertaken.

You will also see that, while the obtaining of something approach-
ing to an ideal best form is one object of the investigation, the larger
object is probably that of obtaining the effect of absolutely definite
modifications upon some known good form, Series of models such
as I have indicated, have been made and experimented on both at
Gosport and at Dumbarton. The results are not available, but as an
illustration it may be interesting to shew from model results that are
available something of the nature of the problems that can be treated.

First take the case of one single model the resistance of which is
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known for all neccessary speeds, but at one draught of water only.
Such a case is presented by Mr. R.E. Froude’s 1888 1. N. A. paper. \
From that one model we can answer such a question as this; if
you are not restricted to breadth and draught and you require a cer-
tain definite speed, what length (of ship similar to the model) is
needed for obtaining that definite speed with minimum horse power.
The diagram on Fig. 4 shows the working out of this question; the
given speed is supposcd to be z4 knots; abscissac are length of ship;
breadths and draughts vary with length, so that for a length of 4350
feet breadth is 8.2 feet and draught 31.2 feet, and for a length of 650

feet breadth is 113 and draught 45 feet; displacement varies as the

cube of the length; I. H. P. will be seen to have a minimum value |
corresponding to a length of ship of about 450 fect; the displacement
for this length being 15800 tons. For less lengths than 450 fect
the I. H. P. is more than the minimum for the well known reason that
the wave making resistance is so large : for greater lengths than 4350 feet
the I I.P.is also morc than the minimum because the greater length
involves also greater surface; the extra resistance due to that greater
surfaice: more than makes up for the gain due to reduction of wave
making resistance.

Nextrsuppose there is only one model, and its resistance known
for all nccessary speeds, also (unlike the preceeding) at considerable
range of draught. Such a case is presented in Mr.

A. Denny's

paper before the International Congress at Chicago in 1894. I'rom

that model we can answer a question modified from the foregoing by

is not to vary although length and breadth do vary; but in this case
co-efficient of fineness will be subject to varfation along with the length
and breadth. Fig. 5 shows the working out of this question, again
for a speed of 24 knots, the draught being fixed also at 24 fect.

At a length of 480 feet the I H.P. here is a minimum ; the breadth
corresponding  to this length is 56 ¢ feet; the displacement is 9200;
and the block coefficient .49.

These two examples are, by the nature of the cases, of the very
crudest  description. They show however the type of some of the
questions that even a single model will answer; and help to indicate
how a serics of models properly related can be made to answer ques-
tions introducing any conditions or restrictions which practical conside-
rations may require

Into a series  of curves, such as those on  Tigs, 4 and 5
but obtained from models introducing all the conditions required, may
be imported also such important matters as (1) weight of hull (determined
by the dimensions) (2) weight of machinery (determined by the I. H,

P.).

weight of armament, men and cffects, ete. ;

For a warship there may be added also weight of armour,
deducting  such  weivhts
rom the displacement, a series of figures may be obtained representing
coal and consumable stores; these ficures may be set off in the form
of a curve having lengths of ship as abscissic; or better still they may
be reduced to express radius of action and the latter set off as ordinates
merchant

of a curve, where the abscissae again are lengths, For a

ship the sum of hull and machinery weights deducted from the displace-

the introduction of the condition that the draught of the required ship | ment gives Deadweight, and it is cvident that, certain necessary
; i
s |
4 N ~J
i E D+
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fcnturcs being probably the coal consumption based upon the I. . P,

i
assumptions being made, a curve of deadweight may be added,
Further in a» merchant ship the deadweight may be regarded as one of

the money earning qualities, while other features may be regarded as |

measures of the current expenditure; the most important of these
required for the speed. The dimensions again give a measure of what
the ship will cost, and from the various elements thus suggested a
relation can be established between nett earning quality and first costs
this relation when plotted to cither length or speed, will probably have
a maximum valve; and a very valuable investipation would be to
determine for some particular case hoth the speed and the length
required to give that maximum value to the rclation.

"The question may well be asked whether it is not possible to get
on perfectly well without a tanl : this question in various forms has been
put again and again and applied to the designs both of warships and
of merchantmen, The answer is perhaps best supplied in the casc
of warships by pointing to the list of countries the Admiraltics of which
have established their own experimental tanks. With the exception
of Germany and Japar all the leading naval powers have taken this
step. Without a tank, as long as a beaten track is followed, no
doubt much can be done by collating known data; but let a new

relation be introduced and the use of an experimental tank becomes of

great importance. A few instances occur to me; the fast corvettes |

fris and Alercury (old as the story now is) owed much of their success !
to the Torquay tank; torpedo boats and torpedo boat bestroyers, |

although not first suggested by the tank, have been influenced in their 1

principal dimensions and in the fineness of their lines largely as a result
of tank experiments. Again the enormous beam in relation to length
in modern warships might have heen developed by pure stability consi-
derations, but it is questionable whether designers would so readily
have adopted it unless in the first instance they had felt the justification
to be offered by experimental data.

In the design of merchantmen again it is perhaps astonishing that
such splendid results have been obtained without the assistance of a
tank ; but, as I have shown, the desire for experimental data is undoubt-
cdly increasing and there have been plenty of instances of lcading naval
architects and shipbuilders asking very earncstly for such tank results
as arc and have been procurable. The Dennys for instance, have
frequently been asked to make experiments for others; the installation
at Amsterdam has scmetimes been appealed to by British shipbuilders ;
at the Washington tank special provision was made in the appropriation
for the making of experiments for private individuals; Mr. Parsons, I
understand, in the work he has so methodically carried out on the
Zurbinia and other turbine-driven boats has availed himself of a small

tank installation of his own for the purpose.

Those who possess tanks do not nccessarily consider it a public

+ duty to declarc frequently the abvantages. they are deriving. Some

pretty definite references have indeed been made. In 1893 Mr. A

Denny spoke at Chicago as follows, “had it not becn for the tank we

“should never have constructed the “/Princesse [enriette” and “Princesse

| Josepline” (two high speed paddle steamers for the Belgian Government

running between Dover and Ostend) “at least we would not have had
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“the same, assurance in taking the contract under such stringent

conditions as we did’. In 1901 the same gentleman had apparently
not received any checl to his enthusiasm as he remarked at one of the
I. N. A, mectings, “had we two tanks we could use them both”.
Other gentlemen with tank experience have sometimes spoken of the
results obtained from models alone, and on occasion have testificd to
the revelation they have reccived on some important question of form or
arrangement : for instance Herr Schiitte, describing the Bremcerhafen
tank to the Schiffsbau technischen Gescllschaft last year is particularly
impressed by a reduction of 12 percent obtained by a modification made
to the model of the twin screw steamer Aadser Wilkelnr der Grosse;
This reduction was duc to the bossing of the frames round the two,

shafts as against the arrangement of cxposed shafts © he says “ Dieser

«unverhaltnissmissic grosse Zuwachs am Widerstand beim Modell ¢ war
“fiir mich schr tiberraschend and und liess mich anfangs an der Rich-
“tigheit der Massungen zweifcln;” he explains that to confirm the results
be made some 200 further experiments and became fully convinced that
the reduction was a genuine outcome of the change made.

At the' present moment, I understand, the tonnage of modern
warships possessed by Japan stands fourth in order among the nations.
No less than three Admiralties possessing less tonnage have got their
experimental tank ; in the case of the Netherlands indeed have had it
for some 28 years, An extension policy in Japan is at the present
under consideration; is it not then worth spending a minute proportion
of the cost of that extension policy for the sake of the advantages that

may be obtained ¥ QOther nations, regarding the same question, have

answered yes; what Japan's answer should be I leave to her rulers,
prompted - it may be - by the representations made by the | influential
gentlemen to whom I am speaking.

If it is allowed that a tank would be of service in this country,
the very important consideration arises further of what would be the
cost of such a structure. My colleague, Prof. Nakamura, has becn
good enough to make an estimate of the cost of the building, founded
upon scantlings which he considers would be well suited to the purposc.
The general appearance of the building is illustrated in the 17z, 6, 7 and 8;
the length of water space there shown would be 400 feet, the breadth
is 20 feet and depth 10 fect; the dynamometer appiratus would be
mounted on a carriage completely bridging the water space ; on the
the
for
driving propellers behind  the hull and measuring thrust, driving force
&c.

fireproof safe for prescrving the data in, obtained at so much cost; are

carriage would be placed the apparatus for measuring resistance of

hull and the various other data needed, and the further apparatus

The necded shops and offices; also a

connected therewith.

of

shewn on the same plan. The estimated cost these building, in
brick and with corrugated iron  roofs, according to Mr. Nakamura’s

estimate, is Yen 71, 757,

To this cost must be added the cost of apparatus. I'rom an
estimate I have obtained from home the cost of apparatus similar to
that used at Gosport, including freight and insurance would be ¥en 39,
640. everal questions would arise as to possible improvements and
alterations on the Gosport methods. Paraffin is the substance there

used for the models; at Washington it is considered that the atmos-

i

|




e B

il

pheric temperature runs too high for the use of paraffin and the models

are made of wood, Now the abvantage of Paraffin is small waste,

since the material when finished with for one
down for further use; uniformity of surface, and ease of shaping are

other important advantages. First cost is somewhat high and there

is liability to deformation if the tzmperature gets say above 80° I

In experiments made here it would probably be possible to avoid July
and August, and thus the difficulty of the temperature would scarcely
arise in practice. As far as my information at present goes paraffin
(possibly having a higher melting point than that used at Gosport,)
would be perfectly suitable, Allowing for zooo lbs. of paraffin as
part of the first cost, at 50 sen a lb. (for which sum it should certainly
added Yen 1000 in the

be obtainable delivered in Tokio.) I have

following estimate. Other questions would have to be looked into
affecting the nature of the towing and arrangements of dynamometers ;
whether for instance the Torquay methods should be followed or
some approach made to those at Washington and Bremerhafen; 1
have looked to some extent into this question, and think that any
modification that it may in practice prove desirable to make will not
increase the cost of the apparatus above the sum (Yen 39, 640) I have

already given.

Summing up then Yen.
Cost of tank 400 ft. long with brick walls,
timber roof trusses, iron corrugated roof, &c.} 31.000
Office buildings, solid & framed walls combined 10,485
Power house & arrangements for heating 16,350

model can be melted |

1,500
Electric light, water supply, &e. 68 3 35
Miscellaneous expenses including architect’s fees 3,416
7L751
Engine for haulage, with govemor}
10,000
and all appliances
Rails 050
Model shaping machine & shafting 8,600
Main carriage 1,500
Dynamometer 5,650
Screw propeller truck 5,040
Sundry apparatus 3,000
Freight & Insurance 2,000
37,640
Boiler 2,000
Paraffin 1,000
Contingencies 5,000
Other apparatus as may be found necessary 5,000

Yen 122,391
This estimate I consider a very liberal one.
Prof. Nakamura has indicated a direction in which the sundry buildings
attached to the tank might be cheapened without reducing in any way
the sum spent actually on the tank itself; a saving of ¥en 15,000
might thus be effected. Then again the last two items of Yen 5o00
each should be reducible quantities; allowing for a saving of 1/2z on
these two, and adding this to the foregoing a sum of Yen 20,000

would result. A reduction to this extent would leave the total cost




of tank and apparatus at say Yen 103,000, This cost does not
include value of land; what are the possibilities or the prior armﬁge-
ments with regard to land at the Kagayashiki I do not knov;r, but I
think there is a strip of land there that almost looks as though it had
been reserved for such a purpose as in this feeble exposition I have

attempted to disclose.

———
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DISCUSSION ON THE PROPOSED
EXPERIMENTAL TANK.

Mr. H. Fujishima :—— I think we are greatly indebted
to Prefessor Purvis for a very valuable and intercsting paper, on an
important question connected with the science of naval architecture.
The value and necessity of such a tank as he proposcs arc
beyond question. The suitable speed and necessary horse-power for
a proposed ship arc the most difficult items to determine for a naval
architect, and even the expericnced builders abroad while having a
sufficient number of trial data of ecxisting ships, still fail sometimes
to procure the required results. We, on the other hand, are com-
paratively a new-comer, so far as the modern shipbuilding is concerned ;
we have less experience, less data, and in view of the rapid growth of
shipbuilding in other countrics, I thinle every stride should be made to
bring us up to the mark in possibly shortest time, and among others
the establishment of an cxperimental tank would be a very important
thing. In providing such a tank, I should like not to limit the use
of the tank to any particular enterprisc, but to so arrange that the
people connected with shipbuilding will have the benefit equally.
Of course, absolute sccrecy should be kept as to the results obtained

for either Admiralty or any private firm. You will all remember

that in the summer mecting of the Institution of Naval Architccts of.

London last year, Mr. Yarrow proposed to establish an cxperimental
tank under the auspices of the Institution which might be thrown open

to all the British builders and members of the Institution, and that

. Professor Purvis tells us it will cost about 100,000 Yen which, though

‘not a small sum, will be well worth paying when we consider the

‘approach the Government and principal private firms with a view of

bringing the author’s proposal to a successful issue.

when his motion was put to the mecting it was carricd unanimously.
The Committee sclected to consider the question, after careful investi-
gation, decided that the National physical Laboratory at Bushy Park

would be the best site for the tanlk, for many good rcasons.  Gentle-

men, the position is much the same with our case, and in my opinion,
the most suitable site for a tank could be found in the Tokio Imperial
University, which has a well equipped laboratory with power installation,
and professors of highest reputation among whom we may count the
author of the paper who has had considerable experience with the tank

experiments.  The University being quite independent of any commer-

cial concern, will be able not only to treat all the actual questions
submitted to them by cither the Government or private builders in
absolute scerecy and impartiality, but also to make wvarious rescarches
on the principles of resistance, which I am sure will immensely benefit

the shipbuilders of the country at large. As to the cost of the plant,

utility of the tank. I thercfore desire that the Council of this Insti-

tution will take up the matter into their scrious consideration, and

I should like to endorse all that have been

Mr. Y. Wadagaki:

said by Mr- IFujishima in appreciation of the paper read by Prof. Purvis,

for which I have three reasons of my own.
In the first place, this kind of paper has never been read at the !

previous meetings of this society, notwithstanding its avowed purpose ’
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of existense. I have therefore no doubt all the members here present
would esteem in the highest sense the first paper they have get on
this subject.

Secondly, the intrinsic value of this paper is beyond question;
for, the Professor is an expert and an acknowledged authority in this
branch of the science of naval architecture which deals with the subject
of model experiments in connection with stcam ship resistance. With
all due deference to other gentlemen present, I think I may safely say
that we have no other person, at present in Japan, who is better able
to deal with this subject.

The last, but not the least, important reason why I attach so much
value to this paper is this, that it has brought the subject to the
Jont at the most opportune moment. I suppose many of you here
present have doubtless noticed a remarkable statement made some time
ago by the London “Engincer” by way of comment in one of its articles
as to the originality, or rather the want of originality, of designs
m some of the Japancse huilt war vesscls, Of course such a state-
ment was not altogcther a very pleasant or agrecable reading to us
all. The “Engincer” may not be quite right in what it asserts.
Yet, it can not be denicd that in carlier days, at least, we were depen-
dent to some extent on the informations obtained abroad in our art of
¢hip building.

This method of imitation and copying may serve our purposes very
well, so long as we are content to follow the foot steps of advanced
nations. But surely this is not the proper way to make any real

progress. Naturally the informations obtained at second hand are

gencrally inaccurate and in most cases out of date. They seldom

dve us all the data necessary for the successful exccution of any

2

important works.

[ think it is now high time when we should try to start on our
own account and depend on our own data so as to avoid the misfortunc
of repeating the same old mistakes which arc sometimes connected with
the designs imported from abroad.

Of course cvery vessel built at our own dockyard, completed, put
through trial trips, and commisioned into the service, may be looked
upon and treated as a full-sized model for cxperiments. But she
would prove to be a very costly model, if her performance should turn
out unsuccessful,

Hence the great national importance of providing and fitting an
experimental tank on some suitable scale.

It is our sincere hope that the Government authority would take
the matter scriously in hand and find the carliest opportunity to make
the necessary provisions for the establishment of an experimental tank
in accordance with the arrangement which Prof. Purvis has explained
to us in such an able manner.

It now remains with our Government whether they would take
advdntage of the assistance which Prof. Purvis is quite pleascd to give
us, if only the Government had asked him.

As to whether the tank should be attached to the Imperial Univer-
sity or to the Admiralty Department we have not much preference.
All that is necessary is that we shall get one in this country by all

medns.
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