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COMMITTEE REPORT

INTRODUCTION
The main decisions of the 1957 Conference as
regards Subjects 2 and 4 were:

“The Conference decides that the line given by
the formula

. 0,075
N (}Ogm Rn " 2)3
is adopted as the “ITTC 1957 model-ship correlation
line”, it being clearly understood that this is to be
regarded only as an interim solution to this problem
for practical engineering purposes.”
“The Conference recommends that work should
continue on all relevant problems:
(a) to improve the model and ship correlation,
(8} to determine roughness allowances,
{c} to explain the effect of form and
{d) to discuss and improve measuring techniques,
including the effect of turbulence stimulation
and tank boundary interference.”

MEETING OF THE COMMITTEE, SEPTEMBER 1958

A meeting of the Committee was held in Copenha-
gen in September 1958, at which all the members were
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present except Dr. Landweber, The three main
topics discussed at this meeting werc:

1. Model-ship correlation allowances.

2. Form effect.

3. Standard models.

1. The question of allowances fo be used for the
prediction of ship trial results in relation to the 1957
model-ship correlation line was discussed very fully
by the Committee, It was agreed that the Commitiee
could not directly suggest values of these allowances,
at least not at present but that it would be useful to
obtain the views of the various tanks as to what values
they think appropriate in thisconnection. Thecompre-
hensive questionnaire already sent out by the Pro-
pulsion Committee was noted, but it was felt that it
would be of advantage to have overall correlation
allowances, inclusive of scale effect on the propulsion
factors, for use until such time that the latter can be
decided. A circular to this effect was thérefore pre-
pared and sent out to all tanks (App. 1 (D).

2. Some discussion took place on form effect in
general, and it was agreed that every effort should be
made to improve our knowledge of the effect of form
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in relation to model-ship correlation. Reports were
given of further work at low values of Froude Number
at NPL, at NSMB, and in Japan, and it was suggested
that all tanks should be asked to send to the
Committee  the tesults of any similar work
A circular as set out in App. 2 (i) was prepared and
sent out to all tanks.

3. The Committee was informed of the work
on standard models which had been started in British
tanks and welcomed the possibility of other tanks being
able to obtain for their own use “‘identical” medels.
It was agreed that all tanks should be informed of this
work and that such modcls could be available to them,
if they so wished. For this purpose the circular as
set out in App. 3 (i) was prepared and sent out to
all tanks,

RESPONSE TO THE CIRCULARS
1. Model-ship correlation allowances.

This circular asked for the views of tank superinten-
dents as to the values of the correlation allowances
which they consider appropriate for use with the
I'TTC 1957 line to give accurate predictions of ship
power. In response to this direct request the Com-
mittee has received some suggested values in replics
from the following establishments: SSPA, Géteborg,
NSMB, Wageningen, VDB, Duisburg, and SVA,
Wien (see App. 1 (ii)). In addition a few tanks have
stated that they are presently unable to furnish the
requested information, including a joint reply from
the British tanks saying that they are not yet in a posi-
tion to make any recommendation.

In addition to these replies some data have been
received from different sources giving the deduced
values of the correlation allowances from a number
of trial analyses. These are from the Japanese tanks
(JTTC), the Paris tank, the Romc tank and SVA,
Berlin-Karlshorst. These data have been carefully
considered by the Committee together with other
similar data available (listed in App. 1 (ii}), but in
view of the large scatter of the deduced correlation
allowances shown by these results the Committce as
such does not consider itself able to make any further
analysis of these data nor to make any recommen-
dations of specific values of the correlation allowances
for prediction work.

2. Form effect.

In reply to this circular the Committee received
data from six sources (see App. 2 (ii)). These results
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are also shown plotted in App. 2, in relation to the
ITTC 1957 line, and the main hull characteristics are
tabulated also. These data support other published
data in showing the desirability of ultimately intro-
ducing an allowance for form effect in model-ship
correlation work, but the Committee has not feli
itself able to undertake any detailed analysis to attempt
to relate this form effect to the hull characteristics.

3. Standard models.

In response to this circular a number of tanks
expressed the wish to obtain a similar model and to
date 15 tanks now possess one of these standard models.
These tanks are:

JoHN BrowN & Co., Clydebank.

WILLIaM DENNY & BrOTHERS L1D.,, Dumbarton.
NaTioNAL PHYSICAL LABORATORY, Teddington.
VICKERS-ARMSTRONGS, St. Albans.

HYDRO-0G AERODYNAMISK LABORATORIUM, Copen-
hagen.

STATENS SKEPPSPROVNINGSANSTALT, Gothenburg.
SHIPBUILDING RESEARCH INSTITUTE, Brodarski Ins-
titut, Zagreb.

IsTITUTO VASCA NAvVALE, Rome,
SCHIFFBAUTECHNISCHE VERSUCHSANSTALT, Vienna.
CANAL DE ExPERIENCIAS HiprRODINAMICAS, El Pardo.
JAPANESE TOWING TANK CONFERENCE, Japan.
KRrYLOFF SHIPBUILDING RESEARCH INSTITUTE, Lenin-
grad.

NED. SCHEEPSBOUWKUNDING PROEFSTATION, Wage-
ningen (*).

NATIONAL RESEARCH CouNciL, Ottawa.

Bassin p’Essals pEs CARENES, Paris.

A note giving details of the design of the standard
meodel, the conditions of test adopted in the British
tanks and a suggested procedure for the analysis and
correlation of the results was prepared for the Commit-
tee, and a copy has been sent to cach tank possessing
one of these models. This note is reproduced in App.
3 (ii).

Most of the above tanks have had their modcls for a
relatively short period so that at the time of prepa-
ration of this report it has not been possible in most
cases to carry out many tests. To date the Committee
has not received any results, but it is hoped that in due
course the very great interest alrcady shown inthis
work will lead to the accumulation of data of consi-

(*; It has been agreed bstween NSMB, Wageningen, HSVA,
Hamburg and VWS, Berlin, to use this model at each tank in turn.



SKIN FRICTION AND TURBULENCE STIMULATION

derable value in relation to the “erratic variation of
model resistance” and the ‘‘techniques of measuring
model resistance” as well as providing useful infor-
mation on inter-tank comparisons.

MEETING OF THE COMMITTEE, MARCH 1960

A second meeting of the Committee was held in
Copenhagen in March 1960. Capt. Acevedo and
Dr. Kinoshita were not able to attend this meeting.
After consideration of the responses to the question-
naires, the following additional topics were discussed
at this meeting:

4, Tank boundary interference,

5. Correlation between resistances of large and
small models,

6. Resistance of rough surfaces.
7. Transition from laminar to turbulent flow.

8. Techniques for boundary-layer investigations,

4. On this subject the Committce noted the consi-
derable amount of work which has been done in
recent years (see App. 4), and was informed of other
work which is in hand. It is felt that there is enough
information available in the small Froude-number
range for tanks to correct for blockage effects, if
they so wish, and the Committee does not think it
necessary to state a preference for any one system.
In the moderate to high Froude-number range there
are also various suggested methods of correction but
the Committee feels that more experimental evidence
is required for this range in particular.

5. The Committee has been informed that SVA,
Berlin, as well as the American towing tanks using
small models have foun d somewhat poorer correlation
with the results of larger geosims with the 1TTC 1957
linc than with the ATTC 1947 line (see App. 5). Tt would
be desirable to obtain comments on the slope of
the correlation line at small Reynolds numbers
from other small towing tanks.

6. Recent studies of the boundary layer and resist-
ance of rough surfaces apparently confirm the houn-
dary-layer laws previously assumed on the basis of
experiments in channels, and the exploitation of these
laws has yielded methods of predicting the resistance
of roughened surfaces at ship’s Reynolds numbers
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from the results of tests of roughened plates in
a towing tank, (see App. 6).

7. Explorations with hot wire anemometers of the
nature of flow in the transition region where flow is
changing from laminar to turbulent have led to an
increasingly clear physical picture of the phenomena
of formation of turbulence (sce App. 7, refs. 1-4).
On the basis of this understanding a new type of
turbulence stimulator, consisting of an array of trian-
gular wedges, has been suggested (sec App. 7, refs.
5-6). Recent work on turbulence stimulation empha-
sizes the difficulty of the problem (see App. 7, refs.
7-8-9-10),

8. The Committee has noted the increasing inte-
restin investigations of the fundamental characteristics
of turbulent flows about ship models using hot wires
and films in water. Work of this nature has been
undertaken in scveral laboratories (App. 8, refs. 1-3).

The technique of measuring shear stress by means of
a total head tube in contact with a boundary has
also rcceived considerable attention in the last few
years, Although this method may now be considered
a convenient one for measuring the shear stress on
a flat plate, its application in the three-dimensional
boundary layer on a ship model remains to be justified.
If this can be accomptlished it would finally become
possible to separate skin friction drag from total drag
(App. &, refs. 4-12). In this connection it may be
noted that a method of separating viscous from wave
drag employing wake measurements has also been
studied in some laboratories (see App. 8, ref. 12).

RECOMMENDATIONS
CONCERNING MODEL-SHIP CORRELATION

In view of the scarcity of the replies to the circular
on this subject the Committee has no definite values to
suggest of correlation allowances for use with the ITTC
1957 line. The Committee considers that tanks
should continue to investigate the use of this line
and to inform the Committee of the values of the
correlation allowances which they find from their own
experience are nccessary. 1t would also be of value
if tanks at the same time would investigate the influence
of form effect on these corrclation allowances. If the
Conference agrees to the continuation of this work,
the Committee would appreciate discussion on these
poinis.
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APPENDIX 1

(i) : CIRCULAR 7O TANK SUPERINTENDENTS
REGARDING CORRELATION FACTORS AND ALLOWANCES

The 8th ITTC held in Madrid in September 1957
adopted the formula :
0,075

€= (log)oR,, —2)

as the “ITTC 1957 model-ship correlation line”.

The Confercnce requested that it should be clearly
understood that this line is to be regarded only as an
interim solution to this problem for practical engi-
neering purposes. These purposes comprise mostly
the prediction of ship power {rom model experiment
results, and doubtless many tanks are attempting to
apply the new line to such work., Associated with
any such application it is necessary to use corrclation
allowances or factors to take account of other effects
which cannot vet be assessed accurately.

These questions were discussed at a meeting of the
Skin Friction Committee in 1938, It was agreed
that it would be useful if the views of tank superin-
tendents could be obtained and put collectively before
the next Conference in 1960 as to the values of the
correlation factors or allowances which they consider
to be appropriate for use with the above line to give
accurate predictions of ship power. The collection
of these views will enable the Conference to see what
measure of agreement exists on this matter. It will
not be prejudicial to any future change in the corre-
lation line which may be decided upon as the result
of further research and in fact will form a basis for
any corresponding adjustment of the correlation
factors or allowances which would be nccessary in
such event.

The Skin Friction Committee therefore invites you
to co-operate in this matter by replying to the enquiry
set out below. For the sake of uniformity it has
been necessary to set out a specific methed of pre-
dicting the ship power. It is appreciated that your
usual method may differ from the one chosen for this
enquiry, but it is hoped, nevertheless, that you will
be able to supply the information requested in
accordance with the chosen method, This, of course,
in no way implies adoption of this method for future
use unless there is a general desire for this to be done.

1t will also be noted that it is suggested that the cor-
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relation be expressed in terms of either a correlation
factor Z or a correlation allowance AC, This
is done to allow for a possible preference in method
of approach, but the Committee would be pleased
to have your views as to appropriate values of either
or both Z and AC, If you give both, please state
which method you prefer.

To give the Committee time to prepare its report
for the next Conference it will be appreciated if you
send me your replies not later than September 30th,
1959,

C. W. Prohaska.

Chairman ITTC Skin Friction Committee

Correlation allowances or correlation factors
for the prediction of ship power from the model results.

For the present enguiry it is assumed:

A, Trial conditions.

Smooth sea, no wind, deep water, Hull surface
good, ie. adequate preparation followed by careful
painting to produce a smooth finish; no subsequent
fouling, or if so, adequate cleaning before the trial.
The surfaces of the propeller blades are also assumed
to be smooth and clean.

B. Prediction from model test resulls.
This is expressed as:

dhp — {ehp) x Z

1

where
dhp = estimated delivered horse power absorbed at

the ship propeller.
ehp =~ estimated ship tow-rope horse power corces-
ponding to the resistance test of the model
when fitted with appendages except those in
the screw race (it is suggested that bilge
keels are also excluded). The scaling to ship
is made by the ITTC 1957 model-ship correla-
tion line applied to the roral/ surface area
including that of the appendages fitted. The
temperature is taken as 15° C or 59° F.
actual propulsive cfficiency obtained in the
maodel test at the propeller loading correspon-
ding directly to the ship propeller power,
i.e. at the resistance loading corvesponding
to (ehp) X Z.

-~
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Z = a correlation fuctor designed to bridge the

gap between the value Ef—p estimated from the
3

model experiment data and the estimated value

of dhp for the ship trial.

It will be seen that in the above no corrcction is
applied directly for possible propulsive scale effect,
the corrclation factor Z betng an overall factor to
allow for such propulsive scale effect as well as for
possible error in the resistance scaling.

On the other hand it may be preferred that the
correlation should be made by means of an allowance
AC, on the estimated total ship resistance cocfli-
cient C,.  If the same value of % is used as above,

itfollowsthat Z — 1 + %{3 if the two methods are
g
to give the same value of the predicted ship horse
power. Therefore there is no constant relation
between Z and AC,, but the conversion of average
values of the one to average values of the other is a
simple matter in relation to average values of C,
The values of Z or AC, will vary with the hull
structural roughness and probably with the absolute
length of the ship. 1t may also vary with the length/
displacement ratio, the block coefficient, or similar
ratios and coefficients, and further with the size of
the medel and with model conditions. The effect
of the absolute ship speed is considered as secondary
to the above mentioned effects and may be neglected.
1t is suggested that values of Z or of A C, should be
given for the combinations set out in this table:

LENGTH OF SHur {iT.}

SHELL
FLATING

200 400 600 800

All welded

759, welded
50%, welded
25%, welded

All riveted

The data should be given (or single-screw ships,
and adjustments (if’ any) for twin-screw ships stated
separately. In case the figures given are related to

COMMITTEE REPORT

limited wvalues of for instance length/displacement
ratio or block coefficient, the limits should be stated,
and If possible corrections for departures.

The average size of model and the average value of
blockage {model midship section area - tank
section grea) associated with these assessments should
also be given.

{i1} 1 REPLIES TO THE ABOVE CIRCULAR

1. Reply from SSPA, Gothenburg,;
Allowances  for use with the ITTC 1957 model-ship
corpelation line

Our answer to the questionnaire of 15th April 1959
reads as follows:

it is impossible to give simple correlation factors or
allowances for dhp—or rpm—predictions, primarily
due to the fact that scale effects on the propulsive
factors seem to be of great importance. Research
work is going on at SSPA on these problems, and we
hape to be able to present a paper on this early in 1960,
As a guidance the following figures, approximately
applicable to normally shaped, all welded, single sorew
merchant vessels, can be given

LENGTH OF sHip (f() AC,
()
200 0.00085
400 0.00055
6500 0.00020
800 0.00610

2. Reply from NSMB, Wageningen;

Trial trip alfowances.

Description of the method of correlating ships and
model data which has been in use many vyears at
the N.5,M.B.

Proposcd allowances for use with the ITTC.1957
cxtrapolation method.

At the N,8.M.B. self-propulsion tests arc carried out
according to the “Continental” method, fe. for
progressive speeds at self-propulsion point of ship
in tank condition. The self-propulsion point is
determined on basc of the Froude skin friction coefli-
cients, which means that a certain roughness allowance
is comprehended in the calculations.

On the values of tank-DHP, derived from the tests,
which are conducted as circumscribed above, allow-
ances are given to obtain the value of BHP for the
trial condition,
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TABLE 1,
Differences between various
exlrapolation methods.
ot Sos | ®
w= | op oy
| TEIRL TEIP ALLOWANCES' 0N’ DHP~ g SEx | &g
S TANK. FEOUDE A& JstD. AT, THE g S = g’g 2 g'ﬁé
. ) . N B o — — O [~
AT ; ;..TQ%M:&. =2 ~ 21880888
ST . B Qe | S
EE 8| 2o | &0
b o ST | 5,87
it 5P 2 | RO
e T =]
=S~ &
Aak |
200 ft ship
ATTC - 1947 2802 — 269 91.2
[TTC - 1957 2728 - 343 88.8
Froude 3071 — 100.0
400 ft ship
ATTC — 1947 2369 - 345 88.2
ITTC --1957| 24596 — 418 85.7
Froude 2914 — 100.0
600 fL ship
ATTC -- 1947 2454 — 366 87.0
ITTC — 1957 2381 — 439 84.4
; Froude 2820 — 100.0
BESULTS S@TAmNER | WiTH
PEG Posto: ALLowANCES.
J DHP TANK, FRaubeE : .
Attor pide To ATTE 1957 P 800 ft ship
- P s g D
- ATTC — 1547 2380 — 36% 86.6
ITTC — 1957 2305 — 444 83.8
Froude 2749 — 100.0
Fii, |
These allowances amount to: to comprehend amongst others the following average
0% for ships having a length of 250 m (820 ft) allowances:
‘ 5 :,::;;’, for ships hav@ng a length of 180 m {590 f1) (1) 3 9/ for shalt friction losses )
10 /o for ships having a length ol 110 m (360 ft) 15 % for loss in propeller efficiency due to the ®
15 % for ships having a length of 40 m (130 {t) higher propeller loading as a result of the
They are represented in Figure 1 and are considered allowance
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The allowanccs on EHP as used by the N.S.M.B,
are therefore
— 31, % for ships having a length of 250 m
(820 It)
+ 114 % for ships having a length of 180 m
(590 ft) e
+ 61,9 for ships having a length of 110 m ;
(360 11)
- 11 145 % for ships having a length of 40 m
{130 ft) '
These allowances are represented in Figure 2.
In order to be able to convert the total allowances
now in use at the N.S.M.B. into an allowance system
to be applicd on base of the 1TTC-1957 method, the
following calculations werc madec ;

1, For five modcls with block coeflicients of

0.60—0.65—0.70—0.75 and 0.80, all baving a length-
breadth-draught ratio of 7.0 and a breadth-draught
ratio of 2.4, the total specific resistance C, at a
water temperature of 15 C was calculated on basc
of the N.S.M.B. statistics.

2. For each model the frictional and residuary
resistance coefficients were calculated at the econo-
mical spced, using the following methods

a) A.T.T.C.-1947 (Schoenherr)

P I.T.T.C.-1957

¢} Froude.
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3. For each model the results were converted to
ships having lengths of 200 ft, 400 ft, 600 ft and 800 ft
using cach of the three above-mentioned methods,
without applying any allowance,

The ship results are represented in Figurc 3asaverage
lines of total specific resistance on base of log R,
The differences in the resistance predictions accordir:g
to the three methods arc given in Table 1, both as
differences in total specific resistance and as percen-
tages of the values predicted according to Froude.

The latter percentages can be used for a direct
comparison with the present allowances on the Froude
resistance or EHP-prediction. To this end they are
plotted in Figure 2 for the ITTC-1957 method.  From
this figurc it appears, that the differences between
resistance or EHP-predictions according to Froude
including the allowances and the resistance or EHP-
predictions according to ITTC-1957 without any
allowance amount to the lollowing percentages of the
Froude resistance or EHP-prediction:

16.6 %, for ships having a length of 250 m -
(820 ft) |

16.9 %, for ships having a length of 180 m |
(590 ft)

19.9 97 for ships having a length of 110 m | (4)
(360 fU) \

21.2 % for ships having a length of 40 m |
{130 ft) !

EHP-TEIAL PredicTion.
Adcomeng Th, ProPosSr
: Memoep oW BASE OF,

Ko OHAL- ALLM#\HW@

!: AVREARE . MoK - IBESLS :
. ﬂu:::umsﬁ“&m‘:ag DKPENP%M; c-...;
. :. ww L&—mm {ﬂm z)
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Allowances of this magnitude would therefore have
to be applied to the ITTC-1957 smooth ship resistance
or EHP-prediction. These allowances must be consi-
dered to consist ol {(as an average):

3 % for air resistance

1 % for increase in resistance due to steering

2 14 % for resistance of bilge keels, which are

usually not present during tank tests.

An allowance for surface roughness.

An allowance for differences between gverage trial

conditions and ideal trial conditions, consisting of :

10 an allowance for fouling

2¢ an allowance for paint detcrioration 5)

3¢ an aliowance for wind resistance

40 an allowance for rough water resistance

From a publication by the B.S.R.A, it has appcared,
that thc average roughness allowance for a clean
newly painted ship js of the order of AC, = 0.000150.
About the samc value was found from a careful
analysis by AEW at Haslar of trial trip data of a
single screw ship.,

1t appears also from the trial results of long ships,
represented in Figure 1 that, taking into account the
allowances mentioned under 2 and 5, the roughness
allowance cannot be much greater than AC,
~= 0.000150.

1f this value could be assumed to be the best possible
average roughncss allowance for trial trips under

Weap L.

¢ $+p -
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ideal circumstances, it could be suggested to accept
this allowance as a standard roughness allowance.

This standard roughness allowance could then be
used for the calculation of the self-propulsion point of
ship and for the calculation of the skin friction correc-
tion. [t is represented in Figure 2 in percentages of
EHP-Froude without allowance,

On the results of resistance tests calculated on base
of the ITTC-1957 line an allowance would have to be
made of

AC, = 0.000150 for surface roughness
4ir resistance j
6 14% of C, | AC, for steering resistance } (6)
resistance of bilge keels

On the results of self-propulsion tests carricd out on
this base the following percentage allowance would
have to be made:
air resistance
steering resistance |
resistance of bilge keels

10 %, on DHP tank decrease in propeller  (7)
cfliciency duc to over-
load
shaft friction losscs,

Morcover an additional allowance has to be made
both on C, — AC, and on DHP-tank for differences
between the average actual trial trip conditions and
the ideal trial trip conditions. This additional differ-

SBcHok HERE

ATTE I8 et
SR 57 & PpppesER ]
DoAutgwanew L
‘Feguee L . ]
FroyplB «ALLowAncE o -
. hotottpinig To HS.MB.
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ence can casely be determined from Figure 2 in
percentage of EHP tank according to Froude.
For the N.S.M.B, this percentage would amount to
--10.2% for ships having a length of 200 ft
8.9 % for ships having a length of 400 ft
5.7 % for ships having a length of 600 ft (®)
1.8 % for ships having a length of 800 ft
In this way trial predictions of EHP and BHP would
be obtained, which are practically equal to those on
base of the presently used Froude method, It is the
opinion of the N.S.M.B. that this is necessarry in
order to maintain @ certain continuity in the predic-
tions, The latter percentages could be standardized,
however, approximately as follows (percentages of
C, + AC, or DHP tank)}
10 % for a ship having a length of S0 m
(164 ft)
9 9 for a ship having a length of 75 m
(246 ft)
8 % for a ship having a length of 100 m
(328 ft) ’
7% for a ship having a length of 125 m
(410 ft) :
6 % for a ship having a length of 150 m
(492 ft)
5% for a ship having a length of 175 m }
(574 ) ‘
47 for a ship having a length of 200 m
(656 ft)
3% for a ship having a length of 225 m
(73811
2% for a ship having a length of 250 m
{820 11)
1% for a ship having a length of 275 m
02 ity
0% for a ship having a length of 300 m
(984 ft) and more
They apply to the model size as used in the N.S.M.B.
(20-22 ft) and average trial conditions at the North Sea
and may in principle be different for other tanks.
Summarizing the method to be applied to derive
BHP,,,, from model tests becones now :
1. Conduct self-propulsion tests on base of ITTC-
1957 line with standard roughness allowance
of AC, = 0.000150.

2. Convert results to full scale DHP.

3. Apply standard allowance for air resistance, etc.
to full scale DHP. A value of 10 % is suggested
by the N,8,M.B. for this allowance,

®
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4. Apply extra allowance according to 9 in order to
obtain the values of BHP to be expected under
average trial conditions.

By way of example allowances on EHP for the
smooth ship in tank condition as predicted on base of
the ITTC-1957 method were caleulated for the average
ship of which the resistance prediction is represented
in Figure 3.

The allowances used are:
6 14,% + 2.2 % for the 800 ft ship
6 14% + 4.7 % for the 600 ft ship
6 14% -+ 7.1 % for the 400 ft ship
6 15 % + 9.6 % for the 200 ft ship

The results obtained in this way are plotted in
Figure 2 as a percentage of the Froude prediction
without any allowance for the same ship. The
comparative total allowances on DHP were plotied
in Figure 1 for a direct comparison with the present
method, together with a number of actual allowances
found by the N.S.M.B. on trials in recent years. The
results were also plotted in Figure 3.

All the trial results of Figure 1 were obtained with
the aid of a torsion meter and the trials took place
under average good weather conditions for the North
Sea (Beaufort 0-4). By far the majority of the results
apply to all welded hull conditions.

In Figure 1it can be seen, that the differences between
the BHP predictions for trial condition according to
Froude and according to the proposed method are
only small. Furthermore it can be scen that the trial
predictions according to the presently used Froude
system are a little on the high side, especially for the
longer ships. The proposed allowaunces for use with
the 1TTC-1957 method give, however, slightly lower
results than according to the old system.

Wageningen, March 1960,

3. Extract of reply from VDB, Duisburg :

The AC, for normal shallow water ships (i.e.about
the 200'-ship) when using the ITTC Skin Friction
Formula are given as follows:

Shell plating AC,
All welded 0.0003
50% welded 0.0004

All riveted 0.0005
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4. Extract of reply from SVA, Wien :

For the prediction of the fp we scale up the results
of the propulsion tests with the models. For calculat-
ing the friction correction force we take the ITTC 1957
model ship correlation line and give a roughness
allowance of (.25 x 107% for the ship. For trial
condition we give an allowance of 7 % to the power
and 115 % to the revolutions for all welded ships.
For all riveted ships is the allowance about 12 % for
power and 2 9 for revolutions. So we can say the
correlation factor Z varies between 1.07 and 1.12
The temperature is taken as 13° C, the average size
of the models is a length of about 6 m.  The blockage
varies between 0.004 and 0.006,

5. Reply from the British Tanks :

Naiional Physical Laboratery, Ship Division

We held a meeting of the British Towing Tank
Panel here on the 26th January, at which the question
of a reply to your letter on ship-model correlation
was discusscd,

This problem has been under consideration by the
British delegates to the ITTC for some time now,
and a few months ago we set up a small group consist-
ing of Mr. Moor as Chairman, with Clements from
Ship Division amnd Canham from B.S.R.A., to study
the available data with a view to rccommending
a set of AC, values, which would be acceptable to
all five British commercial tanks for use in conjunc-
tion with the existing standard procedure. At the
meeting on 26th January, Mr. Moor reported that
his groupe were not yet in a position to make any
recommendations, and I would ask you to accept
this letter as an official intimation from the British
tanks to this effect.  'We still hope to be able to come
to some agreement before the Pacis meetings, and
will keep you informed of any progress to this end.

(ili): IDATA RECEIVED PERTAINING
10 THE ABOVE CIRCULAR

1. Data from Japanese Tanks !

(a) Masao Kinoshita; AC, values for several vessels
using the ITTC 1957 M-S correlation line, Sept. 1,
1958. Technical Research Laboratory, Hitachi Ship-
building & Enginzering Co. Ltd., Osaka Japan, 1 page,
giving AC, values deduced from 10 trial trips and
ranging from —0.00008 to - 0,00055.

(b) Kemame Taniguchi, Kinya Tamura : Comparison
of AC, gnalysis Report No. 308, August 10, 1958,
Experimental Tank (Nagasaki) Laboratory Mitsu-
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bishi Shipbuilding & Engineering Co. Ltd., 5 pages,
giving AC, values deduced from 9 trial trips and
ranging from —0,00038 to -+ 0.00005.

(¢} AC, values for several vessels using the ITTC
1937 M-8 correlation line. Data Sheet No. 1, May
1959, Transportation Technical Rescarch Institute,
Ministry of Transportation, Tokyo Japan, 4 pages
giving AC, values deduced from trial trips with 28
cargo ships and ranging from + 0.00004 to 0.00054,
and AC, values deduced from trial trips with 23
tankers and ranging from —0.00027 to -+ 0.00028.

() Kaname Taniguchi : AC, values for several ves-
sels using the ITTC 1957 M-S correlation line, Data
Sheet No. 2, May 1959, Experimental Tank of Labo-
ratory Mitsubishi Shipbuilding & Engineering Co.
Ltd., NagasakiJapan, 1 page, giving A C, values deduc-
ed from 40 trial trips and ranging from —0.00052
to -+ 0.00040.

(e} Masao Kinoshita : AC, values for several vessels
using the ITTC 1957 M-S correlation lire, Data
Sheet No. 3, May 8, 1959, Technical Research Labo-
ratory, Hitachi Shipbuilding & Engineering Co. Ltd.,
Osaka Japan, 2 pages giving AC, values deduced from
trial trips with 12 cargo vessels and ranging from
~+0.00017 to +0.00067, and AC, values deduced
from trial trips with 10 tankers and ranging from
—0.,00032 to+ 0.00004.

{f) Muasao Kinoshita : AC, values for several vessels
using the ITTC 1957 M-S corvelation line and form
Jactor K'. Data Sheet No. 6, Aug. 15, 1959,  Technical
Research Laboratory Hitachi Shipbuilding & Engi-
neering Co. Ltd., Osaka Japan, 2 pages giving A C,
values deduced from trial trips with 16 tankers and
ranging from —0.00019 to +0.00030, and AC, values

-deduced from ftrial frips with 12 cargo vessels and

ranging from.--0.00001 to 0.00063.

(g) Note on standard method of estimation
AC, from the results of sea irial. Data Sheet No.
7, Sept. 22, 1959, JTTC.

The general trend of the AC, curves given'in the
above mentioned publications a-f is very similar to
that found by R. E. Clements (see (iv)).

2. Data from Paris Tank
{a) Extract of data sheets prepared by the Paris
Tank giving Z-values for 4 tankers, 2 liners and 6
cargo vessels. For the tankers the Z-values vary
from 1.02 to 1.22, for the liners from 1.09 to 1.22and
for the cargo vessels from 1.00 to 1.36. See table on'
the opposite page.
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ESTABLISHMENT BASSIN DESSAIS DES CARENES, PARIS.
. Prop. Welded
LengthWL| =~ °OF Displ. ece Speed . Rn z
Reference | Type number joint Vel
m tons %% knots -10?
1134 tanker 196,5 1 42430 80 16,25 0,191 1,42 1,03
17,48 0,205 1,53 1,02
17 0,199 1,48 1,03
17,61 0,206 1,54 1,03
16,31 0,191 1,42 1,10
17,19 0,201 1,50 1,06
17,48 0,205 1.53 1,07
16,77 0,196 1,46 1,04
1147 tanker 173,98 1 28626 80 16,1 0,200 1,24 1,04
16,6 0,207 1,28 1,09
17,2 0,214 1,33 1,09
1152 tanker 205,36 | 49016 80 17,77 0,204 1,62 1,06
1219 tanker 136 1 36380 80 15,3 0,184 1,27 1,22
16,1 0,194 1,33 1,17
1009 liner 94 2 2214 20 21,99 0,373 0,781 1,22
23,05 0,391 0,819 1,19
15,16 0,427 0,893 1,09
1052 liner 176,91 2 18410 20 23,8 0,294 1,87 1,10
25 0,309 1,96 1,10
1046 cargo 142,89 2 13548 30 18,62 0,256 1,18 1,06
18,78 0,258 1,19 £09
1144 cargo 136 1 12658 90 16,49 0,232 0,848 1,18
15,97 0,225 0,821 1,13
16,62 0,234 0,855 1,14
1227 cargo 32 1 2977 90 14,45 0,262 0,448 1,14
15,27 0,277 0,472 1,10
15,66 0,284 0,484 1,11
1228 cargo 20 I 4157 90 15,82 0,274 0,630 1,00
16,56 0,287 0,660 1,02
88 1 3539 15,92 0,278 0,624 1,04
16,68 0,292 0,654 1,04
1237 CATfO 140 1 14213 90 14,30 0,198 1,02 1,20
15,25 0,211 1,09 1,24
16,45 0,228 1,17 1,23
134 1 10300 15,71 0,223 0,98 1,36
16,38 0,232 1,02 1,30
17,41 0,247 1,09 1,17
140 1 14923 14,2} 0,197 0,92 1,16
15,26 0,212 0,99 1,16
16,53 0,230 1,07 1,12
1307 cargo 14 1 15161 90 18,33 0,248 1,25 1,00
18,50 0,250 1,38 1,03
19,66 0,267 1,47 1,02
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Data from Rome Tank :

b Extract of letter from Istituto Vasca Navale, Rome
The Rome Tank has made a certain number of compa-
risons between model and ship using the ITTC 1957
Line in order to obtain the AC, allowances. The
results obtained up to the present are:

(a) Tanker 36,000 t.dw L = 200 m (3 sister ships)

A = 47,500 t. V = 14 & 18 knots, AC,; mean =0

A = 29,500 t. ¥ = 18 knots, AC; mean = 0.0001
(b) Tanker 35,400 t.dw L = 200 m (7 sister ships)

A == 48,200 t. V = 14 & 18 knots, AC, mean == 0.00005
A «= 30,500 t. V¥V = 17,5 knots, AC, mean == 0.0001
(¢} Passcnger ship L=167m

A = 23,000 t. V == 18 & 21 knots, AC, == 0.00025
(d) Passenger ship L = 96m (3 sister ships)

A= 4300t V = 14 &18.5knois, AC; mean =: 0.0003
(e} Trawler L= 3m

A= 430t ¥V = 13 knots, AC, = 0.0002

The ships @, b and e have fully welded shells, the
ships ¢ and 4 have partially welded shells.

COMMITTEE REPORT

The resistances found at the trials have been reduc-
ed by 5% (air resistance and shaft losses).

Extract of reply from SVA, Berlin-Karishorst :

We can furnish comparison values only for an
inland cargo vessel fitted out with two rudder nozzles.
After reducing the shaft power by 2% to allow for
wind influence, the ITTC-Line + AC, = 0.1 10~ 2 gave
good agreement between the trial results in the speed
range from ?' 6 to 9.3 knots and the values (EPS -
2V
AC, 75
The model scale was 1:10, giving the blockage of
0.0044. The allowance AC, == 0.1 10~? corresponds
to a value Z = 1.0225.

obtained from the model measurements.

REFERENCES
[1] Ciements R.E.: An Analysis of Ship-Model Corre-
lation Data using the 1957 ITTC Line, Trans.
INA 1955,

APPENDIX IT

{i): CIRCULAR TO TANK SUPERINTENDENTS

Form Effect

At 2 meeting of the Skin Friction Committee held
in Copenhagen in September, 1958, it was agreed that
every effort should be made to improve our knowledge
of the effect of form in relation to model-ship corre-
lation. To this end it was also agreed that all tanks
should be asked to send to the Committee the results
of any new work on form effect, such as obtained
in tests at low Frouds number.

The Committee would therefore be glad to receive
from time fo time any new data relevant to this prob-
lem which you are willing to allow the Committee
to use in any communication to the Conference,

It would be convenient if data on resistance at low
Froude number could be giver in accordance with
the specimen table given below.

Specimen Table for Data at low Froude Number.
Tank . . . . . .
Tank breadth .
Tank depth . .

32

Taank cross-section area . .

Type of hull (e.g. tanker, eic.).

Model length b.p. (1} . . .

Model length on water line . .

Model breadth. . . .

Model draught. . . . .

Model trim . . . . . . .

Meodel displacement . . . . .

Model wetted surface area (S). .

Block cocfficient . . . . .

Midship section coefficient .

Water-ling coefficient . .
Longitudinal Position of centre of buoyancy .
14 angle of entrance at L.W.L.

Type of stern (single or twin screw) .
Turbulence stimulator fitted to model .

Experiment results

Temperature of water . . .
Kinematic viscosity of water (v}
. vi R
Speed Resistance R, = — C;= o— 0
) (R) v lhpsv
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(ii}: REPLIES TO THE ABOVE CIRCULAR

Direct replies (*) have been received from the follow-
ing tanks:

1. Bassin p’Essals DEs CARENES, Paris.

2. WiLLiaM DENNY & Bros. LTp., Dumbarton.

3. ExpeRIMENTAL TANK oOF LABORATORY, Miisu-
bishi Shipbuilding & Engineering Co. Ltd., Nagasaki.

4, ISTITUTO Vasca NAVALE, Rome.

5. NATIONAL RESEarRCH COUNCIL, Ottawa.

6. SCHIFFBAUTECHNISCHE VERSUCHSANSTALT IN WIEN

For comparison all Cjcurves are reproduced
appended, together with pertinent data regarding the
models tested.

(iil) : RECENT REFERENCES

[1] Sasanma H, YosHIDAE,, TANAKA J, AND NARATO M.
Form Effects on Frictivnal Resistance of Ship and
Power Prediction of Large Tankers Journ. Soc.
Nav. Arch., Japan, 103, 1958,

2] Tamiva S.;. Form Coefficients, Institute of Indus-
trial Science, Tokyo University.

[3] Inut T.: On a Resisiance Dynamometer for a Sub-
merged Body — Its Details and Applications fo
Fortm Drag Measurements, Journ. Soc. Nav.
Arch, Japan, Vol. 99, 1956.

{*) They are given above,
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[4] Hucues G.: The Prediction of Smooth Ship Resist
ance from Model Data, TINA, 1958,

[5] Lar, AJ.W.: Some Applications of the Threedimen-
sional Extrapolation of Ship Frictional Resistance.
Trans. Inst, Eng. & Shipb. in Scotland, 1958.

[6] HENSCHKE W.: Die Drahtschleppmethode und Masstab-
untersuchungen mit Fischkuttermodellen. Bericht
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APPENDIX 1II

(i): CIRCULAR TO TANK SUPERINTENDENTS

Standard models for resistance testing.

At the 8th ITTC held in Madrid in September,
1957, a paper on “Introductory Remarks on Techni-
ques of Measuring Model Resistance™ by Dr. G,
Kempf was included in the formal contributions pre-
pared for the session on Subjects 2 and 4 — Skin
Friction and Turbulence Stimulation, and the Confe-
rence at its general session decided that “Techniques
of Measuring Model Resistance™ should be included
in the programme for the next Conference under these
same subjects,

The questions raised in Dr. Kempf’s paper did not
receive any attention because the session was devoted
exclusively to consideration of the model-ship corre-
lation line, but it is well known that these questions
are a matter of concern to many tanks, In particular
this paper drew attention to the uncertainties which
exist concerning the measurement of medel resistance
and the comparison of resulis obtained in different

tanks and at different times in the same tank. To
help resolve these uncertainties the original proposat
of General Barrillon was strongly endorsed by Dr.
Kempf, that “every tank... should procure a standard
model or twe of a material which will retain its shape
and its smooth surface”,

At a meeting of the Skin Friction Committee held in
Copenhagen in September, 1958, the Committee was
informed that work of the kind proposed In
Dr. Kempf’s paper had, in fact, been started in
1956/57 in four of the British tanks (John Brown,
Denny, Vickers and NPL), and a joint programme of
testing and comparison of the resuits is now in conti-
nuous operation, each tank possessing “identical”
models made in laminated fibre glass, This work
began as an attempt to find the reasons for and, if
possible, to eliminate erratic changes in model resist-
ance, but has naturally led to inter-tank comparisons.
The Comumnittee was shown the preliminary results of
this work and expressed great interest. The possibi-
lity of other tanks being able to participate was dis-
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cussed and it was agreed that all tanks should be
informed.

Details concerning the British standard models are
given in the atiached note. It is possible that other
tanks at not too great a distance from Great Britain
may wish to avail themselves of the opportunity of
obtaining an “identical” model from the same mould.
Alternatively, any tank may wish to have a model
of the same form and size made of suitable material
in its own country. In either case the Skin Friction
Committee would support the extension of this inves-
tigation to as many tanks as possible. It has also
been informed that the British tanks hope to present
a joint statement to the next Conference of the results
obtained up to that time.

As indlicated in the attached note the mould for the
British standard models is being retained at Ship
Division, NPL, for the time being. 'While any enguiry
for the supply of a similar model should be made
direct to Messrs. Halmatic, the Superintendent of
Ship Division would like to be informed if you are
interested so that it will be known if there is any
demand for the mould to be retained. The Skin
Friction Committee is also interested to know whe-
ther you wish to participate in any joint rescarch on
the subject. You are requested thercfore to kindly
fill in and return the attached forms.

{ii}: CIRCULAR TO TANKS POSSESSING
Stanparp MobpgeLs

Standard Models.

A number of member tanks of the ITTC have
acquired a standard model made of laminated fibre-
glass from the same mould as used for the original
standard modcls as supplied to four British tanks;
others may be acquiring similar models or making
their own to the same design.

All of these models so far have been sent first of all
to NPL, Teddington where beams were fitted, appro-
ximate water lines marked and the bow fitted with studs.

The four British tanks concerncd are Messrs.
John Brown (Clydebank), William Denny (Dumbar-
ton), NPL (Teddington), and Vickers-Armstrongs
(St. Albans). These tanks have been making tests
at regular intervals with their standard models for the
past 18 months. They are working to an agreed pro-
gramme, and the results, after the initial analysis has
been mads, are being semt to NPL for a further
correlating analysis to be made.

It is felt that the other tanks who have acquired one
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of these models or intend to do so may like to have
details of the design, and of the test procedure being
followed in the British tanks and at NPL for the
correlating analysis. These details are given on the
attached sheets,

The uniform test conditions set out on Sheet 3 are
intended as a guide, and tanks may have their own
preferences regarding such items as number of runs and
the spacing of these runs in relation to speed. Some
tanks may prefer to adopt these conditions and to
make other tests in addition. Whatever scheme is used
it is hoped that the division of the tests into the five
groups as set out on Sheet 4 will be adopted for the
correlating analysis so that future comparisons may
be made quickly and easily, This grouping is equally
suitable whether the tests are concentrated at certain
speeds as set out on Sheet 3 or uniformly spaced over
the whole of the speed range.

The reference datum line of which the ordinates are
given on Sheet 5 was obtained from a combined plot
of the results of two sets of tests with each of the first
four standard models in NPL No. 2 tank. This line
should not be regarded necessarily as the best average
for this tank but simply as a convenient datum for
comparative work.

It is emphasized that NPL cannot undertake the
complete correlating analysis for any other tanks.
The Resistance Committee will, however, be glad to
receive data and to compare results and to report to
Conference provided these data are presented in the
final form indicated in Figure 4. If the data are pre-
sented in other forms the work of comparison will
be too onerous for the Committee to undertake.

Experience in the British tanks has shown that it
is desirable to make tests at fairly regular intervals,
About once every two weeks is a good average. Test-
ing should be continued for a long period if the
immediate purpose of investigating “erratic changes
in measured resistance” is to be fulfilled, and also if
the work is to be of value for the comparison of results
between tanks. It is suggested that at Jeast 12 sets of
tests in any one tank should be made before sending
results to the Committee,

Standard models
Design Details

Design (*) BS.R.A.
Block coefficient 0.65

(*) Army ano Hucues ; Medel Experiments on a Series of 0.65
Block Coefficiemt Forms. Part 1, LN, A, 1954,
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Maximum section Model length b.p.  15.835 ft
coefficient 0.981 Model surface area 49.51 fi2
Prismatic  coeffi- Model midship sec-
cieat 0.663 tion area 2.20 fi?
L.C.B. from mid- Model  displace-
ships 0.5 per cent L.B.P. aft ment 1439.5 1bs fresh water
Half angle of Trim Level
entrance 12,3 degrees Measurement (by hook gauge)
Length/breadth 7.27 between tops of wood beams{ .......... madel
Breadth/draught 2.12 and the watcy sutface, as trim-
Bilge radius 6 ft medatNPL ] ims.
Breadth 351t
Dnght 26 ft ' for NoTk : A wood model was first made from which to form the
deship section ) fibreglass mould. Dwue to shrinkage of the wood during the pre-
area 1403 ft2 ship paration of this model it befcamc necessary to re-cut to a slightly
. smaller scale than at first intended. This accounts for the odd
Dlsplacement 10,623 tons salt \ scale as seen in Sheet 1. Despite the second cutting some fucther
watey ] 400 ft L.B.P. shrinklage Fook p]f'l(:e, leaving a siight taper of the sides of'thfa model
A r: E eIng Titr-
Scale of D?Odei to Erlrtjwa;?“le::ilpsaswtl;ll:hwsiﬁggliget.m 'I;?lrcc:'::lelil’ 2;::010:{ fﬂfﬁﬁclraggitfdinal
400 ft ship 1/25.26 curvature of the ksel due to movement of the wood after finishing,
STANDARD MODELS — Offsets and Area Curve Ordinates,
Draught for 400 ft Ship
saion | 21 \ 6ft | 10f | 141 | 1800 | 28 | 261 | 01t l 34§t 26 ft
Area
Waterline Offsets Curve
Ordinate
AP0 — — — — — — 17.5 26.7 33.8 1.8
Y, 1.9 2.5 3.0 3.7 5.6 7.0 31.0 40.3 47.5 7.6
1/ 32 6.2 9.3 13.0 19.6 31.2 43.7 52.7 59.4 16,2
1 8.4 16.2 233 32.0 43.4 354 65.5 73.0 78.7 33.0
1Y, 15.8 29.8 40.0 51.2 63.5 73.9 81.7 87.3 91.3 49.0
2 26.3 452 58.0 69.2 78.9 86.6 92.1 95.7 97.8 63.8
23, 40.0 61.4 74.4 83.5 859 04,4 97.5 99.3 100.0 76.9
3 56.2 76.3 87.1 93.5 96.9 98.9 99.7 100.0 100.0 87.7
31, 711 81.7 95.1 98.6 100.0 100.0 100.0 100.0 100.0 94.1
4 84.0 95.7 99.7 100.0 100.0 100.0 100.0 100.0 100.0 97.9
5 92.9 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
6 89.3 98.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.1
61{2 81.7 93.2 97.1 98.5 99.3 99.7 100.0 100.0 100.0 96.6
7 70.0 84.5 90.3 92.9 94.4 95.5 96.3 97.0 97.5 8%.6
7Y, 35.6 71.1 78.1 81.8 84.3 86,1 87.5 88.7 89.9 78.3
8 39.6 54.5 61.9 66.3 69.3 71.9 74.2 76.1 77.6 62.5
81/, 24.0 37.2 43.6 47,7 50,9 53.4 56,0 58.7 61.6 44.7
9 9.9 15.8 254 29.2 3.6 34.0 36.5 39.1 42.9 2.63
93, — 5.1 9,2 12.0 13.8 15.6 17.3 20.0 23.3 100
8 3{4 — — 2.2 4.9 6.3 7.5 89 11.2 13.8 19
FP 10 — — — — — — 0 2.4 4.3 ¢
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Standard models

Uniform Test Conditions adopted by the British
Tanks.

(1) Anti-drift curtains will nof be used.

(2) Drift of the water along the tank may be mea-
sured if desired by means of a float or otherwise
before each run so that any excessive growth of drift
may be noted. Normally no correction will be made
for drift and the land speed will be used in the analy-
sis.

(3) The interval between runs (start to start) will
be 10 minutes,

(4) The tests will be made as nearly as possible at
agreed speeds of advance in all tanks so that the values
of Froude number are the same regardless of tempe-
rature differences. The agrecd speeds are 3.10,
3.88, 4.66, 543 and 6.21 ftfsec., which correspond
to Reynolds number of 4, 5, 6, 7 and 8 million at
58¢ F.

{5) The tests will be made in the order 6.21, 3.43,
4.66, 3.88 and 3.10 fi/sec., (highest to lowest), and this

sequence will be repcated 4 times, making 20 runs
in all.

{6) The temperature of the water will be measured
at the mid-length of the test section, at 1 ft below the
surface and at mid-depth and bottom of the tank,
both before the first run and after the last run.

(7) Before each test the model surface will be exa-
mined and cleaned if necessary to remove dirt and
grease. It will be rubbed down wet such as with a
Spontex sponge when being put into the water. A note
will be made of any surface deterioration.

(8) The model will be ballasted always to the agreed
displacement and the trim checked. Any discre-
pancy from the original trim will be noted,

(9} While the position of the tow-point may differ
a little from one tank to another because of internal
arrangements of apparatus, etc., it is desirable that
the height of the tow-point should be closely the
same for the comparative tests. It is suggested that
this height should be within 0.5 in. above and 0.5 in.
below the load water plane. Each tank should use
the same position for all of its own tests, and in all
other respects carry out a uniform procedure.

(10) Measurements of viscosity amd sampling
of the water for biological content will not generally
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be continued except as individual tanks may consider
1o be desirable or necessary.

(11) The resistance test results will be corrected
at each tank to 59°F using the ITTC 1957 model-ship
correfation line. These results will then be entered
on the standard table (*) and sent to NPL for further
analysis.

Standard models
Procedure for Correlating Analysis.

1. The results are entered in a standard table as
shown in Figure 3.

2. The results as corrected to 59°F are used in the
further analysis.

3. These resuits are analysed in five groups

Group No f 1 2 3 4 5
Range of

below above
Reynolds num- % 45 4';5 Sm 5'§ ﬂto 6'_;,5 ;0 75
ber (million) ’ ; - : ’
Mean value of
Reynolds num-g 4 5 6 7 8
ber (million)
Mean value of E 0.137 10.172|0.206 | 0.241 | 0.275
Froude number

4, The actual difference of each experiment spot
from the datum line (see Sheet 5) is expressed as a
percentage of the datum value. The arithmetic mean
of these percentages is then taken for each group.
This is called the day mean value for the group.

5. For each group the cumulative mean value is
also calculated.  This is the arithmetic mean of all
the day mean values previous to and including the
date of test.

6. For each group a plot is made on a base of date
of test of the following:
@) the day mean value

b) the upper and lower limits of the individual
results

¢) the cumulative mean value

The water temperature is also plotted in each
figure.
A typical plotting is shown in Figure 4,

(*} 8ge Figuve 3.
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STANDARD MODELS — Ordinates of Standard Mode! Datum Resistance Curve at 590 F,

{miril%gan} g {m&?@xz} 102G {mi%?on} 102 ¢, (mg?on} 108 C,
1.50 4.168 515 4.034 6.80 4.153 7.82 5,108
3.55 4,158 520 4.043 6.85 4.166 7.84 5.154
1.60 4,146 5.25 4051 6.90 4,176 7.86 5.211
365 4,136 5.30 4.058 6.95 4,187 7.88 5.264
3,70 4126 5.35 4.062 7.00 4,197 7.90 5.317
3,75 4,118 5,40 4.066 7.08 4.207 7.92 5373
3.80 4109 5.45 4,068 7.10 4219 7.94 5.428
1.85 4,102 5.50 4.071 7.15 4.236 7.96 5,484
3.90 4,094 5.55 4072 7.20 4252 7.98 5,539
395 4.088 5.60 £071 7.25 4274 .00 5.595
4.00 4.082 5.65 4.070 7.30 4302 8.02 5.655
405 4077 570 4,069 7.35 4,337 8.04 5.715
4,10 4,072 5.75 4,067 7.40 43719 8.06 5776
415 4.067 5.80 4,065 7.42 4,399 3.08 5.836
4.20 4.061 5.85 4.067 7.44 4.419 8.10 5,896
4.5 4.059 5,90 4.070 7.46 4.441 8.12 5,958
430 4,056 5.95 4078 7.48 4.465 8.14 6.022
435 4.053 6.00 4,091 7.50 4,490 8.16 6.087
4.40 4050 6.05 4.107 7.52 4,519 8.18 6.154
445 4.046 6.10 4118 7.54 4,548 3.20 6.224
4,50 4042 6.15 4.121 7.56 4.580 822 6.300
4.55 4.040 6.20 4,121 7.58 4.611 8.24 6.376
460 4037 6.25 4.120 7.60 4.644 826 6.452
4.65 4,032 6.30 4.115 7.62 4.679 8.28 6.528
470 4025 6.35 4.111 7.64 4,717 8.30 6.604
4.75 4.017 6.40 4.106 7.66 4.785 8.32 6.685
4.80 4.009 6.45 4.102 7.68 4,793 8.34 6.766
485 4.004 650 | 4100 770 | 4832 8.36 6.847
490 4.001 6.55 4,101 7.72 4.871 .38 6.928
495 4.000 6.60 4.105 7.74 4.921 8.40 7.009
500 4.004 6,65 4.111 7.76 4.965
5.05 4.011 6.70 4122 7.78 5.013
5.10 4,021 6.75 4,140 7.80 5.061

As obtained from tests in N, P, L. No.2 tank  afA = 1.24 %; V/AY2 = 0,97 %.
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FORMAL DISCUSSION HENSCHKE

FORMAL DISCUSSION

Dr. W, Henschke.

SCALE MODEL TESTS AND MODEL-SHIP CORRELATION

On the occasion of the opening Symposium of the
Brodarski Institute in Zagreb in Sept. 1959, I showed
the results of resistance investigations with models
of different scales of a fishing cutter [1].

From this time on resistance tests have been carried
out with the scale series of a motor coaster. These
tests will be completed later on by systematic investiga-
tions with models of a medium-sized cargoship and
a fast passengership.

All models were made of wood with a varnished
surface and had, when tested, trip wires at 1/20 Lpp
(looking aft).

Six models of the fishing cutter (fig. 1) of the scales
& =6,8,10,12, 15 and 20 were investigated.

All tests were run with a towing winch [I and 2]
with three different displacements according to 110,
135 and 160 t of the full scale ship. As the accuracy of
measurement of the winch-cord towing method with
very small models was not exact enough, the resistance
of the scales of 15 and 20 were mcasured again by a
pendulum. The data obtained werc uscd for the
anzlysis.

The trip wires used had a diameter of 0,5 mm at
¢ =20and 15 and 0,9 mm at « = 12, 10, 8§ and 6.

In the case of motor coaster (fig. 5) five models were
investigated with the scales of « = 10, 12, 15, 20 and
40 with three displacements cach, according to 800,
1100 and 1400 m? of full scale ship.

All resistance tests of this scries were run by a
pendulum. The trip wires of all models had a dia-
meter of 1,2 mm,

All the results are summarized in figures 2-4 and
6-8 resp. The parallels to the Schoenherr-line connect
with more or less great differences the points of the

same Froude number. A somewhat better equali-
zation would be possible by lines with a somewhat
lower gradient but by no means however with a
higher gradient, as e.g. with the ITTC-line, The
present inexplicable scattering is in my opinion within
or below the range of the scale investigations, accord-
ing to the well-known literature.

To clear the question as to if and how the most
common conversion methods in these two investigated
cases have any effect on the result, the EPS total
according to Froude, Schoenherr and ITTC have been
lined up in one table, calculated for an equal tempera-
ture of 15 C with A C, = 0,0002.

The result is that the maximum difference is about
+ 2 % for the fishing cutter (table A) in the range of
speed from a practical standpoint of about 6-10
knots within the scale of « = 6 to « = 10 and
with different conversion methods. At very low
speeds and especially with very smal! models more
scattering of the single data and greater differences
take place between the conversion methods.

The same applies to motor coasters (table B-D).
Therefore, for the time being, we prefer to calculate
the results of the model tests to the full scale ship
according to Schoenherr or Froude.

REFERENCES

[11 HEeNscHKE W.: Die Drahischleppmethode und Muafs-
tabuntersuchungen mit Fischkutiermodellen,
Schiffbau-Versuchsanstalt Berlin Bericht Nr, 224
Brodarski-Zagreb Symposium, 1959,

[2] Henscake W.: Die Taiigkeit der Volkseigenen
Schiffbau-Versuchsanstalt, Schiffbautechnik Ber-
lin 1957, Heft L.
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SKIN FRICTION AND TURBULENCE STIMULATION

Schieppleistungen fiir den 25 m Kutter

Deplacement A == 135t
Reibungszuschlag fir

Schoenherr u. ITTC : A Cy == 0.0002

FORMAL DISCUSSION

v MODELL 144 MODELL 134 Modell 91
[Kn] Modellmalistad oo = Mcdeiimai%s{ah oo B Mﬂdeﬂma?ismb o = 13
Frouds Schoe. ITTC Froude Schos, ITIC Froude Schoe, ITTC
4 3.83 3.82 3.69 3.7 3.69 3.52 172 3.59 3.36
5 7.43 7.49 7.28 7.65 1.57 7.27 7.64 7.46 7.09
6 13.7 13.8 13.5 13.5 134 12.9 141 {38 13.3
7 24.3 24.5 240 233 233 226 24.8 24.6 238
7.5 327 329 324 319 319 311 30 328 318
8 44.2 44.6 44.0 43.6 43.7 42.8 44.2 43.9 42.8
8.5 58.8 593 58.5 584 58.6 57.5 58.5 583 57.0
9 75.2 75.9 75.0 76.2 76.5 73.5 75.7 75.6 74.1
9.5 96.1 97.0 96.0 97.9 98.3 96.9 96.7 96.6 94.9
10 126.5 127.5 126.4 125.6 126.1 124.6 124.0 124.0 1221
v MODELL 146 MODELL 156 MODELL 157
Moadellmalstab ve — 12 ModelimaBstab ve = 15 Modellmalistab oo = 20
(Ka] Froude Schoe. ITTC Froude Schoe. ITTC Froude Schoe, ITTC
4 381 3.61 3.36 3.46 315 2.87 366 3.258 2.85
5 8.08 7.80 7.36 6.66 6.22 5.68 7.28 6.59 591
& 14.7 14.3 13.6 13.3 12.6 11.8 3.9 129 iL8
7 26.3 25.8 249 253 24.5 23.3 257 24.2 227
7.5 34.5 34.0 32.9 338 328 314 34.0 32.3 30.5
8 457 45,1 438 44.9 43.8 42.1 46.0 44.1 41,9
8.5 59.5 589 573 584 57.3 55.4 60.7 58.5 56.1
k4 76.4 759 74.0 75.1 739 717 78.5 76.1 73.3
9.5 97.3 56.6 94.6 96.5 95,1 2.6 998 97.1 54.0
io 123.5 1229 1206 124.9 1234 120.6 125.7 1228 119.1
10.5 164.0 162.4 159.2 162.5 1591 135.1

52



SKIN FRICTION AND TURBULENCE STIMULATION

FORMAL DISCUSSION

Schleppleistungen fiir das Kiistenmotorschiff

Verdringung v == 800 m®
Reibungszuschlag fiir

Schoenherr u. ITTC : A Cp = 0.0002.

HENSCIHKE

v MODELL 240 MODELL 270 MODELL 271
[Kn) ModelimaBstab o= == 10 ModellmaBstab o = 12 ModellmaBstab o = 15
Froude Schoe. ITTC Froude Schoe, ITTC Froude Schoe. ITIC
4 2.4 8.8 8.3 11.5 10.8 10.2
5 19.4 18.5 17.6 20.6 19.5 18.4
6 36.8 35.6 34.6 342 329 315 34.8 331 3L.5
7 59.0 57.5 55.9 56.2 54.3 52.4 56.2 54.0 51.6
8 921 90.2 88.1 86.9 84.5 81.9 90.1 87.1 83.8
9 141 139 136 132 130 126 141 138 133
10 216 213 210 207 203 199 220 216 210
10.5 269 266 262 260 257 251 272 267 261
11 340 337 332 328 324 318 341 336 329
iL.5 437 434 429 425 421 415 437 431 423
12 574 571 565 558 554 547 571 565 556
12,5 756 752 746 731 727 719 751 745 735
13 984 980 973 95t 946 0938 979 973 963
13.5 1251 1248 1241 1207 1202 1193 1237 1231 1219
14 1534 1531 1522 1488 1483 1473 1516 1509 1497
v MODELL 272 MODELL 273
[Kn] Medelimalstab oc = 20 ModellmaBstab o = 40
Froude Schoe. ITTC Froude Schoe. ITTC
4 8.7 7.7 6.9 12.8 10.8 9.2
5 189 17.3 15.8 25.7 222 19.5
6 33.8 315 29.3 44,0 387 345
7 56.0 52.8 49.7 68.7 61.2 55,2
8 89.9 857 81.3 102 922 83.8
9 139 134 128 149 135 124
10 213 206 199 219 202 188
10.5 268 261 253 272 253 237
11 335 327 318 340 319 301
11.5 425 417 406 437 414 393
12 548 535 528 575 549 527
12,5 724 715 702 756 729 704
13 960 950 936 873 943 516
13.5 1222 1212 1196 1231 1198 1168
14 1408 1497 1470 1506 1471 1438
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SKIN FRICTION AND TURBULENCE STIMULATION

Schieppleistungen fiir das Kiistenmotorschiff

Verdrangung v = 1100 m®
Reibungszoschlag fur
Schoenherr u. ITTC : A Cp = 0.0002

FORMAL DISCUSSION

v MOIDELL 240 MODELL 270 MODELL 271
[Kn] ModclimaBstab oc =~ [0 Modelimafistab o< = 12 Modelimalstaly ox = 15
Froude Schoe, 1ITTC Froude Schoe. ITTC Froude Schoe, ITTC
4 14,7 14.0 13.4 13.6 12.8 12.2
5 24.5 234 22.4 238 224 21,3
6 40.9 394 38.3 40.5 389 374 38.9 36.9 350
7 63.5 61.7 589 62.9 60.7 58.6 62,7 60.0 57.3
8 984 96.0 93.6 99.7 96.8 93.9 96.5 93.1 894
9 151 148 145 156 152 148 152 148 143
16 233 230 226 235 231 226 233 228 222
i0.5 289 286 281 285 284 219 251 286 27
11 362 359 354 359 354 347 365 359 351
11,5 461 457 451 457 452 445 484 458 449
i2 603 601 594 559 393 588 &02 355 588
12.5 826 822 815 816 811 802 801 754 783
13 1146 1141 1134 1128 1122 1113 1097 1088 1076
13.5 1509 1505 1497 15086 1499 1489 1495 1487 1474
14 1973 1968 1959 1923 1917 1908 1894 188§ 1871
Y MODELL 272 MODELL 273
{Kanl Modellmaﬂs;ab o == 20 Modellmalistab o< = 40
Froude Schoe. ITIC Froude Schoe. ITIC
4 10.9 9.8 8.8 15.3 131 11.3
5 215 59 181 281 24.3 212
6 37.3 34.6 322 50.1 442 39.5
7 61.9 58.3 54,7 79.2 70.8 64.0
] 99,2 943 £9.5 116 105 95,5
g 155 149 142 170 156 143
10 236 228 220 250 231 214
10.5 290 282 272 316 295 277
11 359 350 340 383 360 339
11.5 463 453 441 480 454 432
12 617 606 593 616 588 563
12.5 545 834 320 811 779 752
13 1145 1134 1118 1071 1037 1007
13.5 1547 1505 1488 1407 1370 1337
14 1910 1897 1878 1757 1717 1681
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SKIN FRICTION AND TURBULENCE STIMULATION

Schleppleistungen fiir das Kiistenmotorschiff

Verdringung v = 1400 m®
Reibungszuschlag fiic

Schoenherr u. ITTC ; A Gy = 0.0002

FORMAL DISCUSSION

HENSCHKE

v 7 MODELL 240 MODELL 27 MODELL 271
[Xn] ModelimaBstab oo = 10 ModellmaBstab ox = 12 Hﬂéctimaﬁ'stai:} o e 1§ .
Froude Schoe. ITTC Froude Schoe., ITTC Froude Schoe, IrTe
4 17.4 16.7 16.2 15.1 14.3 13.7 13.8 13.0 12.2
5 317 30.6 29.7 27.8 26.5 25.4 26.3 24.8 23.4
6 51.5 50.0 48.6 46,8 44.9 43.2 44.9 42.6 40.6
7 789 76.7 74.8 72.2 69.6 67.2 714 68.3 65.4
8 117 114 112 113 110 107 113 109 105
9 174 170 167 167 163 158 171 166 161
1o 260 256 251 252 247 241 262 253 249
0.5 319 315 310 310 305 298 327 320 312
it 398 293 388 389 384 i76 414 407 398
115 505 300 494 497 497 483 331 323 513
12 655 651 644 648 642 633 651 633 673
12.5 886 881 873 877 8§70 860 917 909 897
13 1244 1239 1231 1223 1215 1205 1258 1249 1236
13.5 1715 1709 1700 1686 1679 1667 1713 1703 1689
14 2211 2206 2196 2176 2168 2156 2203 2193 2177
v MODELL 272 MODELL 273
[Kn} Modellmalistab o< ~ 20 Ma&wﬁma{{stab se = 40
Froude Schoe. iTTC Froude Schoe. ITTC
4 6.8 15.7 4.6 18.7 16.1 14.2
3 298 27.7 260 350 30.7 27.3
6 48.3 453 42.6 58.7 521 46.8
7 71.8 67.6 63.7 92.6 832 75.6
8 108 103 97.5 144 132 121
9 165 158 151 213 196 182
10 249 240 231 313 292 274
10.5 309 300 289 382 358 338
11 385 375 363 467 441 419
115 493 482 469 581 553 528
12 644 632 618 733 702 674
12.5 879 866 851 933 898 867
13 1217 1203 1186 1218 1180 1146
135 1637 1623 1604 1611 1571 1534
14 2108 2090 2069 2052 2008 1968
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SKIN FRICTION AND TURBULENCE STIMULATION

FORMAL DISCUSSION

Prof. G, Kempl.

RUNNING RESISTANCE-TESTS WITH MODELS OF FULL FORM.

Measurement of resistance with models of full form,
i. e. with a blockcoefficient over. 75, give sometimes
unsteady results.

The point where the layer leaves the shipform at the
rear changes on full forms casily with small alterations
of pressure and depends on the initial acceleration of
the model.

1t is widely unknown what kind of current will
appear on the ship, but it is sure that the layer at the
rear is fluctvating with the period of yawing,

To insure similarity of model and ship it is therefore
advisable to make the model also yaw in the same
manner as the ship normally does even at smooth sea.

_;f._; g:# ml %We

The registration of the fluctuation of course for
three ships shows that it is alternating at least from
<+ 19 1o — 19 within a period of about 30 seconds; this
means for a model of 6 m length at a scale of 1/25 an
amplitude at the rear of about + 50 mm at a period of
about 5 seconds. It may be that already with a
smaller amplitude and a shorter period steady and
repeatable measurements of resistance for such models
of great blockage are obtainable.

The conversion of thesc resistance-results from a
yawing full model to the ship would probably allow a
still more reliable prediction for the ship than it can be
given today.
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SKIN FRICTION AND TURBULENCE STIMULATION
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SKIN FRICTION AND TURBULENCE STIMULATION

FORMAL DISCUSSION

R. N. Newton.

Asthe Reportof the Resistance Committee indicates,
onc major problem to solve before the model-ship
correlation line adopted at the 8th Conference can be
used with confidence is the establishment of rcliable
values for the so called roughness allowance” or
Ac,, which is more correetly described as a model-ship
correlation allowance since the difference in roughness
between model and ship is only one of many compo-
nents which together constitute the difference between
the resistance caleulated from ship trial results and
that predicted from model tests.

2. From published data on ship-model correlation
using the LT.T.C. line and particularly that in a paper
presented by R.E., Clements, reference 1, two facts
emerge clearly.  One is that the correlation allowance
is frequently large and the other is that the scatter
in the rosults, cven for sister ships, is equally large.
Mcan values as high as 30 per cent of ship E.H.P. and
a scatter of as much as 20 per cent in the results of the
analysis of 150 ship trials have been found, 'This
result was mot surprising and was perhaps to be
expected in view of the numerous components of
the correlation allowance and the wide variation which
many of them can individually possess according to
the conditions under which the trials are conducted.

3. One obvious approach to solving the problem of
assigning values to the allowance which can be used
for rchiable prediction of performance is to

(1) Enumcrate the components of the allowance
so far as possible with existing knowlcdge.

{ii) Assess the magnitude of as many of these
components as wmay be possible, using
existing available data which whilst not
perhaps based on sound modern physical
concepts has been found reasonable from
previous expericnee.

{iii) Apply the values of these ‘asscssable’
components as correclions in the analysis,
leaving a residual correlation  allowance
cmbracing those components which cannot
vet be assessed because of lack of data,

4. The result of such an approach should be to
reduce not only the mean value of the overall atlow-
ance but also the scatter between results for ships
ol a type, so making the prediction of performance in
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prescribed conditions more consistent and reliable.
An attempt to arrive at small, consistent correlation
allowances in this manner is currenlly being made
at A.EW. and the following notes describe the basis
of the method.

5. The components of the correlation allowance
have been cnumerated below. The basis of their
assessement is quoted in thosc cases for which data
are available,

(a) Tank boundary interference or blockage,
Assessed by the method described in Reference 2,
Appendix 3.

(b) Standard model correction to madel skin friction
resistance.  To eliminate the random variation in
model resistance due to “uncxplained changes in the
quality of the tank water”, a standard model is run
regularly in both ship tanks at Haslar. Any variation
in the standard modcl resistance is applicd as a correg-
tion to the measured of the ship model.  (Reference 3).

(c) Effect of viscosity on wavemaking.  When scaling
up Lhe residuary resistance from model to ship a
correction is made in accordance with the approximate
figures quoted in Reference 4, which are broadly
confirmed by wial corrclation factors of diffcrent
types of ship.

{d) Structural roughness due to plate edges, burts,
rivet points ete.  Assessed from results of tank tests
in which such excrescences were simulated on planks.
{Reference 35).

{e) Surface or paint roughness. Using information
provided in reforences 2 and 6, a standard value of
the increment of resistance due to the roughness of
the surface of Admiralty compositions has been
evolved and is currently used in the analysis.

(1) Fouling of ship's hull and propeller. This is
related to the number of days since last undocking
— ‘', and the number of days since last complete
painting ~ *b’, by the empirical formula:
. e s . a . by
increase of skin [riction resistance == (@ 4 m} ¢

This formula was obtained from the results of trials
in tcmperate waters on ships coaled with Admiralty
boftom compositions, and is applicable only to new
ships on first class trials.



SKIN FRICTION AND TURBULENCE STIMULATION FORMAL DISCUSSION NEWTON

TaBLE 1.

Components of Correlation Allowance — Twin Screw Frigate,

All cocfficients to be multiplied by 103

MODEL
Reyrolds’ number X 1076 862 | 1074 12.23 13.62
Wake %, (Taylor) 32 34 1.7 0
Crcorrected for trial condition, standard model correction and
blockage 4.301 4.678 5.670 6.141
Ce 3.079 2.963 2.898 2.843
Cr 1.222 1715 2772 3.296
Correction for effect of viscosity on wavemaking 0.167 0,111 0.021 0
Corrected Cy 1.386 1.826 2,793 3.2%6
SHIP
Reynolds’ number ¢ 1074 712 8.86 10.1 11.24
Ce 1.597 1.554 1.529 1.509
Cpnaked - 2.986 3.380 4.322 4.805
Augment %, 8.6 &5 7 8.4 17
Cp augmented 3.243 3.667 4.685 5.175
Appendage resistance 0.384 0.404 0.434 0477
Correction for paint roughness 0.120 0.120 0.120 0.120
Cormrection for structural roughness 0.007 0.007 0.007 0.007
Correction for fouling 0.150 0.146 0.144 0.142
Correction for wind 0.080 0.080 0,080 0.080
Corrected Cp 3.984 4424 5.470 6.001
Ship Cp augmented as deduced from propellers 4.084 4.653 5.613 6.124
ACy 0.100 0.229 0.143 0.123
Mean Value = 9% x 107 = 0,149 x 1073
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SKIN FRICTION AND TURBULENCE STIMULATION. FORMAL DISCUSSION

@08 MODEL. CORRECTED TO TRIAL CONDITION AND STANDARD MODEL AND
BLOCKAGE CORRECTIONS APPLIED.

YVV CORRECTED FOR EFFECT OF VISCOSITY ON WAVEMAKING.
AAA RESISTANCE OF CLEAN NAKED SHIR

RKR CORRECTED FOR AUGMENT

[DEE CORRECTED FOR PAINT AND STRUCTURAL ROUGHNESS.
AAA CORRECTED FOR FOULING

XXX CORRECTED FOR WIND.

OO0 CORRECTED FOR APPENDAGES.
@®@ THRUST DEDUCED FROM A MODEL PROPELLER USING TRIAL J' VALUES,

HOr

50

CORRELATION
ALLOWANCE\J- -
1.

40

£3;
sob %“U&«m\ T

201~ 201~
o E 1ol ! }
5108 837 %108 [5xi08 4.x108 S73xio8 1oxod

REYNOLDS NUMBER

Fio. 1. — Components of correlation allowance.
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SKIN FRICTION AND TURBULENCE STIMULATION

FORMAL DISCUSSION NEWTON

Tasre 2.
Comparison of Correlation Allowances.

All cocfficients to be multiplied by 107°

Corrected for Hems Uncorrected for lems
@) — @ @ —
Difference Difference
A T from mean ACy from mean
value value
Destroyer 0.155 ~0,089 1.079 0.208
Single Screw Frigate 0.193 0.019 0.728 ~£,143
Twin Screw Frigate 0.149 —0.025 0.774 0097
Aircraft Carrier 0.198 0.024 0.903 0.032
Mean value 0.174 0871

(8) Rough water. The increase of resistance due to
rough water is assessed from model experiments in
waves. In the weather conditions in which warship
trials are carried out the effect of rough water on resist-
ance has been found to be negligibly small.

() Wind resistance of ship on trials. Assessed by
the method described in reference 7.

() Correction for appendage resistance. To eli-
minate errors due to scale effect on appendages, the
measured model appendage resistance is not used
to obtain the corresponding ship resistance. Instead,
the resistances of the individual appendages are
assessed directly for the ship, using empirical for-
mulae based on large scale model tests. A similar
procedure is applied to appendages not normally
fitted to the model, ¢.g. bilge keels circulating water
inlets and outlets,

(}) “Waviness” of plating.

(k) Scale effect on wake and augment.

() Cavitation of propeiler or appendages.

(m) Experimental errors,

(ny Inaccuracy in LT.T.C. line; i.e. difference between
model or ship skin friction resistance as given by this
line and the frue values.

{0) Inaccuracies in assessment of allowances {(a)
io (i).

Ttems () to (0} cannot at present be assessed indi-
vidually because of lack of data. They are, therefore,

contained in the gap between ship resistance as pre-
dicted from the model and as deduced from trial results
i.e. the correlation allowance.

6. The analysis procedure is illustrated for a frigate
in Figure 1 and Table 1. The measured model
resistance, corrected for blockage, (a), and standard
model (b), is plotted in coefficient form on 2 Reynolds’
number base. At speeds corresponding to each trial
speed for the ship, the model residuary resistance, i.e.
the intercept of this curve above the LT.T.C. line,
is corrected for the effect of viscosity on wavemaking,
(¢), and the corrected intercept is set up above the
I.T.T.C. line at the appropriate ship R,. This ordi-
nate represents the naked “smooth” ship resistance.
To it is added the model augment of resistance and the
estimated allowances () to (i), giving the estimated
augmented resistance of the “rough” ship complete
with appendages. This is compared with the pro-
peller thrust obtained from results of open water
experiments on a 20 in. diameter model of the as
fitted ship propeller, at a J value given by the trial
R.P.M. and the ship speed qualified by model wake.
The thrust is obtained by this method for the sake of
consistency, since experience has shown that the thrust-
meter results where available arc not usually suffi-
ciently accurate at low powers,

7. Idcally, the estimated ship resistance and estima-
ted propeller thrust should be equal, In practice,
however, they are different by an amount cmbracing
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the components (j) to () above, i.e. by the correlation
allowance. This allowance is derived by the method
described at each trial speed and since it is found that
its variation with speed is usually small and random,
the mean value is taken as applicable at all speeds.

8. Correlation allowances for four recent ships
calculated in this manner are given in Table 2. It
will be seen that the figures derived for the reduced
correlation allowance are much smaller than those
for the total allowances uncorrected for the compo-
nents {a) to (/). Furthermore the scatter in the reduced
A C, value over the full range of speed is much smaller.
In ships of such fine form as these destroyers and fri-
gates, the total allowance in fact, varies by approxi-
mately 4 4 per cent of the total ship resistance at full
power; whereas when correction (a) to (f) are applied,
the variation in the allowance is reduced to 4 1 per
cent.,

9. It will be appreciated that for full form merchant
ships the scale effects on wake and augment of resistance
(or thrust deduction) are likely to be larger than for
the finer forms of warships for which these propulsion
factors are generally much smaller. Nevertheless
the principle of reducing the overall allowance in the
interests of consistency and reliability is considered
to be sound and is recommended for the combined
consideration of the Resistance and Propulsion Com-
mittees since some of the components of the corre-
lation allowance are the concern of the former and
others of the latter committee.
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10. In conclusion it is pertinent to state that until
this or similar approach to the problem of assessing
AC, has been proved reliable the prediction of ship
performance at A.E.W. Haslar will continue to be made
by the procedure described in the 8th LLT.T.C. Tran-
sactions, based on the Froude extrapolation method,
well established correlation factors for type ships, and
the application of some of the corrections described
in paragraph 5 of this note.
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F. S. Burt.

In the course of drag measurements on bodies of
revolution ranging in size from 3 inches to 12 inches
diameter and in length diameter ratio from 7 to 8
carried out in a small slotted wall wind tunnel, in the
30 inch slotted wall water tunncl and in a 13 ft. x 9 ft.
wind tunnel, numerous wake traverses were made,
From these the drag coefficient was worked out by
the method of B.M. Jones and was found to be given
correctly with an overall scatter of 4+ 4 9. However,
in spite of axial symmetry of the bodies the wake some-
times showed considerable asymmetry to the extent
that the drag computed from a traverse {from the centre
line to port would have a value up to 1.5 times that
from the traverse to starboard. Though the amount
of asymmetry varied widely with the same model in
different positions in one tunnel, in different tunnels
and also with geometrically similar models, the ave-
rage value obtained from a complete diametral tra-
verse was quite consistent. In some of the cases consi-
dered here, a large interference drag, up to 100 9]
of the correct free stream drag, caused by a change in
the pressure distribution on the body was present.
Nevertheless, the correct free stream values were
obtained by a wake traverse. This is an encouraging
indication that wake traverses behind towed ship
models should give the skin friction drag, provided that
the whole area of the wake is covered and symmetry
between port and starboard is not relied on.
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FORMAL DISCUSSION

J. R. Shearer.

THE MEASUREMENT QOF THE RESISTANCE OF SHIP MODELS
{Presented by Ship Hydrodynamics Laboratory Feltham. England).

In any attemipt to correlate results obtained in diffe-
rent laboratorics, the accuracy and stability of measu-
rement of the quantities involved must come Into
question, and an analysis of the factors inftuencing
these measurements must be made.

The specific aim of the resistance cxperiment on a
model hull is to derive, from a series of experiments,
a curve whose ordinates represent a  horizontal
towing force, while the abscissae represent a state of
uniform linear motion which is presumed to have
continued for a Jong time.  The distinguishing feature
of this {ield is that the hydrodynamic forces are
generally small, while, due to the weight of the model
hull, inertia forces may be large. The problem
involves three main lactors; the performance of the
towing vehicle, the measurement of speed and the
measurement of the towing lorce,  Although the
relation ol these factors to cach other is important,
they will in the first instance, be considered indepen-
dently.

1. Performance of the Towing Vehicle.

1t has alrcady been noted that the uniform metion
is assumed to have continued for a long time, a state
which can never be truly obtained in a towing tank.
Very litlle is known of the stability, in non-uniform
motion, of the hydrodynainic phenomena with which
woe are concerned, and it must be expected that uniform
flow conditions will not be established Tor an interval
after uniform velogity is attained, the interval being
influenced by the magnitude and pattern of acceleration,
It muost be assumed that, at any speed during the acce-
feration of the model, the wave system corresponding
to that speed will be at least partially developed, and
the steady wave system corresponding o the steady
speed will not be developed until alf residual wave
systents resulting froim the acceleration have been shed
by the model.  With a constant and fairly rapid acce-
leration, as can be obtained with a well designed auto-
matic speed control system, these components should
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not be fully developed and should be fairly quickly
shed.  Howoever, in less refined control systems, and
particularly in manual operation, the mode of acce-
leration could be significant. For example, a manual
control system might require the use of a coarse sctting
control up to a speed slightly below the intended one,
followed by a final adjustement on a fine control,
resulting in u pause in acceleration during which the
wave system corresponding {o the lower speed would
be fully cstablished.  The correcl wave sysiem would
not then be developed until the model has travelled
onc model length at the increment of speed. By
he same consideration, if in a long tank, incremental
changes in speed are made in order to ceonomize in
rumming time, they must be increases only, and the
increment must be large enough to ensare rapid shed-
ding of the wave systems corresponding o lower
speeds.

Having reached the required speed, the uniformity
with which it is maintained is of the utmost imporiance
both the magnitude and the frequency of deviations
from the mean value being significant. The rela-
tionship of deviation frequency fo dynamometer per-
formance will be considercd later, but it should be
noted that, in general, a low amplitude, short period
deviation, is preferable in that the results of such
deviations can be averaged over the length of run.
A long period deviation on a short vin does not pro-
vide sufficient information Lo permit an accurate mean
value 1o be assessed. The limiting case of this would,
of course, be a continuous acceleration or decclera-
tion during the run, and this would be w most serious
fault, Such a condition could arise Jue to an inch-
nation of the rails, or to an inadequately compensated
thermal effect in the cectincal and hydravlic power
unit.  For example, on a model of 200 b displace-
ment developing say 5 b resistance at 5 fifsee an acce-
leration of only 1/40 000 g would add a constant 1 %
te the owing force.  The resultant inerense in speed
would only be of the order of 6.3 % per 100 It travel
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and on a low'sper:d madel the reststance would increase
about 0.6 9. 1If, as is not uncommon, only average
values of these guantities were recorded an accelera-
tion of this order might well pass undetected unless
specially sought,

With these factors in mind, the new carriage in the
Ship Hydrodynamics Laboratory was specified to have
a conirolled acceleration as near linear as possible and
a speed which was required to be uniform within
<L 0.19% of any set value within the range 1.0 to
50.0 ftfsec. To achieve a performance of this order
requires very great attention to the design, manufac-
ture and alignment of the rails and the mechanical
drive units, as well as the speed holding system and to
the electrical collectors by which power supplies are
transmitted to the carriage.

2. The Measurement of Carriage Speed,

The requirement to measure accurately the speed of
the towing carriage is casily met by the use of modern
pulse counting technigques, and pick-up devices, Not
only can high accuracies of time measurement be
achieved, but it is easy to subdivide the distance tra-
velled into sufficient fine increments to make it possible
to obtain a direct rather than a reciprocal speed scale,

Two systems of speed measurement have been ins-
talled at Feltham, one giving a direct printed record
of the carriage speed in feet per second as the mean
value over any pre-set period from 5 seconds to
200 scconds, and the other being a simple reciprocal
system which will be used for calibration purposes
and to provide a stand-by record.

Although the measurement of carriage speed is of
great imporfance in asscssing carriage performance
and In relation to inertia forces, the hydrodynamic
forces are, in fact, related to the speed of the hull
through the water. Due fo thermal convection cur-
rents and residual components of the disturbance
created by the preceding experiment, the water in the
towing tank is never really at rest, the deviation from
this condition depending on the nature of the experi-
ments, the size of the model in relation to the tank,
the extent and cfficiency of disturbance damping
devices, and the intorval between runs.  Since it is not
wsually economic to wait between runs for a period
longer than is required for the main surface wave
disturbance to decay, the residual motion of the
water is of importance and one must take steps either

to reduce this motion to a negligible value, or clse to
measure it acourately,
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Rapid absorption of the wave system developed by
the model can be assisted by the use of side beaches
or wave suppressers as well as end beaches. The
main factor contributing to uncertainty as to the model
speed through the water is, however, undoubtedly
the drift of the water disturbed by the model as a
viscous wake. lmmediately after the passage of the
model thus usually takes the form of a continuous
drift of water along the centre axis of the tank with
a return flow along the sides the direction and magni-
tude of the flow depending to some extent on whether
the model is towed or propelled. With time the
circulation of water tends to break down along the
length of the tank into a series of separate eddies,
which slowly dic out as a resuit of internal friction.
If large models have been tested in a small tank it is
probable that there will be superimposed ou the drift,
a periodic motion representing the fundamental
oscillation period of the water in the tank
Dr. Hughes has previously described how this motion
can be suceessfully minimized by the use of curtaing
placed transversely across the tank for a period
between experiment runs and there is no doubt that
this is a powerful technique which considerably
improves the stability of the results,

The measurcment of the rate of drift, although a
neater technique, is by no means easy. The classical
method of observing the drift of a float placed
in the water before each run is still adopted at Tedding-
ton, but it is recognized that this is more of a4 precaus
tion that excessive motion will be noticed than a pre-
cise means of correcting the speed. The obvious
approach to this problem is the use of a suitable current
meter to give a direct and continuous recording of
carriage speed relative to the water theough which the
meodel is passing and in fact a solution along these lincs
is being pursued at Feltham. There are, howover,
considerable difficulties in obtaining the ultimate and
permanent accuracy required, and it must be noted
that, at this stage, elimination of the metion is still
the best precaution that can be taken.

3. The Measurement of Model Hull Resistance.

In the simple resistance experiment the model weight
is supportcd by buoyancy and the modsl hull is
guided in such a way that its axies lics along the axis
ol motien of the carriage, the model being free to
heave, pitch, or surgs, but not to yaw. The towing
force is applied by the carriage via some form of dyna-
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mometer mechanism, the application being made by
way of either a roller or a pivoted towing Jink.

The dynamometer is therefore simply a device for
the accurate measurement of a horizontal towing foree
which is assumed to be derived from the model at a
point near its centre of gravity and to be applied to the
lower end of some form of weighing lever or pick-up
arm. Forces can be measured either in terms of pri-
mary standards, i.e. deadweights, or in terms of secon-
dary standards which may be springs, Alternatively,
a simulated deadweight system in the form of an elec-
trical, pneumatic or hydraulic force balance could be
adopted. Except in the case of gravity towing systems
a pure deadweight system is not applicable, since for
constant towing speed such a system cannot be
stable unless a deliberate unbalance is introduced to
give the system a point of stability. The majority of
systems in current use take the form of spring balances
of some form, in which the applied force is measured
in terms of the deflection under load of an clastic
element. Such systems are pre-calibrated in terms of
known deadweights and the accuracy of the system
depends on the stability of the stress-strain relation-
ship of the elastic element. In view of the wide
range of forces usually requiring to be covered by
a towing dynamometer, it i3 common practice to
fit a fairly sensitive spring element which will measure
only a small residual unbalance and to back off the
greater part of the resistance by the application of
deadweights. In this way the incremental accuracy
may be maintained over a fairly wide range. As
this is, in one form or another, the standard form of
instrument adopted for low spced towing of ship
models, certain of its characteristics will now be
considered.

The towing system contains the following elements:
a carriage, likely to have considerable weight, which
is guided along a straight path at a speed which is
intended to be uniform but which will, in fact, be
subject to such deviations as are permitted by the
speed holding system: a dynamometer comprising
a system of levers, deadweights and springs, and
adding some linear and rotary componcnts to the
inertia of the system; and a mode! hull having a fairly
farge mass, to which must be added the virtual mass.
In its simplest form the performance of such a dynamo-
meter system is equivalent to the behaviour of a mass-
spring system in forced oscillation and subjected to
a steady superimposcd force which is, however,
generally backed off by deadweights, In the first
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instance, the mass-spring system will have a naturat
frequency controlled by the mass of the model, the
moment of inertia of the moving parts of the dynamao-
meter, and by the spring rate.  The forcing frequency
will derive from the control system of the carriage.
In general, any automaticcontrol system will have some
hunting frequency representing the maximuin response
speed of the servo system. In manual control, varia-
tions will occur on a more random basis, depending
on the operator, the response of the electrical system,
and such factors as rail alignment and tracking of
wheels, Expericnce of both manual and automatic
systems at Teddington and at Feltham suggests that
these forcing frequencies will cover a range of periods
of about 1 to 8 scconds, and it is important to consi-
der the best relation of the natural period of the dyna-
mometer to these forcing periods. Obviously reso-
nance is to be avoided, and we are left with the alter-
native of adopting a stiff spring system in which the
natural period of the dynamometer is less than the
forcing frequency, or a soft system in which it i
greater.  Both these arrangements are valid ones
and in fact both are in use in towing tanks.

The main characteristics of the stiff spring arrange-
ment are rapid response of the dynamometer to
variations in model or carriage behaviour. The
model is constrained to follow any speed variation
of the carriage fairly closely and any deviation of the
mean recorded resistance will mainly derive from
inertia forces due to the acceleration of the model
mass. Such deviations being of fairly high frequency
may be reduced by the intreduction of damping.
Since the deflection of the system under load is small,
a fairly large degree of amplification of the move-
ment will be necessary in order to give a sensitive
display.

In the soft spring arrangement, the spring system
is not capable of transmitting to the model hull forces
sufficiently large to accelerate the model significantly
under the influence of carriage speed deviations before
these deviations reverse. In such a system, therefore,
the model tends, due to its mass, to maintain a more
uniform speed than does the carriage and deviations
of the recorded resistance represent the displacement
of the carriage from the position represented by its
intended mean velocity. The introduction of dam-
ping in such a system will act against this characteris-
tic, tending to make the model follow the carriage.
The deflections of the system under load will be large
and amplification of the record therefore small.
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The stiff and soft springing systems may be likencd
respectively to an accelerometer and a vibrograph, the
model in the former case being the vibrating mass,
and in the latter the datum. There are possible alter-
native arrangements. Force balance systems, for
example, or self-balancing weigh beams will generally
have the characteristics of the stiff spring system, tend-
ing to maintain the model in step with the carriase.
Any spring rate could be used for the dynamometer
and the dynamic characteristics of the system deter-
mined by a second spring in series with the measuring
spring and acting in the linkage between the model
and the dynamometer, thus isolating the model from
the carriage characteristics, A further possibility is
that of balancing the hull mass by a suitable mounted
mass on the carriage so that accelerating forces do
not act on the dynamometer system. This technique
was widely adopted in seaplane work and can have
considerable merit in high-speed tests on relatively
small and light models, but the masses involved in
incrtia balancing on Jarge displacement models could
be very considerable, and their suspension on fric-
tion-free mountings would present special problems.

With a perfect carriage performance, the choice of
dynamometer system is of little importance since
clearly in uniform conditions either stiff or soft sys-
tems will record a uniform force. In practice, devia-
tions in carriage speed must occur, and the view has
always been held at NPL that such deviations should
not be transmitted to the model. As has already been
noted, we are concerned with the measurement of a
state which is assumed to be steady, and we have no
real knowledge of the effect on the stability of the
resistance components of lack of uniformity in speed.
In alt the resistance dynamometers in current use at
NPL for the measurement of the resistance of models
of low-speed vesscls, i.e. excluding fast motor boats,
¢efc., soft springs are adopted, and damping is not
employed except to reduce the effect of initial unba-
lance of the system at the beginning of the measuring
run, the damping being removed before recording

FORMAL DISCUSSION SHEARBR

beings. The springs used are selected in relation to
the mass of the model to give natural periods to the
system of the order of 15 to 20 seconds and it should
be noted that, provided that this period is significantly
greater than the forcing period so that the model is
isolated, the spring rate does not affect the absolute
magnitude of the deviations recorded on the dynamo-
meter since these do not represent changes in force,
but deviations of the carriage in position from that
of the constant speed datum represented by the model.
An upper limit to the natural period of the dynamo-
meter is imposed by the need to ensure that the true
mean position of the resistance record can be detect-
ed, and in general the natural period should not
exceed half the duration of the measuring run.

The latest dynamometers in use at NPL and SHL
take the form of weigh beams in which the main appli-
cation of deadweight is represented by the position
of a weight along the beam, the weight being driven
along a lead screw by an electric motor until the force
is balanced. Any residual unbalance is taken up by
the spring, and the deflection of the beam from the
mean position is recorded at NPL mechanically and
at SHL clectrically, These instruments have load
capacitics respectively of 50 lb and 100 1b, and the
residual spring component is of the order of I b,

The major requirement in making a reliable measu-
rement of resistance is clearly the establishement of
the necessary steady conditions for a suffiziently long
time, and this requirement will obviously be more
difficult to meet, the shorter the tank in relation to
model sizec and speed. The rapid establishement of
steady conditions is essential, not ouly to allow the
flow conditions to become stable but also to ensure
that a sufficient length of run can be obtained to deter-
mine accurate mean values. On these grounds it
would seem that an upper limit on the size of model
that shouid be tested in a given tank may be imposed
by the conditions of reliable measurement of resistance
as well as by the generally accepted condition of
freedom from boundary interference.
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FORMAY., DISCUSSION

Sir Victor G. Shepheard.

At the last Conference the principal preoccupation
of the Committee on this subject was obfaining inter-
national agreement on a rational system of extrapolat-
ing model results to the full scale based on Reynolds
Number which would replace the empirical Froude
friction coefficients. Even though this considerable
step forward was achieved in the shape of the <1957
ITTC Model-Ship Correlation Line’ it will not come
as a surprise to many that in spite of this the Committee
has no definite values to soggest for correlation
allowances to be used in conjuction with it. As a
result of developments in the subject since that time
it is guite clear that there is a great deal more in ship-
model correlation than Reynolds Number and extra-
polator slope and the Committee Report refers to
some of the other factors involved.

The major difficulty of couorse is the scatter of the
correlation factors, a substantial proportion of which
is unexplained at the moment and it seems unlikely
that entirely satisfactory allowances will be developed
until we are nearer to a solution of the following:

(@) Consistency of Model Results.

Possible day to day variations in the results obtained
for a given model in a particular tank are involved here
and in this connection an interesting account of the
way in which the Admiralty tank at Haslar deal with
this matter was given by Mr. Newton in his paper to the
R.JN.A. this year [1]. As is well known this involves
standard model testing and it is gratifying to see
from the Committee Report that no less than 15 tanks
throughout the world have now undertaken similar
work using models of identical form to those used by
the British commercial tanks. It is to be hoped that
by the time of the next Conference sufficient data will
have been obtained either to enable the cause of these
differences to be determined and eliminated or that
some method of correcting for them will be developed
which will enable model data to be reduced to a stand-
ard basis for comparative purpos:s.

(i} Tank Boundary Interference.

This is doubtless a cause of differences betwsen
one tank and another and it is noted with interest that
the Committee considers there is now sufficient infor-~
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mation available for a satisfactory blockage correction
to be made in the lower range of Froude numbers,
If this is the case there seems no rcason therefore
why the various tanks should not try to agree to make
such corrections forthwith as the great majority of
merchant ships operate in that speed category. If
further research shows that some additional correction
is required at higher speeds we would surely be no
worse off for having eliminated a cause of inter-tank
difference over part of the speed range at least.
(i) Form Effect on Skin Friction.

It is agreed that the data adduced by the Committee
shows the desirability of introducing an allowance for
form effect in this work. If may well be that this
would have a significant effect on the extrapolation
problem and it is strongly recommended that this
matter be investigated with a view to puiting forward a
definite proposal,

(iv) Interaction between the Components of Resis-
tance,

This concerns differences in relative wave damping
between modcl and ship and as has been mentioned
elsewhere [2], B.S.R.A. has been responsible for a
programme of fundamental work at N.P.L. which is
throwing light on these matters and the physics of ship
resistance generally, In particular, the real compo-
nents of resistance are being isolated and their inte-
raction determincd. It is intercsting to recall that
the possibility of certain scale effects arising from
variation in the inter-action betwecn the two basic
types of resistance at different Reynolds Numbers was
suggested by the analysis of the ‘Lucy AsHroN’ results.
it may be remembered that in this investigation there
appeared to be a quite definite variation with speed
in the differences between the full scale resistance and
the smooth ship predictions from the models whate-
ver extrapolation formulation was used [3].  Similar
varigtions with speed are also to be noted in some
of the correlation allowances quoted by Clements [4}.

{v) Roughness Effecis.
There is little doubt that variations in hull roughness
between one ship and another contribute a great deal
to the scatter of correlation factors and the report
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lists a number of references to recent work in this field.
In this connection B.S.R.A. is currently exploring the
possibility of making use of total head tubes of the
type devcloped by Prof. Preston. It is proposed to
introduce ship type roughnesses into a large diameter
pipe, partly with a view to discovering which are the
significant roughness parameters and partly in order
to develop pitot tubes for measurements adjacent to
a rough surface with a view to their eventual use on
actual ship hulls.

(vi} Trials Procedure.

Although much has been done by the development
of standard codes of procedure and improved instru-
mentation it cannot yet be said that this aspect does
not contribute to the scatter of results to at least some
extent. Outstanding matters in this connection were
discussed in the paper referred to earlier [2].

Finally, of course, there is also the question of
propulsion scale effect for which no correction is
generally made although there is enough evidence to
show that it undoubtedly exists. This of course comes
whithin the province of the Propulsion Committee
and is discussed in a separate contribution.

When the above matters have been clarified we
should be in a better position to break down the allow-
ances into their constituent parts, the ultimate aim
being to reduce the unexplained residual to negligible
proportions. In this connection it is interesting to
note the success which Mr. Newton has already had
in the case of warships [S] by using the best available
data to make the various corrections.

Statistical methods of analysis involving multiple
linear regression have also been uscd at B.S.R.A. in an
attempt to reconcile ship and model results. This
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work is continuing and more recently a small group
has been set up to deal with it consisting of represen-
tatives of B.S.R.A., N.L.P. and the St. Albans tank.
It is hoped that this type of analysis will produce a
useful ‘engineering’ solution pending the complete
solution of the problem by detailed investigation of the
various constituent factors outlined above. Reference
to the work of this group is made in Appendix 1 of the
Committee Report {vide p. 30).

Referring to the Comumittee’s final recommen-
dation it would seem highly desirable that these
investigations should be continued in conjunction
with the ‘ITTC 1957 Line” as in the present state of

knowledge there would appear to be nothing 1o be

gained in re-opening the skin friction controversy.
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FORMAL DISCUSSION

Prof. E, V. Telfer.

A NOTE ON THE ITTC STANDARD MODELS

1. The ITTC planning of the standard model tests
lends itself to further development. It is evidently
not sufficiently appreciated that the Froude is always
the primary modelling law and that the Reynolds is
merely the correcting law. The comparative experi-
ments should therefore have been planned to refer 1o
definitc Froude and not to definite Reynolds numbers,
Better still they should have been planned to refer to
actual half knot intervals for the 400 ft. ship; and to be
actually at each half knot, since it is distressing how
frequently onc finds on expansion that a ship contrac-
tual speed has no actual model run for its factoal
endorsement.

2. I the foregoing is respected there is not the
slightest need for any Reynolds number or temperature
correction. In fact it is statistically wrong at this
stage to make any such correction.  What should be
done first is to agree on say 10 Froude speeds such
as 8, 9 ... 17 knots (or better 20 at half knot intervals).
Note the 1 000C, values for each of these speeds and
find their simple arithmetic mean. Call this the set
mean. All such means should be plotted to a base of
temperature. With a sufficient temperature range
covered, a mean linc can be passed through the
centroid of all the spots. Provided the temperature
variation does not exceed -+ 18° F from the 590 F
standard {or & 109 from the same 15° C standard} the
variation can be accepted as linear.  Simple regression
will give the correct mean slope; and with R = 10000C,,
we can thus find SR/8T = constant.

3. Al set means can now be brought to the stan-
dard temperature and whatever remaining variation
they still possess can be further studied. Plotting
to an annoal base should reveal whether biclogical
cffects are probable, These may easily be thermal
drifts; and T am astonished that anti-drift curtains are
not insisted on, In any case those who have the
curtains should in my opinion carry out tests with
and without, to reveal any possible influence of the
curtains,
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4, The standardised overall mean from the tanks
should be plotted to a blockage base of m == a/A.
Regression analysis will free the data from wall effect,
3R/3m can be obtained and with this each tank’s
overall mean can be corrected for blockage and
whatever difference remains for any tank from the
mean of all such corrected means becomes the personal
equation or bias of the particular tank.

5. The foregoing analysis is all that is statis-
tically necessary (at the moment) to establish an
inter-tank comparison. If it is desired to proceed
further, as one should, and derive much more impor-
tant scientific information from the tests, they may be,
used to decide between the Telfer and ITTC formu-
lations. For this purpose the respective relative
kinematic viscosity functions require linearisation.
For the Telfer the lincariser is X = 10%/Re!® whilst
for the ITTC it is X, where X, = 16/ (log Re —2)2.
The factor 16 has been chosen to make X, unity at
Re == 10* when X is then also unity.

Thus if we take each individual set of tests we can
prepare a speed column of 9 to 17 knots at half knot
intervals and prepare additional columns of corres-
ponding R, X and X;., The respective mean values of
these quantities are noted. When we have a large
number of such sets over a wide range of temperature,
we ocan determine the slope of this mean Froude
contour (I prefer to call this a mean isofrud) as
follows:

The equation to the mean isofrud is given by,
Y = a4+ bX (Tetfer)
Y =g+ X} {(1TC)

Since there is no blockage change there is no need to
include blockage in the analysis.

By regression analysis the value of b is given by,
eXY = eXeY/N

b=—x— (X)*N
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and similarly ¢ would be given by
_EX )Y = EXEY/N
TOEX) — EXYN

In order to simplify the statistical calculation it is
useful to assume that & = (3 + &) and c = (4 4+ ¢,).
These 3 and 4 values are very nearly the respective
two-dimensional extrapolators. The value of each set
mean Y should be reduced by 3X and 4X, respec-
tively before evaluating the statistical analysis. When
the analysis is completed it can be anticipated that b,
will have a numerical value of about 0.65 and ¢, a
value about 1.4,

6. The significance of these values should now be
appreciated. The 0.65 means that the Telfer extra-
polator for the standard model is 365, whilst the ITTC
extrapolator will be 5.4 x 16 = 86.4 instead of the
provisionally agreed value of 75.

The Telfer 365 is physically quite an acceptable
value since as a frictional resistance it lies completely
below the measured total resistances. It moreover
lies sufficiently below since as these standard model
tests in Teddington N 2 tank have the relatively high
blockage of 1.24 percent they can be expected to have
an average excess specific resistance of at least 0.25 at
the low speeds.

On the other hand the anticipated ITTC value
of 86.4 is already somewhat above the low speed run-in
specific resistance and thus will be materially above
this same line when blockage excess is duly allowed
for. If the standard model has already been tested in
Teddington N° 1 or N° 3 tank this point can easily be
confirmed.

This application of the 1ITTC formula structure thus
shows two major defects. It produces a mean isofrud
slope much greater than the provisional 75 value and
when translated into frictional resistance producces
values much higher than the total actually measured
over 2 wide speed range. This was also definitely the
case with the Lucy ASHTON and possibly is so with
all geosim series,

It should thus be clear to the Skin Friction Commit-
tee that the ITTC formulation is completely unac-
ceptable as a solution of the ship frictional resistance
problem. However plausible it may appear to be in
expressing,

Ce = f(Re),

its differential coefficient
8Cy/8Re = f1 (Re) = kf (Re),

FORMAIL DISCUSSION TELFER

is clearly giving too low a value. The correct form of
Sunction is one which can admit of a slope change
proportional not to the frictional resistance ordinate but
to materially less than this ordinate. This mechanism
is obvious by automatically supplied by the 1.2. term
in the extrapolator formulation.

The second defect of the ITTC formulation is
really the same as the first. The value of 75 as a slope
factor is too small but had any higher value been
proposed in 1957, the resulting frictional resistances
being then much higher than the Schoenherr would have
caused the immediate rejection of the Skin Friction
Committee’s proposal.  Being certain that the formula
would eventually have to be rejected, I insisted on its
being recognised as the 1957 inferim line.

As it is now being used for the calcutation of
standard model temperature correction it is obvious
that it will produce too small a correction. The
right value is obtainable by the method of this note.
Since the 86.4 factor can be used for temperature
correction, it follows that the ITTC correction should
be increased by about 15 percent.

7. At the Madrid Conference 1 recommended
(p. 226) also using a ronghened version of the stan-
dard model. I would now suggest that each tank try
out various methods of totally roughening their
model. This will first be useful in eliminating visco-
sity effects from the resistance data and thus enable
instrumental and other possible causes of resistance
fluctuation to be made more evident. Chiefly, how-
ever, I again make the suggestion so that cach tank
will be encouraged to investigate the potentialities of
rough-model testing. I showed in my recent N.E.C.
Symposium paper how a suitably roughened model
could be used in conjunction with the same model
smooth or with a smooth geosim, to determine the
smooth extrapolator slope. Actually the mcthod
gives a vertically unpositioned curve of model viscous
resistance. To position it is necessary to know or to
assume the nature of the Reynolds number function
on which the viscous resistance depends. For
example if the extrapolator function 1/Re'/ is accepted
it is only necessary to plot the difference between the
rough and smooth model total resistance to the
1/Rel or X base, obtain the correct slope of this line
and use this in conjunction with an initial specific resis-
tance value of 1.2 to obtain the total viscous resistance.
Alternatively the TTTC function X; could be used and
in this case the total viscous resistance is given by a
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straight line drawn parallel to the difference line and
through the origin, Whether the difference curve is
really linear is the first check on the suitability of the
Reynolds number function used. The second control
requires the total viscous line so obtained to lie entirely
below the original smooth model total resistance.
Smooth geosim series tesiing shows that the ITTC
function fails to satisfy this control.

8. The method in its simplest form can be correctly
used to produce the temperature or Reynolds number
correction for the statistical treatment of the standard
model dealt with in scction 2 above. Thus, having
derived a large mumber of set means, these can be
plotted to a base of set mean Reynolds namber. The
rough-smooth difference curve can be drawn through
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the centroid of the set means and should exactly inter-
polate the data. Similarly the difference curve could
be used to calculate the change in total specific resis-
tance at each model speed produced by say - 10° F
change from the standard temperature of 3599F,
This change does, of course, depend upon the indi-
vidual Reynolds number and is not a constant quantity
as normally assumed.

REFERENCES

{11 Temperature Correction in Ship and Model Resistance.
4¢ Congrés Int. de Ia Mer, Ostende 1951, p. 559,

[21 The Reconcifiation of Model Data, Measured Mile
Results and Service Performance of Ships. N.E.C.
Symposium 19359/60.
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FORMAL DISCUSSION
HIRANANDANI-KULKARNI
AND GOYAL

M. G. Hiranandagi; P, K. Kulkarni
and P, R, Goyal.

EXPERIMENTS WITH NEW TURBULENCE DEVICES

1. The advantages offered by small models for
preliminary investigations are often offset by the
presence of laminar flow over a large portion of the
model, in spite of a trip wire. This is due to the large
thickness of laminar boundary layer at the position of
trip wire as is evident fromcol. 4, Table 1; the thickness,
at speed equivalent to 10.4 knots, is 2.52 mm for
1/80 model of Mariner Ship. Studs and other devices
have also been widely experimented with. A need
for a really effective turbulence device with low para-
site drag still remains.

2. Dr E.V. Telfer suggested that triangular strips
as used by Hama in wind tunnel could be useful as
stimulators. Accordingly, the original form and
modifications of it were tested. A new form of
stimulator consisting of rotating rods was also tested.
These are described briefly below:

(@) Hama's original proposal consisting of trian-
gular pieces cut from a plastic strip 0.9 mm thick

(fig. la). The accelerated flow through the
convergence formed a vortex with vertical axis.

{6) The connecting strip, joining the triangles was
cut leaving a 2 mm gap. The flow was thus
accelerated through the gap to six times the
approach veloeity Figure 1 5.

(¢} A row of triangles as in (b} with another row of
small triangles to disperse flow. Figure 1 ¢
and Figure 2.

(d) Rotating rods.

This device consisis of two rods, each 3 mm dia-
meter, coated with 40 mesh coal powder with the help
of glue and held 100 mm apart, (fig. 3). The rods
are rotated at high speed (2000 to 3000 RPM)} by a
motor, in inward direction, so that water flowed to the
bow of the model with high degree of macro-turbu-
lence. The rods were held 100 to 150 mm ahead of
the bow (fig. 4) by a separate fixture so that the drag of
the rods did not affect resistance measurement on
model,

TABLE 1.

Reynolds numbers at different points on model.

Ship. .. e Mariner Scale..........iivenn, co.-. 1480
Length Bpp............ .. 2012m Displacement..,.....-....-.- 36.2 ke
. Vx -8
Boundary Local Reynold’s number ~ v = 1009 x 10
Vs v layer
ship | Model | thickness x=0.038m 0.088 m 0.594 m 0.99 m 1.981 m
knots | mfsec | at trip wire
mm Pt of injection entire model
1 3 5 length
2,61 0.15 5.03 0.56¢ 10¢ 1.31 x 104 0.88 x 105 1.47 x 105 2,95 x 108
4.0 025 3.90 0.94< 10t 2.19 % 10¢ 147 x10% 2.45 x 108 4.91x 105
6.10 0.35 3.28 1.32¢ 10 3.05x10¢ 2.06 x 105 3.43 x 105 6.87 x 10°
10.4 0.6 2,52 226x10% 5.23 104 3.53x108 5.89 x 10% 11.78 x 105
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Experiments.

3. The effect of the three turbulence stimulators
was seen on 1/80, Mariner model made in wood and
painted smooth white. Hypodermic needles were
fixed at five positions (fig. 4) for injecting a strong
solution of potassium permanganate. All observa-
tions about characteristics of flow were visual and
therefore could not be extended much beyond 0.5 m/sec
model speed due to wave action. The flow conditions
in various portions of the model are described in
Table 2.

Results
4, The flow conditions arc summed up below:
(@) With trip wire, the bow portion remains laminar
up to 0.45 m/sec and mid-ship portion up to
0.3 m [sec.

(b} With single row and two rows of triangles, the
bow portion becomes turbulent at 0.25 m/sec.
The mid-ship portion, however, becom esturbu-
lent above 0.3 mfsec, only.

(¢) With rotating rods, the flow over entire model
length appears to become turbulent at 0.15 m/sec,

FORMAL DISCUSSION

The ineffectiveness of trip wire is alrcady indicated
above. Both types of triangular stimulators were
very effective in causing transverse mixing in the
boundary layer at the bow. The flow in this pertion,
however, dips so rapidly and follows bottom of the
ship that the effect of stimulators is not at all felt at
the mid-ship section. In fact this would be true of
any turbulence producing device fixed near bow.

This is the reason why the flow is turbulent near the
bow with triangles but still remains laminar at the
mid-ship section and aft of the model. Another row
of triangles at mid-ship section can improve this
position.

The results obtained with rotating rods were encou-
raging beyond all expectations. The macro-turbu-
lence was very effective, in dispersing laminar stream
lines; if this is interpreted as turbulent flow, then the
inception was at as low speed as 0.15 mfsec (Ra{bow)
= 1.3 x 10% Rna (model} = 2,94 x 10%) and the
effect could be seen over the entire length of the model.

The real test about the effectiveness of any turbu-
lence producing devics is in augmentation of resistance
due fo change from laminar to turbulent flow,
Further gxperiments are in progress in this direction.

TaBLE 2,
Flow characteristics with different turbulence exciters.

EXxPT SERIES TYPE OF STIMULATOR

FLow CHARACTERISTICS

1 Frip wire 0.55 m
diameter

2 A row of triangles
with 2 mm
gaps fig. 1 &
up to aft.

3 Two rows of
triangles fig, 1 ¢

4 {d} Rotating rods

Speeds up to (.35 m/sec.
Dye formed good stream lines at all injection points, The stream lines from point -
4 and 5 were well formed right up to aft, .45 mfsec; stream lines at point | and

2 began to diffuse after trip wire.

0.15 mjsec; the triangles caused transverse mixing but flow remained Yaminar,
immediately behind and at all sections up to the aft.  0.24 m/sec; stream line at
point 2 began to widen.

Stream line at points 4 and 5 remuined laminar right

0.35 mjsec; the stream line from point 1 dispersed immediately. The line from
point 2 widened slowly and rapidly after trip wire. The stream lines from points 4
and S exhibited mixed flow characteristics up to 0.3 mfsec but at 0.35m/sec ete.
stream lines dispersed immediately indicating turbulence.

Transverse dispersion was better behind the two rows of trigngles than in series 2.
The behaviour at speeds up to 0.4 mfsec over the entire model was essentially
similar to that with single row.

0.15 mfsec; with rods not rotating, laminar stream lines formed at all points 1 to 5.
The rods were then rotated.
after the other, indicating inception of turbulence.
stopped, laminar stream lines formed again at all points in the reverse order. In
a single run, inception of turbulent and laminar flow was observed three iimes.

The stream lines from points [ to 5 dispersed one
When the rotation was
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FORMAL DISCUSSION

Dr. E. Castagneto.

1. Model-Ship correlation.

No suggestion has been made by the Commitiee
about the adoption of a standard model-ship corre-
lation allowance AC, to be used in routine works,
therefore we are all still kept waiting.

The formal agreement about the use of the ITTC
Line 1957 has becn limited to scientific works, to be
published, but the Superintendents of the Towing-
Tanks are gathered up here, at this Conference, first
of all, for practical and effective purposes, concerning
the uniformity of the experimental techuics and the
caleulation methods, to be used for the everyday’s
works.

It’s true that from a scientific point of view, the
present knowledge is not sufficient to choose a correct
valuc of ACq, but the same could have been said of
the 1TTC Friction-Line, which has been accepted
*as an interim solution for practical engineering
purposes”. Therefore 1 would rather accept a
Committee proposal for the adopiion of a unique
value ACq to be used with the ITTC Friction-Line
as an interim solution for practical engineering pur-
poses,

Since September 1957, the ITTC Line has been used
more and more frequently by the Rome Towing-Tank,
either for researches planned by the Institute or for
experiments on bebalf of its users.

Afterwards, the results of a certain number of sea
trials have been analyzed and brought fo the atten-
tion of the Committee. From them, it comes out
a medium compensation addendum AC, = 0.000]
for completely welded ships ans AC, = 0.0003 for
partially welded ships.

Up to now, the three main Italian Shipyards have
adopted the IT.T.C. Line with the AC, allowance
varying between 0.0002 and 0.0004 and an inquiry
is going on among all the users of the Rome Towing-
Tank for the general adoption of the 1TTC Line
and a unique allowance ACy for Tank data.

2. Form effect.

The Rome Towing-Tank has informed the Com-
mittee of the results of tests with two models of sub-
marine and a revolution-body, tested deeply submerged
and a surface-ship model.

The data are contained in the Committee Report,
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Appendix no. 2, in which however the values trans-
cribed as “‘water plane arca” must be read instead
as “midship section area”. Besides, for a better
valuation, it must be added that the C. 881 Model
was fitted with the following appendages: rudder and
diving rudders forward and aft, sonar, conning tower;
the others were naked models.

The tests were carried out with the most possible
carefulness.

From our experimental results we can deduct {consi-
dering the presence of appendages on the model
C. 881), that for the decply submerged bodies is Cy =<
Cy, that is, with reference to the ITTC Line, the form
coefficient & == 0,

This would mean that the ITTC Ling, in the experi-
mented ficlds, is higher than that for the flat plate.

For the surface-models, tested at low Froude num-
ber presented in the Committee Report, it is always
& = 0, but the general course of the curves seems to
getcloser to a law of the kind Cy == Cy + AC, rather
than to the law Cp = Ce (1 + k).

Agitisknown(*) according to experimental and theo-
retical researches, for revolution bodies, k = ~ 0.6 %,
which for surface ships could be changed into & =
\/Am

L
Too different values between ship-models and revolu-
tion bodies with the same form coefficients, and bet-
ween surface models and deeply submerged models
require explanation,

However, is the author’s opinion that the form
cocfficient should be obtained with double models
tested deeply submerged, rather than with surface
models tested at low Froude numbers, This last
procedure is based on the hypothesis that, with V — 0,
R, -+ 0, which is doubtlessly evident, and that also
C, - 0, which is not evident at all, and does not seem
it has been proved yet.

On the other side, the procedure of experiments at
low Froude numbers is experimentally very hard and
uncertain,

{D = diameter, Am = main section’s area.)

{*). BE. (G, M. PETeRsOMN : « Bericksichtigung der Ablisung bel
Widerstandsbestimmungen durch Modeliversuche », Schiffstechnik
1957 — Heift 20.
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3. Measuring Technigues.

The Rome Tank has purchased a standard model,
in laminated fibre-glass (C 950), identical to those
furnished to four Br tish Towing-Tanks and kept it
experimenting periodically every two weeks starting
from January 11th, 1950,

The test procedure and correlating analysis are those
shown in the Appendix no. 3 of the Committee
Report. The results obtained up to now are shown
in the Figures 1 and 2 (*).

A second model, identical as to the shape, but
made in wood and painted according to the usual
technic followed by the Rome-Tank, has been now
completed and will be afterwards periodically experi-
mented together with the plastic model. This will be
useful in order to dctermine the influence of the
material and of the painting-procedure. In this con-
nection, it must be pointed out that the plastic
model, received by the Rome Tank, does not exactly
reproduce the drawing figure no. 1 of the Appendix 3.

Previously a research of the same kind but without

FORMAL DISCUSSION CASTAGNETO

the same strictness and completeness had been carried
out with a cargo ship-model in painted wood (C 781),
during the period May 1956-February 1938,

The main sizes were as follows.

Lpp Length between perpendiculars | m. | 5,3500
Lwr, Length on water line m. | 5,4900
By Maximum breadth m. | 0,7533
Hy Draft m. | 0,3075
v Bisplacement in fresh water T. | 0,939476
8 Wetted surface m?. | 6,1218
Cp Block coefficient 0,7380

The results obtained are shown in Figures 3, 4
and 5 (*).

It is worth noting that in the above said period the
consistency of the results seemed to be unsatisfac-
tory and this was imputed to the bad quality of the
painting.

(*) The results are corrected to 59 °F,

Curve (4): day mean value.
{b): day uvpper and lower limits.
{¢): cumulative mean value.
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FORMAL DISCUSSION DI BELLA

Prof. A. Di Bella.

THE “ITTC” FORMULA ON THE EXPERIMENTS WITH SMALL MODELS OF SHIPS

On the circulating-water-tank of Genoa University,
four geosim meodels have been tested of the well
known Taylor design, shown on the page 182 of “The
Speed and Power of Ships” edition 1943.

The model scales were 300-150-120-90.

The ship and modcl dimensions are shown in Table 1.

The experiment results are shown in Table 2.

For the ehp calculation, at first, we have adopted the
ITTC formula. But the results of calculations have
been inacceptable.

To determine the friction resistance of models, then,
we have four wood plates fested, shaped as shown
in Table 3. The results of tests are shown in Table4.

For the friction resistance calcnlation of ship models
it is assumed that, at equal Reynolds number, the
friction resistance coefficient of the plate is equal to
that of ship model.

For the calculation of ship friction resistance we
have adopted the Froude formula,

Table 5 shows the ehp so caloulated. 'We see that,
substantially, there is a satisfactory agreement on the
results,

We remark that only on the plate no 4 the turbulence
has been stimulated. The other plates and the four
ship models have been tested without turbulence sti-
mulation.

In the Table 3 the friction resistance coefficients to
a base of Reynolds number are reported also: the
ITTC line, the Schoenherr line, the Blasius line and the
results of the plates tested ou the circulating water
tank. We observed that for Reynolds number
N, < 1.600.000 about it is impossible to adopt a
standard formula for the friction resistance calcula-
tion; because only for N, > 1.600.000 about the plate
tests confirm the ITTC formula. For N, == 900,000 4
1.600.000 about the Schoenherr formula is confirmed,
but for N, <¢ 900.000 about no formula is available,

The small model M,,, has been tested to aim of study

TABLE 1.
Dimensions of ship and geosim models.
Mobperg
© Sup
My, My My, Mys

Scale A i 300 150 120 90
Length waterline m. 158,801 00,5293 1,0587 1,323 1,764
Breadth m. 23,165 0,0772 0,1544 0,193 0,257
Draft m. 7,925 0,0264 0,0527 0,066 0,0879
Displacement tonn. 15367 0,555,103 4,442,103 8,676.10% 20,565,102
Wetted surface maq. 3959,8 0,0439 0,176 0,275 0,489
Longitudinal coefficient 0,555
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only. We note that the length of Taylor model was
6,302 m, and the length of M,,, model is 0,5293 m,;
therefore the length ratio is 11,9, Consequently we
can deduce that for the examined case the effect of
scale 11,9 is not remarkable.

It would be interesting to test & Taylor model 10 m. fong

. . 3 10

to proof if the effect of the resulting scale 55293 is or
not remarkable,

FORMAL DISCUSSION

The conclusion is that for small models of ships the
procedure of test a plate shaped as shown on Table 3,
to determine the friction resistance, is nccessary. The
turbulence stimulation both in plate or ship model is
necessary only on the very small plates.

The ITTC formula for small plates and small models
of ship seems not available not even on the circulating
water tank.

TanLe 2.
Experiment results of models.
Moprr My Monen My MopeL Mg, Moper My,

v ¥ ¥ F v r ¥ ¥ v ¥
0,340 1,43 0,483 10,3 0,483 15,05 0,940 59,75 0,637 51,35
0,375 1,69 0,513 10,7 0,550 20,0 0,987 67,7 0,695 39,4
0,415 1,92 0,513 $0.8 8,622 264 1,030 75,0 0,788 70,7
0,447 2,25 0,550 12,4 0,695 32,6 1,072 85,9 0,864 85,8
0,483 2,69 0,585 14,8 0,788 41,1 1,100 92,25 4,940 100,5
0,513 3,17 0,583 14,8 0,864 49,0 1,128 96,5 1,009 122,6
0,550 3,70 0,622 17,0 0,940 59,4 1,155 103,6 1,087 139,6
0,585 4,38 0,657 18,8 1,009 71,0 1,167 109,9 1,145 1590
0,585 4,55 0,657 19,0 1,087 89,5 1,179 112,5 0657 52.95
0,622 5,00 0,695 21,3 1,087 89,7 0,902 55,1 0,747 65,1
0,622 5,20 0,747 24,0 1,145 100,6 0,882 50,55 0,818 71,0
0.657 5,69 0,747 23,6 1,188 1150 0,902 92,8
0,657 5,85 0,788 27,2 1,215 121.2 0,676 55,2
0,695 6,70 0,818 29.2 0,513 15,0 0,767 §7,0
0,695 6,80 0,818 30,3 0,585 22,83 0,844 81,0
0,747 7,90 {,864 329 0,657 29,03 0,957 106,2
0,747 7.90 0,902 374 0,747 37,65 0,987 1142
0,788 9,30 0,902 38,7 0,818 45,3 1,030 1268
0,788 9,62 0,940 43.0 0,902 56,3 1,089 131,0
0,788 9,60 0,972 47,3 0,572 65,7 1,072 1369
0,818 11,55 0,972 47,1 1,049 80,08 1.113 148,5
0,818 11,50 1,009 50,8 1,115 93,75 i,167 181,5
0,864 15,60 1,049 53,2 1,167 112,8 1,188 193,3
0,864 15,70 1,049 55,0 0,818 45,7 1,215 200,0

1,049 52,8 0,844 46,8
1,049 50,5 0,382 52,8
1,087 62,6 0,530 18,43
1,087 62,0 0,719 34,19
1,115 67,0 0,805 43,25
1,115 66.5 0,922 37,65
1,115 65,7 0,844 47,7
1,145 79,0 0,957 62,8
1,145 77,5

m
v == gpesd (S"EZ)

r = model resistance (gr.)
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TasLg 4,
Experiment resulis of plates.

FORMAL DISCUSSION

PraTe 4

Prare 5 é Prate 6 Pratg 7
wmﬁfﬁ :i’;’;f’;‘ém& W:{h;:g; gg‘;?;ggﬁ“ Without turbulence stimulation
Y ' » r A r ¥ F v r

0,483 3,66 0,622 8,1 0,193 0,94 0,152 .95 1,128 97
9,193 0.7 0,695 19,0 0,251 L5 0,234 1,57 1,188 93
0,234 1,064 0,747 10,85 0,340 2,39 (4,288 2,58 1,167 87,4
0,251 1,182 0,788 11,6 0413 3,66 0,375 4,17 1,145 833
0,286 1,420 0,657 9.0 0,483 5,55 0,432 5,72 1,115 80,0
0,340 1,62 0,818 12,4 435 7,63 0,513 9,67 1,087 74,8
0.373 2,11 0,869 13,9 0,622 10,10 0,603 13,97 1,049 71,3
0,415 2,55 0,902 153 0,695 12,35 0,695 18,7 1,009 66,0
0,447 2.97 0,585 6,78 8,788 15,6 0,805 4.8 0572 0.5
0,483 3.1 8,550 5,77 0,864 18,35 0,193 1,22 0,940 56,7
0,513 4,21 8,513 50 0,940 22,10 0,34 3,37 0,902 3,8
0,550 4,93 0,483 4,26 1,009 24,85 0,483 8,13 0,864 47,3
0,585 3,72 0,447 3,66 1,087 22,22 0,564 12,35 0,818 43,5
0,622 6,5 0,415 2,97 1,147 33,25 0,657 16,6 0,788 40,2
0,657 7,44 0,375 2,48 1,099 27,35 0,767 22,31 0,747 36,1
0,695 8,16 0,340 2,03 0,882 19,8 0,864 21,79 0,695 32,24
0,340 1.6 0,385 6,92 0.747 19,15 0,902 30,6 0,687 28,62
0,747 9,22 0,55 6,0 0,55 ii4 0,622 26,2
0,788 10,22 0,415 2,92 0,564 12,21 0,585 233
0,818 11,0 0,957 34,1 0,55 20,6
0,818 11,1 1,009 37,6 0,483 15,7

1,018 40,9 0,375 8.6

1,100 44 82 0,251 40

1,153 310

1,218 56,8

0,719 19,71

0,818 25,4

1,072 42,0

1,115 46,1

1,167 51,0

v = speed ( ﬁ’*_) r = plate resistance {gr.)
S6C
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FORMAL DISCUSSION

TABLE 5.
e.h.p.

v M0 M M1 M TAYLOR
12 — — — 1,780 —

14 2,577 2,435 2,564 2,520 2,430
16 3,798 3,565 3,832 3,819 3,700
18 5,500 5,009 5,228 5,370 5,300
20 7,991 7,430 7,578 7,640 7,520
22 11,016 11,180 11,186 12,380 10.730
24 16,130 15,150 15,784 — 15,400
26 23,890 21,580 22,054 — 23,400
28 43,780 e — — 41,500

v — Speed (knets)

DI BELLA
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FORMAL DISCUSSION

Dr. M. Kinoshita.

ON AC, ANALYSIS OF SOME SUPERTANKERS RECENTLY BUILT

The members of No. 41 Research Group of the
Shipbuilding Research Association of Japan have
carried ocut a series of standardization sea trials on
several supertankers newly built during the period from
the autumn of 1959 to the spring of 1960, as a part of
research programme on “Investigation into Propulsive
Performance of Service Condition of Mammoth
Tankers”, with subsidies provided by the Ministry
of Transportation as an aid encouraging test
researches,

Table 1 shows the names of the tankers and the
shipyards where they were built, and the principal
dimensions, the mile courses used and their average
depth of water.

In these standardization sea trials, the following
items were carried out in addition to the necessary
items of measurement conducted at usual standar-
dization sea trials:

(a) Mcasurement of roughness of the underwater

surface of the ship’s hull.

{b) Continuous recording of the magnitude and

direction of the tidal current.

{¢) Continuous secording of the wind direction and

the velocity of wind relative to the vessel during
her sailing on the trial course,

{d) Continuous recording of the ship’s relative speed
to water in order to determine the necessary
minimum distance of an approach run before
entering the trial course.

(e} Continnous recording by means of the echo
sounder of the water depth of the mile course
and of its front and rear.

With “S8.T. Caltex Plymouth” in particular, the
measurement of the thrust applied to the intermediate
shaft and the continuous recording of the change in
rudder angle during the run on the mile course, were
also carried out.

It is not the intention of the present report to
describe in detail the methods used in these measure-
ments and the results obtained but, among the results
obtained, matters which are considered as being parti-
cularly closely rclated 1o the problem of AC; are des-
eribed in the following:

Y. As regards structural roughness, the recording
was made only for the size of bilge keels, the number
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of rivet seams of underwater shell plate and the num-
ber of raw of rivets of that part, the size, position and
number of the zinc plates, and the number, size and
position of the shell openings (sea chest, discharge
valves, main soil pipes, scupper pipes, etc.} under the
load water line. The results obtained are shown in
Table 2 in simplified form.

2. As regards the roughness of painted surface of
outside bottom plates, it was recorded by the use of
the roughness meter of the contact-neede type devis-
ed by Osaka University. The analytical results of the
data are shown in Figure 1 and Figure 2. These
Figures, however, do not include the results of mea-
surement of “S.T. Everest Maru”, because these
results were considered as lacking in reliability due to
insufficient experience.

3. The value of the most representative tidal current
on the mile course was obtained from the values of
tidal currents continuously recorded at 3 positions
suitably arranged along both sides of the mile course
and at times also at various depths, and the most
typical example of plotting the velocity components
parallel to the mile course is shown in Figure 3.

It has been proved that these measured values of
tidal currents are helpful in making more precise the
correction for tidal current in the standard analysis
of trial data.

4. Table 3 shows the ratio to the designed value of
torque at maximum continuous putput, of the actuaily -
measured value of torque duc to the so-called sterntube
friction obtained by slowly tuming the intermediate
shaft by means of a turning motor immediately
before departing for the sea trial and immediately
after returning from it. Despite paragraph (1) in the
Note of the Appendix, these actually measured values
were not used in the present analysis, but a fixed value
of 2 %, was adopted.

5. The tank test for “EveresT MARU’ and “ATTICA™
was carried out at the Mitsubishi Nagasaki Experi-
mental Tank, the tank test for “Caryex PLYMOUTH”,
“KAXUHO MARU” and “ORENTAL GIANT” at the
Towing Tank of T.T.R.L, and the open test of the
modet propeller for “Caitex PrLysmourH” at the
Mitsubishi Nagasaki Experimental Tank, strictly and
in accerdance with the respective methods of usage.
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TABLE 1.
Prineipal Particulars and Trial conditions of the Ships tested,

FORMAL DISCUSSION

KINOSHITA

Name of Ship

Everest Maru

Kakuhto Maru

Caltex Plymouth

Attica

Oriental Giant

Owney Daido Line Lino Line Cogi 18503 fifperan Trans- | 1stand,
Shipyard Milsubishi: Lino- Maidsuyu | Hitachi-Innoshima Harima Saseho
Lop 2/3. 0™ 2/3.0™" 2 -S4+ z/3 0" 245.0"
B wid. 30.5* 3o.5" 3L 70" 37.5" 32-9"
D wid. /5 2™ /5.2" L5 14 /5.2" 135"
wh d /L.360"% ts. 337 [1. 23" [1.35™ (3. 24"
’§“§. Ch 0.8 po 0.800 0.786 2.800 0.820
ol o -%é Ce 0.804 0.805 0.7/ 0.830% 0.830
313 Y C 0.99 5 2.994 0.994 0.290 7. 992
3T W! LC. B [ I3%F Lb5% F L3744 F 3.86% F L 544 F
N Gross Ton. 29,216 29,4097 20,1091 29.741% £3,423¢
N Dead  Wi. 47274 47, 252¢ 26.757°% 47,3697 7t.4490°%
AN Bulbous Bow. Raked Stem Kaded Slem Bulbous Dow Pulbous Bow
\Hem g Stern | ~Cruriser Sterx Cruiser Stern Cralser Stern ruisey Stern Cruizer Stern
3 Rudder Keaclion Rudder ﬁi:ﬁf’gﬁimgjm gaf’;f:c:JL;:;;‘e,r Stream Lincd Streas Lined
g‘ gﬁ Type x No. | Tuybine = [ Diesef = { Turbine = o Turbine » |1 Turbine x|
R Mox. Gutpul | r7800™% 1/ 8™ | 18,000°% 119™"| 175057 10 17800 % 105 22000°% 108
A Type 5Bt Sotid Trpe | 5B1, Sotid Type | 5 Bl Satid Tyre | 581 Solid Type |58BL Solid Type
1 Dia xP Ralip| 6T600x0.697 | 67200 0.7/6 | 4%05 x 0.785| %604 x0.292| 2"200 %x0.722
i Boss Kalio 0.7878 0 200 2.2473 g./842 0./884
}_EAR 2. 540 2.6435 g.555 4.572 2. 400
RlIpLTh Fr. | 00737 0.0569 s04L6 00524 00583
;szsaca_:j Aeyoferl Aeyofor! Aeroforl Aevofoi ! Aervefori
Dale gct. 23, 1959 | Mar. 3, 1960 \ Mayr. 8, 1940 | Jan. t4., 1960 |Dec. 8, 1859
Mile Post used | Miye Mile Post |4 ’“,‘:,f,‘?m;};?{"" o fi‘?,’:‘;”’“&ﬁ;"‘}?ﬁ? A'wa!'i Mite Post | Miye Mile Post
Weathey Cloudy Cloudy Cloady Cloudy Fine
|_dea Condilion Smeoth Rough Stight Verry Spoath Smeoth
x| Depth of fea 55 ~4om z20™ 50~ 80" 40 ~ 50" Lo ~T7Om
S| Temp. of Waler 22.4°¢ 2.5°C (-7t g-5°¢ 17-8°¢
~§ Srec. Gr of Waley | r2228 (0254, 025 1025 1.0 24.
2y da /2.233" il 320" e T i 10 261" 13.294™"
Q g‘ dn (43227 1 LOO™ 24 378" (212" {3.3349"
& AF L0 1. 320" 1, 240" (372" 13./42"
3 Trim 0477 by Stem g 0-[1(54“&;' Stern | 0101 by Stern | 0.102 by Stern
o | Displacement 60,5150 40,7205 % 8. 2707 60,570% 40,3502
b~ Cp 0.783 0. 800 0787 0.30/ 2.320
Cp 0.73¢% 2. 805 2.292 g.309 5830
Cx 0.992 2.294 0994 79490 0.4992
It ef Prop. (36) 083 2. 718 LO5 T 028 [ 244
Date,out of Dack 1 0ct. 21, 1959 | Fes. 29, 1960 | May. 2. 1260 | Dec. 3{, 1959 [Noy 25, 1459
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Tamie 2,
Structura! Roughness on the Hull,

S awe of Ship - '
;\&L"\ Everest Maru | Kakuhe Maru |Caltex Plymouth Attica

texwr
. ‘ P Lt
( Bilse Keely | 540"k 430™| 81.0™x 4507 | 68.27x 460" | 6307« 456"
"Rivets of Halfboard 1 x 2 raws
No.of Rivetted &zm{rﬂa‘oﬂw 3 x 2 raws 3 X 3 raws 2 X 3 raws g X 2raws
i |Dimensions 300%rsd™% 36| 3005 ss0 w20 30072150 % 38 | 300K /50 %30
|
Plate | |51, 8 0 0 0
J3tern
(Sacrifice | | Frame 20 32 20 47
Anode ) | ¥
rode) 15| Rudder 6 1 18 11
Total 44 43 38 58
Shell Openin (Ixcl. Small oxes) )
(Total) ! 13 11 41 32
Tasre 3.
' Friction Loss Through Stern tube (in %)
e of Shi .
o P leyerest Maru| Kakuhs Mara| Attica Caltex Plymouth
, by Hitachi.-Za en | by Togine's
Time %ar:l:“mgt §Me?er Trﬁsioisiﬁemr
soust Berore 4.15 5.79 5.03 5.52 5.74
pooon Aster 4.58 5.47 4.78 4.83 4.32

TanLe 4,
Mean value of AC, (x 107),
~_Nawe of | N ‘ -
Basic Lipe~<bip | Everest Maru | Kakuhd Mary C?p%}%uth Attica oéifftmr
I.T.T.C. 1857 -0.-235 -0.038¢6 ~-0./28 -0.243
Schoenherr ~0.168 ~0.211 -0.27%
K=0.330 K=0.350 K=0.330 K=0.366 K=042
Hughes 0.057 0.225 0.159 0.092 0.209

K value was deduced from the results of tank test at low Froude Number
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Swasre

Arrangement af Current Meters

FORMAL DISCUSSION

KINOSHITA
Measured Value
Station A ...._o_} Mean Curve of Current
€ —— o

|

- Koztinasejima
ol ¢ 2 l
o Course -
0-2— 2
s ]
b
w034
= [l ~—a /,-"‘“‘"
o4 . . | Aoshima | : ‘ .
] 12 13 14 15 16 17 18
Time
FiG. 3,

Curve of Tidal Current (Parallel Component with Trial Course)
March 8. 1960
off Aoshima-Kominasejima Mile Post

6. The standard method described in the Appendix
was, as a rule, adopted for the estimation of ACy from
the results of sea trial. However, as stated under
Paragraph 4 already, this method was not used for
obtaining the value of the friction loss due to stern
tube, etc.

Furthermore, as regards propeller characteristics,
the open test by the usc of the model D = 0,25 m was
specially performed for “Everest Maru” and
“ CALTEX PLYMOUTH”, despite Paragraph (c), and the
values thus obtained were used,

7. Figure 4 shows the plotting of the values of AC;
thus obtained, and Table 4 shows the consolidation
of these values into mean values.

8. Figure 5 shows the scale effect for wake W as
consolidated in the form of 1-w,,/1-w,.

9. It was not possible, unfortunately, to recognize
any significant correlation between the structural
roughness and surface roughness described under Para-
graph 1 and 2, and the AC, shown under Paragraph 7
or the wake described under Paragraph 8, as far as the
present experimental data is concerned,
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x1g

04 | ;
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0.2
-0.3 1 1 t
1.0 (.5 20 x 109
Reynolds Number , Re = X/L
FiG. 44.
AC; Value (Hughes).
0.2 L
0.1 |
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AC, Value (LT.T.C. 1957).
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KINOSHITA
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FORMAL DISCUSSION

APPENDIX

NOTE ON STANDARD METHOD OF ESTIMATING AC, FROM THE RESULTS OF SEA TRIAL (LT.T.C)

Following corrections shall be made to the values
of speed over the ground and the shaft horse-power
measured at the time of sea trial.

(1) Losses due to a stern tube ete.  The delivered
horse-power is obtained from the shaft horse-power
as measured by the torsionmeter, by deducting the
amount of losses due to the sterntube and the plummer
blocks attached abaft.

The frictional torque due to them is assumed to he
independent of speed of revolution. For the abso-
luic value of the frictional torque, it is recommended
at the fourth meeting of Friction Commitiee of
J.T.T.C. to use since September 1939, the value measur-
ed by very slowly turning the shaft of each ship
clockwise and anti-clockwise by using & turning motor,
if available.

(2) Wind correction. Using the measured values
of relative speed and relative direction of the wind
during each run over the trial course and values of
wind direction effect coefficient surmised from the
results of wind tunnel cxperiments on the similar
ships, the wind effect on the delivered horse-power
and the speed over the ground can be eliminated.

{3y Tidal currcat correction. The mean tidal
current curve is drawn by plotting the mean values
of the current velocity for each to-and-fro sailing,
taking the time of trial sailing as the abscissa. The
amount of tidal current at each sailing time can be
read from this curve, and the true speed of the ship
through the water is obtained for each run. Provided
that the ship does not sail on the same line, correction
shall be made by the parallel shift of the current curve
in estimating the tidal current speed.

{4) Corrections concerning the circulating water.
These corrections are not required for the installations
of the circulating water system adopied in Japan.
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Following calculations are further carried out
against the above-mentioned standardized values of
delivered horse-power and speed of the ship through
the waler to obtain the values of Cy or AC,.

{} For the thrust deduction and the relative rota-
tive efficiency, the values obtained from model experi-
ment at the corresponding speed arc adopted, the
thrust identity being employed.

{6} Wake is calculated from the analysed rosults
of the sea trial of actual ships,

{c} The propeller cfficiency estimated from the
chart shall be employed. In this case, the chart used
(or the Reynolds" numbers employed) should clearly
be deseribed.

Note : (1) Corrections shall be made on the effects
of difference not only in the developed area ratio and
pitch ratio, but also in the thickness ratio and boss
ratio,

{2) The values of Ko and K change themselves with
respect to the Reynolds’ number, but K, plotted
against Ky 1s believed to be nearly independent of the
Reynolds’ number, (Refer to Data Sheet No. 8.)

(d) Total resistance coefficient is sought by caloulat-
ing Ky under the assumption made in the items des-
cribed above,

{¢)} Any friction line may freely employed in accore
dance with the custom inherent to each towing tank
in Japan. Since 1938, however, it is genevally agreed,
to try the ITTC 1957 M-S C. line without fail, in
addition to those of their own choosing.

{f} The wave-making resistance coefficient of actual
ships is assumed to be equal to that of the model.

{g} In accordance with the method described above
Cp or AC, shall be calculated.
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Dr. M. Kinoshita.

Standard laminated fibre-glass model.

A standard laminated fibre-glass model was pue-
chased by Mitsubishi Experimental Tank (Nagasaki)
from Messrs. Halmatic Lid. at the end of March this
year,

At the beginning of April, the towing tests was start-
ed at the Mitsubishi Experimental Tank in accordance
with the uniform test conditions adopted by the Bri-
tish Tanks and in June the model was circulated to the
T.T.R.L. Tank and Japan Defence Agency Tank.

Above mentioned tests data are reported in Table 1
~— % and in Figure 1.  In Figure 1, the corrected data
of the T.T.R.1. Tank for the difference of blockage
between the T.T.RJI. Tuank and the Mitsubishi
Experimental Tank, are also shown. {The blockage
of Mitsubishi Experimental Tank and Japan Defence
Agency Tank are practically the same.)
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RESISTANCE. TEST OF STANDARD

LAMINATED FIBRE ~GLASS MODEL 14 157
DATE  APR 1. 1940|RUN |TIME | GROUND | SPEED VRESISFWCE| S MEASURED | CORRECTEDTD 15°C
" oF | SPEED |RELATIVE ,
MODEL. N2 1430 N | pay 70 WATER
TANK NAGASAK! ! s ;
(mmu@ww} i 7 % e R kg F?q Ce Ra Ce
. . r10* g * <1g* w5t
TEST NE Ta /237 laaa7l 10" 0r| 1895 | 888 | as24 | »o25| &£378| Scub S3T
L=482¢5 R 38 24| p483 | 1442 | 2895 | 4999 2002 | Fa3s L0907
B
S =400 .
a9l 32! raz3| 1397 | 1944 | &998 | 3886\ 419 | 388
LARGEST ,
SECTION i A0 20! r/82 F140 S2dd | aTL | B3RO0 Lpon 3798
AREA, a =204 .
p a7 48 0927 | 0930 | 0817 | 39851 3888\ s00e! 3884
A=¢529 "(Fu)
TRIM =0
STIMULATOR=STUDS Vasraz, /0 26 18397 rs8a a2t 79831 5273 Sezd E272
Sg"?g‘igﬁf% 23] £ Mt 7459 Bl P ¥ X Y ?8‘2 040 70/ & LT
ag| 12| <223 | 1407 | 1876 | 5989 3%64| 4020 | 3952
ToW=POINT «s| 201 rs83 | ss88 | 1262 | a978| 39%0| sooa| ety
FROM LwP, Lwt. _
& 3 \ 3 . E
EROM ‘Q’i ;‘50*‘:3;? 2 28| o945 2934 PE2A 3977 F938 3998 F23L
WIDTH OF TANK = 1287 : -
) et % ]
DEPTH or WATER = 5455143,’4; 10361 2300 | 1888 | @450 | 7995|524/ | Ra3b E253)
TANK SECTION _, . |
AREA, A=807" 48| AL (1S5S | rdad | 2898 | e94a | 4049 Tool | Lods

Qfn = 2 "f;

Th=o25 A9 52 1218 f20? | 848 | 5947 FPa] S99 | 32
TEMP ; S0l 2320 sar7 | pdtd (878 | SU3 | 3992 59% | 3990
AR =180% )

B 28 _£487 LIRS | r2T6 4970} 3%« 49951 390/
WATER SURE. = 1a.8™ |

. MIDDETH= 138 B2 36| 094 | 0233 | 0822 | 3973 3937 3993 | 3932

«  BOTTOM = 138"

P Y 43053 1344|1892 | 1884 | 4358 | 792 | 5v96| 5003 | 5493

(%) %) S| $21 2887 | psa2 | 2884 £973| aoil) 7009 | <03
i

(@) 101881 1147 <10 S5 90| pa2 ) r203 | 1883 | £980 BGIR Ko/ y 395

fa:ﬁﬁgfj&;@gi TABLESR 57 | 0948 | 09323 | 0832 3990 S92 oo | 3837

(USED For Pn=¥L . ; & K L ———

*4S MEASURED" n==5= in unils of w0 G /é’ syt in uails of 10
CALCUHLATIONS)

(LYWATER SAMPLE AT
TIME oF TEST
(AT 15% )

ITTC ?’%? Shﬁ‘madﬂﬁ C:?Yre’z&tiaﬂ Lj)eg Used f;jf é‘gﬂ-eci&aﬁ Z:l’ /5.(:
Remarks :



RESISTANCE TEST OF STANDARD

KINOSHITA

LAMINATED FIBRE-GLASS MODEL 2., rest

DATE . APR.18.19%0 |RUN |TIME |GROUND | SPEE D (RESISTANCE| AS MEASURED CORRECTED TO (5%
NO. | DAY 70 WATER
TANK  NAGASAKI
(MITSUBISHI) v m % - Rk . R n Ct Rn ct
) x fo* xr0*
TEST N& T 1248 y3e29l,3°9"| 159 1889 | 2444 | 7829 logpk30r | 8020 logosz90
L=48268" o )
2 28| 38 1483 | r&4F | 2584 | &84T 3984 | 7038 2974
S~g400"
29 Sh g2l faig +887 | &880 39281 4024 3944 |
LARGEST
SECTION . golmtez | t 184 £ ATE | 252 | 2889 2810 | &o09 3799
AREA @ < p204 ™
3 (9’| g-924 . ok | 32898 994 JRLs
Negisr o rm ¢ 0-934 | ¢ 3849 | 3
TRIM =0 y .
X /0 XAl
STIMULATOR =STUDS leasz2| sec 8] 1-900 887 | 4458 282 é \popt2s9 _S_Qi&__‘ﬁl&?,s.&ﬁq
SURFACE :
NoRMAL 23, . 281 1687 4348 | 2592 | 4-84i 4928 780 | gpib
L 340 _1-4ls 1398 1 183% | 4842 3920 | 5987 F908 |
TOW —~ POINT
A% N L2E3E 7 EF72 7282 RI3 IE65 | K003 379
FROM WP Lwi “ £
FROM ¥ 15074 360 gl 0949 | 9935 | pgiqd | 3978 IEBEF| £-0A8 2843
WIDTH OF TANK =125 3 s
& 0 ki
DEPTH or WATER 648" o 07\ 1g°sn’| 1906 | 1897 | a.208 | 7870 |poosz9z| sosa o k282
TANK SECTION ,
AREA . A = g18m" 811808 | s8t2 | 1890 | 28592 | 4830 4043 | 4-997 2037 |
Bl o s p
V4 - 025 39 sal pa23 t 207 | rR43 | £S5 28831 4020 3872 |
EMP. .
7 40 221 L 485 | frFE | 240 £-£93 382921 4043 288 1
AIR o= ST
WATER Supr - rape F—2 30 0949 | 0938 | 0823 | 39/8 2287 | 4005 3888
* MID.DEPTH = r41°C
xr0¢ x4
© BOTTOM = 147°C |43642114°38'| 1893 L 883 | 2,397 | 786 poot237| 8007 lovosids.
P Y] 43| 461 18850 | 192 | 2478 | 583 4040 | 4980 2028
{fﬁ%] (") | gal  s¢| r92) | 204 | 1886 | 4867 3922 | 2077 390
(@) 10187 118905° | g5lisr02’| 7088 | 1172 | s249 | 2292 | 3798 | sos3 2784
) sor878  rar ot | g4l 40| o 9a5 | 0933 | pssz | 3902 | se97 3998 | 3883 |
(@) mﬁ; f’f’;‘imgﬁs 27l syl 1902 | 1588 | aas5 | 7883 | s268 | $p26 | sras
vl . R , .
Q‘jﬁi;ﬁs’i&gp Re = y};” i units of s0* : (¢ = /;S?)z tn units of 10 ?
CALCULATIONS )

tb)WATER SAMPLE AT
TIME OF TEST
{AT 15%)

IT.TC 1957 Ship-madel Covvelation [ine used for Covrection to /5°C.

Remavis:



RESISTANCE TEST OF STANDARD

LAMINATED FIBRE - GLASS MODEL

Svd

DATE, MAY 27 19460
MODEL N& 1430
TANK  NAGASAKI

(MITSUBISHE)
TEST N8 Troiltd

L =482465"
“-?.

8 =g Lo0
LARGEST

SECTION
ARER , @ =0204

A=¢526"Ew)
TRIM=0
STIMULATOR=STUDS
SURFACE :

oz

TOW~POINT
FROM LwP, Lwe
FRom B, 150" %7
WIDTH 0F TANK = /225"
DEPTH oF WATER =451
TANK SECTION
AREA, A= 810"

= 025+,
TEMP
AIR = 217

WATER SURF. = i18%
v  MIDDEPTH = }a 5
»  BOTromM - 139%C

P +
(9] ()
R) 101828  1pL3 «16°
() 101878 1ial vt

(RIFROM SNAME THBLES
AT 1787
(USED For
“AS MEASURED”
CALEULATIONS )
CBIWATER SAMPLE AT
TIME oF TEST
(AT 15%)

TEST

RUN | T1ME | GROUND | sPe£D ,efs;smr% AS MEASURED |CORRECTED 70 /8°C
we | | NGRS T
¢ e (L e " - Fn Ct Fn Ce
439 5
Fe|/3718 ] 1837 1 1872 2540 | Spid | S386] 8024 | 5418
78| 25| ;997 | 1890 | aago | 8614 | 5348 | 9024 | 5347
80 35| 484 pldl | 28583 | P59 4007 7005 | zo4l
82| 45| ,423 23 | /832 | Ldbl| 386T | &otd | 3904
ga| 58 ;81 | syt § roaz| £362| 3802 | 2996 3820
oliacs| 0949 | p9az |\ 080 | a309| 3840 | 20/4 | 3877
| s8] 48| 2899 | 1895 | 2489 | £422| 5:3/6 | §033 | 5347
90| 25| re59 | 1453 | 2678 | TH33] 2000 | 7ol8 | o3
92\ 38| ,a/9 | ra206 | 824 gaa3| 3867 | 4003 | 390/
Ga) a8l ps8a b p076 | p 247 53761 3750 | B0o8 | 3817
| 2ol 5| 0%t | gFa) | 0807 24286} 3867 | 3993\ 3904
98| 450|898 | 4889 | akio) 846/8| 5346 | 8029 5378
2000] 15| 1687 | b | 2894\ o624 4034 7009 | 2068
2] 25| ra2d § paty | 857 | Labb| 39/ ] 4024 | 3948
al 35| srsgal 1480 | r2a9 | 5376 | 3804\ 5008 | 3842
Gl 48] 0943 | p939 | o08/0 | 4282|3890 | 3987 3926
81 L5 89 | 888 w507 409 | 53561 felo| 5388
[01/6%08| ;6856 | 1654 | 2572  75/9 | gp0b | 7005 | 4039
(2, w6\ yazl | sarg | 1852 | fas2) 3T | g/ | 3951
£ 25| ;.98 (194 (2821 Sadp| 385 L5068 3852]
16 38| p2ka | 0949 | 0835 4332|.3.9/8 | 2036 3953
(8] BB 97| 1190 | r276) Hads| 3802 | 0463|3839
R -*-%g:" in units of ;0f (z~ %;S@‘I in units of 16

LTTC 1957 Ship-model Corvelation Line used for Correction ts 15°C
Kemdrks:



KINOSHITA

RESISTANCE TEST 0F STANDARD

DATE . TNE 13704 /940
MODEL NO
TANK TTR| w~N2Z

TEST Ne

L ~48265"
S = qboc “*
LARGEST

SECTION ”
AREA , A=0-204

A=fsz § “

TRIM LEVEL
STIMULATOR =STUDS
SURFACE ;

2

Tow~FPoINT

FROM EwrP, Lwe,
FRoM ¥, 60" 4FT
WIDTH OF TANK = 800"

DEPTH or WATER = 412"
TANK SECTION
AREA, A =3288"
Y=o L2 %
TEMP
AIR = zpo'c
WATER SURF: = 76-4°¢C
o MIDDEPTH= s93'c

“ ROTTOM =+ s0éC

i
[“‘Z‘ec}

-6
poMtf e

fz
(7%
@y s00-387
(L) 701878 !-fd/r;’o_‘

{ Q) FROMSNAVIE TABLES
(AT ¢4-2°¢ )
(Usep For

LAMINATED FIBRE -GLASS MODEL. ~ /sr7TEST
RUN [TIME | GROUND | SPEED \RESISTANE| 26 MEASURED | CORRECTED 70 157C
8F SPEED |RELATIVE
N | DAY 70 WATER] _
e AR R s Fu Ct Re | C

fo2t/8 2 50| 1+ 893 446 &-297 | £.314 #0048 | 5937
9 pa-00| 554 242 7:293 | 4-03% 037 | _4£-04F
20| /10| 420 89 46223 | 4002 4025 | 4922
Zi| 20} o 944 g 82 4137 | 2928 | 3992 | G852
Z2| 30| 4185 128 L4v4 0 3872 | S04 274
23|iad0] ;994 447 £:300 | £320 | o0 | £339
24| 50 ;444 244 7202 | 40iéb 7045 | 4084
2500 | raze -l £-224 § 4087 6005 4072
z4 /0 st 83 /27 Lorod 3-8%5 | $es3 | 2FFT
27| 20| o 4L o-#4 4 12z 404 2 997 4040
28| #5230l ;594 482 | &.300 | 5380 | &0/0 | 4327
27 a0l s 445 Z4b F7298 | 2098 | Fod0 | £r1d |
Zo | -t s 417 /50 b-220 ) L0227 | 4000 | 4048
2t lss00| 1183 128 S84 | F90b | F003 | 3728
32| -s0| o %48 o84 4/42 | Lotk FEP7 | £ 040
23820 789 L0 o200 | o442 | #8/8 | 548/
4| 30| 444 248 7302 4121 Fogs | £-14)
35| 40 ) 1 4/% 290 6220 )| 4028 | 4eoo 4-04%

,ié 50| 1181 129 | 577 | 2948 | £934 | 257
BT U700 0943 0-84 4133 | 4032 5798 | L0548

fon ~ ﬂVL IN TS oF 100 Gy - 7%\9#: IN UNITS 0F 10

YAS MEASURED™
CALEYLATIONS)
(BIWATER SAMPLE AT
TIME oF TEST
(A7 rs%)

ITTC 1957 SHiP-MoosL. CORRELATION LINE USED FOR CORRECTION TO /5°C
REMARKS ;



RESISTANCE_TEST_0F STANDARD
[AMINATED FIBRE=GLASS MODEL .. )

DATE . TUNE. 141960 |RUN.\TIME | GROUND | SPEED \RESSTANGE| 416 MEASURED | CORRECTED 7o 45°C

‘ 0F | SPEED |RELATIVE
;fiil A2 NS | pay TO WATER
T.TRI pNez U 4 1R
s K i - " Ct Au Cr
e 2 ) )
TEST N2 Tewo s gt 32’ £ 898 - L) | #2305 | £342 | Sors | 5,38/
‘{-“4'32‘:"51 &l g2l 248 2. A48 | 2307 207/ 72050 | 4092
S = 4400 )
¢ S 1420 (87 | 8223 | 4002 | 6007 | 4022
LARGEST
SECTION i Suslo8| 1 /EZ (29 | 85180 | 3942| 4997 | 3944
AREA , Q@=0204
P s8] 8| 0944 283 | 2/38| 3976 3993 400/
D=8479 7 (Fw) '
TRIM =t Ever.
STIMULATOR=STUOS | _ sole 251 r.294 452 | 8305 | £373| 80185 | £392
SR s ‘ )
i col .35 1488 2464 | 7298 | 4044 | 7047 | 4037
s/ 48| 1477 + 88 | £ 220\ 3.985 ) 4002 400&
Tow~ POINT & £d 1152 f27 | &80 3.88/| 4997 | 3703
FROM LwEk, Lwi, ) v
FROM ¥, 180" T 4306°08) 0945 0. 83 | 4142\ 3948 | 3997 | 399/
WIOTH OF Tank =800 ™ .
~
OEPTHoF WATER=IZ™| 4|0 18| 2 897 482 | 2314 )| £.342) 3023 & .38/
TANK SECTION )
AREA, A=3296™" el zE 448 248 | 7278\ 2087 | 704] | 4402

[ = )

Y4 =042 % sel 3el 1219 188 | 4220 3385| 4002 4004
TEMP, i - P4 227 | £ 177 3.887 | 4998 | 3907
AR =210

48\ 28 0 9Lb 1 083 | #rab| 3940 | qg00/ | 3984

WATER SURF. =44 ¢
w MO DEFPTH > 1.57C

 BOTTOM =/0.4C 9 7okl 2894 L a7 | 8307 | S343 | F /0 | 5342
P y 70| &l rbéd 245 | 7293 | 4086 | 7037 | 4104
[79) ("] 7o\ 28 147 | 188 | 4220 | 3984 | 4002 | 4207
@ 100887 s |72 38 rr8l | 129 |5177 | 3948 | 4595 | 3972
(b) 100878  rsarxid®| sl L8 0544 | 083 | £,38 i.a*:??é 3.993 | Loo/
CBIFROM SNAME TABLES
AT /44 % " o
(UsED For Rn =57 tn yunizs oF 10° (e= Vo 2 a
s = IN UNITS OF 10
“AS MEASURED” Y /53 »* INH
CALCULATIONS) ITTC 1957 SHIA-MOPEL. CORRELATION LINE USED FOR CORRECTION To I5C
{ BIWATER SAMPLE AT
TAIE oF TEST REMARKS ;

(AT 157%c)



RESISTANCE TEST 0F STANDARD

DATE . JUNE 18T 1942

MODEL N©
TANK T TR N2i

TEST N2 Tee
L= 8248"
S = £E890 »?
LARGEST

SECTION
ARER , L» 0204

A= dd7F ¥ frwm)
TRM LEVEL.

STIMULATOR <STUDS
SURFACE ;

povs

Tow~PoINT
FROM LwP, Lut
From B, 160" AFT

WIDTH 6F TANK = 10-00™
DEPTH of WATER « 830"

TANK SECT 10N
AREA, A=S3m

%‘ a8

TEMP
AIR = 240°C

w

WATER SuRp = #8C
w  MiDDEPTH« 1 28"C
< BotroM = s08C

£ v
[ (W)

(@) 01818 f-au;hﬁ*
(b) 101878 ridin 5*

{RIFROM SNAME TABLES
(AT se:8'2 )
(USED FOR

KINOSHITA

LAMINATED FIBRE-GI ASS MODEL. I 7EST
RUN.TIME | GROUND | SPEED  \RESISTAMCE} 4 MEASURED  |CORRECTED 70 15°¢
OF | SPEED |RELATIVE
NE | pay 70 WATER
Ca e 4 s R g Ru Ct Ru C

2230m 1050 | ¢.2%3 £48 §: 7801 49441 soosl £794
gilroa0 | 7892 £3% - T45| £ 2371 Foof | 4286 ]
gzl 48 | 1487 242 7708 | 4024 | Toaso| 4077
73] 20} 1474 £85 | gtz | 28TV Lo22| 374F |
L) 3ol ri88 £o2d SdTTL 3772 Lot | 2827
2L g | 182 i 24 L LEB | 70 £ FFR | 2845

| 7é | go | o IR5 & 78 L2295 3893 29z 2953
TT e 28 | p- 234 2 8 LRI7 ERIFANED LI W 2L
28] . 2i] o 238 220 S IE3| - 94b | 3 P47
72l 325! s @22 4-24 &£.678 | A /2 T 860 | 5741
go | - 45 2 843 Z57 T4 &7 I F8 T o33 &0/
5/ ey [ 423 /82 & 377 o RIS £018 3 #70
FZlidod| 1177 7020 | Sddo | 3700 | £ 3TT | 3 7k
P3L _-48 | p FEb o 84 £arf | RE2) L4043 | 2 8r2
P4 25| p.941 o 80 &340 | Fesp | S780| 3917

a5l 381 397 422 g72 | sodel 7980 08
24| &E| £ i4E 256 Te% | 3943 T-OLO | 3994
FT. B5 1 423 s 82 4577 3837 s018| 3957
28 (1808 rs9% 22 1 Sqdd | 3742 L9588 ] 3903
81 x5l o0-933 o7§ £.3/2 | ap7El 3L L 3§33

| Fo i 28] &84 420 ST | $eg2 | 7378 | Sefe
$r1 38! 1847 247 Farg | 3970 7 A58 41020
$2 | 451 raz3 783 & 877 | 3887 | bo/F | 7N
FI| .54 £ IF2 r 22 R8T T2l | LovE T TR

| Tt \rkos | o943 2 po LRI | gog2 | FPEF | g §ot

Ru =VVL IN UNITS oF 10° (3= Zﬁ gu? INUNITS oF 107

“AsmERSURED "
CALCULATIONS )
(BIWATER SAMPLE AT
TIME oF TEST
(AT 15%)

ITTC 1987 SHiP-povel. CORRELATION LINE USED Fok CORRECTION To it'%c
REMAREK, S‘;



RESISTANCE TEST 0F STANDARD
LAMINATED FIBRE-GLASS MODEL. ~ 2ue 7857

DﬁTE . ﬁfﬂf 20”;?60 RUM TIME éPOEfND SF[EEO RESISTRNGE 14-5‘ ME/?SURE& CORRECTED ?ng’e,
o oF | SPEED |RELATIVE

MODEL N2 Ne | pay 70 WATER

TANK 7 TRI pog a 24 It R Ct R

' "5 A k3 . * &
EE] '

TEST ANe  “Jre | sodselog) 1 EF3 434 | &947 | £ 138 \Fo08 | 5.200

L-482687 A0l 1659 264 | 7840\ 3942|7106 | 3998

=4 400 v 7
=4l a z0| 1427 (&8 | 6760 | 3902 | 4035 3948
LARGEST .

SECTION i 9l 30 1/88 123 | $828 3723 | se0285 | 3793 ]
AREA , A=0zp :

’ kg ¥ ol 0| 0933 0.78 | £420| 3.827 | 3946 | 3.902
L=4979 “(ruw, ,
TRIM = LEVEL Ul &0l 0942 0.80 | #4462 384/ | 3984 | 3.926
STIMULATOR=STUDS 2utroo] 1822 430 | 8982 & 130 | 8002|8092
SURFACE 3 s0l 1453 2551 78371 3.987 | 4991 | 4051

4 20 1662 2E7| 7874 3974 | 7029 4037

Tow —POINT sl 30| 1azs (841 e8| 3896 | 4040)| 3.942
FROM LwP, Lwi i V
FrRom 8, + D" T o 20| 1419 184 | 87231 3802 | 4002 | 39469
WIDTH OF TANK = /00 » 7 \50' tI82 1 24| 4897 3990 | 4978 | 38542
DEPTH oF WATER =6.3™ Sl yap] 0952 082 4510 | 3.844| #2024 3737
TANK SECTION
ARER, A=t30 T 9 0 1892 443 8743|5285 | 002 £347

[

4 0.38 % 2 3] 1458 280 | 7888) 4040 | 7012 | 4104
TEMP 2 40 1448 259 7888| 3991 7041 | 405
AR =240 & )

3 g0 L2210 (85| 4732 )| 394 ] 60/0 | 3980
WATER SURF. =19.4"C. ] |
© MO DEFTH-119C dlzro0| 1177 "{f?'z ‘gkizfé_&g;ﬂiﬁé

“ BoTTOM ~107% & g0l 0939 077 | 4448| 3827| 397/ | 3902

P y 6l Z8 1893 427 8947 s.0901 Sop0b | £.182

[99%) (%) 7l 30| 1450 284\ 7807 | 3984 4978 | £047

(@) gos 799 1019 1 & 4&{ 1463 284 783/ 1 3971 | 4991 | 4035

(b) 101878 srarxst olresol raz4 184 4746| 3.87&| £022| 3942

/ A L i8e] f22 | SE90 | 32431 £99/ | 3873

(@ rro. *‘@‘é{c”’m 2l 2l 0939 080} 2448 2875 397/ | 3950 ]

; Fy
{E;jip FoR § R =-}%[~"- N uniTs o 0t G- /;g s 22 IN UNITS oF ;g«a
MEASURED

CALCULATIONS ) LTTC 1957 SHIP-MoDEL CORRELATION LINE USED FOR CoRRECTION To 147
(EIWATER SAMFPLE AT i
TIME oF TEST REMARKS

(A 15%)



RESISTANCE TEST OF STANDARD

DATE . JUNE. 24, 1940
MODEL Ne

TANK MEGURD sooeEl.
BASIN
(TAEIN DEFEMCE AGENGY D

TEST N Tre
[~ 48248 "
S =gion "
[ARGEST

SECTION
AREA ;, Q=aZ04 -

A=4529 " ¢py,
TRIM = ¢
STIMULATOR =STUDS
SURFACE ;

TOW~LOINT
FROM LWP, [
FROM &, 150 hET
WIDTH OF TANK = 125"
DEPTH o WATER =7, L
TANK SECTION
AREA, A=69.50""
Y0228 %
TEMP,
AIR < 233
WATER SURs 1845
MID DEPTH =12 |
v BOTTOM =i-5

r 128
{ kg :eg‘)] l’,,f 7 o

(@) (01 818 10047, 5%

(b) 105878 1id) ¥

KINOSHITA

(@) FEom SNAME TABLES
AT 845" C
CUSED Fok
YAS MEASURED”
CALCLLATIONS )

LAMINATED FIBRE~GLASS MODEL. 7 757
RUN. |TIME |GROUND { SPEED  [fessmancel g wsasipen  |correcTED Toss™e
re oa |7 | e

7*% Yy ot 2 R Ct R Ct

7 -

Bl ta330'| 1822 ddb5 | 8723 | 5326 £o00 | 5373
z | 47| 1423 2418 | 7422 | 3934 £990 | 3985
s | 22| ra23 1830 g L8/ | 3859 borT | 3910
9 lwez| /1,84 1248 L5459 380/ | $006] 3855
0 12| 2944 28211 24353} 39341 3992 284

i s

Lot la"271 1 8% .3 g.502| &£729 | L3485 | s005| Ld1]
2| 37 res4 2857| 72427 | 3992 2994 | 4042
p3l a7\ s 219 (844 | 4343 | 3942 ppdo| 4003
] s 1152 (254 £450| 3834 4973| 3.888
w27 0.944 080 7| 4343 3549| 3992| 3927

T ,

Kbt gbl 1 89 2 2500 | 8723 L 387 | &0 | L A4/4
AV WIRY! 2880 7424\ 2027 4994| 4077
gl Aol 2220 1 87| £-548| 3974 Lopd| 40285
gl 28 1183 (240| 5 485| 3.54L] s002] 3900
20| 38 p544 0815 | 4353 s907| 392 3965

Gl ]

R2r WL 48| + 854 2490 | 8729 | S345| 8009 | £39/
22| 48| 1454 2494 | 7434 2039 o022 | 4990
23,708 1420 (. SbE | £ 5A8| 3940 4004 400/
24) 48| £ 184 1260 | S 457 3538 Loob| 3892
280 28| 094 ¢ 0843 | 4342 38791 4vo0| 3937
r‘?nv%,é‘— IN UNITS oF J0° = %Svﬁ N UNITS of 10
LT TC 1987 SHA-MoDEL. CORRELATION LINE USED FOoR CORRECTION Tv #57C.

(BYWATER SAMPLE Ar
TIME oF TEST
(AT 1gc)

REMARKS ;



RESISTANCE TEST OF STANDARD

LAMINATED FIBRE -GLASS MODEL =~ 2o 7zsr

DATE, JUNE 27 r¢40
MODEL NoO

TANK MECHEC MoDEL.
BASIA-

§ HAN DEFENCE ABENCE>

TEST Ne Tr
L=48265™
S=L-800™

LARGEST
SECTION -
AREA, @ =0-204

A=652.9"Fw)
TRIM=0
STIMULATOR=STUDS
SURFACE -

TOW - POINT

FROM LWP  fyun
FRIM B 50™ ger
WIDTH OF TANK~ 128"
DEPTH oF WATER=7/6™

TANK SECTION
AREA.A = .ﬁag *

af'i’f o228 ? >

TEMP.

AIR a4 3

WATER SURF. =/9.2
«  MID.DEPTH =124
~ BOTTOM =477

&

i 1/
(778 ()
() 10180 o2 TR0

(b) 101878 raaix 07t

(@) FROM SNAME TABLES
AT /22
{usep For
“AS MEASURED ™
CALCULATIONS)
(b) WATER SAMPLE AT
TIME OF TEST
{AT 15°C)

| T:T ?1}35 GRounD %‘E%wﬁm AS MEASURED |CORRECTEDTD 15°C
F!% 1%“% R g Rn Ct Rn Ct
:ggz AP 18G4 | 542] | 2013 [ 5478
L3laas] 1 ek S 2598 7783 | go4b | 6998 |4/07
4 w5 razi 1860 | 8683 3935 4007 | 3997
| 25 1184 (258 | £ L48| 3832|8007 | 3878
l;ﬁ 38 0944 0.808 | 4440 3874|3992 | 3945
h
R &7sas’| 1894 ab541| 8907 | 5406 8009 | £443
S8l'os| 14658 24584 7783|4029 | 6998 | £070
g9 a5 142/ 1. 876! 6683 3949 | £009 | 403/
48 25| 1 /83 (240 £ 5£3! 378 Lo02 | 3851
&t 38 0944 0.786| #4440 3768 3992 | 3539
¥;z j£'45] 1890 | 4821 8887 | 5405 | 2992 | L4463
43 55| 1658 2&8l| 7783 | 400] | 6978 | 4042
g4’ 1A2) LE8ET! 4883 3927 | 400F | 3971
48 Bl 1184 1249 5548 3805 S0 | 387/
b 25| 0944 0812 4449 3874 | 4000 | 3945
_1;&5'4&‘ /- &893 4509, 8902 £374 | 80045 | £430]
48| &P s, 894 L L2 8907 £.38F | £009 | s 44
gt oil 1485 2580 72783| 40z23) £978 | 4084
20 11 1 420 1878 8478\ 3979 | 4e0d | 4041
2l 2l 1185 L2554 L3573 388 | &orl | 388!
7231 09485 Q8N 4444 538985 | 3994 | 3949
23 4 2944 2 800| A4440] 3-835| 3992 | 3904
Rn=% i unils of j0° Cg*:f/é_s y7 inunits of 107

ITT.C 1957 Ship-model Corralation Line uses for Correction to 15°C.
Remadrks
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SKIN FRICTION AND TURBULENCE STIMULATION

K. Tanigunchi,

In Mitsubishi Experimental Tank (Nagasaki), we
have been conducting the resistance tests to cover
the low speed range (v4/gL =2 0.1) to obtain the form
factor K, for these four years.

We use 7 m model as standard size. [ report the
data of K obtained on these rather large models, in
compliance with Dr. Hughes® suggestion, as [ think
it is valuable to all delegates. Fig. 1and 2 are typical
examples of deducing K and Table 1 are the data
of K. Now I can’t find the reasonable method of
plotting K, I report the K and the relating data only.

FORMAL DISCUSSION

FANIGUCHI



Table 1. Data of e

2
MODEL NO. | TYPE OF SHIP | LOAD  CONDITION TR !5:? A % (0| Cow | Cm K
{182 TANKER FULL LOAD ' 0 7447 | 7554 | 2473 | 05277 | 07655 | 09903 | 0285 |
25,000° L0AD 075 2t 7048 | 2445 | 3048 | 04242107001 | 09877 | ‘0293
BALLASTED CONDITION 15 Al 8885 | 2277 | 4438 | 02997 | 07363 | 09820 | 0373
- . 254l 6933 | 7328 . 02935 | 07312 - 0382
HEL TANKER FULL L0AD ¢ TIET | 7290 | 2594 | 45542 | 07867 | ONER0| 0357
s ieaD o ER1F | 1049 | 3415 | 04577 07771 | 0984S | 0288
BALLASTED CONDITION 2 Al SBTT | T0I8 | £023 | 43078 | 0TEI0 | 4970 | 43T
- - 3 A | £927 | 7084 . 83047 |DTS55 | o 5358
1273 | TANKER FULL LOAD 0 735 | 7iex | 2738 05dds | 07823 | o917 | 0330
- . 3 ral 7048 | 736 |« 05585 | 07786 | » 0.328
% LOAD 0 6928 | 4897 | 3629 | 04587 | 07908 | 09890 | 0200
BALLASTED CONDITION I A | 6856 | 4838 | $222 | 03207 | 07812 | 09840 | 2328
v . 2.4 | 289 | 4&60 . 43172 | 67785 . 4364
’ . 3 A | 4982 | 495/ . 83050 | 0.7484 - 039/
1231 TANKER FULL LoAD 0 2087 | 7433 | paSt | 85031 | 07777 | 09999 | 8324
Y2  Lpab LiTa | 6883 | 2377 | &/34 | 03447 | 07747 | 0983 | 0305
Y5 L0AD 2.05aL 879 | 2343 | 4373 | 02220 (07587 | 09758 | 0351
1237 TANKER FLteE  toad a 2220 | 202 | 24 | 45T07 [ J5H3 | 05FL | 04ET
{240 TANKER FULL LOAD & F-738 | FevF | 2.93F | 05487 (97767 | 0994¢ | 0.380
%3 LoAD 2 £902 | 4045 | 3.4/9 | 04350 | o78®2 | ¢ 9883 | 0.327
BOLLASTED CONDITION 24 | 588 | 8801 | 5.2/8 | 03200 | 87747 | 95831 | 2397
" . 3 A | £974 | K918 - 83057 | 07629 “ 8408
fod+ TANKER FUls LOAD o 7424 Yxxi 2720 | 05822 | 07584 | o 58FR | 0.208
Y2 LoAD L30a ! £836 | $.8%80 | 4320 | 03874 | 07923 | 09834 | 0288
BALLASTED CONGITION 200a| 6817 | 4881 | 5195 | 03204 | 07939 | 0.9805 0.507 |
Y LOAD 208A] 78T | 4833 | 4770 | 02445] 07728 | 697456 | 028/
1245 TANKER | FULL Loap 0 7424 | 7470 | 2920 | 85632 | 07878 | 09892 | 0.397
Yo LoAD | 1304 6881 | 6905 | £33F | 23832 | 0792F | 49837 23/¥
BULASTED CONDITION | 2.00a| 485/ | £.8%5 | 5230 | 03167 | 07852 | ¢ 7802 | L3857
Y5  LpAp 20| 4536 | SEF0 | 5823 | 02394 a7734 | e9vke | 0343
1244 | TANKER FULL LoAD o 7433 | TAET | 2.5¢7 | 05374 2787 | 09901 | o2
e LOAD o L8P | 2270 | 3.340 | 0244 27746 | 098 | 0.28F
BALLASTED CONDITION 2a | 4862 | 744 | 4550 | p3051 | 076/5 | 09813 | 0320
. v 34 | 895/ | 2287 . 82935 | 97517 2358
1247 | TANKER FULL LOAD ¢ 7/33 | 7457 | 2567 | 08539/ | 07496 | 0-990¢ | 0.3/¢
% LoADb 0| 4®8Y | 7202 | 3374 | 04440 | 07808 | 0.55870 | 4300
BALLASTED CONDITION 2a | 6.850 | 7482 | 4377 | 03067 | 0787/ | 098/2 | 0925
. v 3a ! 4935 | 72600 029551 07576 | - 2375
/253 | TANKER FULL LodB. o TAES | JuRl | 2720 | 05577 | 07850 | 0.99/0 | 4387
" 4 Ja | T4 7200 . 05537 | 0TRIG | *
- . N fF | e INT L~ 05757 | 907932 | » 0.39%
Y2 oaD | £30a| 6838 | $.4s0 | 433/ | 03874 | 07943 | 09857 | 0358
_____ BALLASTED CONDITHN | 2004 | 8817 | 447 | 5216 | 03208 | 0787/ | 07528 | 4373
s loAap 20848 | L7834 4828 4508 02450 07776 | SFVTE | 0356
1253-8 | TANKER FULY. LOAD 0 7448 | 79 | 2720 | 05527 i 94775 | 09979 | £.389
2 zoap 1304 8839 | 6583 | 4274 | 03870 | 07836 | 09859 0394
BALLASTED (ONDITION 2004 6818 | £.862 | 5)78 | 0.3/80| 07753 | 09829 | 040/
1258 | TANKER FULL LOAD e 7730 | 7200 | 2470 | 05577 | 07851 | 0.98%8)| 0380
3 LoAD Q7L A| EFET | TOSE | 3832 | 0RgLR | 0742 | 0FRES | 0325




‘Table 1. Data of

K™ (continued )

TANIGUCHI

NODEL NO. |TYPE 0F SHIP | LOAD CONDITION vem | Lw || B NE PG, | on | K
{%aclmly fm}

1258 | TankéR BALLASTED CONDITION | 2004 | 6.857 | 6.92¢ | 5./06_| 6.3/88 | 9.7805 | 09804 | 0.340

Y3 LosaD h924A | 6347 | 4914 | 5298 | 0307% (07797 | 09797 | 0348

7259 | TANKER FULL _LOAD O | 7425 | 7436 | 2357 | 05816 | 09580 | 0.9895 Mg‘i

20.805" Loap {a]4999 | 7305 | 306/ |o4s0s | 07514 | 09862 | 0.324

Ve LOAD 098A| 4807 | 7408 | X249 | 0.3¢ET | 07487 | 05842 | 0273

BALLASTED CONOITION | 2 a | 4 815 | 7013 | @435 | g3322 | omas2 | 0.9803| 0270

1261 | TANKER | FUlL LOAD 8 | T3 | 7382 | 2543 | 5554 | 07697 | 0.9900 | 0.344

¥s _LoAo 0| 4873 | 718 | 3613 | 04256 | 27783 | 09858 0423

| BALLASTED (ONOITION | 200al 837/ | 7013 | 4.864 | 03105 | 07638 | 09808 | 0.3/

¥5  LgAD 2804 £EER | 70T | 4327 | 02358 | 07520 | 0.8751 ) o44)

1262 TANKER FULL LoAD o Flf"& 7097 | 2.634 | 05792 | 09907 | 09884 | 0362

e LoAp { & | 8590 965 | 373/ | 84415 07993 | 0.9834 | 4.353

BALLASTED CoKDITION 24 8854 £F2Y | 5089 | 032448 0T ) 09777 | 0.391

Y5 Loap 2906 | 4§24 ) 6949\ 65401 02488 | 6779/ | 0.97i2 | 0.348

1263 TANKER FULL LOAD 0 f2E | 7497 | 2434 | 05785 | 207897 | 0.9884 | 0358
BALLASTED CONDITION 2 Al 4855 ) 5930 . §048 | 03242 | 07859 | 09778 | 0.32¢

1264 | TANKER FuLs LoAD o\ 712/ | 7499 | 2634 | 05797 | 97902 | 09884 0.382 |

BALLASTED oy Tron ZA_| 4854, £929 | 5082 | 03245 07918 | 63776 | 0393

1272 | 7AmEER L Loab @ 7404 | F084 | 292/ | 05757 | 07845 | 09892 | 0359

¥s Loap i F A | 8900 ) £87F | 3885 | 04331 | 6TTZR | 49747 | 0334

BALLASTED CONDITION 2 A | £F568 | 6837 | 5238 | 63202 | 0780 | 49793 | 4402

Vs 1080 2858 A| 4855 | 8824 | £.849 | 92423| 07726 | 48728 | 8383

1273 | TANKER FULL  LoAD 0 1 7420 | 74979 | 2634\ 05789 | 07902 | 09874 | 0.379
BALLASTED CONDITION | 2 a | 4854 | 5929 | 5048 | 03245 | 0789/ | 6§77 =

1299 | TANKER | FULL LoAD 0 7428 | 7094 | 2.434 | 04477 | 09739 | 09912 | 0.377

Ve Loan O | 48853 | 67T | 3484 | 44475| 47548 | 29873 | 0.35F |

_ BALLASTED CoNDITION | 2 A | 682/ | 4885 | 5038 | 03238 | 07733 | 99832 | 0.380

/5 LoAD 2404| 8797 | £860 | 8207 | 02822 | 07659 | 09792 | 0.361

J283 | TANKER | FULL LOAD 0 7/43 | 4640 | 27/2 | 06059 | 07243 09897 | 03746
¥ LoAD 2 4503 | 4407 | 3542 | 05087 07307 | 09548 | 2342

| BALLASTED ConDi TN £al| 4770 | 4293 | 573202554 67228 | 99808 | 0324

_— " 2 Al 8790 | 83721 | p3525|0.7207| 0354

, . " 3p] 6888 6903 | -« 03378 la703| + | e382
1179 |cARGD SHIP | FULL L0AD _CNAKED] o__| 7175 | 7335 | 2.279 | 2583/ | 09150 | 09841 | 0.303
%2 LOAD (NAKED) ! a | 3BT ows | FREE | 0434F | 07086 | 09797 -

\ Puee eomp | 0 | 7475 | 7335 | 2277 | 05831 | 0750 | 09881 | 0.2¢9 |

i‘ Ve soap 2 7017 | 714 | 2480 | 05181 | 0.7/44 | 09838 | 0228

i 2 LeAD 1A ) 4887 | Fe4s | 3288 | 04348 | 0.7084 | 0.979F | 0.213

| TRIAL _CONDITION 220A| 8776 ) 8927 | 4527 | 0.3(75 | 0.689F | 6-9724 | 0240

- . 2.504] 4758 | 4907 | 4775 | 03015 | 04870 | 09709 | 0267

1190 |cagop swip | FULL todp 9 'iz?&' z_éﬁ? 2223 | 05441 |9.6624 | 9.784F sz

| Ya_toAD 0 | 7037 | 7241 | 2824 | 04808 08415 | 09822 | 0.28%

Y2__oad A4 | 8370 | 7087 | 2597 | 04414 | 06573 | 09785 | 0277

Y LoaD 24| 8701 | 485 | 4445 02894 06391 | 09679 }wa-zfz

LA ZEal v o e || .0308 ]

“- 3 al 8704 | S907 1 -  |popsy|od3%4] - 2325

/1207 |CARGO SHIP | FULL L0AD 0| 7205 | 7439 | 2232 | 04954 04453 | 09810 | 0248 |

% t0AD 2 Toab | T4TO | 2.597 | 0.4437| 04429 | 09780 | 9245 |

Y2 teAp /A | L8951 T30 | 2927 qj&fdiﬁ-sﬁ?& 09737 | 2255




Table 1. Data of K' (continued)

HOOEL N0 TvPE o8 P | LoAD  CoWDITION | TRIM | L i | 8 0 Cow | G | K
1207 |[CARGe SHiP | W8 LoAD 2a | 8720 | 7026 | 4384 02780 | 06181 | 09523 | 0309
+ 254 | 4728 | 7437 v 0272 | 28177 | 2328

e 3 A 4743 FIAR * Q2753 | 08187 % 2.2%d

7208 |cARGO SHIP | 1348507 LoAD ¢ 7088 | 749t | 2437 | 05777 | 07083 | 09878 | 0324
. . 0684| 1204 | 7507 | » los737| 07082 | » 6200

12.000° igAD | 189 4| 749 | 9450 | 2408 | 45237 | 07002 (09865 | 0.24%

72.000° LoAD (95 Al 4955 | 2248 | 20F9 | 04246 | 08945 | 09826 | 0.3/9

4407 t0aD 2704 | 6640 | 4520 | #1867 | 03506 | 04997 | 49767 | 0.278

i 41567 L0AD 2.024| 8642 | §922 | 4.338| 03349 | 04959 | 09757 | 0280
1209 |cMR60 SHiIP FULL LOAD 4 7230 | 2054 | 2472 | 0.5/0% ! 04129 | 09829 | 0245
| DESIGNED CONDITION & Tokd LI | 2815 | 04595 | 08707 | 0.97FF | 0285

% L0AD ! a| 8938 4789 | 3386 | 0.3872| 04007 | 09754 | 0.293

Y& LOAD 2 Al 8872 6708 | 4 57| 02518 05784 | 0.744F | 0-342

a 25a| 5880 6723 « |az997les770 | o 9387

- 3 4| 8981 47850 - | 22753 | 23746 o @.390

1274 CARES SHIP FULL Lp4D & FIFE | ROV | 223 | 2544l | 08438 | pIFLE | p 20
Y+ _tosp —l 703F | T242 | 2417 | 04806 | 06574 | 09825 | 0259
Y2 LoRO L a_| 8-F8O | 708 | 3477 | 04097 | 06523 | 07784 | 0243 |

V8 LOAD 24| #7084 | 5399 | 4524 | 02890 | 06307 | 09685 | 0304

» 254 4709 | 4904 «  |ozp23 |esz02| o 4338

s 3 A | 8728 | S48 | + | 0zEs9|04282| - 8272

F2F7 |CARSS SNIP | FULL LOAD ¢ FI80 | 7264 | 2.2/ | 86187 (07079 | 28864 | 0.7
e tgap g To34 | 7O E | 2644 | 05405 | 07157 | 998£0 | 0253
Yz L0AD { Al 4895 | 6975 | 3.2/) | 0.45¢5| 9.7/02 | 0.9503 | 0.249

Y LoAD 2 Al 6740 | 4808 | €715 | 03155 | 06546 | 0.9711 | 0.2%3

» 25 a| 8742 | 4027 | 4 02153 | 06978 | » 0.3/0

s 3 a| 4752 483/ = 0.3/89 | 14903 | o 0.2/9

JR38  (CARGE JHIP | FULL LOAD (ctosey swerer); & TAGE | p2t0 2224 | 28270 (67310 | 0.987F | 9372
s~ {oPEN DIELTER)] O 7898 | praé . 2578 | 05455 07282 | pepsa | pava
Yo LOAD 4| 638/ | 8927 | 3.395 | 04485 0724/ | 05903 | 0259

FAVOURABLE CONDITION 2 Al &747 | 4794 | 5072 | 02997 | 07076 | 0.9706) 0.253

) ’ 2754 4942, 4987 | » 03006 | 07023 | . | 0254

8 v 354 4739 4784 | o 03000 | 07026 | 0.324

1260 ARG SMIP | FULL i0AD ¢ 17234 | 957 | 2708 | 07242| 07173 | 09849 | s332
Y2 LoAD O | $FFT | 647§ | 3455 | 05423 | 29203 | 09773 | 0290

TRIAL CONDITION 232a) S454 | £318 | $635 | 02828 | 0.6804 | 0.9568 | 0.284

* * 3 Al 5845 | 4297 » D28E2 | 08824 * - 304

" . 35al 4827 s280| » | 62876|04843] 2314

1281 |cARGO SHP | FuLL LoAD 0 7.208 | 2377 | 2082 | 06435 | 0729/ | 09880 | 0.229
Y2 LoAD 0 E8/3 | 4973 | 3./8F | 047855 | 07328 1098/7 | 0.3/2

Vs L0AD 131a| 8707 | o4 | arae| 03077 | 002 | 09726 | 9306

LIGHT L0AD 2538 5642 | 8798 | 6945 | 02448 | 0.6948 | . 9645| 34

1303 |cARGe SIP | FULL LpAD 2 s4€7 | 4524 | 2.2/3 | 06922 | 0.7/34 | 0.9850 | 0330
¥z  Lo4AD & 548G | 4434 | 3.294 | 05285 0.18L | 09776 | 0270

| TRIAL CONDITION 2.5 Al SPL7 | 4287 | £.039 | 02847 | 06502 | 09590 2287
v . 3484 §926 ) 427/ 4 | 0297/ 08819 | o+ | 2316

» v d.04| 59020 4246 # 2907 | 0.684.8 # 033/

]
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Figl MN2 /779 (7mCarg

Form faclor K obtained in res.:‘sz‘mcei

MARKS |TEST NO.

TEME
[ci

Ce,

bt | T (i) K

A _O_| Toe 243

257

a7/50

71584\ 2277105831| 0303 | FuLl

_8 & [ Tee |

257

Q70847 158/ 3.285\04348)10.303 | Yz Lo

Cfo = Hughes' Basic Line

(/374

Resistance coefficient = 7;?);“‘%

dao 7

6.6

6.7

PR U ————
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( 7m&2rg0 Liner Model )

in resistance tests at low Froude ma

vy K REMARKS

1583/|0303| FuLlL L0AD EVEN KEEL. NAKED
0303 Y2 LoAD %® TRIM BY STERN._  NAKED

Lﬁeb" Basic Line

i
'

7 7.0 7/ 7.2 73

Yor L it o EXPT TANK
by (=5) | |kome

Y. 659 |




Kasistance coeffécient = /}ey:@%

40

ao3

ooz

aoi

Fig2 MNe /263

Form factor K

(77 Tanker Model)

obtained (n resistance tests at lo

MARKS |TEST NO|TEME Loy | 8 i&« REMARKS
M| Co, |78 T 5| Kk s
A0 | Tee SI0],25.6 0UB9TII0TEE| 2634 105TRS 0358 | FULL LOAD EVEN KEEL WITH |
|8 2 | Tee &11] 256 (0785970766 | 5048 (03242|0.326 | BALLAST COND. 2% TRIM BY STERN W
Cfo = Hagﬁes' Basic Line
1
1
Cp? " Ry
e A
M_____ﬁ_ﬁm )
i
8.6 6.7 &8 85 3

Log, (Pfpen=)




(7™ Tanker Model )

dined (7 resistance tests at

low Froude mo.

REMARKS

el

USTES 0358

FULL LOAD EVEN KEEL WITH APF

g1p3242)0.528

BALLAST COND. 2% TRIM BY STERN WITH APP
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SKIN FRICTION AND TURBULENCE STIMULATION

Dr L. Landweber,

REANALYSIS OF FLAT-PLATE BOUNDARY-LAYER DATA

Introduction.

The laws of a turbulent boundary layer, especially
the shear siress at the wall, have been critically stu-
died in the last few years. Unfortunately, the results
of these studies, obtained by different investigators,
have not been consistent; nor have the reasons for
the rather large discrepancies been discovered.

The contradictory results have stemmed principally
from two establishments, the Engineering Laboratory
of the University of Cambridge and the Aero Division
of the National Physical Laboratory of England. The
experiments at Cambridge [}, 2, 3] appear to indicate
that the “law of the wall” is the same for stcady flow
in & pipe and in a boundary layer; those at NPL
[4, 5, 6] indicate that this law is quantitatively diffe-
rent for pipe and boundary layer, and the shear
stresses at the wall derived from the latter experiments
exceed those from the former by about 12 per ceat.
Since the shear stresses were obtained by indirect
means in both laboratories, the publication of a new
set of direct measurements of the shear stress on a flat
plate by the NACA [7] seemed to have resolved the
controversy in favor of NPL, but one cannot help
feeling uneasy about these uncxplained differences in
fundamental sets of experimental data.

It has also become evident, in the last few years, that,
in the analysis of velocity-profile data obtained with
Pitot tubes in a boundary layer, certain eflects which
had previously been considered sufficiently small to
be neglected, should be taken into account. These
include the displacement effect of a Pitot tube and the
effects of the turbulence fluctuation on total head
readings, the variation of static pressure in the bound-
ary layer, and the momentum equation. Thus it
seemed desirable to undertake a review and reanalysis
of existing data in order to determine what laws may
reasonably be considered to be established.

Determination of Velocity Profiles.

a) Pitot-iube displacement effect. A total head tube,
immersed in a shear flow with its center at a distance
y from a wall, disturbs the flow pattern and indicates
values corresponding to a distance y + ¢ of its center
from the wall. The results of experiments by Mac-
millan (8] with circular Pitot tubes are summarized in

FORMAL DISCUSSION  pANDWEBER
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o as i0 5
Fie. 1.
Pitot-tube displacement effect.

Figure 1. Here D is the external diameter of the
Pitot tube, u, the shear velocity, 4/1/p, where T is
the shear stress at the wall and p is the density of the
fluid, and v is the kinematic viscosity. It is indicated
that the displacement has the constant value of 0.154
at distances from the wall exceeding 24, but varies
considerably at lesser distances.

b) Effect of turbulence fluctuations. In a turbulent
stream & total head tube measures
Pa=p+hew +ho W+ V2 4+ WY (1)
where p,, is the measured total pressure, p is the mean
pressure and » the mean velocity, and o', ¥/, w' are
the turbulent velocity fluctuations. The mean pres-
sure is related to the pressure P at the wall {or at
the edge of the boundary layer) by the equation

p=P—pV? @
so that {1) assumes the form
Pa=P+ip +ie@—=VE+WH @
Put
Pmn—P=jpu, )
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Then the mean velocity may be computed from the
relation

U =5 oy el
N (R It e

u, ., . . .
Here «t-f is obtained either from the inner or the outer

law of a boundary layer, depending upon the location
of the Pitot tube. For the purpose of applying a
small correction to the values of u,, it suffices to use
uncorrected versions of the inner and outer laws [8].
If the correction is large it may be necessary to repeat
the caloulations using the improved values of ufu_ given
by the first approximation.

The ratio @2 — v'? 4+ wB)/u? can be derived from
turbulence measurements if it is assumed that these
satisfy the similarity relations

72— TE L TR fy g0

PTG () wa) o
in the ranges of the inner law or outer law respectively.
If it is assumed that there is an overlapping range of
values of y in which both laws are valid, it is readily

STIMULATION FORMAL DISCUSSION

shown, by the well-known procedure of deriving the
linear logarithmic relation for velocity profiles, that
(' = G* = constant in this range, Examination
and analysis of the little available data on the values
of the turbulence fluctuations in a boundary layer
{10, 11, 12] indicated that the above conclusion is
reasonably consistent with the data. Mean curves of
G and (G2, shown in Figure 2, were used to correct
the measurements.

¢} Velocity profile data. The foregoing corrections
due to the displacement effect of a Pitot tube and the
turbulence fluctuations have been applied to the flat-
plate boundary-layer data of references [7] and [13].
Among the numerous papers on flat-plate boundary
layers, these were selected because they contained
tabulated values of # against y. Tables 1 and 2 show
the original and corrected values of w/U and y. The
net effect of the corrections when the data are plotted
in the form of the inner law is shown in Figure 3.

Determination of Shear Stress.

The shear stress at the wall in a boundary layer has
been measured directly, by mean of a dynamometer,

ye
a0/ ooz o0F 006 o/ 02 af 06 70
’ e /v
{3
) 7 TN
7 /} ] \\
‘ / N
Iiz " \
&1 N oo
;m% a b A . S W ‘.\\
PREN /f “\/\
Vs
3 /) RN
/ N
z <
/ A
/ / \\
ok i
# Z € & Fis] éo <£0 &0 F i 200 &0 s00 1080
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Term for velocity-fluctuation correction.
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TABLE 2.
Original and Corrected Values of Velocity-Profile Data, Ref. {7].

iy ufty uiy
Ry,=2.0 x 10* e = 10,0 X 10¢ Ry=41 x 10*
¥ ¥y Y

Orig. Corr, Orig. Corr. Orig. Corr,

0.0035 0.443 0.429 0.0035 0.482 0.474 0.0035 0.512 0.507
0.0085 0.586 0.577 0.0085 0.591 0.586 0.0085 0.607 0.603
0.0135 0.625 0.619 0.0135 0.636 0.631 0.0135 0.643 0.639
0.0185 0.651 0.645 0.0185 0.659 0.655 0.0185 0.667 0.663
0.0235 0.676 0,670 0.0235 0.678 0.674 0.0235 0.684 0.680
0.0285 0.693 0.687 0.0285 0.695 0.691 0.0285 0.697 0.693
0.0335 0.704 0.698 0.0335 0.708 0.704 0.0335 0.709 0.706
0.0385 0.715 0.710 0.0385 0.719 0.715 0.0385 0,718 0.715
0.0435 0.727 0.722 0.0435 0.729 0.725 0.0435 0.728 0.725
0.0485 0.740 0,735 0.0485 0,737 0,733 0.0485 0.733 0.730
0.0535 0.752 0.747 0.0535 0.747 0.743 0.0535 0.740 0.737
0.0635 0.768 0.763 0.0785 0.780 0.776 0.0635 0,751 0.748
0.0735 0.787 0.783 0.1035 (.809 0.806 0.0735 0.760 0.757
0.0835 0.804 0.800 0.1285 0.834 0,831 0.0835 0.770 0.767
(.0935 0.820 0.816 0.1535 0.859 0 857 0.0935 0.778 0.775
0.1035 0.832 0.828 0.1785 0.880 0.878 0 1035 0.786 0.783
0.1235 0.862 0.859 0.2035 0.901 0.899 0.1285 0.802 0.799
0.1433 (.886 0.884 0.2285 0.92% 0.919 0.1535 0.820 0.817
0.1635 0.911 0.909 0.2535 0,939 0.938 0.1785 0.833 0.830
0.1835 0.932 0.930 0.2785 0.955 0.954 0.2035 0.849 0.847
0.2035 0.951 0,950 0.3035 0.969 0.968 0.2535 (.875 0.873
0.2235 0.968 0.967 0.3285 0,980 0.979 0.3035 0.898 0.896
0.2435 0.981 0.980 0.3535 0.988 0.987 0.3535 0.919 0.917
0.2635 0.990 0.950 0.3785 0.993 0.993 0.4035 0.938 0.937
0,2835 0.966 0.996 0.4035 0.996 0.996 0.4535 0.957 0.956
0.3035 0.999 0.999 0.4285 0,998 0.998 0.5035 0.972 0.971
0.3235 1.000 1.000 0.4535 0.998 0.998 0.5535 0.983 (.982
0.4785 0.998 0.998 0.6035 0.991 0.990

0.6535 0.996 0.596

0.7035 0.998 0.998

0,7535 0.999 0.999

0.8035 0.999 0.999

0.8535 0.999 0.999

by Schultz-Grunow [14] and Smith and Walker [7].
An experimentally much simpler, but indirect, techni-
que is that of using a Stanton- or Preston-type total
head tube, the readings of which when in contact with
the wall indicate the magnitude of the shear stress
from a calibration of the tube in a flow of known shear
stress. The latter technigue is justified by assuming
the validity of the inner law, as Granville has clearly
shown [15].

Preston calibrated a round Pitot tube with square-
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cut end in the steady, uniform flow in a pipe where
the shear stress is given by the pressure drop. This
method of calibration has been criticized since there
is conflicting evidence concerning the identity of the
inner laws in a pipe flow and in a boundary layer,
We will return to this question after the inner law has
been discussed.

In principle the shear stress can also be computed
from the momentutn ¢quation when velocity-profile
data at various distances downstream from the leading
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Effect of corrections for pitot-tube displacement and turbulence fluctuation,

edge of a plate are at hand [16]. The shear stress is
then given by
G _ 4%

H24U, 1
2 dX U dx

8
% — G f @ ay
M
where
U is the velocity at the edge of the boundary layer
3 is the boundary-layer thickness

.
5, = f (1 — 5-) dy is the displacement thickness
e O

5 .
8y = '[ * ( 1— ¥ dy is the momentum thickness
2= 1,04 U) Y

£

H =- Blf 3y
Co=1/G ¢ U?

When the pressure gradient is zero the second term
in the right member of (7) vanishes. In experiments,
however, a small residual value of (dU/dx)/U is una-
voidable. Suppose, for example, that U changes by
0.2 per cent per foot when &, and H have the reason-
able values 3, = .01 feet, H = 1.5. Then

H+24U

U dx

If C, s 0.0035, neglect of this term in Eq.(7) would

introduce an error of four per cent. Thus it is neces-

3z = 3,5 % 0.002 x 0.01 = 0.00007
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sary to take extraordinary precautions to ensure that
the pressure gradient is extremely small and, in addi-
tion, introduce corrections for the residual values of the
pressure gradient. Another serious difficulty is that
the momentum equation is also sensitive to devia-
tions of the flow from two-dimensionality.

The last term in the momentum equation can be
evaluated by writing if in the form

1 d % - - d (5%

dR,
1 2
where K = f Efm;gg—- d (%) assumed constant
4 T
J
R, U
£’}
§* s Sufy
o == Ulu,

Analysis of experimental data indicates a mean value
of K = LI0.

For a flat plate in zero pressure gradient the coeffi-
cient of shear stress, C_ should be a unique function
of the Reynolds number based on momentum thickness
Rs. The data of Smith and Walker [7] and Schultz-
Grunow [41], based on direct measurements of shear

FORMAL DISCUSSION

stress, are shown plotted in this manner in Figure 4.
Also shown are values computed from the momentum
equation from the data of Refs, [3] and [13], and a
curve computed from Schoenherr’s friction formula
73,

0,311

T @Ry M 2Ry + 2]

Law of the Well.

The corrected velocity-profile data, in conjunction
with the shear-stress data of Smith and Walker, can
now be applied to test the validity of the lew of the
wall; i.e., of the functional relation

] . Vi
=70, = (10)

C. ®)

Data from references [7] and [13] are plotted in this
fashion in Figure 5. Laufer’s pipe data are also shown
for comparison. The dashed linc is 2 mean curve
for values of ¥* from 10 to 100, For larger values of
y* the inner law curve appears 1o depend upon the
Reynolds number, Ux/v, as is indicated by ref, [7],
and conditions in the outer part of the shear flow, as
is indicated by the difference between the graphs for
pipes, channels, boundary layers, and the effects of
free stream turbulence. Indeed, Bradshaw and Gre-
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Comparison of various determinations of the shear-stress coefficient.
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gory [6] have drawn the even more restrictive conclu-
sion that the inner law is universally valid only
for y* < 30,

Calibration of Preston Tubes.

Preston’s method of measuring shear stress at & walt
is based on the assumption of the functional relation

where u,, is the local velocity, computed from the

W,

by

(1)

total pressure p,, measured by the Preston tube and the
pressure P at the wall from the formula

2, == /\/2(51“_*?}
P

and J is the outer diameter of the tube,

Equation {11} can be derived from (10) by means of
the intermediate relations, given by Figure 1 and Eq.
(5). Thus we have

(12

y=3

3t

(13)
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From (15) one¢ can obtain («g -+ e) u fv in terms of
du J(2v). Secondly, the ratio of (14) and (16) expresses
. d

ufu,, in terms of (5 + s) u.fv, and hence also of
du.f(2v). Division of this last quantity by u,/u,, gives
#,d{(2v), the argument of Eqg. (11). By employing this
procedure the curve of Figure 6, representing Eq. {11},
was obtained from the dashed curve in the inner faw
plot, Figure 5.

Figure 6 also shows the feet of the calibration curves
of Preston and Relf. According to the remarks of the
previous section it would not be valid to use such
calibration curves beyond the value u,d/{(2v) = 1000
of Figure 6. The calibration curve derived from the
inner law is seen to lie between those of Preston and
Relf, and considering the remarks in the Tntroduction,
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it is unexpected that it should lie closer to the former
than the latter.

This last result led to a re-examination of the appa-
rent agreement of the NPL and NACA data. First
it was observed that the NPL plot of the inner law
{which is not included in Figure 5 because the data are
uncorrected and untabulated) lies considerably below
that of NACA, which is, in fact, in better agreement

‘with pipe data. Since the inner law lcads to the

calibration curve for Preston tubes, the relative posi-
tions of the calibration curves arc seen to be consistent
with the distribution of the data in the inner-law plot.
Secondly it was noted in the inner-law plots of ref. [7]
that the points corresponding to the smallest value
of y in each traverse, when presumably the Pitot tube
was in contact with the wall, deviated considerably
and unaccountably from the similarity law indicated
by the other data. Corrections for Pitot-tube displa-
cement effcet and turbulence fluctuations would only
serve to increase the discrepancies. Although these
traverses were made with flattened Pitot tubes, it
appears reasonable to suppose that the NACA velo-
city data with the round Preston tubes in contact with
the wall were also low for the same unknown reason.
This would indicate that the NACA calibration of
the Preston tubes is questionable, although their
other velocity measurements seem to be of high
agcuracy and consistency.
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CORRELATION BETWEEN RESISTANCES OF LARGE AND SMALL MODELS

Introduction.

Allan B. Murray [1] presented the results of a geosim
resistance correlation study at the 1953 meeting of
ATTC. Small model test data obtained at the David-
son Laboratory (formerly Experimental Towing Tank)
and large model data obtained at the U.S. Experimen-
tal Model Basin and the David Taylor Model Basin
were compared. The geosim resistance data were
in the form of observed coefficients of total model
resistance, C,, at Reynolds numbers, Re, correspond-
ing to the test water temperature, load waterline
fength and observed model velocities. The following
assumptions were made:

1. Tests of the larger model were considered to be

fully turbulent even though, in some cases, no
turbulence stimulation was used.

2. Residuary resistance coefficients, C,, were inde-
pendent of Reynolds number and were equal for
both large and small geosims at the same Froude
number,

The procedure was to determine a derived coeffi-
cient of frictional resistance for a small model as
follows:

C,— C, = C,

where C, at the large model Re was according to
the Schoenherr friction formulation adopted by
the 1947 mecting of the ATTC,

C = C,
where the prime, 7, refers to the small model,
G —C =G

or derived friction coefficient of small model.

A plot of the derived friction coefficieut, C,, versus
Reynolds number for the smaller model was prepared
for each geosim pair with the Schoenherr Cf curve
being superimposed. A composite plot showing the
results for 11 model pairs was also given. A compa-
rison of the general trend of the C; points with the
Schoenherr friction line showed that the Schoenherr
formulation was a satisfactory correlating function
for engineering purposes.

In 1954, utilizing essentially the same basic data,
Murray [2] prepared a similar analysis to test the friction
formulation and form factors proposed by Hughes [3].
It was concluded that as far as the Davidson Labora-
tory was concerned, it would be better to use the
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Schoepherr formulation than the Hughes methed,
although use of the Hughes form factors did tend to
collapse the data,

Since 1954 resistance data for six additional pairs
of geosim models have been analysed, including five
sets of modern super-tanker model results.  Both the
Schoenherr formulation and the 1957 ITTC correla-
tion line have been used in these analyses. In addi-
tion, most of the geosim data presented by Murray [1]
have been re-analyzed using the ITTC line.

Resudts.

Figure 1 presents a composite plot of derived fric-
tion coefficients, C}, versus Reynolkds number obtained
on the basis of the Schoenherr formulation for 14 pairs
of geosim tests. Symbols were chosen so as to diffe-
rentiate between:

1. the results for the models listed in Table I,

2. the Series 60, 0.60 C, models,

3. the modern super-tanker models.

It should be noted that no artificial turbulence stimu-~
lation was used in any of the tests of the large models
listed in Table . Figure 2 is a similar plot showing
the results of analyzing the same data on the basis of
the 1857 ITTC line,

Table I lists particulars of the small Davidson
Laboratory models and the corresponding large
USEMB and DTMB models covered in the paper by
Murray [1]-

Table 1 gives the particulars of the more recent
pairs of geosim models. Three of the large tanker
models were tested at the Netherlands Ship Model
Basin and three were tested at DTMB.

Tables IIT through XVI give the basic model resis-
tance data for all the geosim pairs,

Discussion and conclusions.

Figure 1 shows that the Schoenherr formulation
provides a reasonably good overall correlation between
small and large geosim resistance test data, With
few exceptions, all derived friction coefficients lie
within a band covering -+ 5.0 percent of the Schoenherr
line. The exceptions on the low side represent points
obtained at relatively low Froude numbers where
the degree of turbulent flow may be in question.
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Since the 1957 ITTC line has higher values and a
steeper slope than the Schoenherr line at Reynolds
numbers below 102, the correlation obtained with this
line is not as good as with the Schoenherr formula-
tion. Figure 2 shows that the majority of the Cj
points lie below the ITTC line. This means that,
in gencral, if the Davidson Laboratory were to adopt
the ITTC line, its ship resistance predictions would
tend to be Jower than predictions based on tests of
20-foot modcls at DTMB.

Based on the evidence presented here, it is concluded
that continued use of the Schoenherr friction formula-
tion at the Davidson Laboratory will result in ship
resistance predictions which will be consistent with
results obtained with large models at other basins.
It is further conecluded that the use of the 1957 ITTC
line at the Davidson Laboratory will generally under-
estimate ship resistance, These conclusions are pre-
dicated on the continucd use of a long-established test
echnique utilizing:

1.

2.

3.

4.

(1]

[2]

Bl
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varnished wood models about five feet in length
with a blockage of less than 0.6 percent tested in
the 100-foot basin containing water maintai-
ned at a temperature of 70 degrees F with

a high level of residual turbulence maintained by
starting test runs at two minute intervals and
artificially stimulating turbulence through the
use of a strut ahead of the model.
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Taere 1
Model Particulars.
MoDEL Scate | LWL | WETTED| pyq, | WaTer TURBULE

Tves Basiy No. Ratio | Ft s*;f‘f;;_ Lb gj;’; SUMULATOR Dare
Hog Island Ship ETT 102 64 619 | 8.301 | 935 76 12" sand strip | 1935

USEMB | 3114 19.5 20,32 | 89.2 3298 65 None e

C1-B Cargo Ship ETT 387 96 4415 | 2.851 | 17.28 70 1/8" strut 1941

Light Displacement USEMB | 3593 19.75 200 | 67.35 | 2038 75 None —
C1-B Cargo Ship ETT 387 96 4.115 | 3.905 | 31.65 71 1/8" strat 1941

Load Displacement USEMB | 3593 19.75 200 92.24 | 3735 75 None e
Destroyer ETT 430 — 5.5 3.57 | 20,76 71 Strut 1942
Light Displacement USEMB | 3757 . 200 47.2 1003 65.5 | None 1942
Destrover ETT 430 — 55 367 | 2282 7t Strut j942
Heavy Displacement USEMB | 3757 _— 200 | 492 1104 655 | Nons 1942
Fast Cargo Ship ETT 1347 105 5.0 4.40 | 35.06 68.5 | Strut 1951
DTMEB 4152 24,175 | 21.84 | 82.75 | 2870 74 None 1951

Fast Cargo Ship ETT 1348 105 548 4.61 | 36,10 71 Strut 1951
DTMB 4342W | 2932 18.93 | 59.79 | 1634 62 None 1950
Passenger Ship ETT 1448 120 5.183 | 4264 | 3212 ] 69 Trip Wire 1954
DTMB 4424 26.06 23.87 | 90.61 | 3132 64 None 1952

TasLe 2
Model Particulars,
MODEL S EwWL | WETTED | ey | WATER TURBULENCE

Tvee Basiv 'Ng. R?EiL: Ft. SZ.REI?L ]I_b. ];];':'i;_ STIMULATOR Dats
Series 60 0.60 C, ETT 1445 80 5084 | 427 | 3327 07 - Strut 1933
DTMB 4210 W 20 20.34 | 63.20 | 2129 | 75 Studs 1952
Tanker 0.77 C, ETT 1814 120 5.360 | 5.619 | 50.20 | 71 Struts 1956
DTMRB 4635 28 2290 | 102.2 | 3950 | 69 Studs 1956
Tanker 0.79 C, ETT 1928 144 5006 | 5029 | 4293 | 69 Strut 1957
DTMB 4672 28.14 | 2562 | 1305 | 57143 | — Studs 1957
Tanker 0.77 C, ETT 1952 144 4.861 | 4915 | 4365 | 72 Strut 1957
Load Displacement NSMB 1609 30 2333 | 1125 | 4828 | 58 Trip Wire 1958
Tanker 0.77 C, ETT 1952 144 4.861 | 3995 | 2642 | 70 Strut 1957
Light Displacement NSMB 1609 30 23.33 | 91.28 | 2922 | 58 Trip Wire 1958
Tanker (.82 C, ETT 1953—2 | 170 54535 | 6101 | 60.88 | 68.5 Strut 1957
NSMEB 1697 A 40 23.13 | 1093 | 4674 | 624 | Trip Wire 1957

Note : All of the above ETT tanker models were tested with rudders, while the large models were tested without rudders.
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Tasie 10.
Fast cargo vessel,

FORMAL DISCUSSION

ETT DTMB
Model No. . .vviiivi i ivrenncsssncnanssnns 1448 4424
Scale Ratio.............. et esaar e 120 26.057
A D T 5183 23.871
Wetted Area, square feet ... ....ovveren i inas 4.264 50.61
Displacement, pounds.. . .ovvvvuvian. - R 32.12 31,33
Temperature, degrees F.......... e 69 64
Turbulence Stimulator.. ..., ivneeeveneenn.. Trip Wire Noneg
Blockage, percent ... ..ouivvarenrrancansen- 0.51 0.31
DAt . it ia e et 4,5 February 1954 14 February 1952
8peED REesisTANCE SPEED RESISTANCE
fps 1k, knots ib.
4.11% 0.4176 2.60 5.38
1.336 0.0354 2.80 6.75
3850 0.3482 320 8.82
1.601 0.0516 3.603 11.40
3.586 0.2824 4.005 14.18
1.866 0.0638 4.40 18.20
3.321 0.2245 4.81 28147
2129 0.0903 5.02 28.54
3.056 0.1867 3.00 1.76
2.39%4 0.1142 341 10.15
2.792 0.1576 3.80 12,70
2.526 0.127% 4.19 15.52
2.658 0.1439 4,61 2102
2.924 0.1722 3.50 10.75
372 12.12
390 13.45
4,10 14.75
4,30 16.43
4,50 §9.53
4,70 23.15
4.905 26.44
4,21 15.96
4.30 16.77
4,40 17.95
4.60 21,18
3.105 8,35
3.31 9.57
3.86 13.00
3.95 13.75
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SKIN FRICTION AND TURBULENCE STIMULATION FORMAL DISCUSSION

Tasre 12,
Super Tanker,
EIT DTMB
Model NO . ..o i iviiinnrcsiasecmscsncennsanns 1814 4435
Scale Ratio . .ot inn it i iiniie e iaens 120 28
F N R 2 5.360 22.90
Wetted Area, squarefeet .. .. ... o i 5.619 102.2
Displacement, pounds. . ..o venriiianiiiaraannues 50,20 3950
Temperature, degrees F o, ... s iiisroacnnns 71 69
Turbulence Stimulator.. .. . ... vt iiarmrinccaeuns Strut Studs
Blockage, PEreent , . .. vuvvvnerivivmaarsccanasnsnn 0.62 .32
APPCNAageS . .. i it v i a b Rudder None
L5 7 G 17 May 1956 20 November 1956
SPEED RESISTANCE SPEED BESISTANCE
fos k. knots ib.
1.733 0.0884 1.90 3,95
1.868 0.1007 1.99 4.40
1.897 0.1150 2.085 4.75
2.128 0.1309 2.20 5.35.
2.261 0.1484 230 5,75
2.394 ‘ 0.1684 240 6.25
2.526 0.1932 2.49 6.75
2.658 0.2228 2.60 7.45
2.791 02619 2.70 805
2.80 8.65
290 9.45
3.00 10.20
3.05 10.65
3.10 11.20
3.15 11,75
3.20 12.30
325 12.90
3.30 13.43
3.35 14.05
340 15.10
3.50 16.70
3.55 18.25
3,59 19.05
3.65 20.50
3.70 22,20
3.75 24.07
3.80 25.50
3.85 26.50
31.895 27.95
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SKIN FRICTION AND TURBULENCE STIMULATION

FORMAL DISCUSSION MURRAY

Allan B, Murray.

USE OF SCHOENHERR FRICTION FORMULATION FOR EXPANDING MODEL RESISTANCES TO FULL SIZE

Discussion.

Davidson Laboratory (DL) Note No. 537 (*) com-
pares the resistances of small models tested at DL
with the resistances of larger geosims tested at other
cstablishments.

In these comparisons, it has been assumed that no
scale effects exist for residual resistance. 1t has been
assumed that fully turbulent conditions exist for the
larger geosims. Turbulence was artificially induced
in all cases for the small models tested.

The ITTC 1957 line and the Schoenherr line were
used for expanding the DL small modecl results to larg-
er geosims (Fig. 1 and 2), The Schoenherr friction
line is more suitable for expanding DL model tests to
larger gecosims than the ITTC line.

A large part of the ship model test work carried on at
DL are preliminary design studics that are followed

(*). Numara E. : Correlation between Resistances of Large and
Small Models, Trans, ATTC, September 1959, Davidson Laboratory
Note No. 537 (rcprinted above as written coniribution).

by large-size self-propelied tests at DTMB. Therefore
DL must use a method of expansion that will give a
reasonably good prediction of the resistance of the
farger model.

At present, DTMB uscs the Schoenherr friction
formulation in expanding its model results to full size.
Therefore, the Schoenherr formulation is used for
expanding DL work to full size; were DTMB to use
some other formula, DL would probably do a two-
step expansion — that is, using the Schoenherr formula
up to DTMB size and matching DTMB’s method
from their size up to ship size.

At present, DL uscs various roughness additions
to the full size resistance coefficient. Normally the
standard is 0.4 x 10™%, Howevcer, the resistance coef-
ficient that is used is determined after discussions with
the clicnt.

1n view of conditions that now exist, DL will conti-
nue to use the Schoenherr friction formulation in
making full size resistance predictions from its model
tests.
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FORMAL DISCUSSION

Allan B. Murray.

METHODS OF INDUCING TURBULENCE FOR TESTING SMALL MODELS

Introduction.

The majority of displacement hull testing at the
Davidson Laboratory {IDL) is carried on in Tank No. |
Tt is semi-circular in cross-section and about 100 feet
Jong, 9 feet wide, and 4-15 feet deep. Displacement
hull models generally are between 4-145 and 5-14 feet

long. The ratio of tank width to model beam is about

13 and the ratio of tank section to maximum model
section is above 200.  Speeds are from two to five feet
per sccond with Reynolds numbers from 0.9 x 10°
to 2.5 x 10% For designed speeds, the Reynolds
numbers are about 1.7 x 108,

The greater part of this testing is to predict effect-
ive horsepowers for preliminary design purposes.
In many cases, a program is undertaken to decrease
the hull resistance by testing several variations of the
hull lines. Speed in carrying out the work and, to a
certain extent, economy are important.

Because relatively small models are used, the control
of turbulence is of prime importance. This was recog-
nized in the early stages of DL’s development and
a great amount of effort was put into research on the
subject primarily concerning the problems peculiar
to DL. At the same time, methods of obtaining
reliable and reproductible measurements of speed and
resistance were investigated. This study showed that
the testing discipline of the operators was important.

The resistance of five-foot displacement hull models
is very small and the high ratio of model inertia to
resistance creates a difficult problem of measurement;
incomplete turbulence further complicates this measu-
rement problem.

Speed regulation of the carriage, vibration, surface
tension, polation of water, and variations in operator
mental behavior are as important as properly control-
led turbulence.

Test procedures.

After much experimentation, it was decided that
the best answer for ship modet huils would be obtained
by inducing turbulence with struts {cylindrical rods)
mounted on the carriage ahead of the model, and
adhering to definite rules of testing. To induce tur-
bulence, two sizes of struts, 1/8-inch and 0.04 inch in
diameter, are set with theirlower ends tilted ahead 20°
to prevent ventilation, submerged to the draft of the
model, and mounted four inches ahead of the stem.
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To control reproducibility and help maintain a cer~
tain amount of residual turbulence, the water tempe-
rature is maintained close to 70F and the time interval
between successive startsis two minutes. At the begin-
ning of the day, several high-speed runs are made
before observations are taken. No reading is record-
ed at any time unless at least three successive runs
of two minutes separation have been made. When
low-speed data are important, tests are programmed to
alternate high and low-speed runs. 1t is believed that
this technique maintains a high and reasonably uni-
form degrese of residual turbulence in the tank and
it does result in good reproducibility of test readings.
The use of struts requires no work on the model and
therefore saves time in starting the test; furthermove,
it is unnecessary to apply a correction as is usually
done when sand strips or studs are used.

Before a model is tested, it is carefully washed and
soaked in tank water for two or three hours so that the
surface is thoroughly wetted. Three serics of test
runs are then made over the speed range; one without
induced turbulence, one with an 1/8-inch diameter
strut, and omne with 0.04-inch diameter strut. A
running plot of resistance coefficient versus speed is
kept. At each speed the highest of the three points is
considered a statisfactory turbulence value; a faived
curve through these values is used for expansion to
full scale.

However, the struts create a wake; at low speeds
this wake does not affect the results, at higher speeds
this wake may give a net resistance value less than that
of the test run without induced turbulence. Struts
are not considered to be a satisfactory method of induc-
ing turbulence. However the struts and the associat-
ed test techniques result in satisfactory accuracy
for our applications.

Whenever possible, correlations are made between
our test results and those of larger geosims tested at
other establishments. By using the Schoenherr fric-
tion formulation good correlation with many com-
parable tests at the David Taylor Model Basin{(DTMB)
have been obtained. These corrclations have been
valuable in establishing the adequacy of the small
model turbulence inducing methods used at DL.

Relerence 1 corrclates DL and DTMB results as
well as three recent ones with models tested at the
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Netherlands Ship Model Basin. These correlations,
based on the Schoenherr friction line, indicate a satis-
factory level of turbulence. Reference 1 also compares
the friction coefficient of DL models with the ITTC
1957 line. This latter comparison indicates a lack
of turbulence below Reynolds numbers of 2 x 109,
This we are not prepared to accept.

ATTC standard mode!.

A test program to compare resistance tests at DL
and at three other American towing tanks was conduct-
ed under the jurisdiction of the Model Basin Correla-
tion Subcommittee of the Friction Committee of the
American Towing Tank Conference.

The hull form of the ATTC Standard Model is
defined by lines given by W.C.S. Wigley for Model
No. 755 in his 1927 paper before the Institution of
Naval Architects. The form is symmetrical with
respect to cach of its vertical mid-planes. It is 64
inches long and built of plastic. Since it is 2 double-
ender with relatively fine ends, this model is suitable

FORMAL DISCUSSION MURRAY

for a turbulence study and is relatively free of sepa-
ration difficulties.

This model has removable studs; each establishment
tested it both bare and with studs. Four tanks have
completed  these tests, Hydraulic Laboratory of
Newport News Shipbuilding and Dry Dock Company,
DTMB, DL, and Webb Institute of Naval Architec-
ture. The published results of the tests of the first
three laboratories show good agreement (reference 2),

DL first tested the model by its standard procedure,
which includes a bare-hull run and two runs with
different size struts. The hull was then tested with
studs in accordance with ATTC instructions. (The
Appendix shows the tabulated test results.)

Figure 1 is a plot of resistance coefficient versus Rey-
nolds number for the standard DL method using three
series of runs — thatis, one with a bare hull, onc with
0.04 inch strut, and one with ]/8-inch strut. In
accordance with the standard practice at DL, the curve
is drawn through the uppermost points obtained from
any of the three series of runs at each speed, This

TEST OF ATTC STANDARD MODEL
BY REGULAR DL METHOD
TEST 1A,
O BARE HULL, MAY 19,1959 ,70.5°F
| gx10-8 X 0.04" STRUT, MAY 20,1959 ,71.5° F
+ /8" STRUT, MAY 20,1959 ,72° F
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curve represents complete turbulence and would be
used if the model were used to predict the hull resis-
tance of ship having the hull lines of this model. The
variations of resistance coeflicients at any given Rey-
nolds number are small but, in general, the 1/8-inch
strut is necessary to ensure full turbulence with the
standard model.

Subsequent to the above mentioned tests, a serics
of runs were made of the ATTC model equipped
with the specified studs to compare DL test results
with results obtained at other testing establishments.
Figure 2 shows the results of these tests; the bare-hull
test is also included, At the bottom of Figure 2,
a solid line is plotted at double vertical scale to show
the difference between the stud coefficients and the
bare-hull coefficients. In establishing a resistance
correction for studs, the differences that exist at the
upper range of Reynolds numbers where the curves
become roughly parallel are gencrally used. In this
case, there does not appear to be any tendency for
the difference to widen at the lower Reynolds numbers,

FORMAL DISCUSSION

Thus, for a stud resistance correction, an arithmetic
average of the differences over the whole range was
used — that is, 0,22 X 10~2, The dotted line on this
figure is 0.22 X 10-3 below the stud run and represents
the pet resistance coefficient of this model. If the
stud run were to be considered in complete turbulence,
it is reasonable fo assume that, since the bars hull
coeflicient curve is parallel to that of the stud curve,
it also is in complete turbulence. The difference,
therefore, must be caused by the resistance of the studs.

Figure 3 compares the so-called “accepted” net
turbulence lines by the two methods of inducing
turbulence. The solid line is the accepted value from
the strut series of tests and the circles are the stud test
results corrected for stud resistance. While the differ-
ences are moderate, the droop of the stud curve at
low Reynolds number leads us to suspect that the studs
may not be giving full turbulence at the lower speeds.

DL is interested in the stud method of inducing
turbulence and will experiment with it. At the pre-
sent time, however, it will not abandon the strut method
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ATTC STANDARD MODEL
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for routine testing until the stud method or some
other method proves to be more accurate for its pur-
pose and does not require more time.

Sailboat models.

The problem of inducing turbulence on sailboat
models is a different problem. The load water line
(LWL) for such models are between 3.0 and 3.5 feet.
As the lengths of the various water lines on such a
body gradually decrease toward the bottom of the
keel, the LWL is multiplied by 0.7 for calculation of
Reynolds numbers, For this type of profile with low
Reynolds number, struts have not proven to be suffi-
ciently effective to induce turbulence over the whole
bottom.

After additional experiments with wire screening,
sand strips, bead headed pins, and trip wires, sand strips
were finally accepted as the most satisfactory turbulent
inducers for this purpose. At present, two separate
series of test runs are made; one with a half-inch strip,
the second with a one-inch strip. The half-inch sand
strip extends from the LWL down each side of the

stem to about the bottom of the keel; a length of 20
to 22 inches, With this strip, a full-range resistance-
run is made. This is repeated for the one-inch strip.
This appears to be rather drastic treatment, but the
casy form of a sailboat model requires it. In most
cases, there is some drooping of the half-inch sand
coefficient line at low Reynolds numbers.

The sand correction is determined by taking twice
the average difference between the two sand strip
coefficient curves at the highest speed range where the
difference is toughly constant. This correction 1is
subtracted from the one-inch sand coefficient Jine to
obtain the accepted net coefficient line. Sand correc-
tions by this method are eight to ten percent of the
resistance coefficient values and, admittedly, are
high. However, similar boats generally have sur-
prisingly uniform sand corrections. Figure 4 shows
the results of early research on sailboat models with
sand strips.

DL would, of course, like to find a more satisfac-
tory method of inducing turbulence on sailboat
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models, both from the standpeint of accuracy and time.
However, sailboat prediction have been very successful
and there has yct to be a serious reversal of DL's
predictions,

Turbulence research.

DL does not consider that any of the present means
of inducing turbulence for small models is entirely
satistactory, and would be very intcrested in any theo-
retical program aimed at linding out more about the
subject and with any experimental program leading
lo the improvement of testing techniques.

Dr. Karl Larson is now cngaged in an experimental
study at DL to measure local velocities and local shear
stresses with thermistors,

The thermistor is a semiconducting device with
a high negative temperature coefficient. Dr. Larsen
hopes to determine the degree of turbulence in the
boundary laycr of models with this device, which
also can be used to determinc the degree of turbulence
in a body of water,

In an attempt to check on the reasonableness of a
two minutc interval between tests 4 simple experiment
was run with the device. A thermistor probe was
placed in the towing tank close to the path of a model
to measurc the disturbances in the water in the region
where readings are taken. This would indicate the
persistance of disturbances gencrated by the model.

Figure 5 is a reproduction of parts of traces taken
in this experiment. The top trace shows the results
obtained from regular runs with two minute intervals
between starts. The first hump indicates the disturb-
ance as the model passes dircctly opposite the probe.
The second major hump is due to the model passing the
probe on the return trip.  From therc on, there is a
steady deterioration of the disturbance, though some
disturbance still remains at the start of the next run.

The second trace shows the results obtained from
a run with four-minute intervals between starts, This
indicates the same type of disturbance (as seen in the
top trace) up to the end of two minutes, alter which
there is a steady deterioration of disturbance until the
trace indicates very little disturbance.

The third trace with an expanded longitudinal scale
represents the first run made after the tank was unused
overnight. This trace shows the two humps where
the model passed the probe on the test run and on the
return run. It also shows the large displacements
due to major wave disturbances, but a complete
absence of the little wiggles present in the other traces.
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When the original test technique was laid out, expe-
riments on time between runs were made on the basis
of obtaining reproducible points. The two minute
interval was decided on the basis of being the shortest
time possible without serious interference from sur-
face waves, If the minute wiggles in the traces shown
can be accepted as an indication of residual turbulence
in the tank, they may confirm the effects of residual
turbulence on the reproducibility of tests points.

A similar experiment was made several ycars ago by
Breslin and Macovsky [3], in which a hot wire ane-
mometer was mountcd ahead of a ship model in the
David Taylor Model Basin to investigate turbulence
stimulation. Part of the experiment investigated the
effect of elapsed time between runs on the root-mean-
square values of measured turbulence.

Figure 6, reproduced from the reference shows
the rapid deterioration of v’ with time.,

Dr. Larsen’s experiments will be extended to attempt
a calibration of the thermistor so that quantitative
determination of the intensities of turbulent velocities
can be recorded. It is hoped that this will enable
more accurate evalvations of the influence of basin
turbulence on model resistance.

010
(=}
= |-
2 ool ¥
[
w
@ 006l
—
m
w o o4l e —
|
- .00z
)
1 1 L 1 1 1 1

TIME - MINUTES

TIME ELAPSED FROM BEGINNING OF HOT-WIRE RUN
Fic. 6.
Root-mean-square values of turbulence measured at DTMB.

REFERENCES

[1) Numata E.: Correlation Between Resistances of Large
and Small Models, Trans. ATTC, September 1959,

[2] GertLer M., and Hancock C. H.: Comparative
Resistance Tests with ATTC Standard Model, David
Taylor Model Basin Report 1357, July 1939.

[3] Macovsky M.8,, and BresuiN ).P.: A Swudy of Rods
as Stimulators of Turbulence in Boundary Layers
Trans. ATTC September 1950.



SKIN FRICTION AND TURBULENCE STIMULATION  FORMAL DISCUSSION

Resistance data for ATTC Standard model (DL No. §-2200).
Test 1~ A Bace Hull, May 19, 1959.  Fresh Water 7050 F,

APPENDIX

TABLE 1,

Srrep No. Mem&;ﬂm g;‘ Cy ¥ WP Rs X 108
1-20 3453 0.2513 450 1.756
i2 2.394 0.1122 4.53 1.218
21 3.586 {.2756 4.99 1.824
13 2.526 0.1260 4,59 1.285
22 3ne 0.3056 5,14 1.891
14 2.658 0.1394 4.59 1,352
23 3.850 0.3432 539 1.958
15 2792 0.1553 4.64 1.420
24 3,984 0.3791 5.56 2026
16 2924 0.1710 4.66 1.487
23 4.116 0.4076 560 2.093
17 3036 41857 4.73 1.554
6 4,250 04316 556 2.161
18 3.188 02110 4.83 1.621
27 4,382 90,4544 351 2.229
15 3321 0.2310 4.87 1.689
28 5.514 0.4866 5.56 2.286
TABLE 2.
Resistance data for ATTC Standard model (DL No. §-2200).
Test 1-A With 0.040-inch Strut, May 20, 1959, Fresh Water 71.5¢ F.
Spesp No. MQ"?Q‘W‘” b Gy x 10 Re X 10~%
L-20 3.453 0.2504 4.38 1.780
iz 2.394 01119 4.54 1.234
21 3.586 0.2760 4.99 1.848
13 2,526 0.1247 4.55 1.302
22 3719 0.3038 .11 1.916
14 2.658 (.1394 4.59 1.370
23 3.850 0.3450 542 1.984
15 27192 0.1566 4.68 1,438
24 3.984 0.3810 5.59 2,053
16 2.924 0.1725 4.71 1.507
25 4,116 04082 561 2121
17 3.056 0.1919 4.78 1.575
25 4,250 0.4313 5.56 2,150
18 3,188 0.2119 4.85 1.643
27 4382 0.4544 5.51 2,258
19 3.321 0.2319 4.89 1.711
28 5.514 0.4844 8.53 2.326

MURRAY
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TaBLe 3.

Resistance data for ATTC Standard model (DL No. §-2200),
Test I-A With 1/8 -inch Strut, May 20, 1959, Fresh Water 72.0° F,

Sreep No, Mopsf"p:“m i%;‘ Cp % 107 Re x 10—
L-20 3453 0.2500 4.88 1.792
12 2.394 0.1150 4.67 1.242
21 3.586 0.2756 4.99 1.860
13 2.526 0.1291 4.71 1.311
22 3.719 0.3064 5.16 1.929
14 2.658 0.1428 4.70 1.379
23 3.850 0.3438 5.40 1.997
is 2.792 0.1575 4,70 1.448
24 3.984 0.3804 5.58 2.067
16 2.924 0.1725 4,70 1.517
25 4116 0.4073 560 2.135
17 3.036 0.1928 4.80 1.585
26 4.250 0.4350 5.60 2.205
18 3.188 0.2125 4.87 1.654
27 4 382 04625 5.61 2.273
19 3.321 {.2341 4.94 1.723
28 5.514 (.4925 5.62 2.342
TABLE 4.

Resistance data for ATTC Standard mode]l (DL No. $-2200).
Test 1-8 With Studs, June 17, 1959 Fresh Water 69.0°F.

Seeec No. Mamg; ssmn I%i Cr ¥ 10° Re x 10~
L-20 3.453 04.2590 3.05 1.721
i2 2.394 0.1779 478 1.193
21 3.586 0.2863 5.18 1.787
13 2.526 0.1307 4,77 1.259
22 3.719 0.3166 533 1.853
14 2.658 0.1460 4.81 1.325
23 3.850 0.3544 5.56 1.919
15 2.792 0.1610 4 81 1.391
24 3.984 0.3922 375 1.985
16 2.924 0.1763 4.80 1.457
25 4.116 0.4232 5.81 2.052
17 3.056 0.1969 4,91 1.523
26 4,250 0.4491 5.78 2.118
18 3.188 0.2176 4,98 1.589
27 4382 04738 5.74 2184
19 3321 0.2391 5.05 1.635
28 5.514 0.5069 5.79 2230
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K. Larsen, C. Grosch, and J. Breslin.

MEASUREMENT OF LOCAL HYDRODYNAMIC SHEAR STRESS BY THE USE OF DISK THERMISTORS

Introduction.

This paper discusses the progress that recently has
been made at the Davidson Laboratory on the develop-
ment of a technigue to measure indirectly the local
hydrodynamic shear stress on a ship model.

The determination of wave-making and form drag
of a ship model is based on the assumption that the
frictional resistance is equivalent to that of a flat plate
having the same wetted area and towed to give the
same length Reynolds number as the model. How-
ever, the local shear stress varies with pressure gradients,
and hence may be expected to be greater than the
plate value over the forebody and smaller over the
afterbody. To refine model predictions of powering,
the frictional resistances of ship forms must be pre-
ciscly known. If this can be done, then the residuary
resistance can be isolated with greater precision.

While researchers such as Liepmann and Dhawan|[1},
Schultz-Grunow [2], and Kempf [3] bave made direct
measurements of shear stress by floating-element
devices and Smith and Walker [4] have deduced this
quantity from Preston tube results, these techniques
are difficult to apply to ship models. This is parti-
cularly true in testing tanks that are not equipped
with man-carrying carriages. In contrast to these,
an electrical technique used in this study appears
to bs quite adaptable. In this experiment, three
small disk-type thermistors were flush-mounted in a
flat aluminum plate and the shear stress was deduced
from the dissipation of heat from the thermistor.
Comparison of the results with the Blasius and
Prandtl shear stress lines shows promising agreement.

Description of equipment.

General.

The apparatus is shown in Figure }. An alu-
minum plate (P) is suspended vertically from the
overhead carriage of the 300-foot tank by two struts
(S and §’). The plate is pivoted about the centerline
of S and is adjustable to any desired angle of attack,
which is indicated on a circular scale attached to §' and
cenfered at 8. A, B, and C are Veco 41D1 Ther-
mistors located so that their exposed surfaces are
flush with P, These thermistors are circular cylin-
ders 0.1-inch in diameter and 0.095-inch thick. They
are mounted in lucite inserts as shown in Figure 2.
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FiG. 1.
Aluminum plate with flush-mounted thermistors,

The plane faces of the thermistors are silver coated.
Electrical connection with the exposed face is made to
wire A through a thin layer of conducting paint as
shown. The strands of lead B are pressed firmly
against the bottom surface of the thermistor. The
unexposed surface and lead B are electrically insulated
from the water to prevent clectrolysis, Leads A
and B are connected to the observing station through
a flexible cable. The carriage speeds are measured
directly by timing the passage over a 50 or 100-foot
distance laid out on the side of the tank, The speed
recorder associated with the tank drive unit detects
deviations in speed. To minimize the effects of

lel
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Thermistor insert.

vibration and lateral motion of the plate, struts S
and S’ are cross-braced to an auxiliary carriage that
travels along the edge of the tank.

Thermistors.

Thermistors are semiconducting devices that prima-
rily are made from mixtures of the oxides of manga-
nese nickel, iron, and zinc. These oxides are mixed
with an organic binder to the consistency of a paste,
formed into the desired shape, heated to drive out the
binder, and then sintered at a high temperaturc.
Electrical contact is made by either molding platinum
leads into the mixture or by coating the surfaces
with a metallic paste that is cured at a suitable tempe-
rature. The proportions of the various ingredients
are chosen by the desired specific resistance and
temperature coefficient of resistance of the finished
device.

Functionally, the thermistor is a resistor that can
range in value from 50 ohms to a megohm. The most
significant property of the thermistor is its high nega-
tive temperature cocfficient of resistance that can
range in value from 3.5 to 4.8 pereent per degree
centigrade and results in a high sensitivity to changes
in the thermal environment,

Thermistors can be made in the form of spherical
beads whose diameters are about 0.010 inch. When
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built into the tip of 2 probe, this permits localized
measurements on a physical scale that is much smaller
than is possible with a hot wire.

Because of their small size, the thermal time-
constant can be reduced so that rapid fluctuations in
velocity can be observed, thereby making it possible
to follow actual velocity fluctuations in turbulent flow
provided the thermistor is incorporated in a constant-
temperature type of bridge circuit.

Circuiiry.

The thermistor Is incorporated in a selftexcited
bridge circuit as shown in Figure 3. Ruosisiors Ry
and R, are fixed at 1000 ohms each. R is adjusted
at 4000 ohms. G is a Philbrick K2-X DC voltage
amplifier whose output is connected to F, which is a
Philbrick K2B1 DC follower amplifier. The combi-
nation has an open-circuit gain of about 24,000. The
excitation voltage of the bridge is obtained by applying
the output of the follower amplificr accross thermi~
nals @b, This cxcitation voltage is controlled by the
magnitude of the error signal appearing across od,
which is applicd to the input of the K2-X. Bceause of
the high gain of the feed-back loop, the bridge circuit
will reach a steady statc when the thermistor resistance
(Ry) is about 4 000 ohms. With the circuit para-
maters shown in Figure 3, a steady state occurred when
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the thermistor resistance dropped to an average value
of 3 600 ohms with the plate at rest in water at 70° F.

on

Fio. 3.
Schematic diagram of sclf-excited bridge.

The power input to the thermistor and the thermistor
resistance can be calculated with a milliammeter (A)
and a high-impedance voltmeter (V). After calculat-
ing the thermistor resistance, its temperature can be
read from a graph of resistance versus tempcerature,
as shown in Figure 4. As noted above, with the plate
at rest, the bridge civcuit will reach a steady state when
the thermistor resistance drops to about 3 600 ohms.
From Figure 4, it is seen that the thermistor tempe-
rature is about 50.2° C, When either the ambient
temperature of the watcr changes or the heat transfer is
increased by a flow condition over the thermistor
face, the circuit will remain in a steady state only when
the power to the thermistor is increased. This is
automatically accomplished through the high-gain
feed back loop. The ingreased heat transfer tends to
diminish the temperature and increase the resistance
of the thermistor. This changes the voltage across cd.
If this voltage is properly polarized, the input to the
bridge and consequently the power to the therm-
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istor is increased. By subtracting the heat trans-
ferred by conduction and radiation, the rate at which
the heat is transferred to the moving stream can be
computed. This information in turn can be related
to the local hydrodynamic shear stress,
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Power losses by vonduction, radiation, and convection.

When a disk-type thermistor is flush-mounted in a
stationary vertical metal surface as in this experiment,
heat generated in the thermistor is transferred to the
surrounding area by conduction, radiation, and con-
vection, Tf the thermistor is mounted on an identical
surface that is horizontal and lacing downward, the
convection will become negligible and the heat loss
will be principally due to conduction and radiation.
Consequently, the thermistor was removed from the
72 by 18 by 1/4-inch aluminum plate and mounted in a
3-1/4 by 12 by l/4-inch plate, The power to the
thermistor was measured with the exposed face in a
vertical position. 1t was then rotated 90 degrees
until the cxposed face of the thermistor faced donward,
The difference between the power inputs in these
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two positions is the loss due to convection when
the thermistor was in the vertical position, To
investigate the effect of plate area, the thermistor was
mounted in a third aluminum plate whose dimensions
were only 1-1/2 by 4 inches.

In the vertical position, power input to the thermistor
in all three plates was 388 milliwatis to within 0.25
percent. In both plates, the power input was 344 mil-
liwatts when in the horizontal position. The con-
vection loss, therefore, was 44 milliwatts and the
conduction 344 mifliwatts, for a temperature difference
of 27.8¢ C between the thermistor and the ambient
water temperature. As the thermistor-temperature
changes due to varying heat transfer conditions, the
conduction can be corrected through ist direct propor-
tionability to the temperature differential.  Therefore,
under any conditions, the heat lost to the surrounding
area by conduction can be subtracted from the total
heat Input. Mo special correction was made for
radiation, because it was always less than 6 milli-
watts and included in the conduction losses. As the
plate moved, the natural convection losses become
insignificant.

Toreduce the data, the followingprocedure was used.
After the plate reached a steady velocity, the current
in the thermistor was read from the milliammeter (A)
and the potential difference was taken from the
voltmeter (V). The total power to the thermistor
and its resistance were then caloulated from these
data. The thermistor temperature could then be
determined from Figure 4. From the difference
between this and the ambient water temperature, the
heat conduction to the plate was computed. This
value was subtracted from the total power input and
the difference represented the heat transfer due to the
behavior of the liquid in the boundary layer. This
figure was multiplied by 0.0743 to convert the power
loss in milliwatts to calories per second per cm?
From Figure 4, the local shear stress was computed
in terms of the physical properties of the water and
its behavior in the boundary layer.

Relationship between heat transfer and local shear stress.

Hydrodynamic flows are generally considered under
three conditions: laminar, turbulent, and transitional
flow. In this case, caleulations are made for laminar
and full-turbulence flows. No study of the transition
stage is made in this paper.

It was shown by Blasius [5} that for laminar flow
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only, the local dimensionless friction coefficient (cf) is
given by:
' T 0.664

T

where ¢ is the local shear stress and R, is the local
Reynolds number. When the local friction coefficient
is plotted against the local Reynokds number, the
resnlt is the theoretical Blasius line, as plotted in
Figure 5. Since the local friction cocfficient is a
function of the Reynolds number and the dimension-
less heat flux (which can be described in terms of the
Nusselt number) and is also a function of the Reynolds
number, it is possible to establish a relationship
between ¢; and ¢. The local Nusselt number (N, is
defined as follows:
: x g

Ne=% a0 @
where k& is the thermal conductivity of water, x is the
distance of the local heat source from the leading
edge, AD is the difference between the temperature of
the surface and the ambient water temperature, and g
is the heat transfer per umit time and per unit area.
It has been shown, however, that the local Nusselt
number may be expressed as function of the Prandtl
number (P} and the local Reynolds number as follows:

o == 0.332P18 R % 6]

The Prandt! number (P) is a dimensionless quantity
that introduces the physical properties of the water.
It is defined as follows:

P= g,
where ¢ is the specific heat of the water, u is the abso-
lute viscosity of the water, and & is its thermal conduct~
Lvity.
Solving Eq. 3 for R, ' yields

. N
R,V — Wg . 4

Substituting Eq. 4 into Eq. 1 yields:

. (0.664) (0.332) pV*
Cr = *

& )

The Prandtl number for water is 6.88: therefore,
Eq. § becomes:

, 1
¢ = 0418 - (6)
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This may be rewritten as follows:
kA®

xq

¢r == 0.418 @)

The quantities on the right side of this equation are
measurable and, therefore, the shear stress coefficient
{c;) can be determined experimentally. The plotted
points on Figure 5 show good agreement with theory.
All experimental points have been included. Those
with the widest scatter occurred in the early measure-
ments.

When the boundary layer is turbulent the analysis
must be modified. If the velocity profile across the
boundary layer is assumed to follow the 1/7th power
law, it was shown by Prandtl that the local friction
coefficient {¢f) is given by the following:

e == 0.0256 (Ro,) ™V, (%)

where Ry, is the local Reynolds number based on a
momentum transfer in the boundary laver. The
I/7th power law and the use of Reynolds number
based on momentum thickness is valid for moderate
Reynolds numbers. The momentum Reynolds num-
ber is related to the ordinary Reynolds number as
follows:

Rgy == 0.036 R, 45, %)

Substituting Eq. 9 in Eq.8, the local skin friction
coefficient becomes

¢ = 0.0592 R, 1 (10)

The graph representing this equation is the theoretical
line at the right of Figure 5.

To develop the friction coefficient in terms of the
heat transfer at the thermistor, it is most convenient
to use Eq. 8, which expresses the local friction coefii-
cient in terms of the Reynolds nomber based on the
momentum thickness. For turbulent flow the Nusselt
number can be expressed in terms of the Prandtl
number and the momentum Reynolds number as
follows:

N, = 0.883 p¥* Ry = 0.030 p# R, (11)
Taking the fourth root of both sides yields
lefi - (ngg:;)lu plll‘l R"xlu . (12)

Solving for Rg, and substituting in Eq. 8 the local
friction coefficient becomes

¢r = 0.0252 p'"2 NV . (13
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The Prandtl number for water is 6.88, therefore,
Eq. 13 can be written as

¢r == 0.0296 N,~U4 . (14)

The Nusselt number, as defined by Eq. 2, can be
evaluated for each run in terms of the measured heat
transfer at the thermistor and the position of the
thermistor on the plate. The values of the local
friction coefficient thus obtained are plotted against
the local Reynolds number in Figure 5 for comparison
with the theoretical Prandtl line.

Criterion for laminar or turbulent flow,

In caleulating the experimental local shear siress
it is necessary to determine whether the flow is laminar
or turbulent, since the relationship between the shear
stress and the Nusselt number differs for the two condi-
tions of flow. Equations 3 and 1l show that the
relationship between the Nusselt number and Reynolds
number is also different for the two types of flow. If
the Nusselt number is calculated as a function of the
Reynolds number from Eq. 3, the left line on Figure 6
would represent the values of the measured Nusselt
number laminar flow conditions. If the Wusselt
numbers are calculated as a function of the Reynolds
number from Eq. 11, the resulting curve at the right
of Figure 6 represents the Nugselt numbers in turbulent
flow,

The experimental Nusselt numbers evalnated from
heat transfer measurements should fall on one line
or the other when plotted against the Reynolds
number, and thereby, establish a criterion for the
existence of laminar or turbulent flow, The points
for the leading thermistor follow the laminar flow line
closely. This is to be expected since the flow at that
point can be considered as being laminar because of
the low local Reynolds number.  The romaining poiats
from the other two thermistors do not fall on the
turbulent line, but arc obviously not on the laminar
line. It also appears that many of the points from the
other two thermistors approach the turbulent line,
especially those from thermistor €. The use of this
method as a criterion for the type of flow will require
further study. It is interesting to note that the points
from all threc thermistors labeled with a T lie on or
above the turbulent line. These points were obtained
by using a 0.040-inch trip wire mounted 1.12 inches
from the leading edge. [t must be admitted, however,
that the spread in the data is sufficiently large that

165



o

01

ot

FIG. 5

LOCAL FRICTION COEFFICIENT C'f
VS.
LOCAL REYNOLDS NUMBER R,

et
—
]

9 YILSINHIHL
8 M3LSINN3HL

Y YILSINHIHL
3dim diyl

0 +4+<q

7T




LARSEN
GROSCH

BRESLIN
©OFIG. 6 N-599
LOCAL NUSSELT NUMBER Nx
vSs
LOCAL REYNOLDS NUMBER Rx
104_ LI B S A
8 | ]
6 i
4 b -
2+ i
10% = =
8 | ]
6+ 4
F
4 ]
2 | i
T
[

10% — —
8 T TRIP WIRE ]

© THERMISTOR A 7
ST + THERMISTOR B i
al A THERMISTOR ¢ i
2 - |
0 ; IR ERE \ { Ll o1 111

104 2 6 8 10° 2 6 B 0% 4 6 B 10
RX

FiG. 6.



SKIN FRICTION AND TURBULENCE STIMULATION

urther experimentation would be required before
conclusive evidence could be obtained on the effecti-
veness of the trip wire.

Sources of error.

The good agrecement between the observed shear
stress and the predicted theoretical values indicates
that local hydrodynamic shear stress could be accura-
tely measured by this method. There are, however,
several sources of error that must be carefully examined
and corrected if thermistors are to be used as an
accurate instrument for measurements of this type.

Ordinary clectrical instruments such as milliam-
meters and voltmeters can introduce exrrors of cali-
bration as well as reading errors caused by deflections
that are less than half scale. These crrors can be
minimized by the installation of precision multirange
instruments operating between two-thirds and full-
scale deflection There should be little error in the
speed of thecarriage The tank speed recorder showed
variations of less than one percent during an individual
run. The cross-bracing of the struts to the aoxiliary
camera carriage on the side of the tank reduced the
vibration, bui could not eliminate all lateral motion
of the plate. This can only be further reduced by
extensive redesign of the towing system. At the higher
velocities where the deviating appeared to be greatest,
regardless of the position of the thermistor, there was
considerable wavemaking by the plate. Since the
thermistors were only six inches below the waterline,
these waves may affect their heat transfer charac-
teristics due to additional wave velocity. This will
be the subject of further study.

The proximity of the free surface may also cause
changes in the local shear stress values through the
image effect.

The theoretical relationship between shear stress
and heat transfer for a large plate assumes that the
angle of attack is zero. The one-half degree angle
used throughout this experiment should produce only
minor effects upon the flow pattern. This should be
investigated by further experiments in which the angle
of attack is varicd, The angle of attack may introduce
cross flow at the surface of the plate, Attempts to
investigate this effect by using paint smears showed
the relative velocity almost parallel to the longitudinal
centerline of the plate. There were slight indications
of cross flow, but the magnitude, while uncertain, was
small. Both convection and cross-flow effects could
be minimized by towing the plate in a nearly hori-
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zontal position and installing end plates on the sides.

Two errors may have originated at the thermistors
themselves, The heat flow per unit area was calcu-
fated on the basis of a large area so that there may be
some error due to the finite size of the heat transfer
surface, Second, errors may have been introduced by
the roughness of the thermistor surface. To establish
electrical contact with the grounded lead it was neces-
sary to spread a thin film of conducting paint across
the exposed face of the thermistor to the end of the
ground Jead that protrudes slightly from the lucite.
Precautions were taken to make the thermistor surface,
and that of the insert, as nearly as possible a continuous
part of the plate. However, disturbance of the flow
pattern was inevitable because this device was used,
A new design for the insert is now under construction
and should eliminate any question of disturbance of
the flow from this source,

Conclusions.

The use of thermistors to measure local hydrody-
namie shear stress appears to be a promising technique,
though there are discrepancies between individeal
points and the theoretical shear stress. Further
research in this field should include (1} refineraent of
the equipment to minimize these sources of error, (2)
data obtained simultancously from a flush-type ther-
mistor mounted near a floating-element shear stress
balance, and (3) the installation of thermistor units
in a circular pipe, where shear stress measuremonts
can be compared with measured pressure diffecentials
in known lengths of pipc under both laminar and
turbulent flow conditions.

Although a large number of commercial thermistors
are currently available, there are none available that
meet the size and electrical resistance requirements for
this application. With the development of smaller
disk-thermistors with resistances greater than 10,000
ohms, it should be possible to further localize the
shear stress measurcments and to follow the fluctua-
tions in thermistor power input with the random
changes in the fluid velocities for a turbulent boundary
layer. This is presently possible only at very low
velocities.

To apply this technique to model tests the thermistor
units could be flush-mounted in the model to measure
the shear stress at selected points on the model. Asa
practical procedure the thermistor units should be
previously calibrated by locating them near a float-

ing-element shear stress balance operating uader
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controlled-flow conditions. A calibration curve of
shear stress versus thermistor power could then be
plotted for cach thermistor unit. These units could
then be installed on the model and the local shear
stress at each location read directly from the calibra-
tion curve. This procedure would eliminate any gues-
tions of the validity of the assumptions that must be
made in the development of a calibration made on a
theoretical basis.
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J. N. Prischemihin, A, F. Poostoshny.

INVESTIGATION OF TURBULENCE STIMULATION
IN THE BOUNDARY LAYER OF SHIP MODELS TESTED IN TOWING TANKS

INTRODUCTION.

During the last thirty years various methods of
artificial turbulence stimulation have been used at the
towing tanks, However, because of the absence of
suitable means to determine the efficiency of these
methods, their choice has been made empirically, and
they did not always ensure the required stimulation
effect. Scientific approach to studying stimulation
problem under tank conditions became possible only
due to the application of physical methods of investi-
gations which are widely used in aerodynamics practice.
This work carried ouf at the towing tanks of the
Kryloff Institute was intended for studying conditions
causing natural tfransition in the boundary layer of
ship models during resistance experiments in a towing
tank, investigation of efficiency of various types of
turbulence stimulators used in towing tanks; deter-
mination of optimum sizes of the most effective type
of stimulators and their location on model surface.
The investigation of stimulator efficiency has been
carried out mainly by means of experimental methods
based on the determination of boundary layer flow
characteristics of models. Owing to these methods
it is possible to determine the edges of laminar and
transition regions in the boundary layer of a model,
measure mean vclocity profiles, estimate the intensity
of fluctuations at different points of the boundary
layer, and measure local friction forces acting upon a
small element of model surface.

1. EXPERIMENTAL METHODS FOR INVESTIGATING
BOUNDARY LAYER OF MODELS IN A TOWING TANK.

For investigations carried out at the towing tanks of
the Institute the following experimentai methods and
apparatus were purposcly developed and used: hot-
wire anemometer technique for determining velocity
fluctuations in the boundary layer of models, method
of indicating chemical films to determine the extent of
laminar area in the boundary layer of models, method
of measuring mean velocity profiles in the boundary
layer of models using total head tube and special
small inertia micromanometers, direct method for
measuring tangential forces on a model surface with
the use of small-sized high-sensitive dynamometers of
electrical type, direct method for measuring stimulator

170

own resistance by means of a special electroinductive
type dynamometer, method of estimating small
values of the resistance of large ship models.

Hot-wire measuring technique at the towing tanks
of the Tnstitute was used to determine the nature of
velocity fluctuations and degree of turbulence in the
boundary layer of models tested. A thin platinum
wire was selected for a transducer, the proper diameter
and length of which were determined by experiment
provided that they ensured high sensitivity and reli-
ability during the measurements. Platinum wire
was mounted on a special removable support which
makes it possible to x it in a required position with
regards to streamlines, at a given distance from the
model surface. The support was set at different
points of the model surface on the foundations prima-
rily mounted flush with model surface. After instal-
lation the support by means of a switch arranged on
the towing carriage was connected to a measuring
bridge which in turn through the amplifier was
connected either to a magnetic oscillograph or to a
cathode-ray oscilloscope. For recording the magni-
tude of the effective voltage during the experiment in
parallel to a cathode-ray oscilloscope, a valve voli-
meter was connected. The relationship between the
degree of stream turbulence and the magnitude of the
effective voliage at the output of the amplifier was
established by calibration. Since the character-
istics of calibration curve of transducer ¢ = f{Uv) was
linear, it was sufficient to know the magnitude of the
cffective voltage Uv for estimation of the turbulence
degree in the boundary layer of model. Figure 1
shows a sample of fluctuation records in laminar area
(curve I), in transition region (curves II, III} and in
fully turbulent region (curve 1V) respectively for a
model tested in the towing tank.

The most suitable method which would afford the
determination of laminar area in the boundary laycr
of ship models tested in a towing tank to be made is
that of an indicating chemical films. As an indicator
material at the towing tanks of the Institute acetone .
solution of hydreoquinone diacetyl /C,,H,,0,/ is applied
which is sufficient to check laminar flow in the bound-
ary layer of a model, is harmless for the stafl and can
be easily manufactured from cheap materials. Com-
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Nature of velocity fluctuations in the boundary layer of model.
1 — laminar region; 2 to 3 — transition region; 4 ~ turbulent region.

parison of the results obtained when carrying out this
work using different methods for investigation of the
boundary layer on a model, shows that the chemical
method which does not require a complicated appa-
ratus and too much labour has proved to be a good
one.

Previously, measurements of mean velocity in the
boundary layer of models were carried out with the
use of total head tubes and watfer manometers, and
this naturally restricted the application of this method.
The use in this work of purposely developed small
inertia electric micromanometers and a coordinating
device for total head tubes was conditioned by the
necessity of performing measurenments in the laminar
boundary layer at the bow of a model where thickness
of layer is small enough and pressure ranges lie within
1.0 — 5.0 mm of water. Pressure pick-up of micro-
manometer which is made in the form of a plastic
cylinder is 51 mm diameter and 72 mm long. Instal-
led inside of this cylinder are a diaphragm, to be an
elastic measuring clement, and an clectroinductance
_transducer which enables the deflection of the dia-
phragm during the tests to be measured. Since the
deformation of the diaphragm was small, it was
possible to avoid a large amount of water to be
shifted and to ensure small inertia of apparatus in

the course of measurements. When testing, the
pressure pick-up was placed inboard of the model
close to the coordinating device of the total head
tube, and by means of rubber pipes was connected to
it as well as to the pipe connection of a statical orifice
on the model hull, The total head tube through the
coordinating device being operated from the towing
carriage was projected outside the model, at a given
distance normal to its sorface. Itz iraverse was
found by means of a special counter within an accuracy
of 0.05 mm. The output voltage of the transducer
was varied and recorded on a 250 mm wide paper
tape of an electronic automatic potentiometer. In
order to increase the accuracy of mcasurements,
pressure range which lies between 0 and 200 mm of
water was divided into several subranges, one of
which permitted measurements to be made within
0 — 10 mm of water. The accuracy of pressure
measurcments in the upper limit of each subrange
was - 2 9,

The determination of tangential stresses during
model testing in a towing tank can be performed
either by direct measurement of local friction forces
acting upon a smalt element of model surface, or by
measuring hydrodynamic quantities directly asso-
ciated with skin friction. Direct mcasurement of
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friction forces in the towing tanks has been rarely
carried out. This is due to difficulties arising from
the development of experimental equipment designed
for carrying out such experiments. In most cases
friction forces are determined by indirect ways, the
application of which is based on assumptions not
always proved and verified.  This latter circumstance
was the reason why in carrying out the work under
consideration it was decided to develop a small-sized
high-sensitive electric dynamometer which could be
applied for direct measurement of tangential stresses
acting upon a very small element of the surface of a
mode! tested in a towing tank. It consisted of a
plastic cylindrical case 45 mm diameter and 80 mm
long, inside of which movable parts and elastic elements
of the dynamometer were placed as well as an electro-
inductance transducer. The dynamometer was placed
inboard of a model in such 2 way that one of its
bottoms served as if it were a part of the model sur-
face. The bottom had a rectangular cut in its middle,
inside of which flush with model surface a working
element — mobile quadrate platform having sides
20 mm X 20 mm on the elastic elements was mounted.
Travels of the platform proportional to the forces
acting upon it were measured by an electric transducer.
The gaps between edges of the platform and the cut
on its three stdes were assumed to be 0.1 mm; the gap
between the trailing edge and the cut was assumed to
be 0.3 mm. For recording clectrical quantities into
which the travels of the platform are transformed, use
was made of the electronic automatic potentiometer
with a paper tape 250 mm wide. This tape width was
adequate to record the forces from each of the four
subranges into which, as bas already been mentioned,
the whole range from 0 to 300 mg was divided. The
lower subrange varied 0 to 15 mg. So far as the
magnitudes of the expected tangential stresses were
not covered by the obtained ranges, a second dynamo-
meter was manufactured, which was similar in cons-
truction to the previous one, but had a much more
rigid elastic system enabling measurements to be
made in the range between 0 and 2 gr.  On the basis
of numerous calibrations made for both instruments,
it was possible to determine their error which in
relation to the upper limit of each subrange covered
was found to be + 3 .

Calibration of the dynamometer for tangential
stresses was made before each test and no less than
once for a seven hour test by using a special device,
the dynamometer being immersed in water. After
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calibration, the dynamometer was mounted on a model
and it was subjected to tests, in the course of which
measurement and recording of friction forces were
taken. The magnitudes of the tangential stresscs
obtained from direct measurements at two points on
the surface of model No. 10 tested in the towing tank
of the Institute are given in fig. 13.

With a view to determining the own resistance of
a wire stimulator at the Towing Tank a special elec-
troinductance dynamameter has been developed. The
principal circuit and the electric transducer of this
instrument are similar to those of the dynamometer for
measuring tangential stresses. The sizes and configu-
ration of the dynamometer enabled it to be installed
at the bow of a model in such a way that a piece of
50 mm long cut out of the trip wire under test was
fixed on the mobile platform with 10 mm x 50 mm
dimensions. During the resistance tests the forces
acting upon the platform and a part of the trip wire
fixed on it were measured and recorded on the paper
tape of the electronic potentiometer.

The application of modern methods for investigating
the boundary layer of models by no means excluded
the necessity for measuring their resistances in carrying
out comparative resistance tests. In these tests the
range of low towing speeds 0.2 — 1.0 mfsec was of
particular interest when total resistance even for
models 6 or 7 m long did not exceed 6 — 7 kg. With
size increase and displacement of models there was a
considerable increase of fluctuations in the resistance
comparable with the mean value of towing resistance
at low speeds of run. For resistance mecasurements
with large models, at low speeds of run, test equipment
and apparatus have been developed which ensured
effective damping of the resistance fluctuations and
small errors involved.

2. INITIAL CONDITIONS FOR TESTS IN A TOWING TANK.

Turbulence stimulation of the boundary layer of
models and its experimental investigation depend to
a considerable extent on the initial conditions in a
tank under which model tests are conducted. These
are as follows: degree of initial turbulence in tank
water, flow velocities after previous run, model acce-
leration at the beginning of run, draught of model,
roughness of model surface.

Numerous data available show that the extent of the
laminar boundary layer and the critical value of the
Reynolds number are affected by the changes in the
degree of initial turbulence. At the same time, there
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is no information available at present concerning
the amount and the rate of changes in the degree of
initial turbulenee in towing tanks. When testing in
towing tanks initial turbulence is produced by distur-
bances caused by a moving model. Velocity fluctua-
tions in the vicinity of the turbulence tfrail extending
behind a model can remain for some time after the
ron is over. The degree of initial turbalence in this
case would depend on the intensity of conducting the
tests, When increasing the frequency of rums, the
degree of initial turbulence should rise. This fact
has already been noted, and at scveral towing tanks
attempts have been made to increase the degree
of initial turbulence artificially, by reducing time inter-
vals between successive runs with a view to obtaining
more consistent results.

As the degree of turbulence in a tank is relatively
low, direct measurcment of its amount and the rate
of changes depending on test conditions present great
difficulties. As a result of specially conducted experi-
ments the order of initial turbulence in the towing
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tanks of the Institute was estimated to be about
e 0.69%. The investigation of the effect of changes
in the degree of initial turbulence on transition was
made indirectly, L.e. by measuring the degree of tur-
bulence in the boundary layer of a model towed at a
different time interval between runs. A hot-wire ane-
mometer was mounted on a model 6 m Jong without
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stimulator, in the fixed position along the model
length.  As seen from the diagram Uv == Ke = f{v)
given in Figure 2, with reduction of time interval
between runs, i.e. with increasing the degree of initial
turbulence in a tank water, transition occurs at lower
values of the Reynolds number. However, the
influence of the degree of initial turbulence in a tank
water on natural turbulence of the boundary layer for
maodels & m Jong is small, which is also confirmed by
the results of tests conducted with the same aim in
view using the method of chemical films. Further-
more, this influence is quite evident mainly at very
low towing speeds.

From the expericnce gained in towing tanks it is
known that the flow remaining behind a towed model,
since the model returns to its initial position, remains
for a long time after the run is over and can affect
the magnitude of the model resistance in subsequent
runs at low speeds. Since many tests in this work
have been carried out at low speeds of run and analy-
518 of the results was often made by comparison of the
measured resistance cocflicients, it was necessary to
estimate the magnitude of the residuary flow velocity
in the tank and its dependence on the time interval
between successive runs taking into account sizes of
model and speeds of return run. Special accurate
measurements of the residuary low veloeity (see Fig, 3)
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Fig. 3.

Nature of changes in residuacy {low depending on time
interval batween successive runs,
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and towing resistance of a model at different time
intervals between rums carried out in the towing tank
of the Institute have shown that the velocity of the
residuary flow may attain 3 - 4 cm/sec and varies
depending on time interval between runs and speed
of model on its refurn, Therefore, lest the results of
resistance tests be affected by the residuary flow at the
towing speeds Vo = 0,3-0.8 m/sec, it was necessary
that the interval between runs should not be less than
6 minutes, with speed of model return equal to
1.0 m/sec and that in the range of towing speeds
Vo == 0.2 - 0.4 m/sec there should be an additional
reduction in speed of return to 0.5 m/sec.

The influence of model aceeleration at the beginning
of run on the boundary layer stimulation has not
been investigated specially, however, all the model
tests in the tank were carried out at given values of
acceleration equal to 0.03 - 0.65 m/sec2,

As a result of the experimental investigation dealing
with the effect of model draught on stimulation of the
boundary laver {see Fig. 4), it was found that with
decrease of draught some stimulation effect beceme
evident. This is chiefly due to the influence of wave-
making on transition, and it occurs a relatively high
valnes of Froude number when developed wave-
making occurs.

Model No. %
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Fig. 4.

Effect of variation in draught on the extent
of laminar boundary layer.
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The roughness of the surface of tested models
manufactured of paraffin-wax in usual way was spe-
cially measured on a large number of specimens.
On the basis of measurements made it was found that
the average degree of surface roughness of the models
tested amounted to 3.0 - 5.5 micron, Such a surface
may be considered as hydrodynamically smooth in the
range of Reynolds numbers Re = 0.5.108 - 1.5.10°,

3. Natural Turbulence of the Boundary Layer on
Models Tested in a Towing Tank.

The questions as to the need for application of sti-
mulating devices and estimation of their efficiency
should be decided upon on the basis of investigation of
natural turbulence in the boundary layer of models
tested in a towing tank.

The principal parameter which determines transi-
tion in the boundary layer of a model is the local
Reynolds number Re,. When certain critical values
of the local Reynolds number are reached Re, = Re,,
laminar boundary layer becomes unstable and after
some transition stage, the flow in the boundary layer
becomes turbulent. The value of Reynolds number
Re,,. which in conditions of natural turbulence defines
the edge of laminar area, is not constant and depends
on the nature of pressure distribution along the model
surface as well as on the initial conditions of tests
(sce section 2},  Since the pressure distribution along
the hull is affected mainly by the shape of ship lines
and the ratio of its main dimensions, it is considered
that the principal geometrical parameters of hull
defining transition in the boundary layer would be the
following: fullness of fore-body sections, shape and
angle of entrance of watetlines, form of stem, shape
of fore-body sections, aspect ratio L/B and ratio T/B,

As long as each class of ships has its more or less
definite ratio of geometrical particulars, a small num-
ber of shape lines was selected in these investigations
with variation only of those hull parameters which
most affect the flow condition in the boundary layer
of models, As objects for investigations the following
models were selected: two series of large models
(6 m long) of cargo ships with block coefficient 8 o 0.6
and & & 0.8, differing in cach series in forms of stem
and shapes of fore-body sections; three small models
{1.5 m long) geometrically similar {o the large ones;
one small model with block coefficient § ~ 0.7 and
two models with analytical lines. The main particu-
lars and numbers of these models are indicated in
Table 1,
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Edges of laminar area in the boundary
layer of models,

The shape of stem for models with 8 ~ 0.6 is indi-
cated in Figure 5. Modcls with § ~ 0.8 have the
shape of stem similar to that of model No. 1. The
shape of fore-body sections; U-shaped, V-shaped
and with bulbous bow (b) is indicated in Table.
Models with analytical lines have vertical stem, rec-
tangular sections and parabolic waterlines.

The tests were carried out under given and control-
led initial conditions in the tank (see section 2), the
influence of which was allowed for both in conduc-
ting experiments and in the treatment of their results.

It is quite natural that when testing the mentioned
modcis not all of the experimental methods considered
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in section | were used, and only in the most interes-
ting cases several methods under similar conditions
were applied.  As a rule, during the test the edge of
the laminar area was determined first by using chemical
indicator technique and the most typical streamline
was defined with the use of paint. Then the degree of
turbulence along this streamline was measured using
hotwire anemometers with a view to determining the
extent of transition region and for checking the results
obtained by the chemical method. While testing,
pressure distribution along the sclected typical stream-
line of many models was determined as well.

Figure 5 shows the results of tests with series of
models having block coefficient § ~ 0.6, On
the section along the centre line the edges of laminar
boundary layer region arc drawn for 3 to 6 speeds of
run, and typical sireamlines are indicated along which
the measurement of pressure distribution was made
and boundary layer velocity fluctuations were deter-
mined. The results of pressure measurements are
givenas diagrams p = f(x). The results obtained seem
to indicate the existence of the developed laminar
areas in the boundary layer of models under conditions
of natural turbulence, even at Reynolds numbers up
to Re = 1.1.10%. The form of edges of laminar areas
is determined to a great extent by stimulation effect
of free stream surface. Dependence of the extent of
laminar area on the nature of pressure changes along
the model surface is clearly illustrated, for example,
by model No. 3.

"The results of the above tests and similar experiments
with the other models indicated in Table I are plotted
in Figure 6 as the ratio between the greatest extent of
laminar boundary layer and the length of correspon-
ding model on the base of Reynolds number, It is
xl
T =/®e)
change to a regular way reflecting the features of the
main geometrical paramcters of models tested. With
large models having angle of entrance of waterline
wf2 = 4° to 15° (models Nos. 1, 2, 3, 10, 11} depen-
dence x1/L on Re has the same character diflering
from that for models with angle ol entrance of water-
line «j2 = 400-55¢, However, with small models the
angle of entrance of waterline does not influence the
shape of curves x1/L. It js supposcd that the altera-
tion in the shape of curves x1/L and their mutoalinter-
section are due to wavemaking produced by models.
In the range of Reynolds number Re = (1.0-2.5). 10

evident from the above data that the curves
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Extent of transition region in the boundary layer of model.
OO0 — edge of laminar region according to chemical method.
®®® — cdpe of laminar region according to hot-wire method.
O ®® — edge of transition region according to hot-wire method.
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and Re == (3.5-7.0% . 10% for models with small raked
stem and rounding at a given Re with increasing block
coefficient the extent of laminar area increases. Tests
with model No. 2 confirm considerable influence of
stem shape. Increase of stem rake and radius of
rounding is accompanied by a considerable extension
of laminar areas, There is appreciable influence of
shape of fore-body sections; U-shaped sections favour
the earlier boundary layer transition. A bulbous bow
{models Nos. 3.6) is the most favourable from the
stimulation point of view. Aspect ratio of a model

QOO — chemical method.

FORMAI DISCUSSION

does not influence markedly the transition under
conditions of natural turbulence.

Table 2 contains the critical values of local Reynolds
numbers as calculated from the results of above tests,
Dwuring the tests with modecls Nos. 1, 4 and 5 the extent
of laminar area along the selected streamline on
a model hull was determined not only by using the
chemical method, but also when using hot-wire
technique, The agreement between tesulis obtai-
ned by two quite distinctive experimental methods, as
seen from Figure 7, may be considered as good.

-¢—=C>—»~¢~—-— measurement of mean velocities in the boundary layer.
O O ® — measurement of tangential siresses.

® $® — hot-wire method.
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TABLE 2.
Values of the critical Reynolds number Re,, .10~ obtained from the test results by chemical method.

Model Model

No. 1 2 3 4 5 10 11 No. 6 7 8 9

Re Re

2.108 4.8 — 41 | 48 | — 64 | 1.7 0.6.108 30 | — | 26 | —
3.108 4.8 — 42 | 70 | 60 1 7.1 | 7.8 0.8.108 21 | 28 | 3.0 | 34
4,108 4.8 10.9 44 8.6 7.8 7.0 7.1 1.0.10¢ 1.8 2.3 3.3 33
5.108 4.5 11.4 4.4 9.4 9.3 6.8 6.2 1.2.108 1.7 2.2 3.5 3.2
6.108 4.0 1.7 4.3 9.1 9.9 7.2 5.0 1.4.1086 1.8 2.2 3.7 3.1
7.108 — 11.8 38| 76| 94 | — — 1.6.108 20 | 24 | 3.8} —
8.108 — 11,7 34 4.9 7.5 —_— —_ 1,8.108 2.1 2.6 3.9 —-
9,108 — 11.2 — — — — — 2.0.108 2.2 2.9 4.0 —
1.107 —_ 10.4 —_ — — —_ — 2.2.108 2.4 3.2 4.1 —

By means of hot-wire technique the extent of tran-
sition region (see Fig. 7) on the models in question was
investigated. The extent of transition region in per
cent to model length when Reynolds number is varied
Re = (2-8).10% amounted to 7 % for model No. 1,
6 %, to 8% for model No. 4 and to 5 % to 7 %, for model
No. 5. Thus, despite the difference in geometrical par-
ticulars of models, the extent of transition region in the
boundary layer changes but little and averages to
4 % - 8 % of model length.

The determination of the edges of laminar and
transition regions in the boundary layer of model
No. 10 having analytical lines was made by all methods
available for boundary layer investigation. These
included the method of chemical indicator films,
hot-wire method, method of measuring mean velo-
cities and direct method of measuring friction stresses.
The results of the experiments as the relation Re,, =
f(Re) are plotted in Figure 8, where the regions of the
critical values of local Reynolds numbers covered by
all methods are indicated (shaded). Shown in the
same figure is a diagram dealing with the extent of
laminar and transition regions in the boundary layer
of model No. 10, along the waterline situated at 1%
draught of model, at the speed of run 1.0 m/sec. As
scen, better agreement in the results concerning the
extent of laminar and transition regions was obtained
when measuring tangential stresses and fluctuations
in the boundary layer, i.¢., the magnitudes which to a
great extent present physical processes occurring in the
boundary layer of modcls. Consistency in the
results of experiment conducted using the chemical
method with the above results should also be noted.

The investigations carried out in this work have
shown that when testing under conditions of natural
turbulence the extents of laminar areas in the boundary
layer of models amount to a considerable magnitude
(up te 5 %, of model length) at Reynolds numbers to
Re = (79).108, and in some cases to Re = (12-13).
10%  In this connection there is evidence for applica-
tion of the efficient turbulence-producing devices.

4. Effectiveness of Turbulence-Producing Devices used
at Towing Tanks.

Stimulators which are applicd in resistance tests at
towing tanks are to ensure that transition in the
boundary layer occurs at lower values of local Reynolds
number compared with natural transition; in this case
the edge of laminar area should be defined at a given
position along the model length.

The main types of stimulators used at the towing
tanks at present are the following: trip wire, studs and
sand strips. These are placed at the bow of models
and produce disturbances immediately in the boun-
dary layer. Up to recently, at a number of towing
tanks stimulators in the form of badly shaped bodies
(rods, grids, rough profiles) placed in front of a model
were used intended for increasing the degree of ini-
tial turbulence of tank water.

Investigation of the efficiency of the above stimu-
lators in this work has been performed by means of
the experimental methods considered in section I
when testing with the models as those used for inves-
tigation of natural boundary layer turbulence, the
main particulars of which are given in Table I.
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Trip wires were 1.0 mm, 1.5 mm and 2.0 mm dia-
meter respectively. The studs used were of two types:
conical studs 3.0 mm diameter, 2,5 mm projection,
those of 1.0 mm diameter, 0.9 mm projection and studs
with semicircular heads 2.5 mm diameter, 2.0 mm pro-
jection. Sand strips were 10 mm wide and 25 mm
respectively with grain size 0.6 mm.

Trip wires and sand strips were arranged on the
models in accordance with the practice adopted in most
towing tanks, i.e. at a distance equal to 0.05 of model
length from the forward perpendicular; the influence

of alteration in location of stimulator along the model
was also estimated. When arranged in one row
studs were fitted at a distance of 25 mm from the stem
spacing 25 mum and 12 mm respectively; when arran-
ged in two rows, the first row was fitted at the same dis-
tance as before, but the second row moved vertically
at half the interval was 50 mm distant from the first,
the spacing in this case being 25 mm.

The models with stimulators of the above types and
sizes fitted in turn were run at several towing speeds
using the chemical method.
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Results of investigation of stimulator’s efficicney obtained by chemical method.
OO0 — no turbulence device. # 9 ® — trip wirc of 2.0 mm diameter.
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Results of investigation of stimulor’s cfficiency obtained by chemical methed.
I

000 - no turbulence device.
@S » — trip wire of 1.0 mm diameter.
88 ® — trip wire of 20 mm diameter.

18¢

S50 — one row of studs.
SGoo
-O--6--0~ — two rows of studs.

@@@ ~— sand trip,
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Resulis of comparative resistance fests of model,
OO0 — no turbulence device. @8 — 2.0 mm trip wire.
900 — 1.0 mm trip wire, S8 ® — studs,

During the intervals between tests measurement of
model resistance by means of purposely deve-
loped resistance dynamometer (see section I) was made,
Sometimes tests were repeated and use was made of
hot-wire anemometers which were placed along the
typical strcamlines on the model hull. Investigation
of the efficiency of wire stimulators was also performed
by using the method of mean velocity measurement and
tangential stresses in the boundary layer of models.

The limited scope of this report makes it possible to
discuss only a few of the most typical results of the
experimental investigations made with regards to
efficiency of stimulating devices.

Figures 9 and 10 show the results of investigating the
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efficiency of various stimulating devices when testing
with three large models (Nos.1. 4 and 10) and with
three small models (Nos. 7, 8 and 9) using the chemi-
cal method. The diagrams show the experimental
values of the largest relative extent of laminar area in
the boundary layer of models with fitted stimulators
such as: trip wire, studs and sand strips, and models
without any stimulators.  Full lines correspond to the
nature of variation in the extent of laminar area depen~
ding on Reynolds number under conditions of natural
turbulence, for a selected type of stimulator, “Jum-
ping” reduction of laminar area during transition, as
well as the curves x1/L = f{Re), when the number of
intermediate points is not sufficient, are shown by
a dotted line. The edge of laminar area fixed at the
place of wire when arranged at a distance of 0.05 L
from the forward perpendicular is also defined by a
dotted line drawn parallel to axis of abscissae.

1t appears from the results just discussed as well as
from those of similar investigations with other models

that the nature of changes of curve % = f{Re)} for

model with fitted stimulator remains exacily the same
as that for natural turbulence. Only in separate
cases there is a sudden reduction in the extent of
laminar area followed by the gradual change or fixing
of the latter at the stimulator itself,

When under conditions of natural turbulence there
occur large and stable laminar areas in the boundary
layer of certain models, laminar regime maintains its
stability even if stimulators arc used. Thus, in
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Effect of trip wire on the change of velogity profile in the boundary layer of model No, 10,

OO0 — no turbulence device,

98 ® — 1.0 mm trip wire,
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testing model No, 1 trip wire of 1.0 mm diameter
proves to be effective at the Reynolds number
Re = 3.7.108(Fr = 0.09), whereas studs reduce the
extent of laminar region by 50 %; at the same time,
trip wire of the same diameter placed on models
Nos. 4 and 10 steadily fixes the edge of laminar region
at the place of stimulator only at the Reynolds number
Re = 5.4,10% (Fr = 0.13)and Re = 5.3.10%(Fr = 0.17)
accordingly. Studs (when spaced 25 mm and 12 mm
respectively) prove to be quite ineffective. In tests
with small models 1.0 mm trip wire appears to be
an insufficiently effcctive stimulator over the whole
range of Reynolds numbers Re = (0.5-1.5).10%
{Fr = 0.08 - 0.29) and cne row of studs is not able to
cause appreciable stimulation effect. Onty vse of a
2.0 mm wire enables in this case to stimulate sufficiently
the boundary layer at Reynolds numbers Re =
(1.0 - 1.2).10°,

By arranging the studs in iwo rows their effecti-

FORMAL DISCUSSION

veness is markedly increased (see Fig. 9, model No. 7).
Studs with semi-circular heads are more effective
compared with those having conical heads. However,
in all models tested trip wire proved to be the most
effective stimulator.

The investigation of efficiency of sand strips 25 mm
wide and with grain size 0.6 mm that has been carried
out on several models (see, for example, model No. 9
in Fig. 9) made it possible to ascertain that this type of
stimulator was less efficient compared with trip wire
and studs. It should be noted, however, that the
effectiveness of sand strips can change markedly
depending on the size of grains, width and position of
strips in relation to a model hull. The question as to
the most suitable location of sand strips and the choice
of grain sizes was not investigated in this work, since as
compared with ether stimulators sand strips are more
complicated for producing and installing on a model,
and they do not ensure the required stimulation effect.

With tripwire
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Dependence of the coefficient of tangential stresses on Reynolds
number from measurement of local friction forces on the model surface,
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As has been stated, effectiveness of stimulators was
investigated also by measuring the resistance of each
model with fitted various stimulators in succession.
As an example, Figure 2 gives the results of resistance
measurement for model No. 5 obtained by means of
a purposely developed strain-gauge dynamometer.
When testing, the following stimulators were placed on
the model in succession: trip wire of 2.0 mm dia-
meter and 1.0 mm respectively with conical heads,
arranged in one row, spacing 12 mm and studs.
Studs proved to be ineffective over the whole range of
Froude numbers covered including service speeds,

In testing model No. 10 when using the total head
tube and electrical small inertia manometer (see
section I), measurement of mean velocity profiles was
made at section of boundary layer, at a distance
of 0.6 m from the stem and at the depth of 0.12 m from
water surface. The results of measurements as curves
U
35
profile at the section under consideration in conditions
of natural turbulence persists up to the speed of run
V = 0.8 m/sec. When trip wire of 1.0 mm diameter is
placed at station I (x = (.25), at the speed of run
V = 0.4 m/sec, there is a slight change in velocity
distribution; however, just as the speed increases,
alrcady at V = 0.6 m/sec, velocity profile approaches
to turbulent. Comparison of the experimental results
with theoretical relations for the plates (see, for
example, the curves showing the calculated boundary
layer thickness in laminar and turbulent regimes
defined by dotted lines, Fig. 12), as well as consistency
in the results obtained in checking tests made it possible
to ascertain that the results obtained were reliable.

Investigation of the wire efficiency was also made in
the course of testing with several models using hot-wire
technique. While testing with model No. i0 under
conditions of natural turbulence and with a 1.0 mm
wire fitted, measurement was made of tangential
stresses on the model surface (see section 5 and
Fig. 13).

Specially conducted experiment affirmed the validity
of the recommended by most towing tanks location
of a wire on models of large sizes, at a distance equal
to 0.05L from the forward perpendicular.

The main rcason for the restricted application of
rods, grids and rough profiles arranged in front of
the towed model is a wake appearing behind a stimul-
ator and resulting in decrease of speed of water
surrounding the model, Due¢ to the change in the

= f(y, v)are givenin Figure 12. Laminar velocity
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wake intensity with distance away from the stimulator,
it is practically impossible to apply sufficiently accurate
corrections allowing for resistance to be affected by
wake. However, as the data available are not ade-
gquate to assess the magnitude of wake and effectiv-
eness of turbulence-producing devices dealt with, it
was decided to investigate the flow behind certain
types of these devices. A rod of 10 mm diameter,
three rods of the same diameter spaced 100 mm apart,
six rods of 3 mm diameter, spaced 50 mm, a grid with
20 mm X 20 mm dimensions and 1.0 mm diameter of
wire, a rough profile were selected for the tests.

During the tests the magnitude of a wake behind the
stimulator was measured and rough estimation of the
turbulence degree in a wake was made, Experiments
have shown that the magnitude of wake behind the
stimulator at a distance of 1.0 m varies from 6.0 %
to 28 % (depending on the configuration of stimulator
used) and decreases appreciably, down to 4.0 % - 13%
at a distance equal to 4 m. The assessment of the
degree of initial stream turbulence during the experi-
ments was made behind a rod stimulator from the
resistance of sphere, the diameter of rod being 10 mm,
The resistance of sphere in water was measured
by a specially developed strain-gauge dynamometer.
While treating the results, correction was introduced
to allow forthe influence of wake. The magnitudes
of the degree of initial turbulence are given in Table 3.

In spite of the possibility of producing the high
degree of initial turbulence, the stimulators just
discussed when testing in a towing tank cannot be used,
due to the existence of a wake varying in direction
regarding the motion of model and having great
magnitude.

TABLE 3.

Variation in degree of stream turbulence
behind a rod stimulator.

Distance from stimulator in m 1.0 2.5 3.88

Degree of turbulence in per cent | 2.87 | 2.10 | £.56

As a result of numerous model tests carried out in
the Towing Tank with the use of different and mutually
checked experimental methods, it was found that when
resistance tests were carried out in a tank of Froude
type with models 5-6 m long having main particulars
similar to those indicated in Table 1, the most effective
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Resulis of measurernent of trip wire resistance,
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@@ & — resistance of dynamometer
platform.

stimulator was a 1.0 to 1.5 mm diameter trip wire
located at 0.05L from the forward perpendicular.
In this case, the cdge of laminar area was fixed at the
place of trip wire, at Reynolds numbers R = 34,105
In testing with models 1.5 to 2.0 m long having similar
lines and main particulars as mentioned above, trip
wire appeared to be also the most effective stimulator,
but with 2.0 mm wire. Here the laminar edge was
established at the place of wire, at Reynolds numbers
Re 2= 1.108.

5. Investigation of the Trip Wire Resistance.

Resistance of a stimulator placed on the surface of a
model tested, though not relatively great, however
introduces some element of uncertainty in the results of
resistance tests with large models, and when determin-
ing the resistance of small models this can give rise
to appreciable errors., However, it was impossible
to exclude this resistance due to the inaccuracy of
the only practical way for determining the resistance
of model with stimulator and that without it, at the
towing speeds, at which there are no appreciable
laminar areas in the boundary layer of model.

With a view to obtaining the more accurate data
about the resistance of wire stimulators and also to be
able to make assessment of the effect of variation in
wire diameter on its own resistance in carrying out
this work, special resistance tests with models were run
in the towing tank when using the electroinductive
dynamometer developed for this purpose (see section I},
During these tests rosistance measurements were
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made on the portion of a wire 50 mm long cut out of
the wire stimulator, at the usual location, i.c. at a
distance of 0.05L from the forward perpendicular,
Resistance of the dynamometer platform on which a
cut part of the wire under test was fixed, was cxcluded
from the results, after particular measurement of
this resistance was made, when the stimulator was not
connccted with the small platform but was Jocated at a
distance of 0.05-0.10 mm from it. The resalts of
measurements for wires 1.0 mm, 1.5 mm and 2.0 mm
respectively are given in Figure 14. In the same
figure the resistance of the platform is also indicated.
As seen in the diagram, the character of changes in
resistance depending on the speed of run is essentially
the same for all the three of stimulator’s sizes and
starting from the speed of 1.2 mfsec it can be assumed
to be proportional fo the square of model speed.

For the models tested in carrying out this work,
the calenlation of wire’s resistance allowance made
in accordance with the test results showed that at the
relatively high speeds of run this allowance is only
a part of the total increase in residuary resistance
coefficient of model when the stimulator is fitted
compared with that without stimulator. Tndeed, in
the case of model No. 10, at Froude number Fr = 0.2
the allowance for the resistance of a 1.0 mm wire is
equal to AC; = 0.044. 10%, while the allowance for
the resistance of the same wire which is found o be
the difference of resistance for the above model with
fitted stimulator and that whithout it is equal to
AC, = (.08, 10% The noted differencies in the
allowances for resistance of stimulator there were
observed in fowing tanks and formerly in rough
estimation of the wire resistance. The cifed data
obtained by direct measurements of the resistance,
combined with the results of boundary layer investi-
gations, scemed to indicate the existence of some
unknown additional reasons causing the increase of
the resistance of models when stimulators are fitted.

With a view to investigating the hydrodynamical
aspects of the effects of wire stimulators, tests with
model No. 10 having parabolic lines were carried out.
In carrying out these tests tangential stresses on the
model surface were measured under conditions of
natural turbulence and with a 1.0 mm wire stimulator
fitted at a distance of 0.05L from the stem. While
testing, the dynamometer for tangential stresses
(see section I} was arranged on the waterline of model,
at a distance of 0.12 m from the water surface spacing
x = 0.3 m and x = 0.6 m from the stem with no
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stimalator fitted and spacing Ax = 0.35 m;
Ax =0.10m; Ax = 0,05 m from the stimulator. Asa
result of the experiment performed on the base of the
measured tangential stresses the relation C, = f{Re)
shown in Figure 13 was obtaincd. In the same figure
values of skin friction coefficient for the plate in
laminar and turbulent flows as calculated according

0. 664 0.370
to formulae: C;, = T_and C,= Lg Re, 2551
ey x

respectively are ploited.

1t is evident from the diagram (Fig. 13) when testing
under conditions of natural turbulence the coefficicnt
of tangential stresses C, at sections x = 0.3 and
x = 0.6 with increasing the Reynolds number
in the range of Re, = (1-5).10% varics cquidis-
tantly to laminar friction of the plate exceeding the
values of this curve by the amount cqual to ~ 1.0,
10, When a stimulator is fitted on a modcl
at the section x == 0.6 m, i.e. at a distance of Ax =
0.35 m from the stimulator, skin friction coefficient
varies equidistantly exceeding the values of this
curve by a definite amount equal to ~ 1.3.102
The estimation made to determine the local friction
forces for model No. 10 when using pressure distri-
bution obtained from the experiment did not permit
to explain the said systematic increase in friction
coefficient compared with that of the plate due to
the curvature influence. The additional resist-
ance of the working element of the dynamometer
due to the flow passing in the gaps between the small
platform and the model hull evidently accounts for
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this discrepancy. The mentioned resistance should
vary in proportion to the square of speed. 1n the case
under consideration this takes place when the diffe-
rence in the measured local friction cocfficicnt of
the plate is practically independent of the model
speed and only in the turbulent regime it is slightly
greater.

Variation in the measured values of skin friction
coefficient with and without stimulator that takes place
at the Reynolds numbers corresponding to Froude
numbers Fr = (.2-0.22 for model No. 10 is due
to the change in water speed surrounding the hull
at the place of dynamometer due to wavemaking.

At Reynolds number Re, == 5.0 , 105, under condi-
tions of natural turbulence there is a sudden increase
in the measured friction coefficicnt corresponding
to the transition region in the boundary layer of the
model.  Friction stresses in this case somewhat
exceed those for the turbulent region, at section
Ax == 0.35m. With subsequent increase of Reynolds
number, friction stresses decrease again varying
approximately equidistantly to turbulent friction line
of plate.

The validity of the results obtained is confirmed
by a number of data. The value of the critical
Reynelds number Re, = 5.6 . 10%, at which a change
of local friction coeffizient typical for transition takes
place, approaches values of the critical Reynolds
numbers obtained under conditions of natural turbu-
lence in testing model No. 10 when using the chemical
method (Re,, = 5.0 ., 10%) and hot-wire technique
(Re,, = 4.8 . 10%. The values of skin friction cocffi-
cient for the model in guestion not fitted with stimul-
ator which were found by measurement at sections
x = 0.3 and x = 0.6, practically coincided, which is
to be expected for the model with fine lines, Measu-
rements made at different times with a view to checking
the results in these tests showed that this coincidence
is quite satisfactory.

The results of measurements of tangential stresses
made on the surface of model No. 10, at different dis-
tances from the stimulator are given in the same figure,
The rate of changes in skin friction coeffizient then
will be quite different from that at a great distance away
from the stimulator. With Reynolds number increas-
ing tangential stresses on the model surface immedia-
tely behind a stimulator show a sharp increase atfain-
ing a maximum value, which (at Ax = 50 mm) is
5.5. times as large as compared to that for laminar
regime and approximately twice for turbulent regime.
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As Re_increases, tangential stresses decrease to values,
corresponding to the measured stresses on the surface
of mode), at a distance great enough behind the sti-
mulator. Then in the range of the stated Froude
numbers the effeet of free surface is evident (see curves
C, at Ax = 0.05 m and Ax = 0.10 m). When using
the test results with mode]l No. 10 and extrapolation
diagram for tangential stresses behind a stimulator,
along the waterline, was drawn and shown in Figure 15,
The region of the increased tangential stresses behind
the wire stimulator, at the Reynolds number Re, =
(1.5-4.0) . 105 extends for the distance of 200 -
150 mm behind it. 'With Reynolds number increasing
this region is reduced. Fourfold increase of Re,
decreases the extent of raised tangential stresses
twofold.

Taking into account the above results of tangen-
tial stresses measured exactly behind the wire, the
fact may be considered as established that, apart from
the general stimulation effect exerted in the boundary
layer of towed model, the stimulator is responsible
for the local hydrodynamical influence on the fairing
of model resulting in increase of tangential stresses on
the model surface in the limited region behind the
stimulator. Additional resistance of the model due to
this influence must be regarded as component of the
total resistance of stimulator, Therefore, the resist~
ance of the stimulator should be considered to consist
of own resistance and resistance due to its local effect,

The magnitude of the additional resistance coeffi-
cient of model as influenced by the Jocal effect of
stimulator AC; = 0.043.10% has been dctermined
by integration of the measured tangential stresses, at
Froude number Fr = 0.2. Thus, the resistance coefs
ficient of a 1.0 mm wire for model No. 10, at Froude
number Fr = 0.2 equal to the sum of the stimulator’s
own resistance and the resistance owing to its local
effect, amounts to 0.087 . 10-®, which almost coincides
with the value of correction for stimulator’s resistance
AC; = 0.08 . 10-% determined from the measurement
of the model resistance with stimulator and without
it.

The decrease of the resistance coefficient for the
model referred to, due to the effect of fixed laminar
area, as shown by the test resulis, at Froude number
Fr = 0.2, with 1.0 mm wire found by calculation is
0.096 . 10-%  Thus, the resistance angmentation for
the model in question due to the resistance of stimu-
lator itself, in this case is fully compensated by decrease
the resistance coefficient due to the persistence of the
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Iaminar area ahead of the stimulator. The above
results of the experiments and calculations can be
applied for estimating the trip wire resistance when
used in resistance tests in towing tanks,

Conclusions,

1. Resistance tests with models in towing tanks of
Froude type, at Reynolds numbers smaller than
1.5.107, should be carried out with the use of turbu-
lence-producing devices.

2. The most effective of the stimulators used in
towing tanks at present is a trip wire.

3. When testing in tanks with models 5-7 m long
a trip wire of 1.0-1.5 mm diameter is recommended.
With large raked stem, as well as with large angles of
entrance of waterlines the diameter of trip wirc should
be 2.0 mm.

4. The usual practice in towing tanks of placing
a trip wire at 0.05L from the forward perpendicular
may be considered as justified.

5. The usc of the recommended sizes of trip wire
in testing with models 5 to 7 m long enables to obtain
reliable results of resistance tests at Reynolds numbers
varying from (3.0 - 4.0) . 108to 1.5. 107,

6. When carrying out resistance tests with model
lengths smaller than 5 m in towing tanks of Froude
type, diameter of trip wire should be chosen L5 to
2.0 mm. A correction for the wire own resistance
should be introduced in the results of tests, to be deter-
mined from the results given in this work.

7. Trip wire resistance should be considered to
consist of the stimulator own resistance and that due
to its local effect on the tangential stresses in the
restricted region behind the stimulator.

8. While testing in a tank it is necessary to take
account of the residuary flow after previous runs
maintaining definite time intervals between successive
runs,

9. Should doubt arise as to reliability of the results
of resistance tests, it is recommended to check the
flow in the boundary layer of the model tested by
means of the chemical method showing the required
ACCUTACY.

10. In view of complexity and variety of phenomena
ocourring in the boundary layer of models tested in
towing tanks, further study of these phenomena based
on the investigations of boundary layer of models is
necessary.
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LIST OF 8YMBOLS

model length on waterline.
breadth of model.

draught of model,

displacement,

wetted surface of model.

block coefficient.

prismatic coefficient,

prismatic coefficient of fore-body.
midship section coefficient.

aspect ratio of model.

angle of entrance of waterline

distance from the forward perpendicular to a
given point of model surface.

distance in normal from the model surface
to a given point.

distance of a given point of surface from
reference plane.

coordinates of the edge for laminar and
turbulent regions in the boundary layer.
thickness of boundary layer.

model speed.

mean flow velocity in the boundary layer.
flow velocity at the edge of boundary layer.
fluctuation velocity component in the bound-
ary layer,

mean square value of fluctuation velocity
component in the boundary layer.

fluid density.

kinematic coefficient.

acceleration due to gravity.

POOSTOSHNY
v
Fr = «—w Froude nember.
v gL
vL
Re = ” Reynolds number.
ax
Re, == —=  local Reynolds number
h
VXL aer "
Reye = -~ critical Reynolds number,
Vi
e= V" degree of turbulence.
v
R towing resistance of model.
R, resistance of stimulator.
T tangential stresses on the model surface.
P normal pressure,
Cy total resistance coefficient of model,
Can residnary resistance coefficient,
-

C, = pa  cocfficient of tangential stresses.

AC allowance for the resistance of stimulator to
resistance cocfficient of model.

A Cy allowance for the stimulator own resistance to
resistance coefficient of model,

AC allowance for resistance owing to local effect
of stimulator o resistance coefficient of
model,

A G, variation in coefficient of tangential stresses

on the model surface due to stimulator.

P =pi pressure coefficient,
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MORNING SESSION

The Chairman, Prof. van Lammeren.
Prof. van Lammeren opens the Session.

Prof. Prohaska,
Prof. Prohaska reads the Committee Report.

Prof. G. Kempf.

Proposal for measuring technique with full models
(5,6).

My proposal of testing the resistance of models of
full form with a block coefficient greater than 0,8 not
only on a fixed straight course but similar to the ship
on a sinusoidal yawing course of about 4+ 10 devia-
tion to get more steady measurements has been
followed by the Hamburg Tank for a normal model
of 6 m length and a block cocficient of 0,8.

I am very grateful to Prof. Lerbs and Dr. Grim for

having executed these experiments with several angler
and periods of yawing at service speed.

The result was the following:

The resistance of the yawing model with a course
angle of -+ 0,89 alternating in a period similar to that
of the ship was 2 % greater than the average resistance
of the model on a fixed straight course. For full
models the diffcrence of resistance measurements
from their average will be mostly no less than +2 %,
The resistance of the yawing model lics at the upper
limit of the resistance-taper of the straight running
model.

Therefore the upper limit of the resistance taper
instead of its average seems to be more realistic for
model-ships correlation of full forms.

For self propelled full models the yawing method will

give more realistic results for the model-ship corre-
fation,

¥ = yawing amplitude,

Fua. 1.

Yaw-making device,
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R. Adm. Brard (translated from French).

1. The Committee Report points out that during
the last three years Towing Tanks and Hydrodynamic
Laboratories have done & great amount of work on the
problems connected with Resistance.

However, on the most ¢ssential point for practical
purposes, i.e allowances which are to be brought to
the friction line chosen as a refcrence, no rule can at
the present time be recommanded by the Committee.

This conclusion, although rightful in the whole, may
be, owing to its negative character & subject of concern
for the customers of Towing Tanks to a greater extent
than it would be well-founded. 1 think it would be
perhaps possible to improve it by investigating
separately each parts of the general problem.

2. I think that some of these problems are related
to the modcl, others to the ship and others wo ship-
model correlation, i.e scale effect.

190

In the first group we find those that Mr. R.N. New-
ton listed under the heads &) blockage effect and, )
unexplained changes in the properties of the tank
water. 1 should like to add a‘) relative to form effect
and b’} relative to change in the state of the modst
surface,

3. As regards item ), the Committee points out
that various procedurcs are available for calculating
blockage effect, at least for rather Jow values of Froude
number. As for me, I shounld wish an endeavour to
be done in order to define accurately what the blockage
effect actually is, and how it is brought about (is it
duc, as suggested by M. Wiglcy at the 8th ITTC to
the energy transmitted to the water by the model
itself and to the resulting oscillations of water).

I should like also that a formula would be given
for calculating blockage effect, which at least gives
the main part and leaves only a random residue.

As regards point ¢') namely form effect, various
opinions have been expressed; it has been said that
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it is independent of the scale and also that it decreases
when the size of model increascs. On this point also,
1 believe that it would be necessary to bring precisions,
or at least that recommendations be formulated on the
procedure to be adopted in order to advance the ques-
tion.

As regards point ) my opinion is that the use of
standard models will result in some progress, but I
do not believe that point # (i.c. change in the state of
the model surface) might be disregarded. The effect
of this state must not to be neglected as mentionned by
Dr. Castagneto, when painted wood modcls are used,
but it is also present for wax models. Therefore, in
all towing tanks special carc is taken for the models
to be correctly wetted when running a test. It would
be interesting to make sure by means, for instance, of
measurement in the boundary layer, that no change
has been brought in the flow around the models by
changes in the statc of the surface from one day to
the other.

In his paper Prof, E. V. Telfer indicates that a statistic
of standard model tost resulis is able to give evalua-
tions both of blockage effect and of yearly varia-
tions of resistance. If this is also the opinion of this
Conference, the towing tanks using standard models
must be invited to transmit their results to the Commit-
tee and this latter invited to perform such a statis
tical analysis in a form similar or identical to the forms
suggested by Prof, Telfer,

4. Problems relative to fullscale ship have been
listed by Mr. Newton under heads d to J.

1 think that trial results, as reporied by M. Clements,
show superabundantly, the advantage of welding.
On the other hand, conclusions are by far less clear
regarding state of the surface. Doubt comes, as it
seems, from the fact that this state is not known in
many cases (26 out of 47 for “A” class). Then it
would be of interest that the Conference recommends
a procedure convenient for determining this state of
surface with sufficient accuracy to provide usefulness
and in a time sufliciently short for shipowners and ship-
builders to agree willingly to its application,

5. Probleros relative to model-ship correlation are
nmost cases common problem for both Resistanceand
Propulsion Committee. This is the reason why, spea-
king as Chairman of the Standing Committee, I asked
in October 1959 to both Committee to colleet together
some of their results. So 1 will have to mention those
problems again when speaking of propulsion. Onc
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of them, however, seems to me to be essentially the
cancern of Resistance Committee, I mean the scale
effect on following wave. I think that many tanks
have already observed that there arc some risks of
scatter in the results of resistance measurements in
areas where there is high intcraction between the
forward and the after system of waves. Some tanks
{Haslar for instance) seem to bring an allowance for this
scale effect. Could the Conference indicate which
procedore is recommended?

6, I think that the Conference could usclully
express an opinion on Prof. Kemp's suggestion
concerning yawing models,

7. Finally, rather divergent vicws, at least apparently
have been expressed on the ITTC-57 line; some dele-
gates feel that the slope is too stecp and the valucs
of Ty for lower Reynolds number too high.

In order to avoid some errors of inferpretation by
the Towing Tank customers, it would be useful that the
Conference would remind for what specific purpose
this line has been imagined.

Dr. K. E. Schoenherr.

Rewmarks on Friction Formulation,

Since the last Conference at Madrid the Taylor
Model Basin has studied the friction formulation pro-
posed at that Conference as an interim solution, pending
final clarification of the problems, but has felt it
unwise to adopt this formulation immediately unless
all members of the American Towing Tank Conference
should agree to use it. Obviously, regional agree-
ment must precede international agreement,

At the 1959 Conference of A T.T.C. the question of
changing to the new formulation was discussed but i
was agreed to take no action on it.

In the experience of the Taylor Model Basin, the
AT.T.C. 1947 formulation plus a correlation allowance
derived from full scale tests has served its purpose very
well, so that there is no compelling reason for dropping
it post haste. On the other hand, there are good
reasons for going slow on making a change. To
name & few: Taylor's Standard Series, which is gone-
rally used as a measure of comparison of the resistance
of new designs was recomputed to the ATT.C
formula, in 1947, and Scries 60, now widely used by
merchant ship designers for estimating purposes, is
also based on this formula.  To recompute these scries
and the large amount of other data on which naval
designers rely to a new formulation is a major job
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and naturally one hesitates to underfake it when
basically nothing is to be gained by it. Another
reason for going slow is the fact that the Davidson
Laboratory has found that the LT.T.C. formulation
does not give uniformly improved corrclation of small
and large model tests as it was claimed to give when
the new formulation was proposed.

In view of this, the Tavlor Model Basin will use the
LT.T.C. 1957 formula for scientific work of interna-
tional scope but will continue to use the A.T.T.C.
formula for its every day work, at least until the next
meeting of the American Towing Tank Conference in
1962, at which the question of making a change will
be rediscussed. In the meantime, the work of deriving
correlation factors from full scale tests, such as
those presented by Mr. Hadler, will be continued.

Mr. R. N. Newton.

I will try to keep my remarks as general as possible
and refer to the three items which are dealt
with in the Committee Report.

Maodel-Ship Correlation Alfowance ACy :

1t might be argued that because, at the present time,
it is not possible to decide upon values for A Cy, the
mterim 1957 LT.T.C. line can serve little purpose.
Actually this is not so; the LT.T.C, line is useful for
international interchange of information if the parti-
cipants state what AC, they use in the analysis so that
a broad comparison of results, at least, is provided.

Viewed in retrospect, if an interim model-ship corre-
lation line had not been arrived at, we would still
be arguing about it, indeed we still are apparently,
and giving no real atiention to the much mere impor-
tant task of trying to arrive at reliable allowances,
i.e. the task of reducing the scatter and magnitude
of these allowances as determined by present methods
of analysis.

This should be made the primary objective of the
Committee in the next three years, or longer if neces-
sary, The difficulty is to decide upon a method of
tackling the problem. Several methods have been
suggested in the present report, in some formal contri-
butions, and in other publications. Most of these
fail to reduce either the magnitude or the scatter,
leaving the owner or user in considerable doubt as
to the validity of the prediction.

Much time could be spent in debate on possible
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methods of approach but whether this would provide
any real guidance to the Committee is doubtful and
there is no time to waste on futile argoment. Having
said this 1 veniure to suggest that linear regression,
statistics, or similar mathematical device is no substi-
tute for application of empirical data and logical
reliable analysis In the search for consistent and
reliable allowances.

Somes idea of what can be done to hreak down
AC; into components and reduce the magnitude and
scatter is indicated in the A E.W. formal contribution
and it is sugpested this, or similar approach, should be
adopted.

I would go further and make two other suggestions,
irrespective of what method of approagh is adopted:

() Tt is highly important that attention be directed
to the probability that different correlation allowances
may be necessary for different types of ship.

{5 It is also important to decide upon standard
conditions of experiments and trials with which to
associate the finally derived correlation allowances.

Standard Models.

In continuance of the discussion on the paper pre-
sented at the R.IL.N.A. in April, the following coni
ments bear serious consideration:

@) It took R. E. Froude several ycars of investiga-
tion to arrive at a method of correcting for ran-
dom variation in resistance. The method he
developed is still in use at A.E.W. and very effect-
ive. As such it is worth Urying.

{ii} It has vet to be established whether a form as
full as the one presently being used by several
ship tanks will serve the purpose as well as the
fine, double ended, IRIS form.

Dr, Kempfs formal contribution and his remarks
this morning are very significant in this connec-
tion,

{iil} A mean curve through the resistance variations
of a standard model, measured at frequent inter-
vals over a space of years is as lable to exhibit
a lovel characteristic as it is to rise or fall, gra-
dually or suddenly.

Form Effect,

If the curves given in Appendix 2 are supposed
to demonstrate so-called “form effect” then it is not
surprising that the Committee “has not felt itself able
to undertake any detailed analysis’™ for they indicate
no consistent trend.
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Dr, Masao Kinoshita.

On AC; analysis of some supertankers recently
built, my opinion concerning the model-ship corre-
lation allowances for use with the I.T.T.C. 1957 line,
was fully summarized in the Committee Report,
That was we are not yet in a position to make any
recommandations of specific values of the correla-
tion allowances for prediction work.

And now, in spite of a few but carcfully obtained
data presented in my own contribution “On AC,, ana-
lysis of some supertankers recently built”, which has
been compiled after that Committee Report, 1 do
not think it necessary to amend my opinion.

The Towing Tank Committee of Japan has a plan
to continue a joint programme of organized research
in finding out the proper values of AC, for use with the
LT.T.C. line, which can be use in common to high
speed vessels and mammoth tankers.

The 1.T.T.C. line implics a form factor in it as a
mean value, for instance K ~ 0.12-0.13 or A log
A ~ 0.28.

1 am of the opinion that the first thing we should
do in the coming three years is to make an effort to
introduce an adequate system of form factors into
the 1957 [.T.T.C. formulation, by which the existing
large scatter of the A Cy values, just looking like the
Milky Way in the sky, may be made narrower, and
by which the existing discrimination between the
AC; values of high speed cargo vessels and oil tank-
ers duc to the difference in their shape just looking
like separate constellations in the Milky Way may
disappear,

Prof. C. Prohaska.

In the figure below curve “A” represents the speci-
fic resistance of the model from which “B” the speci-
fic net-resistance of the ship is deduced. Adding
AC;, one obtains curve “C”” and dividing by the pro-
pulsive efficiency, curve “D”, a non-dimensional power
coefficient, is obtained,

Where — and only where —— this curve corres-
ponds with the data obtained from the trials, the
AC; has been correctly assessed. It is thereforc
obvious that AC; is dependent on the efficiency
coefficient used, The wswal procedures for ship
predictions is to apply the efficiencies derived from the
model test. Whether or not it is desirable to change
this procedure will be under discussion next week;
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but I would like to take this opportunity to draw your
attention to two contributions under the heading of
Propulsion; namely, that of Mr. Lindgren and
Mr. Johnson, and that from HyA Denmark,

“r

Ra

Next, referring to Dr. Schoenhert’s remarks on the
respective merits of the AT.T.C. and LT.T.C. lines
and to the written coatribution from the Davidson
Laboratory regarding comparative tests between large
and small models, I have some doubts regarding the
conclusions drawn from this comparison. Since
the small models were tested with a strut as a stimn-
lator, the wake of the strut might have influenced the
resistance of the models. At HyA we have made
rcpeated tests with one standard model (fitted with
studs) and got very counsistent results at all Reynolds’
numbers. We also tested it with a strut in front of
the model. The dimensions of the strut were scaled
up from the E.T.T. strut and so was its distance from
the stern of the model. The experiments indicate
a reduction of resistance of about 4 per cent, correspond-
ing roughly to 10 per cent of the strut resistance.
If a similar correction were applied to the E.T.T
models, they probably would fit the LT.T.C. line
better than the A.T.T.C. line.

Dr. F, Castagneto.

In my written contribution I pointed out the need of
an agreement on a standard overloading AC, to be
used in all routine work with the I.T.T.C. skin fric-
tion line, The same proposal I have already suppor-
ted at the last Conference in Madrid; therefore I was
rather disappointed finding no recommandations on
this matter in the Committee Report.
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It is truc that from a scientific point of view, our
present knowledye is not sufficient to choose a correct
valoe of AC,, but the same could have been said of
the LT.T.C Hne iwself, which has been accepted
“as an interim solution for pratical engincering pur-
p{)iﬂ%”q

The necessity of discontinuing uwse of Froude coef-
ficlents was very felt in Italy, and the LT.T.C. line
was accepted with favour by naval architects, ship-
builders and owners, Consequently the new corre-
lation method was wsed more and more frequently,
and since last July it has become the official correla-
tion method {o be used by the Rome Tank in all
routine works for customers.

Lacking international decisions, a standard overs
loading AC, == 0002 was agrecd for tank experi-
ments, and this value has been considered by italian
shipbuilders, the most suitable for all news ships.

To facilitate comparison with models previously
tested, custorers will be supplied for a certain period
of time {two of three years) with both LT.T.C, and
Froude resuits,

Besides, the official towing test reports will quote
in a footnote the amount in effective horsepowers,
of a AC; unity (0.0001) wich is of the simple form
AP]; = k. \‘m«

Values for different overloadings may in this way
easily be deduced by customers themselves. No extra
allowance is added, for the present, by our ship model
bassin, to tank data, and ship estimates are Jeft to the
shipbuilders experience and responsibility, but almost
all sea triak resulis are collected for future analysis.

Mr. A.J. W. Lap.

1 should fike 1o make a few remarks about different
subjects that are dealt with by the Resistance Commit-
e,

in the first place, with regard to AC, values, the
results of an analysis of numerous trial trips conduc.
ted by the N.S.M.B. are given in the Committes
Report and 1 have little to add to the remarks made
in our contribution to this reporé. The scatter of the
results is very great as seems to be usual with AC;
values.

However, the scatter of the AC, allowances on base
of the LT.T.C.1957 line is not greater than that on
base of the Froude skin friction coefficients, so that,
in principle, the scatter as such cannot be a reason
for not trying to cstablish certain average AC; values
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on base of the LT.T.C. 1957 line. The difficulty is,
however, that due to differences in measuring and
analysing techpiques the average AC, values have
& tendency to vary from tank to tank,

1 should also like to make some romarks concerning
the subject of turbulence stimulation. Three most
intercsting contributions on this subject have been
submitted for discussion.

I do not want to discuss the merits of the various
stimulators dealt with in these papers, but 1 should
Jike to discuss the general importance of stimulation
with regard to the extrapolation problem. Also, 1
should like to compare some of the conclusions men-
fioped in these papers with our expericnces at the
N.8.M.B. We bave some 20 or 25 vears of experience
with the application of I mm tripwires for all our
commercial test work as well as for our models used
for research. And although I must confess that
therc are exceptions, and I shall return to these later
on, I can say that for most pormal cases the gene-
ration of turbulent flow and the mainfenance of this
flow along the whole ship model seems to be not
too great a problem, provided:

&) the size of the models is sufficiently large.

b} the speeds of the models are not exceptionnally
low,

For the NS.M.B. using models of 67 mecters
in length and corresponding minimum speeds of the
order of 1 meter per second, the problem of stimu-
lation is therefore not a really pressing problem.

As I said there were exceptions and one of them
occors when we are testing models of the earlier men-
tionned size in our shallow water laboratory. During
these tests the minimum speeds are usually wuch
lower, also becausc we have 1o use a form factor extra-
polation method for this work., For single models
we use therefore in this case a normal tripwire at
S per cent of the length aft of the fore perpendicular,
but, in addition, we apply a second tripwire of the same
diameter at 10 per cent of the length behind the fore
perpendicular. In this way we have found our test
results to be pretty consistent.

In our shallow water laboratory we are testing,
however, very frequently very large formations of
barges, usually varying from 12 o 32 in number,
each barge having a length of 4-5 meters and the whole
formation having a length of from 20 1o 35 mefors.
For these fests we have adopted the standard procedure
of applying the earlier-mentioned {win arrangement
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of tripwires to every second barge in length. That
means that, if we have a fleet of 32 barges in a for-
mation of 8 in Jength and 4 in width, we apply the
twin tripwires to 4 groups of 4 barge models as well
as to the towboat model that is pushing the whole
formation. 'We have the experience that this arrange-
ment of tripwires is absolutely necessary if consistent
results are to be obtained in the relatively low speed
regions concerned.

All this is in agreement with the conclusions of the
contribution by Prischemihin and Poostoshny, who
recommend & tripwire to be used for models of the
size we use them. Instead of the greater tripwire
diamcter, which they recommend for difficult cases,
we use the twin tripwire arrangement.

So when summarizing I can say that in our opinion
for the big models there is not such a great problem
with regard to the choice of the type of stimulator.
Most of the current types, such as tripwires, sand
strips, studs a.o. have a sufficient performance,
although one is sometimes slightly better than the
other,

Now trying to circumscribe the importance of sti-
mulation with regard to the smaller models, I think
the problem is the following,

Generally speaking, the tank using big modecls are
of the opinion that a somewhat steeper correlation
than the Shoenherr line is necessary. This opinion
is based on the comparison of, on the one hand,
results obtained with medium size and big models
and, on the other hand, on the necessity of having
at the ship end positive correlation factors ACh

Contrary to this, and this becomes completely
clear from the contributions by Murray, Numata, and
Henschke, and also from other earlier publications,
the users of small and very small models seem to be
in favour of an cxtrapolator which is in any way
not steeper than the Schoenherr line, because with
a steeper line the correlation between their results
and those obtained with big models seems to become
worse instead of better.

So here we are divided into two groups, each having
more or less opposite views with regard to the steepness
of extrapolation in the model range that is needed and
the arguments of both groups are based on very prac-
tical requirements. [ am therefore of the opinion
that in trying to come to an uniform extrapolation
procedure fusther investigations into the field of tur-
bulence stimulation and also turbulence detection are
of the utmost impeortance, since the results of such
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investigations might show us, how far the model
size may be reduced without penalty and which sti-
mulators have to be used and possibly standardized
in order to find an extrapolation procedure that will
satisfy both the users of big and small, but not too
small, models,

The present state is, in my opinion, that in the small
model range the slope of the extrapolator that is
found to be necessary for a good correlation with
big model results is too much dependent on the
techniques and stimulation methods used, We have
therefore to standardize these techniques and stimu-
lation methods before an agreement between both
viewpoints can expected fo be obtained. I have
no doubt that an important part of the activities of the
new Resistance Committee will have to go into this
direction.

1 should also like to say a few words about the ques-
tion of the form factors and some experiences we have
had with them so far at the N.S.MLB. Several data
on form effects have been brougth to our knowledge,
especially by our Japanese friends.

T think that we can agreee that the form effect,
with which 1 mean the difference in specific frictional
resisfance between a ship form and the corresponding
flat plate, is mainly due to the differcnce in velocity
distribution in the potential flow outside the boundary
layer along the model and the plate, on the one hand,
and on the direct effect of the curvature of the ship
forms on the boundary layer, on the other hand.

The first mentioned factor is rather strongly affected
by the blockage. For a high value of the blockage
factor and therefore especially at shallow and restrict-
ed waters, very high form factors are therefore found
if the total specific resistance is plotted in the usual
way on a Reynolds number base,

In the case of big ficets of large models, pushed by
a towboat and tested at shallow water, the form fac-
tors become therefore so great that neglecting them
leads to trial and service predictions which in our
opinion are so ridiculously high, that no shipowner
would ever believe them.

In our shallow water tank, which has now been in
operation for two years, we have therefore applied the
A log A form factor method right from the beginning.
But since we are of the opinion that the numberof
form factor extrapolation methods can be reduced
by giving them a common base in the LT.T.C. 1957
line, we have decided to use our method on base of the
LT.7T.C. 1957 line in order not to complicate things,
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In this way we have found our predictions to be in
reagonable agreement with the actual service perfor-
mances of the towboat concerned.

Possibly it is intercsting to mention some more of
our experiences in the application of form factors for
routine work in this field, because exactly here all
phenomena and therefore all difficultics are so very
pronounced. The form factors are very great and,
due to the relatively low model speeds at which they
have to be determined, the difficulties in determining
them exactly are also relatively great.  Accordingly,
we have found that in comparative tests with models
of slightly different forms, the comparison of such
models may be seriously affected by an erroncous
determination of the form factors at the very low
speeds.

In those cases we use therefore the same form fac-
tor for all the variations in form of the model or model
fleet. In this way we are neglecting a usually small
error in the actual form factor but on the other hand
we have the advantage of avolding a much greater
possible experimental error in the determination of the
form factor. So, when working in this way, we prevent
the drawing of wrong conclusions from our predictions
at the higher speeds, where the experimental accuracy
suffers much less from insufficient turbulence stimu-
lation and other difficulties.

I wanted to mention these experiences, which we
have in a rather specialised field of our work, because
they are so very pronounced, In principle the same
things will occur, however, altough to a much smaller
degree, when form factor methods will be applied
to single models in deep water.

We, at the N.S.M.B. are therefore inclined to think
that the application of form factors for this deep
water work cannot be recommended unless these form
factors can really be standardized so that the effect
of errors in their experimental determination is exclu-
ded. And even then we think that a number of diffi-
culties will be met with in routine work.,

Mr., A. V. Sentic,

I wish fo make a brief comment in connection with
Mr. Newton’s writfen contribution. Mr. Newton
cnumerated the components of the correlation allo-
wance. I fully agree with all of them, but I believe
that one or, may be, more components are still missing
in Mr. Newton’s list. 1 would call these missing come
ponents, inaccuracy of the ship full form and peculia-
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rities of the quality of the sea water. I shall try to
explain it.

Within last two years our Institute executed measured
mile trials ontwelve sister cargo ships of 10.000 tdw.
All those ships were built by the same shipyard, accor-
ding to the same lnes plan, and mostly fitted with
the same propellers. But in spite of that, at trials
they gave different results. There were differences of
about 23 % in power between the best and the worst
ship. We have analysed this case and we were not
able to find any intelligent explanation for such a
phenomena.

The trials of both ships, T mean the best and the
worst one, were carried out under ideal weather condi-
tions, the difference in their displacement was mercly
3 %, they had practically equal propellers, they were
both newly painted just out of dock, the measurements
were done by the same people and with the same instru-
mentation.

The only possible explanation is that in reality
these ships had not equat hull form, though they are
supposed to have it.  Until now we don’t know at all
what is the accuracy of a ship hull form compared
to her lines plan. On the other hand maybe there
are some unexplained changes in the quality of the
sea water as there are in the quality of the tank water.

Therefore T would suggest to make a thorough
investigation of the trial trip records of sister ships in
order to find out why equal ships on trials don’t
give equal results. Furthermore we should try to
find out if the guality of the sea water is liable to such
peculiarities as were observed in the guality of the
tamk water. This would be another component of
the correlation factor to be added to Mr. Newton's
list.

Mr. H. B Lindgren.

My first point is similar to the point a moment ago
mentioned by Prof. Prohaska., It seems to me
as if an allowance of the type AC, can cause a great
deal of confusion. Qur experience from the analysis
of model and ship test results is that in the region of
Reynolds number =~ 108, AC; should be about
0002 — 5003, On the other hand, in case the
influence of scale effects on the propulsive factors are
regarded (primarily wake scale cffects) the figure
lowers to zero or 0001, This is, however, necessary
in case the prediction of ship trial results should be
correct not only with regard to power but also with
regard to the number of revolutions,
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The correlation between resistance of farge and small
models has been treated by Numata and Henschke
among others. They both conclude that the ITTC
line is too steep. At SSPA we have reanalysed 10
series of geosim tests with different type of ship models.
The rosiduary resistance coefficients obtained have
been plotted on base of blockage assuming that the
frictional resistance coefficients follow the ITTC 1957
formula. Higher residuary resistance for the larger
models indicates that the friction line is too steep.
Other possible explanations are that wall effect has
influenced the resistance of the larger models or that
laminar flow has affected the smaller models. Only
for three of the series, this situation occurred and a
normal correction for blockage effects was enough
io change the trend. For seven series the case was
the opposite, i.e. the residuary resistance coefficients
were lower for the larger models. This indicates that
the TTTC line ought to be slightly steeper. All the
results correspond to Ry > - 108, whereas most of
the Numata and Henschke investigations were carried
out in a slightly lower region (5.10% -4, 10%),

Prof. A, Di Bella
Prof. Di Bella reads his formal contribution,

Mr. 8. T. Mathews.

I should like to say a few words regarding the data
supplied by the National Research Council on form
effect and shown in the Committee Report. Those
data were supplicd in the form of experimental spots
which are plotted in the figure and joined by straight
lines. Normally at National Research Council we
plot resistance experiment results in Ibs on a base of
model speed in ftjsec. and in the Committee Report I
have seen for the first time the information supplied
by National Research Council plotted as resistance
coefficients on a Reynolds number base. The infor-
mation given was taken from our files of routine tests
which we carried out some years ago and it covering
a wide range of forms. In the past we did not usually
test models to such low Froude numbers and the
data piven were all we had in this low range. It
suffers a great deal in acouracy due to the scarcity
of experimental spots and the low values of resistance
for which our present dynamometer is not suitable.
In our future routine work we are gathering more low
speed data and a more suitable dynamometer is being
provided. The existing data, as been stated by the
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Committee, does show the importance of form effect.

Regarding the standard model, the procedure 'used
for carrying out tests in the British Tanks appears to
be excellent. However, the method of comparing
results would seem to assume that a given Froude
number can be very accurately pre-set when carrying
out experiments.  Since this is not possible at National
Research Council and may also not be in other tanks,
I would like to ask if the Commitiee will take the
resulting variations in Froude number from the nomi-
nal values in tests into consideration for the analysis
of future data supplied.

Regarding the logarithmic method of presentation
of propulsion data referred to by Pr. Prohaska, we
have used similar methods now for some years at
National Research Council for both resistance and
propulsion data and it has the merit that all the
compatible information about coeflicients i use can
be considered cither on one propulsion diagram or one
resistance diagram.

Dr. G Hughes.

Ishould just like to say a few words about Mr. Lap’s
remarks concerning the large “‘form factors” he has
found necessary to use to give good model-ship corre-
lation for the long barge trains he has tested in shallow
water, He himself indicated that this is really a shal-
low water or blockage effect; I think therefore he should
not confuse this effect wih “form” effect, which is,
by definition, an effect of the “form™ compared with
a flat plate and strictly should be considered with
reference to infinitcly wide and deep water and has
nothing to do with restricted water.

With regard to form and boundary interference
effects generally it is questionable whether this Com-
mittes can, working as a Commitiee, determine the
dependence of these factors on the hull and tank para-
meters. It seems to me that this dependence can be
determined only by individual effort, and that the Com-
mittee’s proper function is to consider any such indi-
vidual proposals and to see if agreement can be rea-
ched by the Conference to favour the adoption of any
single proposal or to accept a compromise solution if
differences exist between individual proposals.

Prof. E. V. Telfer.

Dr. Hughes has already given an excellent defence
of the criticism I am about to make. Each Committee
has certain terms of reference and all these terms of
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reference suggest that the Committee should answer
certain questions quite definitely and specifically.
The Committee’s work consists of the work of its
members, and I do feel that we should accept a
Committee policy that involves the Commiitee working
from a productive standpoint rather than merely
taking note of the work of others and confessing they
are quite unable to make anything of it! This is a
type of criticism that applies to the work of alt Com-
mittees, and I think it should be noted above all
by the Standing Committee,

I wish to introduce the Poona work on turbulence
and cmphasize the possible advantage of open throat
over closed throat triangular trips. This was made
evident by flumc tests. More work on throat width
shouid be explored. Both variations of the Hama
trip are clearly high velocity, high vorticity devices,
All other usuval devices as trip wires and studs are
low-velocity high vorticity devices and then produce a
wake. This is particularly the case with rods ahead
of a model; and our sugpgestion of rotating rods
appears to get round this difficulty although much more
calibration is obviously required.

1 would add one word reinforcing Prof. Prohaska’s
criticism of Dr. Breslin’s remarks. 1 feel our american
friends are deceiving themselves in assuming that the
5 ft model, even by stirring up the water, is getting
complete turbulence. 1 think Stevens should try to
make the resistance of their models at the low speeds
much more turbulent than at the present moment.
The need for such work is clearly emphasized by
Prof. Di Bella's remarks, which show the complete
hopelessness of small models if you do not try to get
griificial turbulence induction. 1 would stross the
fact that the American small model in prefering
ATT.C line to LT.T.C. line are ignoring the fact
that the Jatter is chiefly based on the high model and
hence more reliable experiences. The small model
school should accept the LT.T.C. line and endecavour
to improve their turbulence induction methods.

Prof. . Weinblum.

In the last years Prof. Schlichting and bis school
have closely investigated experimentally the effecti
vengss of trip wires in an unbounded liquid and
they have recently proposed a criterion given by the

formula ? = 700 or 1.000, say.

A paper by Kraemer will shortly be published in the
journal “Zeitschrift fiir Flugwissenschaften” The
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formula has the well known shape of the universally
.. . vK
accepted smoothness criterion - < 100.

It is suggested that the validity of the formula
should be carefully checked first for wholly submerged
bodies; the conclusions may be unfavourable for
small models.

Dr. ¥, H. Tedd.

1 would like to recommend to the Resistance
Committee that it pay special attention to the analysis
of A Cy into its separate components and give guid-
ance to the towing tanks on how to determine thesc
factors in the light of our present knowledge.

Mr, Newton has mentioned a number of thesc
components, but one is of special intercst to those
of us engaged in merchant ship design—the measure-
ment of appendage resistance and its extrapolation
to the ship.  This is particularly important in attempt-
ing to decide between the adoption of full bossings
or A brackets and open shafts, The latter arrange-
ment may be expected to give rise to less vibration,
but the effect on resistance is not known properly.
Some ianks assume the specific resistance of both A
brackets and bossings as measured on the model to
apply directly to the ship, whercas others halve the
resistance for A brackets but leave that for full bossings
unaltered. Since the appendage resistance in such
cases may amount to 12 or 14 per cent of the total in
fine, high speed ships, the relative merits of the two
arrangemenis depend very greatly on a solution of
this scaling problem.

Another matter to which the Resistance Committee
should address itself is that of developing a standard
method of making blockage corrections. The present
serigs of standard models, all the same size but run in
different sized tanks, should give valuable data eon
this point. It has been suggested this morning that
the present standard model is too full for the purpose,
but there has becn no evidence of this in the tests
carried out at N.P.L., which have given very consistent
results. In any case, such a model is typical of much
of our work and indeed is finer than the greatey
number of our models.

Mr. Sentic’s contribution on full scale trial diffe-
rences is in line with British experience, and points
to the need for further work on the effects of structural
and paint roughnesses.

Reference is made in the Committee Report to the
standard model testing now being undertaken by
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four of the British tanks engaged in commercial
testing (John Brown’s, Denny’s, Vickers” and N.P.L.),
and the fact that similar work is also being taken up by
numerous other tanks throughout the world using
standard fibre-glass models made from the same
mould. In Britain this work is coordinated by the
British Towing Tank Panel, whose membership
consists of the Superintendents of the Admiralty
Experiment Works, Haslar, Saunders-Roe tank, and
the f{our above-mentioned tanks, together with
Mr. Lackenby, the Naval Architect of the British
Shipbuilding Rescarch Association, The British tanks
had hoped to present to this Conference a joint
statement of the results they had obtained up to this
time, but this has not becn possible, and the tank
Superintendents concerned have asked me, as Chair-
man of the above Panel, to make on their behalf the
following general statement on the position of this
work,

The four standard models now being used by the
British tanks were first tested in No 2 tank at N.P.L.
in order to provide a basis of comparison of the results.
When these results, corrected to 599F by the LT.T.C.
line, were plotted, there were distinguishable diffe-
rences between one model and another, but a mean
line was drawn through all the results which took in
most of them within a scatter band of 4+ 19%. This
mean resistance curve is defined in tabular form
in the Committee’s Report.

The individual models were then sent to the various
tanks and testing at approximately two-weekly inter-
vals commenced in May, 1958, in each of the four
establishments. The test results are sent to N.P.L.
from time to time where they are correlated and
presented in the standard form shown in Figure 4 of
the Report. After the first 18 months a preliminary
assessment of the results was made, as a consequence
of which it was agreed to adopt a more tightly-control-
led programme of testing. The complete list of
testing conditions then adopted by the British tanks
is given in the Report, It is considered that the
period of testing since adopting this procedure is too
short for firm conclusions to be drawn, and the
British tanks prefer a longer period before publishing
the results of their work.

Mr. D. L. Moor.

As stated in the Committce Report, the British
Towing Tank Panel some time ago set up a small
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committee to study the available data with a view to
recommending numerical values for the various
factors used in estimating ship measured mile trial
performance from meodel results by the B.T.T.P. 1959
standard procedure. In common with the proposals
of the LT.T.C. Propulsion Committee, the British
procedure assumes for the time being values of unity
for the scale effect factors on appendage resistance
and quasi-propulsive coefficient, so that the whole
difference in power between the model and the ship is
accounted for by the overload fraction x, where
(1 + x) is equal to the Resistance Committes’s
factor z.

Unfortunately, we have not yet been able to make
any definite proposals for numerical valucs, but the
Conference may be interested in the principles on
which we are working.

We first agreed that it is essential to define the
conditions of ship and environment assumed to apply.
We considered it insufficient to use such definitions
as ““a clean newly painted ship” since, ¢ven within
such dcfinitions, there could be variations in conditions
which might have a significant effect on performance.
The conditions which influence the performance of
a given ship form include primarily:

Ship:

Length, Breadth, Draught, Fullness.

Shell Construction and Condition.

Type, Construction and Condition of Appendages.

Type, Size and Disposition of Freeboard and Super-

structure.

Number of Propellers, Immersion of Propellers.

Type, Coenstruction and Condition of Propellers.

Speed.

Motions:

Rolling, Pitching, Yawing, Heaving, Swaying,

Surging.

Rudder Action.

Environment:

Piace.

Depth of Water.

Wind Force and Direction.

Sea Length, Height and Direction,

Swell Length, Height and Direction.

Salinity and Temperature of Water.

We decided to lay down a set of basic trial conditions
and to consider deviations from these within sensible
limits, including a specific set of average irial condi-
tions, These conditions are applicable to any size or
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type of ship, but the correlation factors for one type
of ship are not necessarily applicable to another type,
and we have therefore decided to consider separetely:

Single screw tankers.

Single screw cargo vessels.

Twin screw cargo vessels.

Twin screw passenger liners,

Single screw trawlers.

Within each group, both load and ballast conditions,
and the effect of length and speed will be considered.

We consider that it is essential to analyse trial and
model data for a large number of ships with the
greatest possible range of size in each group. Al the
data of the B.S.R.A. - N.P.L. ship-model correlation
programme have been made available and have been
augmented by the results of a large number of other
ships outside the range covered by that programme,
obtained direct from the builders. Only trials up to
the standard of the B.S.R.A. Trials Code have been
accepted, and all model results were obtained in
No. 1 Tank at the National Physical Laboratory, in
order to avoid any inter-tank differences.

In order to evaluate the effect of each of the devia-
tions in conditions from the basis, the overload factors
(1 + x) or z are being examined by standard statis-
tical processes. (1 + x) is assumed to be composed
of a number of independent components, dx, each
dependent on one of the separate disturbing influences
already mentioned. A generalised relation between
increase in resistance and each disturbing influence is
assumed on similar lines to those described by
Mr. Newton in his written contribution, and it is then
assumed that the partial increase In resistance for a
ship is proportional to that estimated from the general-
ised relation. The proportioning factor for a parti-
cular sample of ships is evalvated by regression
analysis, which also tests the validity of the assump-
tions made, taking into account the possible influence
of errors in measurements on model and ship, It is
intended to obtain by this process values of dx for
the whole range of condition of ship and environment
mentioned earlier, together with the appropriate
confidence limits.

I would like now make three more persenal remarks:
{1} 1t has been suggested that the derivation and
analysis of empirical ship-model corrclation factors
{ACy) is the wrong approach and that the effort would
be better spent on fundamental research into flow and
scale-effect problems. While agreeing that full under-
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standing of the latter is the ultimate goal towards
which we must continue to strive, T feel that it is
likely to be a very long time before we attain it, whereas
great progress has in fact already been made towards
the selection of satisfactory empirical factors, We
must all predict the performance of ship now, and 1
therefore consider that every effort should be made to
obtain a satisfactory, temporary, empirical solution
while we seek the more precise, long term, rational
solution. In either case we ought to be prepared
to accept that there must be quite wide tolerances on
our predictions of ship performance, owing to the
innumerable variations in conditions and tolerances
on measurements on both the model and the ship.

(2) It has been suggested that each tank will require
its own set of ACy values. This should not be so if
we considered the prediction from model to ship in
three stages—from actual model fo standard model
conditions, from standard model to standard ship
conditions, and from standard ship to actual ship
conditions. To achieve the first we must agree on
satisfactory blockage and perhaps “Iris” corrections,
The Committee state in their report that there is
sufficient data available to make blockage corrections,
and I think they should be urged to recommend a
standard method of doing so. The fibreglass model
experiments now being carried out in many tanks
should assist in assessing the ““Iris” problem. Once
the results for standard model conditions have been
obtained, there should be no need for different correc-
tion factors in different fanks for the remaining
two stages, providing the method adopted is univers-
ally correct.

(3) We have again heard today, from Mr. Sentic,
of large differences between the results of sister ships.
It 1s by now so obvious that most of such differences
are due to different shell conditions, that we in Britain
now regard surface roughness measurements as
absolutely essential for any ship trial intended for
ship-model correlation. We have already obtained
quite good correlation between ship results and
measurcments made by the simple BSRA method,
and I would urge that such measurements should in
future always be made,

Mr. J. B. Hadler.

At the David Taylor Model Basin seli-propulsion
tests are carried out for progressive speeds at the
self-propulsion point of the ship. This point is
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a ship correlation allowance, ACy, which is usually
0.004 for commercial ships.

The results of model predictions are compared
with carefully condueted standardization trials.
Only those trials which were conducted in deep water
with favorable weather conditions, clean ship bottom
with fresh commercial paint and tested over a progres-
sive speed range are considered. The effects of
wind resistance are corrected to zero relative wind,
The model tests which are conducted for purposes
of correlation are performed in the usual manner,
The test results were analyzed using both the 1947
ATTC line and the 1957 ITTC correlation line for the
determination of the frictional components of resist-
ance.

The results of 10 single-screw merchant ships
ranging in length from 400 to 700 feet have been
analyzed. Seven of these ships were of welded huil
construction and only 3 were primarily of riveted
construction, The results of these trial correlations,
AC;, have been plotted against ship length, (Figure 1.)
These results show a difference between the two
correlation lines ranging from 0.00006 o 0.00008 for

results it would appear that the following value of
ACy for welded single-screw ships would be applicable
where 20-foot models are used for prediction:

1947 ATTC 1957 ITTC
Length ACF ACF
400 0.00050 0.00055
600 0.00015 0.00020
800 0.00003 0.00010

It may be noted that the results for the 1957 ITTC
correlation line are similar to those recommended
by SSPA, Gothenburg.

It is not possible from the results of these 10 trials
and those of numerous mititary ships tested by DTMB
to offer any correlation factors for the prediction
of RPM. Scale effects seem to be quite important to
the accuracy of RPM prediction. Since we still have
much to learn about viscous flow around ship hulls
and propellers, it does not appear possible at this
time to relate RPM predictions with full-scale results
by the means of any simple geometric parameter.

I would like now to make a comment on Mr. Sen-
tic’s remarks. We conducted a series of trials on
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four U.S. Navy destroyers. They were six or seven
years old at the time of these tests. We sandblasted
the hulls and removed all the paint. The triat
resolts for the ships built in different vards agreed
within a small percentage. We also found on another
Navy ship that when we cleaned the hull and painted
it with a standard navy paint we increased the shalt
horsepower by 23 9.

I am also going to take the liberty of answering
Prof. Telfer’s remark. We have on our staff at
the present time in & consultant capacity Dr. Hama.
I have given the paper to which Prof, Telfer refers,
to Dr, Hama for his remarks. He suggests on the
rotating stimulators that the flow measurements
should be madc behind the rotating rods to ensure that
there is no change in the oncoming flow field to the
ship model. He also comments on the use of the
triangular stimulators. He does not consider that
it is good practice to separate the triangles. Their
greatest effectiveness occurs when they ave close
together. If you wish to increase the transverse
dispersion of turbulence it is best to place the stimul-
ators on two staggered rows,

Dr. Graff.

Being concerned with a particular field of tests,
1 should like to draw your attention on the special
problems of the resistance of a ship in shallow water.
I think they will be of interest for you because on
one hand, they can be of primary importance in
this specific field and on the other hand their solution
can be a great help for the work of all tanks.

These special problems are :

[° Changes in the wave-making resistance due to
non-uniform flow. 'We have investigated this problem
by means of both theorctical caleulations and expe-
riments.  In caloulating wave-making resistance we
have found a solution involving in its core a mean
flow velocity. This value is not the mean volumetric
value. Hence the wave-making resistance values, as
compared with the still water tests move towards
greater speeds when running upstream and towards
lower when downstream.

These results can also be expressed under the form :

When running upstream wave-making resistance
values are lower and when running downstream
greater than in still water.  In every cases experiment
results have shown a very good concordance with
theoretical caleulations.
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20 Skin friction effect in shallow water,

In shaltow water skin friction cffcet increases
considerably when the depth of water decreases.
We have investigated this effect by resistance mea-
surements at small Froude numbers for several
depths of water. As you know, these experiments
are difficult due to the lack of accuracy of measure-
ments and the incertitude relating to turbulence
stimulation. Further it would be detcrmined what
part of the measured viscous resistance is due to skin
friction and what part to separation. Relating to
this last point we came to the conclusion that isolated
test series cannot be sufficiently probative and that
it is necessary to determine mean values from a
number of test series. Now, I should like to draw
the Delegates’ attention on the procedure proposed,
a long time ago, by Prof. Horn, in which the skin
friction effect is calcnlated from the sinkage of the
model. I must confess I am unable to support this
procedure by an irrefutable theoretical demonstra-
tion, nevertheless whepever an experimental verifi-
cation was possible, a good agreement between
calculation and test results was found. As far as
I am concerned T feel from the shallow water measure
ment that this procedure deservesa greater considera-
tion. 8ince, practically, during model tests, the
sinkage of the model is always measured, many
data are available in all towing tanks. Tt would be
perhaps interesting that the Resistance Committee
collect these data and analyse them by statistical
methods. We are also endeavouring to clarify these
problems by developing new test procedures. T would
quote, as an example, the investigations on the
effect of local roughness and the determunation of
pressure distribution generated on the botiom of
the tank by a ship which is, to some extent a reflected
image of the pressure distribution on the ship itsclf
and in certain cases, has provided interesting informa-
tions,

3 Variations in the channel scction.

Ship-model correlation is by nature more difficult
in shallow water than in deep water. Practically
model tests and trials can never be carried out in
the same conditions due to the fact that the depth
and the width of a channel arc continuously varying
and that only mean values can be obtained from
trials, Since these variable conditions cannot be
reproduced in towing tanks, unless very complicated
facilities be available, it is necessary to try to provide
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mean conditions for carrying out the test, specially
mean depth. We are yet today uncertain whether
we actually take into account a!l factors or whether
there is certain other factors which normally cancel
each other but in some particular cases can cause
erroneous predictions, In order to deal with these
problems more accurately we are building a ship-
model fitted with such an apparatus that accurate
and complete measures be possible as well as the
analysis of every factors which can affect the resistance
values. I hope to be able to present a contribution
on the subject at the next Conference.

Dr, L. Landweber,

As a member of the Resistance Committee I feel it
necessary to observe that all of the previous contri-
butions on this subject have been of a practical nature.
This indicates that very few of the member laboratories
of this Conference are pursuing the sort of fundamental
investigations on which a rational solution of the
viscous drag of a ship may be based. This is very
unfortunate since the practical studies, on which
tremendous efforts have been spent, have resulted in
discouragingly slow progress. Since the aerodynamic
Jaboratories, which have contributed greatly to our
knowledge of incompressible, viscous flow, are turning
more and more to problems of supersonic flow and
space projects, it becomes even more important that
the ship-research laboratorics undertake such basic
studies.

At the University of Towa research in viscous drag
has continued in two directions. The boundary-
layer investigations on a flat plate and the exterior
of a circular cylinder with axis parallel to the strcam
have been extended to the case of an ellipsoid of
three unequal axes. The purpose of these experiments
is to attempt to discover the laws of three dimensional
boundary-layer which could then be applied to develop
procedures for computing the viscous drag of ships.
At the present time, there appears to be as much
controversy about these laws as there is about ship-
model correlation lines. This is discussed in my
formal contribution to this Conference,

The second investigation at the University of lowa
is concerned with the development of the method of
separating viscous from wave drag by mcan of a wake
survey, suggested by Tulin. 1f this method proves
to be practically feasible, it would eliminate at once the
oeed for concern about turbulence stimulation,
provided the flow outside the boundary layer of the
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model does not differ severely from that of the ship
due to the occurrence of severe laminar separation
about the model. The member laboratories are urged
to consider undertaking the investigation and develop-
ment of this promising technique in their own tanks.

Mr. H. Lackenby.

T was very intercsted in the remarks of Mr. Sentié
on his experience with the scatter of ship-model
correlation factors for sister ships. As Dr. Todd has
alrcady mentioned, in joint work on this subject
carried out by N.P.L. and B.S.R.A. we have had
almost identical experience. I am referring here to
trials on a group of 18,000 ton d. w. tankers, all of
them sister ships, in which the scatter of the measured
power at a given speed amounted to about 20 9.
These trials were all carried out in reasonably good
weather,

As already mentioned by Mr. Moor considerable
importance at B.S.R.A. to hull surface roughness and
comprehensive roughness surveys are made for every
ship in our trials programme. In the light of present
knowledge in the analysis of hull roughness and its
effects we think that only about halfl of the overall
scatter referred to above can be accounted for by
variations in surface roughness. There is no doubt,
however, that this effect is very important and, as
mentioned in Sir Victor Shepheard’s formal contri-
bution, B.S.R.A. is putting in hand fundamental
work to throw more light on the physical nature of
hull roughness. In this connection it is proposed to
use, if practicable, the surface pitot tube developed by
Prof. Preston. This will involve systematic labo-
ratory work using roughened pipes with a view to
throwing more light on the significant roughness
parameters as far as resistance is concerned. We then
hope to use the Preston tubc on ships to measure
directly the resistance due to actual hull roughness.
It may well be that when morce appropriate roughness
parameters have been developed more of the scatter
in ship-model correlation factors might be explained
in terms of hull roughness.

In regard to Mr. Newton’s contribution I would
agree with his policy of making as many direct corree-
tions as onc can in the ligth of existing knowledge
and it is interesting to see the success he has had for
the class of ship with which he is concerned, namely
warships.

Mr. Newton mentions that in the case of the fuller
merchant ships there may be more variation in the
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ship-model correlation factors due to greater propul-
sion scale effect and this might well be so. I think
it is also to be pointed out here that hull surface
condition might be a contributory factor in this.
Doubtless naval vessels teceive more maintenance
than the average merchant ship and there is conse-
quently likely to be more variation in hull surface
roughness in merchant ships. Again, in merchant
ships the skin friction resistance accounts for a greater
percentage of the total resistance which will accentuate
this effect.

I should also like to comment on the suggestion
made in Professor Kempf’s contribution that for full
forms above 0.75 block coefficient the model should
be made to yaw in the same manner as the ship at sea
in order to ensure similarity, This is a very intcresting
suggestion, but, I think, one has to bear in mind that
the shedding of eddics and separation in the afterbody
is a viscous effect controlled by Reynolds number
and it may well be that the model behaviour cannot be
reproduced on the full scale. This, nevertheless,
underlines the importance of carrying out work on
flow separation in full forms and finding out how this
behaviour varies with change in scale. Experience
may show however, that the proposal made by Prof.
Kempf for madel tests on full forms would give a
reasonable approximation to the flow behaviour which
actually takes place on the full scale ship.

The main point made in Mr. Numata’s paper is
that in correlating tests on small maodels at the David-
son Laboratory with thosc on larger models at T.M.B,,
the Shoenherr line gives a better correlation than the
LT.T.C. 1957 line. 1 think one has to be careful in
drawing a general conclusion from this, however, as it
may well be that the difference between these large and
small models may be explained by more than extra-
polator slope alone.  Bearing in mind the results given
in Mr, Hiranandani’s paper one wonders whether some
of the difference might be explained by differing
extents of laminar flow on the large and small models.
This does not alter the fact however that, from the

AFTERNOON

D, Landweber,

The present contribution is concerned with the
basic laws for the shear stress along a boundary,
and certain questions concerning the validity of the
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practical point of view of correlating model results
between the tanks concerned, the slope of the A.T.T.C.
1947 line is more appropriate than the somewhat
steeper LT.T.C. 1957 line,

Dr. F. Gutsche (translated from German).

I would like to direct your attention on a physical
fact, which in addition to the many other influences
on the total resistance eventually may be a soutce of
variable influence on the friction resistance and there-
fore has to be regarded in analysing the resulis of
trial trip. Jt is well known that the vortices behind
the roughness elevations on the shell of the ship gene-
rate sall air bubbles in the boundary layer of the ship.
The result of this air emanation is seen at the ship
sides and behind the ship in the foamy inner region of
the boundary layer. Up to the date it is not clear
what influence is set up by this emanation. It may
be assumed, that the effect of this formation of small
air bubbles may lead to a diminution of the sheer
stress in the inner boundary laver and furthermore
may c¢ause a diminution of friction resistance with
increasing length of the ship.

If the above hypothetically assumed effect should
be real physical fact and its influence on frictional
resistance would have been observed by special tests,
then we had a new component of influence which
had to been regarded in analyzing trial results and
possibly may help us to clear up the great differences
in effective horse powers existing even for sister ships.

The influence itself is known for partly cavitating
hydrofoils when the drag lift ratio is diminished in
the stage of beginning cavitation. Tube experiments
with roughencd inner surface like Nikuradse's tubes
using water with variable air content may be apt to
enlighten this problem.

The Chairman,

We will adjourn now, but before doing so0, 1 would
like you to give a vote of thanks to the reporter and
all those who have contributed to the discussion.

BESSION

inner laws, about which I made some brief remarks
this morping. The period between this Conference
and the previous one is notable in that two aero-
dynamic laboratories each produced three papers in
which, apparently, there was a difference of about
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12 to 14 9 in the shear stress at a wall. This is rather
discouraging, since both groups seem to have worked
very carefully.

In view of this controversy it appeared desirable
to review the Towa work on boundary layers, which
had been presented at the previous meeting, and in
the course of this, to add certain corrections which
subsequent work appeared to indicate were appre-
ciable. These corrections refer to more refined
consideration of the effect of the displacement of a
pitot tube when put into a shear flow. The pitot
tube appears to measure the total head not at its
immediate location, but at a somewhat greater distance
from the wall. Also the turbulence fluctuations,
which affect both the determination of the velocity
at a point, and the local pressure, were taken into
account.

All I can attempt to do here is to summarize this
work, the report on which, unfortunately, although
it was intended to be available to the Delegates, has
not yet arrived from the United States. Consequently
I will content myself with showing, first of all, the net
result of applying the corrections that I just men-
tioned *.

To sum up, what has been accomplished in this
contribution 1s an indication of the importance of
applying these corrections in analysing boundary-
layer data. Secondly, it was found that the law of
the wall appears to be valid only for values of the
parameter up to about 100. Thirdly, it was shown
that there is a procedure which enables one to obtain
a calibration of the Preston tube on the basis of the
law of the wall.

Dr. Breslin.

In the discussion this morning, Prof. Telfer,
Mr. Lackenby and perhaps onc or twe gentlemen
have taken the Davidson Laboratory to task in regard
to our stand on the 1957 ITTC line, T would like
to leave the detailed rebuttal to my colleague Mr. Mur-
ray, who can give you scveral good reasons why we
have adopted the stand we have, as an interim solu-
tion; but I do rise to the bait that the Davidson Labo-
ratory is rather backward in its scientific attitude
toward these problems; that we are not doing any-
thing forward looking. In that regard, I would like
to call to the attention of those Delegates who perhaps
have not had the opportunity to look at some of the
contributions, the fact that a good portion of the

{*) See Figure 3 of the formal contribution.
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internally sponsored rescarch at the Davidson Labo-
ratory in the last year has gone into improving our
techniques, improving our knowledge of what is
taking place in the boundary layer of ship models.

Now, we have admittedly just started on this, and
as in all internally sponsored research it is supported
with a modest sum of money. We are nevertheless
very definitely interested in pursuing on a persistent
basis an approach which will lead to a more rational
procedurc than is, perhaps, being used now. In
any event, whether the procedure turns out to be
different than the one we are using or not, we will
have more reason for the steps we shall take.

In particular, I would like to call your attention to
the discussion of M. Murray entitled “Methods of
Inducing Turbulence for Testing Small Models” in
which stimulating devices are looked at on the basis
of the total measured resistance, On the other hand,
I was interested in starting a programm which is
aimed at looking at things in detail, because I do not
think that one caun answer the question of turbulence
stimulation and its effects on the frictional resistance
of a ship model by working only with the total mea-
sured result. So from that point of view, we have
attempted to develop a device which, ulttimately, would
give us the local shear stress at several or possibly
many points along the Iength of a model.

We have given a description of the preliminary work
in this development in a written discussion entitled
“Measurement of Local Hydrodynamic Shear Stress
by the Use of Disk Thermistors” by Larsen, Grosch
and myself. 1 would like to read the introduction
in order to give you some idea of the spirit in which
this work was initiated —if you will permit me, just
to read the fivst page; it should not take more than a
minute, —{Reads introduction on contribution by
Larsen, Grosch and Breslin).

I shall not take up more of your time with the details
of this. The thermistor is a heat-sensitive device, for
those of you who are not familiar with it, the idea
itself, is not new, there has been similar work in
Germany some time ago, of which Prof, Wicghart has
just reminded me. In any event, the application
of these techniques should give us a new tool to look
in detail at what is happening to the shear stress along
the length of a ship model,

Mr. A. B. Murray.

It may be supposed from Dr, Hughes comments
that obtaining a new friction line flatter for the small
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mode! range and steeper for the ship size would be
difficult. It is probably true. If this would be an
attempt to obtain a new flat plate line I would say no,
do nothing about it; but if we call it a correlation line,
I think we should do anything that will improve the
correlation job.

T could suggest a line that would probably resultina
very complex mathematical formula but it might
accomplish what we are after. Being near the end of
the session we can perhaps afford to be a bit humorous.

Let some of the theoretical boys see what can be
done about a formula for such a suggested line.

On another subject, 1 find it a little difficult to sit
back and admit—or have the Conference admit—
that all models under 15 feet are useless. We at the
Davidson Laboratory do not feel that the small model
will do everything that has to be done for the ship-
builder. There are certainly limitations. We know
that the small models as used by us, Newport News,
Webb Institute and others, have a definitely useful
purpose. The Davidson Laboratory has had to the
present something like 2,300 projects involving about
[.800 models and we get more ecach years. Thus I
think we do a useful job.

This is a little off the subject, Mr. Chairman, but
might be a useful comment. The United States
find it difficult to excel in Rome at the Olympic
Games. However, the United States won the 5 14
meter competition with a boat that Davidson Labo-
ratory helped to develop with a model three foot on
the water line, and we have had something to do
with several other vessels that have excelled.

ITTE _ LINE
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Mr. F. S. Burt.

In the expectation that some of you may be inspired
by Dr. Landweber’s remarks this morning to attempt
to measure skin friction by wake traverses, I would
like to add a few clarifying remarks to my rather brief
written contribution.

These remarks were based on analysis of some 35
pitot-static wake traverses on a series of models i 3
different tunnels, onc water and two air, both under
conditions of low tunnel interference in a 13 feet by
9 feet wind tunnel and with high blockage ratios in
slotted wall working sections.

The drag coefficients were evaluated from these
readings by the formula of B.M. Jones:

Cp = % f Cy rdr where G, = 2 4/gp (1 — V’g)

_ H-—P _P—P
£< H P, H—H,

H = Total head. P = Static pressure. d = model
digmeter, r == radius from axis
and the suffix , denotes conditions in the frec stream.

The limits of the wake are defined by g == 1, .». T’ =
0. The traverses were made at a distance of approxi-
matively 14 model diameter behind the tail,

The assumption made in deriving this formula is
that the flow in any stream tube of the wake can be
considered to remain at a constant total head between
the measuring station and a position far encugh down
stream fo give free stream static pressure. It does
not scem essential to the argument that the later posi-
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tion should actually exist in the flow to be considered
and hence it follows that the drag coefficients eva-
Iunated will give close approximation to the free stream
drag provided the tunnel interference does not appre-
ciably effect the development of the boundary layer
on the body.

The point of my written remarks was that although
the models and their position in the tunnels was axi-
symmetric we could not automatically assume in all
cases that the drag coefficient computed from point of
starboard traverscs gives close agreement. This is
largely due to the fact that small variations in the total
head near the edge of the wake as they are multiplied
by a large value of r in the integral can materially
eflect the computed drag coefficient.

Nevertheless even in the few cases where marked
assymmetry occurred including the one extreme case
quoted of a 1.5 variation in drag coefficient com-
puted by port and starboard traverses a mean value
always gave overall agreement within |- 4 %.

Assuming the arguments given in Tulin’s 1951
D.T.M.B. paper are now verified experimentally
then it would appear that wake traverses behind
towed ship models should give a good evaluation of
skin friction drag even if used under conditions of
high blockage if the whole area of the wake is covered
and perfect symmetry not automatically relied on.

Capt. H. E, Saunders,

T regret that the presentation of information concern-
ing the performance of small models during resistance
tests has left the impression that the Davidson Labo-
ratory at Stevens and the David Taylor Model Basin
have serious difference of opinion about them.

Small modcls, at first less than 1 meter in length,
have been tested at Washington since the 1920s;
Dr. Schoenherr and Dr. Landweber have taken an
active part in this work. There is a small basin at the
David Taylor Model Basin, and we believe that small
models, as well as large models up to 10 meters in
length are all found useful in predicting the resistance
of ships.

Prof. E. Y. Telfer.

I want to present a small note on the ITTC standard
model approach which I did not intend to give uniess
the subject had been previously discussed.  The subject
was discussed, and I merely wish to present it for the
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sake of the record. All I am doing in this note is
to give a different approach from that recommended
by the Skin Friction Committec itsclf, but [ think the
approach is a simpler one, and will enable this much
overworked Committee to do productive work much
more easily and much more quickly.

As a reply to Capt. Saunders I would refer him
to my 1927 INA paper in which I drew very largely
on data of 2 15 ft to 40 ft geosims placed at my dispo-
sal by his predecessor Capt. Mc Entec. These show-
ed the then uselessness of small model tests. Despite
this I made a plea for small models and the late Ken
Davidson followed up this plea some years later.
Small models offer too much scope for inaccuracy and
their turbulence technique should be improved.

The Chairman.

Now we will have the reading of the Secretary’s
summing up of the contributions of this morning.
This summary will be the basis for recommenda-
tions and conclusions to be made up by the Committee
on Resistance, so if you have to offer any criticism,
please do it now. That will facilitate the work of the
Committee considerably, so the conclusions and
recommendations can be presented next week in the
final session, without much discussion, Othcrwise
we will have to start all over again.

Mr. H. Volpich.

We have heard this morning quite a lot about
ship model correlation and the disconcerting discre-
pancy between predictions and trials as pointed ont
by Messrs. Sentic and Lackenby. 1 fully associate
myself with Mr. Moor in his suggestion that accurate
roughness measurements on the ship’s hull and pro-
peller are absolutely essential and I go now a step
further to suggest to the Committee that they should
recommend a standard procedure of taking roughness
measurements and of the analysis of such measure-
ments. T think our procedure as recommended hy
the B.S.R.A. and adopted by all the British Towing
Tanks and shipyards using the B.S.R.A. standard
gauge is pretty reliable.  If there is any better method,
as there may be, let’s have it, but by all means let
us have it internationally standardised to arrive at
figurcs which can be compared between one and the
other country.
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Dr. G. Hughes {The Secretary.)

Before making this summary, I would like to
stress one or two peints.  First of all, the number of
individual topics covered in this session is so large
that I feel any attempt to make a summary in such a
short time must leave that summary probably comple-
tely inadequate.

I would also like to say that it is my duty as your
Secretary of this session merely to state what I think
are the main things that have been said; to be comple-
tely impartial in my presentation; to draw attention
to all points of view, whether they are minority points
of view or not; and 1 hope that T will draw attention
to the main points particularly but to some of the
minor points as well. But if any delegate feels that
1 do omit something that should be included, I
hope he will realise that it is rather a difficult position.

T will give the summary under headings of subjects,
and I hope T will not need fo refer to any delegate
by name.

I have divided the subjects as follows:

{a@) Ship-model correlation.

This is sub-divided into three parts:
(i) Small to large model correlation.
(i) Larger model peosims.

(iii) Extrapolation to the ship.

(&) Form effects.

(¢} Blockage effects.

(d) Turbulence stimulation.

{e) Measuring techniques and conditions of model
tests.

(f) Fundamental considerations.

(g) Criticism of the Committee’s work, including
functions of the Committee.
1 will now deal briefly with these subjects in turn.

(a} Ship-model correlation.

(i} Small-large model corvelation, The general view
of the small model user is that a line not so steep as
the 1957 LI.T.C. line is required to correlate small
with large model results. This is a statement of
fact concerning the actual model results and is inde-
pendent of the reasons for this requirement. Views
have been expressed, such as under-stimulation, the
wake effect of struts, ¢te., as reasons for this require-
ment, but the practical view of the small model user
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is that, as things are, a line of less slope is a necessity,
(i) Larger model geosims. These require for good
correlation within their range a line steeper than the

1957 L.T.T.C. Hine. This view is supported by much
other work in addition to that referred to at this
meeting.

Therefore there is an anomaly here between small
and large models which is difficult to resolve, and it
would appear to be impossible to resolve this unless
means can be found to increase the resistance of small
models or to depress that of large models.

(iii) Extrapolation to the ship. This might be called
the ACy or allowance problem. One tank has started
the full implementation of the use of the LT.T.C.
line and has urged that this course should be adopted
generally. There is reluctance of other tanks to do
so yet and further investigation was urged, such as of

{1) better analysis of trial results, especially in the
details of the components which make up the
correlation,

(2) the effect of surface roughness, especially at the
ship end. The view was expressad that half the
scatier would be eliminated if we could properly
take account of this effect,

(3) effects at the model end, such as due to form
and blockage.

It was urged that one of the primary objectives of
the Resistance Commitiee should be to determine the
appropriate ACy values.

(b) Form effects.

There is an increasing awareness of the need to
consider the effect of form. The collection of the
neoessary data and its analysis presents a consider-
able problem. These questions may be asked:

(i} Can the Committee do this analysis, or.

(il} Is this a matter for the individual, the Committee
acting as co-ordinator for results already ana-
lysed. A large amount of data now exists and
mote is being produced.

(¢} Blockage effects.

Similarly with this subject a fair amount of data
exist and more will be available soon.  The Committee
has been urged to make specific recommendations,
Should this be done or should individual tanks make
their own corrections in the light of the available data?
{d} Turbulence stimulation.

On this subject also the necessity for continued inves-
tigation has been urged. New methods of stimula-
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tion have been suggested, such as the use of A-shaped
stimulators and rotating rods. Attention has also
been drawn to the possibility of under-stimulation in
small model tests, and to the wake effect of struts
placed ahcad of the model. Fundamental flow
studies have also been urged, including the measure-
ment of the local shear stress.

(e} Measuring technigues and conditions of model
tests.,

Under this heading may be mentioned the references
made especially to the effects of very full models and
the increasc of resistance due to yaw., Methods of
testing to find the latter effect were proposed.

The value of the standard model work to give
information on the ¢xperimental variation from day
to day was noted. Their usefulness to provide data
on blockage effects was also stressed.

(f) Fundamenital considerations,

A strong plea was made for more time to be devot-
ed to the more fundamental studies, and a prediction
was made that many of the correlation problems will
not be solved unless we examine the fundamentals
more closely,

(g) Criticism of the Committee’s work, including
functions of the Committee.

Some light-hearted remarks with however more
serious implications raised questions concerning this
Committee (and appropriate perhaps to all of the
Committees) which may be summarised as:

(i) How much detailed work can be done by the
Committee ?

(ii) How much rather depends on the work of the
individual who gets his own data and is in the
best position to analyse it and also has the time
to do it?

(iii) Does this net also apply to co-ordinating work?
Is not the individual best able to do this also?

(iv) Is this Committce (and perhaps others) too

large for effective co-ordinating work?

This, gentlemen, concludes my summary. I realise
that it is probably much too brief, but time is short,
and probably 1 have not touched on possibly quite
important topics. If I have not, or not referred ade-
quately to some of those I have referred to, I hope
you will excuse me, and may be you can rectify that
[oW.
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Prof. C. W. Prohaska.

The Committee appreciates very much, that the
summary given by the Secrctary was agreed upon.
Tt will facilitate the work of preparing the conclusions
and recommendations to be discussed next week.
But there might be among you somebody who had
ideas that would be useful for us in preparing the
recommendations for the future work of the Commit-
tee. Specific ideas, which have perhaps not been
clearly brought forward in the summary. If anybody
could help us in this respect now, it would be very use-
ful and it will shorten the discussions next week,

Mr. A. Emerson,

Attention is drawn to the need for more information
about the additional resistance due to the turbulence
stimulator,

For the large models the resistance calculated by the
approximate method given by Allan and Hughes is
probably sufficiently accurate. As a use of middle
size models about 2.5 m long, I am conscious that the
possible error in the calculated stimulator drag may
be 2 % and for the smaller models there is no experi-
mental basis and there may be quite large errors.

It is suggested that any new turbulence stimulator
results are of little use unless they are accompanied
by observations on the boundary layer conditions (an
ink stream is hardly sufficient), and by data to esti-
mate the added resistance.

Prof. G Weinblum (translated from German),

I am under the impression that one rather interest-
ing but perhaps old-fashioned problem is the problem
of wave resistance, and in my opinion the great pio-
neers, Reech in France and William Froude, designed
their tanks primarily to evaluate this wave resistance.
Now in the last 60 years a not yet adequate but pro-
mising hydrodynamic theory has been developed on
this subject. It is the present speaker’s opinion that
to deal properly with this basic problem of ship
research this high Assembly should give more weight
to problems of the hydrodynamic theory of wave
resistance and its correlation with experiments. [
had suggested earlicr—I was supported very strongly
by Prof. Barrillon—that the Resistance Committee
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should devote itself to the study of this problem and
especially sec what kind of results are available, and
how they can be used for our practical work.

Mr. D. 1. Moor.

It is sometimes obvious that even the largest esia-
blishments have comparatively few ship trial data
available. For Instance Mr. Hadler has described
the results of only 11 trials with 9 shipsand we in Bri-
tain have had great difficulty in obtaining the much
Jarger number of results required for a large statis-
tical investigation. It is not sufficient to collect toge-
ther the results of published analyses of numerous
small samples by different individuals, since it is unli-
kely that all the details required for further examina-
tion will be available in each set. 1 would therefore
fike to suggest that this Conference set up some machi«
nery for pooling full basic ship trial data, in some way
similar to the well known SNAME data sheets for
models. It is particularly desirable that results for
ships over 750 long which are still comparatively
rare, should be made available.

Prof, E. V. Telfer.

It is important before admitting large differences
between sister ship performances to compare the res-
pective gencralized power diagrams deduce therefrom
the with and against weather speed and power curves;
and only then compare the vessels” with weather
performances. Any difference then remaining should
arise from the hull surface condition and should also
be detectable by a transverse shift of the power dia-
grams.

Prof, R. Couch.

The number of problems listed by the Committee
in this field is rather large. 1 suggest that the Com-
mittee try to establish a priority of importance of the
problems and concentrate on them.

Mr. A. B. Murray.

Dr. Prohaska has mentioned the important wake
effect of struts when used for turbulence stimulation.
The Davidson Laboratory recognizes this fact and
makes it standard practice to make resistance tcsts
bare hull as well as two sizes of struts 0.04 inches and
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0.125 inches. In general the values used at the
design speed are usually those from the bare hull
tests or from the tests with the small strut, Davidson
Laboratory depends primarily for turbulence on a
standard tank temperature of 709 F and a large amount
of residual turbulence by making successive test runs
at intervals of two minutes. Its use of struts is pri-
marily to ensure the bare hull test without struts is
in a reasonably turbulent condition.

It may well be that this method produce wakes
and cugrrents that result in a net resistance that is
too low. However, from repeated test, we find on
excellent reproducibility of the results which is very
important, 1If it were possible to devise a practical
method that would ensure one hundred percent tur-
bulent flow on our small models of five foot length
we might find that the LT.T.C. correlation line would
give a better correlation with larger models. How-
ever, until this ideal is reached we feel it is desirable
that we continue to work with the 1947 ATTC {or
Scheenherr) line,

Tests with the single ATTC standard 64 inch plastic
model indicate very close agreement with the D.T.M.B.
and the Newport News tanks thus we are not too
concerned about our testing techniques,

We can well recognize large struts such as used by
Dr, Prohaska could cause considerable wake effect,
D.T.M.B., some years ago, experimented with quite
large struts with unsuccessful results.

As a change of subject the Davidson Laboratory
feels that the matter of flat plate resistance should
be put on the shelf for the present and devote increas-
ed effort to the matter of three dimensional friction
rosistance and to form factors. Work such as that
of Granville and that carricd on by N.P.L. and others
be encouraged. We agree with Mr. Moor that the
final roughness addition may have await the solution
of propeller and propulsion scale effects.

We appreciate the criticisms of Dr. Telfer and we
are well aware of our limitations. We agree with the
strong need for the scientific approach to the matter
of turbulence for small models. We should empha-
size however, that the LT.T.C. should not neglect
the practical aspects of model testing because we must
continue to live,

Stevens is working on the matter of turbulence, It
is studying the use of studs such as those being used
by Prof, Nevitt at Webb Institute. As Dr. Breslin
mentioned, we are also experimenting with the use of
electronic methods of measuring turbulence both on
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the surface of models and in the body of water itself.
This technique is described in some detail in the paper
mentioned by Dr. Breslin.

Such research takes time and ordinary everyday
chores must be carried on with the tools at hand with
which we are familiar. Stevens does not feel that it
is misleading its clients, if it were so we would not
continue to e¢xert. It is, however, attempting to
improve its methods at all times.

Prof. Schuster.

T would like to make some recommendations
concerning the analysis of the dispersion of the
measured values. Differences in the performance
of sisterships can be caused by the mentioned diffe-
rences of surface roughness, the different trial condi-
tions, vibrations and probably by the comparatively
wide tolerance of the used measuring methods. The
electrical torque measurement contains generally
deviations up to 19%,. The conversion again brings
a deviation of [-29 due to the differences of the
Joule’s Models of the shaft material. The r.p.m.
measurcd as a mcan value over a longer period,
say one minute may also differ with 19 from the
momentary value corresponding to the torque read-
ings. Thus the total error of 3%, or more in the
calculation of the performance has to be taken
into consideration. Tn addition sisterships constructed
by different shipyards or even on different shipways
vary in their performance due to the different vibra-
tions and friction conditions in the stern gear. Thus
more than half of the 10 % dispersion here, could be
explained by these reasons.

In model tests the tolerance is held very small
by calibration, but the influences of the restricted
water and of the several means for turbulence sti-
mulation can be considerable. The Committee shounld
not only be informed whether the blockage effect
was taken into consideration or not and if e.g. trip
wires were used, but also which method of calculat-
ing the blockage effect was used and how thick
tripwires were. According to the experience made
by the Berlin Towing Tank trip wires with diameters
lessthan 0.6 mm are of nouse. The diameter required
has to be at least 0.8 or 1 mm independent of the
size of the model. In former conference and lately
in the Zagreb Symposium I have repeatedly recom-
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mended a method, originating from Kreitner, for
the calculation of the blockage effect. Some tanks
secn to use it, others have developed other methods,
1t would be very interesting to know how the different
methods of caloulation give different results concern-
ing the performance.

At last I would like to remind that the differences
in the model test results of several towing tanks
are only to be found in the tank values. For the
prognosis cach tank adds its own percentage of
allowance for trial conditions. Although the influ-
ences of gear friction, resistance of the bilge keel,
of waves and wind should be the same, the allow-
ances very often are different,  An analysis of these
prognosis allowances which give more or less the
same result everywhere therefore could give already
some means of judging the different test conditions
in the different tanks.

Mr. L. Mazarredo.

We have begun at El Pardo a Programme on form
cffeet.

Different models of coaster ships, with the same
size wetted surface and so on, but different forms, will
be tested to ascertain form factors climinating other
influences.

This is a part of the whole work which will also
include a tank ship and a twin-scrow passenger ship
geosims in order to get form factors of three very diffe-
rent typical ships, which might be useful in this
matter of model correlation.

I want to add that the standard {ibre glass model has
been already tested at El Parde, but since very few
resolts are as yet available they have not been reported.

Prof. C. W. Prohaska.

1 have a few words to add to what was said when we
called for advice as regards recommendations,
Mr. Moor suggested that thete should be found means
of pooling information such as that given by
Mr. Hadler, Those means have been in existence for
three years, but the previous Friction Committee never
received any replies of that kind although it called for
them. It did not even receive any from Mr. Moor
although the British tanks have put very valuable
material at his disposal. We certainly hope we
receive more data during the next three years, and
not at the very latest date.,
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I would like to add a more serious remark to
Mr. Murray. I am very sorry that I was one of those,
who, as he said, criticized the use of small modcls.
It was not my intention to c¢riticize the use of small
models as such. T only said that the reason for the
ATTC being better than the {TTC line might be
found in the use of 4 strut as stimulator., Personally
1 very much admire the work done in many tanks, and
specially at the Davidson Laboratory, on small
models, and although we at HyA use standard 6-8 m
models and bhave worked with modcls of almost
11 min length, we are now starting work also on 5 foot
models,

I agree with Prof, Telfer that some sort of power
diagram should be used in the analysis of trial ships,
but our Committee feels that this will be a matter for
the Propulsion Committee to consider.

To Prof. Schuster I would like to say that the ques-
tion of blockage of course is a very important one.
We hope that the standard model testing can give us
some idea as to the blockage effect, at least for that
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particular form, and we hope we will receive from as
many tanks as possible any data they have which will
help us to try to recommend something for the next
Conference. 1 agree with the views the Secretary
expressed here: it is not really our job as a commitice
to do the research work. Research work should be
done by the individual delegates of the Conference.
In conclusion I would like to thank all those who have
tried to help us to make future work easier, and also
in preparing the conclusions and recommendations
for next week. May I be permitted also herc to
thank all my colleagues of the Resistance Committee
for their excellent co-operation during the past three
years.

The Chairman.

This ends my duty but before closing this session
I would like to ask to give a hearty vote of thanks
to our Secretary who has done such excellent work.,
{ thank you all for yourassistance and for your co-ope-
ration,



