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SOME INTERNATIONAL ASPECIS OF
SHIP MODEL RESEARCH

THE AUTHOR

is an Engineering Duty Officer who has served 7 years in the United States
Fleet, 6 years in naval shipyards, 4 years in warship design, and 6 years in a
naval laboratory. He is presently Commanding Officer and Director of the
David Taylor Model Basin, and a member of Council of this Society.

EDITOR’S NOTE

Proceeds from this article have been deposited as a “Host Fund” for inter-
national visitors to the David Taylor Model Basin.

Ship model research since mid-century has experienced a strong surge throughout the
maritime nations of the world. The purpose of this paper is to recognize some of the
international growth of possible interest to naval engineers.

The observations are based largely on the International Towing Tank Conference in
Madrid. visits to most of the principal Eurojean model basins, and the Symposium on
Behavior of Ships in a Seaway held at the Netherlands Ship Model Basin, all during Sep-

tember 1957.

I. CONCLUSIONS

W-IAT GROWTH is evident in the model basin busi-
ness abroad and how is the United States doing
comparatively? In response to this most frequent
question, a few general conclusions are:

a. Widespread construction of new facilities for ship
model research is occurring throughout the world. In
summary, the number presently under construction or
completed since World War II is as follows:

TYPE OF FACILITY NUMBER
Rotating Arm Basins ................... .. ... 7
Seakeeping and Maneuvering Basins ............. 8
Towing Tanks—New ...............ccoooiiiian, 25
Extended .............cciiiiiinn 3
Shallow Water Basins and Flow Channels ....... 12
Cavitation Tunnels .................. ...t 15

b. From a purely plant standpoint, foreign model
basins momentarily lead the United States in rotating
arm basins, seakeeping basins, shallow water basins,
and cavitation tunnels, but current building at Carde-
rock will go far to restore our position,

¢. General purpose digital computers are an indispen-
sable adjunct to model research in the future, and in the
United States relatively great progress has been made
in their application.

d. The growth of model basin facilities in association

with universities at home and abroad is already proving
its wisdom.

e. Ship model research in all countries is now as al-
ways wholly dependent on dedicated scientific and
engineering personnel with unfettered imagination and
applied enthusiasm. Without them, funds and facilities
are meaningless.

f. Model basin professionals abroad are highly alert,
curious, cosmopolitan, modest, helpful, competent, and
progressive. Much is being accomplished by a few.

g. Contributions by the younger set in all delegations
to the conferences were particularly impressive.

h. The quality of research in all model basins visited
appeared high, but no more so than in the United
States.

i. Science has come to naval architecture on a fine
broad international front, particularly in stormy fields
such as the wavegoing aspects of seakeeping.

j. The concurrent development of theory and experi-
ment has become increasingly widespread to the bene-
fit of generalizing results, understanding the physical
phenomena, disciplining the investigators, and promot-
ing international cross-fertilization in the science of
ships.

k. The scope of model investigations is being enlarged



tremendously from traditional model tests in a straight
line to experiments in 2 and 3 dimensions and up to 6
degrees of freedom,

l. The nature of model techniques is likewise ex-
panding rapidly from steady state observations to dy-
namic and transient conditions.

m. In many countries, inadequate attention is being
given to observing flow conditions around models, ap-
pendages, and propulsion devices. One look can often
reveal more than thousands of routine measurements.
A new classic (1) should do much to increase con-
gciousness of the importance of observing and studying

ow.

n. The growing need for research in hydroelasticity,
as applied to ship design, is beginning to be more wide-
ly recognized.

o. Several areas have been researched beyond the

point of diminishing returns and could well be dropped
from international emphasis.

p- The Union of Soviet Socialist Republics contribut-
ed significantly to the conferences and unquestionably
is one of the leading countries in hydrodynamic re-
search.

q. Participation in and financial contributions to ship
model research abroad by private ship design and ship-
building interests exceeds greatly support from these
sources within the United States. Here the major bur-
den by far is carried by the United States Navy.

r. Because of heavy private support of ship model re-
search abroad, many areas of merchant ship investiga-
tion are stimulated much more strongly than in the
United States.

s. The United States is still among the leaders in ship
model research but will have to hump vigorously to
retain this position.

II, INTERNATIONAL AGREEMENTS

The International Towing Tank Conference deals
solely with professional tankery; that is, the science
of predicting full scale ship behavior from model ex-
periments. The following digest has been prepared
to summarize the principal agreements reached and
objectives set at the 1957 Conference:

a. All tank establishments will submit detailed de-
scriptions of their present methods for carrying out and
analyzing propulsion experiments, for open water pro-
peller experiments, for estimating ship performance, and
for comparing trial results with model predictions. From
study of the many different procedures, standard meth-
ods will be recommended for general international use.

b. In the field of propulsion, international study will
be pursued on propeller scale effect including turbu-
lence stimulation, on methods of determining full scale
wake factors, on propeller-rudder interaction, on thrust
deduction theory and experiment, and on fluctuations
of torque and thrust.

c. As the Conference favored a model-ship correla-
tion formula close to the 1947 American Towing Tank
Conference (Schoenherr) line above a Reynolds Num-
ber of 107 but steeper at lower R’s, the following was
adopted:

0.075 _

(b )

to be known as the “ITTC 1957 Model-Ship Correlation
Line.”

d. In the field of frictional resistance, international
study will be pursued on roughness allowances, on
effect of form on frictional resistance, on improved tech-
niques in turbulence stimulation, and on tank boundary
interference.

e. Propeller work will include systematic investiga-
tions in one or two tunnels on the effect of air content
on cavitation phenomena, the collection of data to en-
able comparison between cavitation tunnel tests and full
scale results, fundamental work on slotted wall test sec-
tions for propeller tests, experiments in different tanks
and tunnels on standard propellers, effect of unequal
flow distribution, closer coordination between open
water and tunnel results, and the relevant properties of
water including the effect of nuclei and entrained air.

f. In the seagoing qualities of ships, the proposed
studies include the collection of full scale sea and ship
performance data to make model tests meaningful, the
development of non-dimensional methods of presenting
data for head and oblique seas, comparative tests in
waves for two geometrically similar models properly
scaled, interchange of information on test techniques
in waves, and the development of theoretical methods
for design and evaluation of experiments.

g. Preparation of standard values for kinematic vis-
cosity of fresh and sea water.

III. THE PEOPLE

The committees appointed by the 1957 Interna-
tional Towing Tank Conference to serve and to
implement international agreements until the 1960
conference in Paris are:

Standing Committee

General R. Brard ..............oiiiiiiiiiininnin.. France
Captain M. L. Acevedo ............. e, Spain
Professor W. P. A, van Lammeren .............. Netherlands
Professor J. K. Lunde ................ovvuininin.. Norway
Captain H. E. Saunders ...................... United States
Dr.F.H.Todd .....co.oviviiiiiiininnnnn... Great Britain
Scale Effects On Propellers and Self-Propulsion Factors
Dr. Hans Edstrand ......................co0oeue.... Sweden

Dr. Fritz Gutsche ......................coooii... Germany

Mr.J.B.Hadler .......... .................. United States
Mr. J. Krivtzoff .. .......... e e e US.SR.
Mr. L. P. Maillard ...... ........................... France
Mr. R. N. Newton ..........cc.coivivininn.n. Great Britain
Professor E. V. Telfer ........................ Great Britain
Skin Friction and Turbulence Stimulation
Professor C. W. Prohaska ......................... Denmark
Captain M. L. Acevedo .................cccvivuvnn... Spain
Dr. George Hughes ........ e Great Britain
Dr. M. Kinoshita .............. ..................... Japan
Dr. L. Landweber ............................ United States
Mr. A.J W.Lap ... ...........oiviinian... Netherlands
Dr. Karl Wieghardt ............. e Germany
Comparative Cavitation Tests of Propellers
Dr.H.W.Lerbs ....................i i, Germany















of 230 feet, a length of 558 feet, and a depth of 18
feet. Plunger type wavemakers for this basin are
under construction and nearing completion.

At the David Taylor Model Basin, as at the Ad-
miralty Experiment Works, the physical dimensions
of the maneuvering and seakeeping basin were se-
lected so that models of the standard length could
be tested. The rectangular basin therefore has a
length of 360 feet, width of 240 feet, and depth of
20 feet over most of the floor area, Figure 8. Paral-
lel to a long wall, a 50-foot wide trench is being pro-
vided to have a water depth of 35 feet for testing
free-running, submarine models and for observing
them through windows in the wall. The wavemakers
will be pneumatic, run the length of two adjacent
walls, generate waves up to 40 feet long and 2 feet
high, and absorb about 2500 HP at maximum load.
Considerable flexibility is being built into operation
and control of the wavemakers to permit creation of
a wide range of controlled sea conditions. The high-
ly effective grid type beach design is the result of
exhaustive experiments at the St. Anthony Falls
Hydraulic Laboratory. Spanning the length of the
basin, and movable between runs to angles from 0
to 45 degrees to the basin axes, is a 376-foot bridge
weighing about 230 tons which carries an aluminum
towing carriage on its underside. The carriage will
have a maximum speed of 15 knots, will accelerate
up to 0.4g by the tractive effort of rubber tires
driven by two 30 HP motors, and carry operating
personnel, cntrols, and instrumentation for con-
strained and free-running models.

In addition to specialized seakeeping model ba-
sins, many laboratories are providing or improving
wave making and absorbing equipment in their
main basins. These will be described under the sec-
tion on Towing Tanks.

The validity of seakeeping predictions from ship
model tests must first be established by correlation
with precise observations of full scale ship behavior
under known sea conditions. In preparation for such
correlations, a number of seakeeping trials are in
various stages of completion.

The Royal Netherlands Navy and the David Tay-
lor Model Basin, assisted by the Institute of Applied
Physical Research in Delft and the University of
Ghent, have conducted extensive seaworthiness
trials on the destroyers HNMS Friesland, Zeeland,
and Ewerstsen (6). Simultaneous measurements
were made of roll and pitch angles; transverse, lon-
gitudinal and vertical accelerations, hull stresses in
deck and keel, and bottom pressure at 8 stations
along the length.

The U. S. Maritime Commission, Bureau of Ships,
and David Taylor Model Basin are conducting sea-
keeping trials on two 6,000 HP Liberty ships, one of
which has been lengthened 25 feet and the forebody
considerably fined. Not only are the ship motions
and accelerations being measured concurrently and
comprehensively, but also the sea state with equip-

ment developed by the British Institute of Ocean-
ography at Wormley. These shipborne meters cor-
rect static wave pressure readings for roll of ship
and for heave by double integration of accelero-
meter signals.

The Swedish Shipbuilding Research Association
and the David Taylor Model Basin are collaborating
on full scale strain and motion observations in the
high-speed cargo ship MS Canada. Several round
trips have been made from Sweden to Vancouver,
and joint analysis of the observations is being un-
dertaken. Shipbuilding Research Associations in
Great Britain and a number of other countries are
engaged in explorations of this kind.

The U.S.S.R. has developed considerable instru-
mentation for full scale trials, including gyro-re-
corders for ship motions, pressure gages for hydro-
dynamic loadings, and strain gages for measure-
ment of hull stresses (10). During full scale trials
under a variety of sea conditions, waves are meas-
ured by wave pole, by buoy and by stereophoto-
graphy. The buoys are equipped with radio tele-
metering apparatus for transmitting information to
shipboard on wave heights and periods.

The subject of Dynamic Forces and Moments in
a Seaway was included in the formal agenda of the
International Towing Tank Conference for the first
time in 1957. This step recognizes that study of
elastic responses in a ship, such as strains, accelera-
tions, pressures, and vibrations, depends basically
on increasing knowledge of the exciting hydrody-
namic forces. Conversely, these forces can be
markedly effected by the elastic character of the
interface.

Under the sponsorship of the Bureau of Ships and
technical cognizance of the David Taylor Model
Basin, instrumentation has been devised and tests
run by the Stevens Institute of Technology on a de-
stroyer model in waves. Not only the bending mo-
ment but also the shear amidships was measured,
and it has been possible to reproduce in the model
the 2-noded natural hull frequency corresponding
to this vertical vibration characteristic in the ship
(10). This pioneering technique was initially trig-
gered by the Society of Naval Architects and Ma-
rine Engineers.

Loading studies on ship models in waves, under-
taken for the first time in Japan, are now also done
at the Massachusetts Institute of Technology, Vick-
ers-Armstrong in St. Albans, and others. Delft
Technical University uses a plastic model, rather -
than a split model, and finds it convenient for ob-
serving hull strains in any direction. The Kryloff
Shipbuilding Research Institute at Leningrad stud-
ies forces on a ship model in a seaway by measur-
ing pressures on the hull, by strains produced in a
split model, and by measuring accelerations.

TOWING TANKS

The Director of the Canal de Experiencias Hidro-
dinamicas at El Pardo was Chairman of the Stand-
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