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NOTATION
- Symbel S Description
L Overall length
D Dizmeter at the maximum section
S ‘Wetted-surface area - -
¥ Volume '
R Dimensional radius
R, Dimensional nose radius
Ry Dimensional tail radius
X Dimensionzl abscissa
- Y Dimensional ordinate
X Kondimensional abscissa, %
v ¥ondimensional ordinate, %
1/m Fineness ratio %
Cp Prismatic coefficlent
Cpp - Forebody prismatic coefTiclent
Cos Afterbody prismatic coefficient
LCB Position of the longitudinal center of
buoyancy measured from the nose eX-
pressed as a ratic to the length.
m Distance of maximum section Irom the
nose expressed &s a ratio to the lengt
r " Nondimensional radius
r, Nondimensional nose radius
Ty Nondimensional tail radius
Cs Wetted surface coefficlent
' Speed
P Mass density
v Kinematic viscoslty
R, Total resistance :
Rf Frictional resistance
Rr Residual resistance B
AR, Resistance added due to sand roughness
AR, Resistance added due to strut interfer-
ence effect .
EHP Effective horsespower
'R, Reynolds number based on length of body
Cy Total-resistance coefficient -
cr, Frictional-resistance coefficient
Cp Residual-resistance coefficient
COMFHBDENTIRE

Dimensicns in Mass-
Length-Time System

L
L

L
L

[ = N A o

LT~
bm'a
LeT-l ;
MLT-2
MLT-2
117 ad
M2

Mr-2




COMNEPENTIAL

* ABSTRACT

The results of éxperlniems with a svstematic.cerios of 24 moathomatiozlly £2-
lated streamlined bodies of revolufion, showing how the resistance of these bodies at
Jeep submergence varies with changes in five selected geometrical parameters, are pre-
sented. These geometrical parameters are the fineness ratio, the prismatic coefficient,
the nose radius, the tail radius, and the position of the maximum section.

The characteristics of the series forms, the techniques used in testing, the pro-
cedures used in analyzing the data, the methods of predicting prototype performance, and
the means used to show retati_ve performance are explained. The results of tests of
four models at near-surface or snorkelling conditions are also included;

The series forms are compared on an_equal volume basis including the estimat-
ed added resistance due to control surfaces necessary for prescribed directicnal stability
characteristics. These comparisons indicate that there is a large variation in submerged
resistance among these forms and that there is a definite minimum resistance on each

parameier variation except fer the nose radius.

INTRODUCTION

The Bureau of Shibs requested? the David Taylor Model Basin to con-
duct a broad investigative program on the resistance of various shapes of
vnderwater bodles, in order to provide ‘basic data for the hull design of high-
submerged-speed submarines. The investipgation was 1ntendeﬂ not only to cover

“bare-hull performance but also to consider the effect on resistance of those
_control surfaces that are necessary to mcet certain directional-stability
requirements. -

The David Taylor Model Basin had previously made a survey of the
literature and existing zeronaulical data and incorporated its findings in a
memorandum which, because of its original limited circulation, 1s reproduced
in Appendix 1. The conelusion that was reached from this survey was that sys-
tematic data on the resistance of streamlined forms deeply submerged in a
Tluid, was practically nonexistent. Conéequently the Taylor Model Basin for-
mulated a mathematically derived series of bodies of revolution which was
desimated Series 58. Twenty-four 9-foot models were constructed for the se-
ries. These were tested to determine their resistance at a submergence which

“was deep enough to substantially eliminate free-surface effects. '

%A1l references are listed on rage 34 of this report.
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. ,The primary purpose of the resistance tests was to determine the
effect, upon submerged resistance, of the variation of five selected geonetriJ
s th insd bodies of

: r2l parsmeters which oan be nsed £o dsfine the shape of streamlin

revolution. .
The subject ratter of this report concerns the establishment of gen-
eral criteria for designing minimum resiztance ferms for given service re-
‘quirements. The characteristics and derivation of the ceries forme are given;
the methods of testing including the towing apparatus, the devices used to
correct for strut-interference effects, and the method of stimulating turbu-
1ence are described 1in detall; the technicues for the reduction of model data
and methods for predicting protetype performance are explained; and suggested
considerations for the ceiectior of tie minimum resistancd form for ppliéa-
tion to Submarine design are given. The vesnlis of tests of four models at
near-surface or snorkelling corditions are alzo given to show their influence

apon the final selection of the optimum form.

The offsets of the models corpasing Series 58 are derived, by the
metihod described in Reference 2, from a sixth degree polynomial of the form
2= A%+ asz + a3x° +axt + a_x® + a;x¢, where X is the nondimensional
abseisss and y 1s the nordimensional ordinate. The arbitrary constants a,,
Ay, ete., for each form are determined when the values for the geometrical
parameters are assizned. The geometrical paramcters which are varied are,
nondimensionally, the osverall prismatic coefficient CP’ the position of the
maximim section m, the nose radlus T the tail radius r,, and the f{lneness
ratio L/D. The nondimensional offsets ¥/T. vs. Y/D are the same for all fine-
ness ratios, once the other four parameters have been fixsd. The nose ard
+a1l radil are nondimensionalized by the following relaticaship:

ot

R .
- _ R, _D_ . '
r= e D XA (1]
2 o

where r 15 the nondimensional radlus,
R is the dimensional radius,
I 1s the length, 23
D is the Aiamefer,

1]

It should bve noted that the nose-radius and tail-radivs paéameters
as used here do not apply merely to the extremities of the given forms but
actually affect the shape of the whole form.2 This is shown in Figure > where

cem*ft_!EM'm.
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Figure 1 - Wetted Surface Coefficients for Series 58
The wetted-gurface coeffictont s defined as S/elD vherd S ts the Yare-lull

wvetted-surfase area, L is the lergth, €21 D 45 the diazeter.
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1+ can be seen that substantial changes of prismatic of forebody and . prismatie
of afiervudy cvcur wili Lie ¢hangesrln;nueg aud vall radii. ; :

A system of serial numbers which deseribes the nondimensional fornms

of the series has been used. The sefialfnumber for a given form generally con- :

sists of ten integers which are read frem left to right in groups of two to

denote the parameters in the following;order:";Position of maximum section,

rnioce radius, tail radius, prismtic coofficient, and fingness ratio. Thus,

to 1llustrate the parameters and‘position of the decimal points, for a serial
of 40050165-70, ,

m = 0.40

. r, - 0.50
Ty 0.710

Cp = 0.65

L/D = 7.00

Wnen more than two integers are required to describe the parameter they are

£

placed in parentheses. Thus for a tail radius of 0.05, the serial.- is 'given
as (005). ; o '
The forms of Series 58 are defined by five parameters and, assuming
that four variationc on each parameter would be required to establish a curve
accurately,. it would require 45 or 1024 models to give complete coverage.
Consequently, Serles 58 was abbreviated by first selecting a-parent form whic
would serve as an approximate central point for the variation of each param-
eter. The parent selected was one having a serial of 40050165-70.
two models based upon this parent were then cons@ructed. The parametesz o7
these models are shown in Table 1.- Cne of these models, having an L/D = 5.0,
was selected as a second parent and two additional models were constructed.
The characteristics of these are also shown in Table 1. p

A complete table of offsets for each series model 1s given in Ap-
pendix 2. Each table tneludes the nondimensional abscissas and ordinates amd

At

[}

dimensional abscissas and ordinates for the construction of a 9-foot model.
Other pertinent data—such as the maximum diameter, volume, wetted surface,
position of the maximum section, position of the longitudinal center of buoy-
ancy, ete., including the rathematica. equation for the forms—are also given.
Curves showing the variation of wetted-surface coefficient with the flve pre-
seribed geometrical parameters are given in Figure 1. <Jurves showing how the
wetted surface variecs on a fixed volume basis are shewn In Figure 2.
It 1s interesting to note that when the cormarisons are made on an

equal-volume basis, there is oniy a omall change in wetted surface with pris-

matic coefficient over the range of values covered. This is true even though

thers 12 a cubstantial change in the wetted-surface coelflclents of these

[ i

CONFIBENTIAL




TABLE 1

- “‘yne Geometrical rarameters Ior Mogels ol Series 50

Model | m r, ¥y Cp L/D

. W54 0.40 | 0.50 0.10 0.65 4.0
4155 0.0 | 0.50 | 0.10 0.65 5.0

) w56 | 0.k0 | 0.50 0.10 0.65 6.0
1157 0.40 | 0.50 0:10 0.65 7.0
4158 0.40 | 0.50 0.10 0.65 8.0
1159 0.4 | 0.50 0.10 0.65 10.0
L1 €¢ 0.36 | 0.50 0.10 0.65 7.0
4161 o.us | 0.50 0.10 0.65 7.0
u162 0.48 | 0.50 0.10 0.65 7.0
1163 0.52 | 0.50 0.10 0.65 7.0
41 64 0.0 | 0.50 0.10 0.55 7.0
165 0.bo | .50 0.10 0.60 7.0
‘1e6 C| 0.u0 | ©0.50 0.10 0.70 7.0
4167 0.40 0.00 0.10 0.55 7.0
‘w68 | o.so | 0.320 0.10 0.65 7.0
. még 0.4 | 0.70 0.10 0.65 7.0
W70 0.40 | 1.00 0.10 0.65 7.0
M7 0.10 | 0.50 0.00 | 0.65 7.0
ny2 0.40 | 0.50 0.05 0.65 7.0
nmy3 0.40 | 0.50 0.15 0.65 7.0
] 0.50 | 0.50 0.20 0.65 7.0
175 0.40 | 0.50 0.10 0.60 5.0
m7é 0.40 | 0.50 0.10- 0.55 5.0
w77 0.3% | 0.5C 0.10 0.65 7.0

forms as shown in Figure 1.
_ ralaticnship:

Cs = 71D

vhere Cg 1s the vetted-surface coefflclent,
' S 1is the wetted surface,

L 1is the length, and

D is the raximun diameter.

The reason for this can te shown by the following

(21
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Figure 2 - Wetted-Surface Areas for Prototypes of Series 58
Compared on a Basis of Equal Volume

The wetted-gurface areas have been calculated for \mfa-hu.‘ll prototypes and are ex-
pressed as-a ratio to the minizum for each gesmetrical parameter variation.
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| Cp = ..!
| P mp? » (3]
* b

where Cp, 1s the prismatic ccefficient and ¥ 1s the voiume. e
! Let the fineness ratio L/D = n. Then
| - ¥ , _
I : Cp =¥ (4]
3 Ln
|
- or . :
E : . S
1 : _ 1 1/3
| | 1= (FF) (51

.

| substituting Equatiom [5] in Eguation [2] and transposing
I Q= r,m RYCTAS i :
S CSL" n (CP) (6]
| " 4s obtained. This is the general expressicn for obtaining the wetted surface

| of all prototypes of Series 58. Now, if n and ¥ are taken to be constant and
T 211 the remaining constant terms are collected and denoted by K, then

. XC_ -
S = .
2/3

(Cp)

(7]

Substituting numerical values from Figure 1, for Cp = 0.55 and L/D = 7.00,

(0.55)"

end for Cp = 0.,0 and L/D = 7.00,

|
| . : g = Kx 0.8224 =1.027 X
(0.70)

Thus there is oniy 0.9 percent difference 1n webted-surface area belwean the

C, of 0.55 and the CP of 0.70, a percentage that agrees with Figure 2. Or to

summarize, the wetted-surface coefficlent varies approximtely as the two-

thirde power of the prismatie coefficient in the range of values covered by .
}' ) Series 58. : :
‘ The voluretric distribution on the series forms 15 shown in Figure
3 by curves of prismatic 3f the forebody, CPF‘ prismatic of the afterbody,-

' CPA' and position of longitudinal center of buoyancy, LCB, versus each of the
praseribed parameters for the serles—with the exception of fineness ratio
which dces not alter these propertles.
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Figure 3 - The Variatlon of For
prismatic Coefficient, and Longitudinal Center of Buoyancy

DESCRIPTION OF MODELS

The models for the series were constructed in the model shop at the
l David Taylor Model Basin and were all G feet in length. All but two of the
f'j models were built of Honduras mahogany. Of the excepted two, one was made of
1 Alaska yellow cedar and the other of susar pine. Mahogany was selected as
the preferred material for building the models since it was found to be more

| : tained their ¢imensions within a few hundredths of an inch without cracking
: - or checking, even when subjected to long periods of soaking.

The procedure for constructing the models was as follows: A block
ves assemblad from glued 1ifts cut from planks; the block was then turned .on
a lathe and cut by a rotating cutting head which travelled alons & longitud-
1nal'temp1ate defining the profile meridian of the form; a central cutout was
provided in the model to sccommodate an internal dynamcmeter and forward and

the cutouss vere covered by 1/8-inch-thfck sheet-aluminum plates which were
molded to fit the contours of the model. .

impervious to water and consequently the rodels constructed of mahogany main-

after cutouts were made ic accommodate the pads for securing the towing struts;
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~ The pﬂécedure for finishing the models was as follows: The mahogany
was first sealed with marine wood sealer follo%ed by paste wood filler'and

Lnen ruoped with purlap or excelsicr to remove the excess flller- after about
€ hours of drying time, the model was sprayed with Dupont 1991 lacquer ‘sealer
and then sanded with sandpaper molstened with sozpy water until a smooth fin-
ish was cbtained; a final coating of Dupont Dulux examel, Ra-190, exterlor
clear, was sprayed on the model and, when dry, was rubbed dowvn with a rubbing
A protograph of a typical model is given in Figure U.

compound .

Figure It - & Tvpical Model of Series 58 :

TEST APPARATUS AND PROCEDURE

The "TMB Faired Towing Struts" were used to tow the serles models
in the deep-submergence condition. The assemply of each of the two towing
struts consists of an internal supporting strui and an erternal fairing. The
internal supporting strut is pin-connected to the model at one end and .clamped
to the floating girder of the resistance dynamometer at the other end. The
external fa1r¢ng i1s placed ¢oncentrically about the supporting strut to shield
it completel; from the flow. The fairing is free at the model end and 1s
fixed to a pair of ralls, which are rigidly mounted to the toving carriage, at
the upper end.

The towing arrangement used for the tests is diagrammatically showvn
in Figure 5. Two struts were used because a single one of the existing struts
did not have the torsional rigidity required to overcome the inherent dynamic
instability o the bare-hull models at the test speeds comtemplated. The
fairings of the struts were inserted into the model through deck-plate open-
ings-which had enough clearance to provide for the motion of the resistance
dynamometer and for possible side deflection of the internal strut or fairing.
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A resistance increase was expected due to the Interference with the
flow about the models eaused by the presence of the towing struts..  Consenuent.

Adjusting Strew

. Iy, it was necessary to construct a pair of dummy struts in order to determine

the magnitude of this effect. The dummy-strut assembly is shown in Figure 6.
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Flgure 5 - Schematic Diagram of the Arrangement of the Model-Towing Apparatus
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'suruts. The struts havé the same cross section as the fa;rlngs of the towing

struts. 7Tney Hroject at right angles to the cupporting frame and are inserted
into the model in a manner similar to the fairings of the towing struts and,
1ike the latter, are nobt attached to the model. The arrangement of placing
the durmy struts at 90 degrees instezd of 189 degrees to the towing struts was
selected for two reasons: First, because of the impracticablility of support-
ing dumy struts coming up to the bottom of the model, and secend!, becauce 1t
was considered desirable to repreduce, in another plane the original asym=
metry in flow about the model caused by the towing struts. It was assumed
from previous experience that there would be Ao méasurable increase in resist
ance due £o mutual interference in flow tetween each towing strut and dummy
strut. The vélidity of this assumption is ver’fied by the agreement in the '
results of tests of 9- and 15-foot geometriczlly similer streamlined bodles

of revolution, which are discussed in 2 suhesquent sectlon of this roport..

For the purpose of stimlating turbulence, the model was prepared
for tests with a 1/2-inch-wide sand strip placed in the form of a circle,
arourd the nose of the model at a distance of 1/20 of the length (of the mod-
el) from the nose. The strip was prepared by sprinkling 20- to 30-mesh sand
on a thin ashesive coating.

mhe procedure used in the testing was as follows: The smeoth bare

ull was first towed at a range of steady-state speeds from 1 to 18 Inots;
the test was then repeated for the model ecuipped with the sand strip. The
model with the sand strip was tested with the dunmy struts inserted and then
with the dumiy struts removed but with the dumhy-strut supporting frame down
(in order tc obtain the net effect of the durmy struts alone). The tests with
the durmy struts in place extended only up to 2 speed of approximately 8.5
knots because the system was not stiff enough to maintain clearance between
the durmy strut and the edge of the cutout in the model at higher speeds.
Strut-interference tests were not corducted for all models since the small
change in strut-interference coefficient from model to model permitted accu-
rate interpolation and extrapolation. '

The apparatus used to tow the models at the near-surface or snorkel-
ling conditions consisted of a single towing strut, having a 4- by 1-inch ogi-
val cross section,which was rigidly attached to the model at one end and to the
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floating girder of the resfstance dynamometer at the other end. The strut
had no external fairing. so that semarate resistanne teste of tha etrut wewe
necessary to obtain the tare. :

The procedure of testing was as follows: Each model, prepared with
a sand strip, was towed at a range of steady-state speeds from 1 to 18 knots
at each of three different depths of submergence. The depths were taken in
cmall increments about what was considered to te & reasonable snorkelling
< depth based on information from other submarines. The strut was then towed
alone over the same speed range at the appropriate depths to obtain the tare
resistances.

Separate tests of the models to determine the additions in resist-
ance due to sand-roughness and strut-interference effect were not made at the
snorkelling conditions. The meang used to assess tpese quantities are-ex- - .
plained in the followlng section. Because of limitations in time, only four -
modiels, empodying the variation of prismatié coefficient at a fineness ratio
ef 7.0, were tested for near-surface resistance.

.

REDUCTION OF TEST DATA

The resistance-versus-speed values obteined from the tests of each
| model were reduced to nondimensional form by the method of Reference 3, as
follows: ’
| The total-resistance coefficient is defined as:
g ok _
_gsv's‘ . ‘ : [8]
A U Soesdet aeeit

vhere Ct 1s the total-resistance coefficient,

Ry i1s the total resistance,

p 1is the mass density, and

V 1is the speed. '

The frictional-resistance ccefficient 1s obtalned from the
Scheenherr formula

2

where cr is the frictional-resisiance coefricient,

[ _ Re 15 the Reynolds number, equal to !%% : - e

V 1s the speed,
L 1is the cverall length, and
vy 3is the kinematic viscosity of the basin water, .-

Akl
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This 1s subtracted from the total-resistance cosfficient to obtain tn
residual-resistance coefficeient, or

Tt =.Cp B momsibitr | [ro0]

T 2’ s-;?

wheré cr is the residual-resistance coefficient, and Rr is the residual

resistance.

The residual-resistance coefficient values were then plotted azainst
the Proude number,;E%; and irregularities due to obvions test-spot dizcrepan-

cles faired out. The Froude number vas selected as the,speea parameter for

Tairing purposes even for the deep-submergence tests because, although thé

models for these tests were towed at considerable depth, a small amount of

“wWave-making resistance, which varies with Froude number, remained.

As mentioned previously, for the majority of the models four resist-
ance tests at deep submergence were made: A test of the emocth mcdel, a test
of the model with the sand strip for stimilating turbulence, a test of the
nodel with the dummy-strut supporting frame alone, and a test of the model
with the dummy struts inserted into the model. To illustrate how the data
from these four tests are used to obtain the ret residualeresistance coeffi-
cient, the data from the tests of Model W65 are reproduced in Figure 7.
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Flgure 7 - Sample Residual-Resistance-Ccefricient Curves

Trne data were derived fros tests with Model L1635,
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This 1is subtracted from the total-reslstange coefficient to_ohtazn'the

residual-resistance coefficient, or . SR
: R £ ; = " - - - ;_,:... — e — - Sl
TR s W Co-Cp=C = N A 1)

W )

where cr is the residual-resistance coefficlent, and Rrris the residual
resistance.

The residual-resistance coefficient values were then plotted against
the Proude number,gé%e and irregularities due to obvious'test-spot discrepan-

cles faired out. The Froude number was selected as the speed parameter fop
fairing purposes even for the deer-submergence tests because, althouzh the
models for these tests were towed at considerable depth, a2 small amount of
wave-making resistance, which varies with Froude number, remained.

As mentioned previously, for the majority of the models four resist-
ance tests at deep snbmergence were made: A test of the smanth madel, 3 test
of the model with the sand strip for stimulating turbulence, a test of the
'model with the dummy-strut support ing frame alone, and a tesi of the model
with the dummy struts inserted into the model. T4 f11istrate how the data
from these four tests are used to obtain the net recidual-resisiaznce coeffi-
cient, the data from the tests of Model W65 are reproduced in Figure'7.
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The dutu vere derived from tests with Model 5165.

ConrrERTIR




" as shown by the broken line.

. . .
S —_mte =l "
AUUUL 1 «VUT A TW T wiib v e v A v

15 C

Examining first the results of the emooth-null tests, 1t can be

ceen that below a sroude number of 0.7—correspording to a Reynolds number of
: ..oern Amams shownlw and attaine negative values below

———— =y

- a7 o -

Since the C, values were obtained by subtracting turbu-

lent Cf vaiues frem the Ct data, the drop in the Cr curve indicates the pres-
ence of laminar flow over part of the body. This is verified by the Cr curve
used to stimulate turbulence. Here the

for the bedy vhen the sand strip is
¢, curve is very nearly horizontal from low to high Froude numbers, except
king resistance. The Cr

for the hump, vhich is known to be due to wave-ma
curve for the body with the sand strip 1is higher, nowever, even at high Froude
numbers. This is considered to be due to the added resistance caused by the
sand itself. It is noted that above a Froude rumber of 0.7 these two cr
curves are parallel. Thus, the difference between the Cr‘s in this area can
be taken as rep;esentative of the correction needed to compensate for the add-
The curve for the smooth body can then be amended

The effect of the sand peyond that caused by
"sand -roughness

a Froude number 0.%.

ed resistance of the sand.

tyrbulence stimﬁeﬁtion will hereinafter be referred to as the
1, where AR, is the resistance asded by the sand.

PR F I T o L1
COCLA.J.\.i(:nL, ,0/2 qy2r
Ir, now, the C, curve for the model towed with the duwmmy -strut sup-
porting frame alone in place and the curve for the model including the dummy

struts are taken as a palr, it can be seen that these curves are also parallel.
Consequently if the difference between these curves can be denoted- as the
"strut-interference coefficient,” ;75—5%5, then the smooth-bare-hull C, curve

urther corrccted to oblain the net C, curve which is shovn in Figure
sand-roughness coefficient minus strut-

can be f
7. To summarize, net C = gross o minus
interfercnce coefficient.

To illustrate the validity of the aforementloned procedure, the re-
sults of tests of two different-sized, geometrically similar streamlined
bodies of revolution are chown as resistance coefficients in Figure 8. The

test results are for a 9- and a 15-foot quel of a TMB-EPH form of a fineness

ratio of 5. As can be readily seen, after the respective sand -roughness and
strut-interference coefficients are deducted from the Ct curves derived from
the tests of cach model, the net ct curves, and consequently the net cr
curves, In the area outside of the wave-making hump are identical. The fact
-roughness and strut-ipterference coefficients are quite differ-

that the sand
ent in magnitude for the two different sized models, (0.10 x 7073 and 0.30 x
3) for the 15-foot

102) for the g-foot model and (0.05 x 10°2 and 0.05 x 107
model, and yet yleld the same net Cr's. 1s an indication of the accuracy of

>
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fhe test procedure and apalysis technique. -Thus the results of the tests of
the 9-foot models can be:used guantitatively with the same confidence as thgsa

The method used to extrapolate the moéel data to obtain the effec-
tive horsepowers for geometrically similar prototypes for deep submergence is
escentlally the same as the method of Reference 3. The only difference is
that Cr is considered to be constant and independent of Froude number. The
assumption of the eenctaney of Cp, for the deep submergence condition is based
on the following reasoning: As will be shovn subsequently, the results of
tests of all models of Series 58 at deep submergence rave indicated that the
Cr's as defined by Equation [10] are sensibly caonstant over a range of Reyn-
01ds numbers from 2 x 10% to 2 x 107, with the exception of the small wave-
making hump. It 1s reasonable to assume, therefore, that if the cr does not
change over such a wide model range, wnpre its dependency‘witp Reynolds. num- %

" ber should be most pronounced, fhere will be no further change in the extrapo-

iation to full-scale Reynolds numbers, which are only removed trom the high-
est model Reynolds number by a factor of the order of 10. Thus, the total ef-
fective horsepower 1s:
ERP, = (C, *+ Cp + ACg) Zsv° 9_5%9-‘—3 ' 111
where Cr is the net residual-resistance coefficient corrected for the sand-
' roughness coefficient and the strut-interference coefficient,
13 obtained from the Schoenherr formula using the appropriate Reyn-
olds number based on the fufl-scale speed and length and on a kine-
matic viscosity corresponding to a standard sea water of 3 percent
salinity at a temperature of 59 F.,
ACr is the roughness-allowance coefficient and is taken, for the purpose
of this analysis, equal to 0,100 x 1073 as recommended by the Ameri-
can Toving Tank Conference,* e
p 1s the mass density of sea water at 59 F.,
§ is the full-scale wetted-surface area,
V 1s the speed vhich, when Imols are used, requires the conversion
factor of 1.689, and
550 is the converslon factor of foot-1b per. second to horsepower.

Cp

#Recent standardfzsticn trials have irdicated trat a roughness-asllowvance coefficlent of 0.4 x 10-3
4s somewhat lov even for clean-tottem vessels treated with zinc chrozmate palirt. Roughriess-ellowance
coefficlents for vessels treated with antifouling paints of het or cold plastic ere even higher. There
are very little existirg data on the rouginess of submarine hulls. It is recomzended, therefore, that
when sufficlert roughnese data are availabtle, they te applied to adjust the EEP valucs in this report,
Af more accurate aeadibative results are desired. In general, the merit relatiorships will not te ma-
terially altered ty a charge of roughriecs-allowvance coefficient.

2«4—\# ?itaTiva. . :
#
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method used to reduce the data from the model snorkelling tests
was as follows: The strut tare resistences were faired against model speed

ond then crooo-foived agalingt depili. The appropr jaive laired lares were Tnen

cubtracted from the test data wvalues of gross resistance versus speed. The

tares were small, anouﬂuihg to only approximately 8 percent of the total meas--

ured resistance. The resultant data were used to compute C 's using Equations
[8] and [9] and these C.'s were then piotted against Froude number and faired..
An examination of the c curves for each model revealed that, velow a Froude
number of approxim—tely 0.75, the curves for all tested depths converged at a
single constant value. The difference between this value and the net Cr for
deep submergence vas considered to te equal to the sum of the sand-roughness
coefficient and the. strut-interference coefficient for the snorkelling tests
of the glven model. This assumed coefficient was then deducted from the
faired C curve values to obtain the net C <versus-Froude number curves. The
EHP'S were then computed by the method of prerence 3 using the net C 's,

PRESENTATION OF DATA

The data derived from the deep-submergence resistance tests of Se-
arc presented in several §ifferent forms to facilitate immedlate ap-
ion for various purposes. ‘ ' '

First, to permit an Independent evaluation, the data are presented
in Appendix 3 as total-resistance cocefficlents plotted against Reynolds number.
Test spots are shown for the model tested, with and without sand strips. Val-
ues for the sand-roughness coefficient and the strut-interference coefficient
are glven on each set of curves. Data for the strut-interference coefficlents
ars given in Appendix 4 in the form of Cr versus Froude number.

Secondly, the corrected, or net, cr‘s plotted against Froude number
are shown as curves in Appendix 5. These curves demonstrate that cr is con-
stant and Independent of Reynolds' number at deep submergence, show the extent
of the wave-making resistance at the depth tested, and permit calculations of
the total-resistance coeflicient, the effective horsepower, or varlous other
comparative resistance coefficients. The constant values for the cr taken
from each of these curves are restated in Table 2.

To provide a means for readily obtaining the effectlve horsepover
for various prototypes of each of the series forms, curves of effective horse-
power versus irmersed volume (or displacement in salt-water tons) are given
for various even speeds in Appendix 6. The ENP's in these curves have been
caleulated for tare hull, to which a roughness-allowance coefficient of 0.4 x

1073 has been added. Standard conditions of salt water at 59 F. were used.

CONFIDENTIAC
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TABLE 2

Model Coefgigient . Model Coefgggient “ Model Coef?izient

1158 0.58 x 10-% || 4162 0.17 x 1072 1170 0.18 x 10~°
1 wss5 0.36 4163 0.19 Nl 0.13

1156 | 0.22 “ mer | 0.37 [I m72 | 0.3

w57 0.13 4165 0.07 173 0.13

1158 0.09 ' 4166 0.28 ns 0.10

4159 0.075 l w167 0.16 . I n7s 0.32

41160 6.12 4168 0.1% : n7e 0.1

4161 0.15 “ u169 0.14 wm77 0.16

Net Residual-Resistaice Coefficlents for Seriles 58 Forms
‘ U T at pesp ouomergence T e

curves relating the lengths to the volumes of the prototypes are also given

in Appendix 6. .

The variation in EHP dde to the change In geometrical parameters 18
1n Plzures O to 14, The EHP's used to con-

i 4 apaas

]

shovn by the use of "merit cu
struct these curves were calculated for prototypes having cgual volumes, name-
1y 60,000 cubic feet (corresponding to 1715 tons) of displaced salt water.

Tn each curve, submerged EHP's for a given form are expressed as ratios to

the minimunm bare-hull EHP of the group of forms being compared. The ratios
are average values for a speed range of 10 to 30 kncts and apply to any speed
in this range to within 1/2 of 1 percent, changing only because of the small

variation of frictional resistance coefficlent with Reynolds numbers., They

also apply Jjust as closely to any fixed volume comparison between volumes of
20,000 to 100,000 cublc feet. The ratiocs are, in each case, plotted against
the geometrical parameter that 1s veried. Thus the advantage that can be
galned, in terms of percent, by the variation of these parameteré can be read-
11y seen. The circle on each curve denotes the parent form.

me broken lines cn the merit curves indicate the EHP—including a
caleulated added EHP due to the addition of horizontal and vertical control
surfaces. The increase in EHF due to the addition of the control surfaces

was estimated by the following empirical relatlionship:
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The EZP's were calculated for GQ,DOO-cubic-!::t Frotoiype operating in salt water of 59 F. usirg a

roughress-silcvarnce coefficient of 0.k x 10-3 erd a C_ for the deeply submerged cordition which rag
been corrected for send-roughness and strut-interfererce effects. The EEP's are expressed as ratiocs
to the minimum tare-hull EEP c‘cte_:ned in the given veriation. The ratios are averaged over a speed

rargw of 10 to 30 knots. The broken lire includes & computed EHP far rorizental and vertienl control
surfacez, The circle denotes the parent form,
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Sse note, Figure 9.
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’

S, ' '
EHP, = EHP, [1 + 2.3 s_] [12)

where EHP, is the effective horsepower for the bare-hull plus control
surfaces, :

EHP, is the tare-hull effective horsepover,

i ¢ 1s the wetted-surface area of the control surfaces,

? S 1is the wetted-area of the bare-hull, and the factor
2.3 was osbtained ty averaging the results of tests to determine the
separate resistances of varjous types of control surfaces vhen

* installed on different classes of submarines.
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- This erpirical factor (2.3) combines the effects of several vari--
ables, such as the 1nterfefpnce‘Ffﬁsé;-be%ﬁeen“tﬁé*éﬁﬁffﬁi_ga}?éce and the
MLl ‘the use of a Reynolds number based on the length of the hull instead of
a Feynolds number based on the length of the control surface, and differences
in boundary-layer thicknesses or wakes in the neighborhood of the contrel sur-

face. The resuyltant cffect is a—rirst arproximation of the augmentation to

the total resistance of the hull due to the addition of the eontpal -
This approxirmation, al:hough not

surfaces.
accurate encugh for a quantitative appraisal
Serves the purpose of showing the effects of the éddition of control surface

areas on the merit relationships of Series 58. Although this factor is hizh

compared to control surfaces designed solely on resistance cnnsideratipns, it

is considered fairly representative’of present practical control
design. :

s O PN U0 [T

-surface

‘

The recuired control-surface areas for the vari

in Figure 15. Tha cunntitics given represent the total areas (both sides) of

both horizontal ang vertical control surfaces. These areas were predicted
from the derivatives obtained from static-stability tests of Series 58 by the

method of Reference L. The tasic assumptions used in the derivation were: A
Alrant s~

carecvional stability index (dimensional = -0.02 reciprocal second), a2 con-
stant volume of £0,000 cuble feet, radii of gyration equal to those of prolate
tpheivids of the fane length, and control surfaces having a span equal to the
raximum dlameter of the form under consideration.

ous forms ave choun

—aa

The data derived from the résistancertests of models of Series 58
| ‘ at the snorkelling conditions are presented In seversl vways. The net Cr's

plotted against Froude number are shown In Appendix 7, as curves for each of

the tested depth-to-diameter ratios. These Cr's permit the calculation of

EHP's for zny Zeometrically similar prototype within the given range of depth-

to-diameter ratios. For comparison purpoges, the EHP's have been calculated
for £€0,000-cubic-root protot;

YPes operating in salt watep of 59 P. at an as-

~ sumed dépth of submergence of 20 feet to the top of the hull at the maximum

: diameter. These EHP's are shown plotted againct cpeed for each prismatiec co-
| efficlent in Flgure 1€ and as Cross curves against prismatie coefficlent fop
‘ aricus even speeds in Figure 17. The EHP's of Figures 1€ amg 17 are ex-

‘ : ressed, in Table 3, as ratios te the minimum EHP fop deep

submergence for
each given speed. The purpose of this 1s to show the ragnitude of the snorkel-

ling EHP in Percentages which are referred to the same basis as used in Figure

LS

10.

e




prismatic Coetficient, Cp

Cpe 065 L/D «7.00

Projected Arcé of Control gurfoces in squore foet

34 38 42 46 50 - 50

Position of Meximum Sectica, m

'or 0.50 010 C,»0.65
T e 1 r———7900

Fineness Ratio, 4

Figure 15 - The Total Control-Surlace Area Requirements for
o €0 ,000-Cubic-Foot Prototypes of Series 5

v The velues are the total ;ro;ectrd—areng (teth sides) for horizontal snd vers
tical control surfuces which have besn ?stim:eé by the method of Feference b
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The FIP's rave teen calculated for a depth of sulmergence of 20 feet to the kull at
tre maximum diameter usirg a roughness-allowance ccefficlent of 0.L x 1077 and for stand-
ard-cornditicns cf salt vater at 33 F. .
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TABLE 3

Ratios of the EHP's at Snorkelling Cordition to the Minimum EHP
© = ""at Deep Submergence ror the Serles 53 Variation of :
Prismatic Coefficient at an L/D = 7.0

Tre FSP's have been calculsted for £0,000-cubic-foot prototypes operating ia salt
wvater of 59 F. at an assumed depth of subzmergence of 20 feet to the top of the kull
at the maximum diameter.

_ EHP/EHP_,

Speed in lkmots | Cp ="0.55 | Cp = 0.€0 | Cp = 0.65 [ ¢, =0.70
12 1.179 1.07% | 1.060 1.149
1k 1.325 1.190 1.129 1.246
16 1.886 1.490 1.319 1.305
18 2.852 2.5 2.278 2.195
20 3.u83 3.067. | 3.77 . 3.120
22 3.657 3.333 | 3520 1 3.7

DISCUSSION OF RESULTS

The range of the geometrical parameters selected for Series 58 is
comparatively narrow; the forms chosen are prineipally those which night rea-
sonably be used for the shape of external hulls for high-submerged-speed sub-
marines. However, these forms may be applied to airships, high-speed tor-
pedoes, airplane fuselages, sound domes, and numerous types of faired hous-
ings. Extension of the serles to inelude the more radieal shape$ required for
other applications has been deferred because of the limitation in time imposed
on the first phases of the projeét. In spite of the fact that the series is
restricted in scope, it is believed that'Figures 9 to 14 will enable the se-
lection of -forms very near to the minimum EHP, within practical desizn limi-
tations. It will be noted that, although all of the forms of Series 58 may
be considered as being within the category of well streamlined shapes, sub-
stantial irprovement in resistance can be made by the proper selection of geo-
metrical parameters even for such shapes. Other things being equal, bodles of
revolution having features such as parallel middle body or very blunt after

bodles can be expected to have higher resistances than the btuviles contalned 1n -

Series 58.

The variations of the EHP with the geometrical parareters which are
shovn in Figures G to 14 apply in the strictest scnse only to the particular
parent that is veing varied. It is reasonable to assume, however, that the
resistances of other parent forms which are not too dissimilar will vary with
change of parameter in very nearly the same manner. Consequently, altheugh
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the subseguent dlscussion will strictly pertain only to the forms encorpassed
by the series, it will apply to other similar forms. The effects of the var-

iation of each geometrical parameter on the EZHP for deep submergence are sep-
arately discusced in the following paragraghs. The comparisons have been made

on the basis of equal volume on the assurption that this guantity is of major
importance in the design of submarines. The data in the appendices will, how-
ever, enable comparisons to be made—based on=1§hgth. maximum section, or any
other geonétrical criterion which is suitablé-té a particular problem.

The effect of the variation of finencss ratio for constant volume 1s
shovn in Figure 9. It can be seen that the minimum tare-hull EHP occurs at an
L/D of approximately £.5. A saving of about 7.5 percent is effected by chang-
ing from an L/D of 10, which corresponds approximately to that of a convention-
al submarine design, to an.L/D of 6.5. Figure 2 shows that for a constant
volume of £0,000 cublc feet there is approximately a 32 percent reductlon in
bare-hull wetted-surface area in gzoing from 2n L/D of 10 to cne of 4.0, Since
the wetted-surface area 1s indicative of the amount of frictlonal EHP,.1t is
apparent that, below an L/D of 6.5, the rate of increase in residual EHP 1s
greater than the decrease of the frictional EHP. This relationship is further
demonstrated by Figure 18, in which the total, frictional, and residual horse-
powers for a speed of 30 knots have been plotted for 60,000-cubic-foct prote-
types of the various L/D's. The frictional EHP's Increase almost linearly-at
a pronounced rate, whereas the residual EHP's tend to level off above an L/D
of 8.0. The comparatively sharp increase in residual EHP* at the lower L/D's
is probably caused by a thickened boundary layer due to the relatively greater
positive pressure gradients over the afterbody of the blunter forms. The
thicker boundary layers would result in a larger pressure defect over the tail
and conseaquently an increased pressure drag. The.effect of the addition of
necessary control-surface area upon the location of the optimum L/D 1s small,

“only shifting it to approximately 7.0.

The variation of the prismatic coefficient at an L/D of 7.0 causes
the most pronounced change in EHP of any of the parameters covered by the se-
ries. It can be seen from Figure 10 that the minimum-bare-hull EHP oceurs at
a CP of approximately 0.61., The EHP at this point is approximately i5 percent
lower than that of a cP of 0.55, apd 10 percent lower than that of a cP of
0.70. The changes are almost entirely changes in residual EHP, since the bare-

~ hull wetted areas for prototypes of equal volumes are almost equal. The

‘eThe explanations offered in this report to account for the relative megnitudes of the residua) FEP's ~
for the varlous forms are tased on a few preliminary observaticnal expericents conducted in the circu-
l1ating water 'ctannal of the Taylor Mcdel Basirn. Mcre precise Jetermination of the causes nf form re- "
sistance on streazlined tcdies will form the sublect of future research. £
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Figure 18 - The Relationship of Total, Frictional, and Residual EHP's
for £0,000-Cubic-Foot Prototypes Derived From the L/D Variation
of Series 58

© ThLe walucs are for a speel of 30 knots. The totul snd frictiornal ¥EP's ~.clude a roughness-
allowvance coefficient of 0.4 x 107>, The residual EHP's have been conputed from net Cr"a vhich
are for deep sut=arsence ard are corrected for sand-roughness and strut-Interlerence effects,

relatively large residual EHP on thé,cp 6r 0.55 is probably caused by a rapid
change of slope of the afterbody which produces adverse pressure gradfents and
The addition of control surfaces Ty
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The variation of ENP with Cp at an L/D of 5.0, shown in Figure 11,
differs somewhat from that at an L/D of 7.0. Although the minimum occurs at
nearly the same value, CP = 0.60, the bare-hull EHP at a CP of 0.55 is only

L percent higher than the minimum. Tha A%ffarent ":z:J,t@;—:f‘tai:—;HA-e ¥ R S

provably due to the fact that even at the optimum C; for an L/ of 5.0, a sub-
stantial amount of form resistance exists. Consecuently, since the boundary
layer at the tail 1s already relatively thick, it 1s reasonable to expect that
the thickness of the beundary layer would not be as sensitive to changes of
form ac is the case for an L/D of 7.0. The addition of control surfaces does
not materially alter the position of the optimum CP.

The effect of the variation of the nose radius is very small over
the\range of values tested and conée"uently the cholce of this parameter is
not critical., The nose radius of O. 5; used on the parent, appears to be most
catisfactory and 1t does not seem to Ve advisable to use a nose radius greater
than 0.8. The change of nose radius produces 2 substantial change in forebody
and afterbedy prismatic coefficient and in the position of the LCB as shown
14 Flgure 5. Thne iatter parameters could be substituted In place cof the scale
for nose radius In Flgure 72 -or used interchangeably, to show that these param-
eters have little effect on resistance over the range tosted. The fact that
the LCB can be moved quite considerably without much effect upon reslstance
zives the desligner conslderavie latitude in making hls cholce of form. The
additional reslstance computed for tail surfaces does not alter the relstive
effects of the nose radius.

The varlation of the tall radius over the range given in Figure 13
does not result in any significant changes of resistence., The tail radius of '
0.2 eppears to be most satisfactory for the parent, having a CP of 0,65, be-
cause 1t results In a more gradual afterbody taper. This probably would not
be true at lower Cp's. The addition of control surface areas does not alter
the relative comparison of Figure 13.

The position of the maximum section, as shown in Figure 14, does not
appear to be critical over the range covered by the series., For the parent
used, the optimum position of the maximum sectlon appears to be approximately
0.36. The change in bare-hull EHP is only 3 percent from an m of 0.36 to an
nof 0,52. The addition of eontrol surfaces dces net matsrially alter the op=

~ timum position of the maximum secticn.

At snorkelling depths, the effect or the variation of geometrical
parameters on EHP is more pronounced, eince the effect of wave-making resiste
ance due to surface proximity is also Included. As seen in Figure 17 and in -
Table 3, the choice of the optimum cP for snorkelling depends upon the speed
that is contemplated. At speeds telow 12 knots, the CP for minimum EHP
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approaches the optimum CP for deep submergence and consequently the cholce of

Co for both conditions would be the same. At speeds of 14 to 17 knots, a C,. S

nf approximately .65 would be more desiradle for snorkelling, and if tnese
speeds were contemplated, the relative advantage of using the best CP for deep
submergence or that for snorkelling would have to be considered in the design
of the hull form. It is assumed that snorkelling spesds above 17 lmots are
impractical at the present time. It is nevertheless of intzrest to note the
effect of CP at higher cspeeds, since the cptimum CP for deep submergence is
once more approached. It should be noted, from Table 3, that at a speed .of

22\ knots the bare hull EHP is of the crder of 3 1/2 times the EHP at deep
submergence.

The selection o the minimum resistance form must be done advieedly.
even within the scope of the series. Since the variation of geometrical param-
cters has in each case been made from a common parent, the effects of each
rarameter are not necessarily 2dditive. For example, the nose or tail radlus
most suitable for the parent form is not necessarily right for the body of
optimum CP‘ Furthermore, the optimum form may not be unigue in that several
combinaticns of the five parameters used in the series may result In egually
good resistance forms.

Based on the preceding factors, considering also the ei'fect of the
addition of control surfaces, and assuming a design snorkelling speed below
12 Ymots, one ponssible optimum resistance form is one having an L/D of 7.0,

a Cp of 0.61, an r, of 0.5, anr; of 0.1 and an m of 0.36. The r, of 0.1 vas
selected, iristead of the 0.2 indicated by the series results, because the
latter value is not compatible with the other parameter changes. Since there
are only small changes involved in going from a Cp of 0.61 to a Cp of .60

and from an m of 0.36 to an m of 0.40, Model U165 with a serial of L00501€0-70
has a form that has a resistance of only approximately 1 percent higher than
the selected minimum resistance form.

A comparison of the selected minimum resistance form from Series 58

with other existing streamlined bodles of revolution on the basis of equal

volums reveals the following: The optimum form has approximately a 3 percent

“lower bLare-hull ENP then the British R101 with an L/D = 5 {TMB Model 418%),

and approximately a 6 percent lower bare-hull EHP than the TMB-EPH form with
an L/D = 5 (TMB Model 414Q), It is cspecially interesting to note that if the
merit curves of Series 58 are entered with the geometrical parameters of the
R101 and EPH forms mentioned iIn the foregoing, the EHP difference 1s identical
to that obtained from the actual tests of these two models, 1.e., S'percent.
Furthermore, if the R101 form is compared with the Series 58 form having the
same geometrical parameters, the resictances are very ncarly equal.
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& Twe selected optimum form from Series 58 is compared on an equal- ﬁ
3 . i -
i volume basis te 2 ‘conventional type of submarine in Figure 70. It can be @een 2
‘% . “fhat the convéntivnal foiw had cpproxirately 22 rercent zreater btare-hull EHP
3 ] than the optimum form. i : - _ et :
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Figure 19 - Comparison of the Total Bare-Hull EHP of an Optimum Form '
! " from Serles 58 to that of 2 Conventional Type of Submarine L
The TFF for the optimun form vas computed for a voluze of Bl,350 cutic feet equal to that -
of the conventioral type. The values are for deep submergence in salt water of 59 F. ueirg
1 - a roughness-alloverce coafficient of 0.b x 1079,
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. It should be emphasized that the optimum form suzgested herelin is
tased solely on the resistance performance, which includes the effects of the
control surface area rocuired for certain Ainecbiensl 2321000 speciilcabions.
The effects of hull shape on propulsive performance will undoubtedly play an
importan» r2rt in the Iinal selection of the optimum form. It is-conceivable
that the use of a form of lower fineness ratio or fuller aftertedy than indi-
cated for minimum resictance may improve the wake and thrust deduction so that
a higher hull efficlency is obtaincd, which will rerult in a lower shaft horse-
power than that obtained with the minlmum resistance farm. Furthermere, prac-
tical considerations such as machinery layout, military characteristies, cte.
will also enter into the determination of the final form.

Programs to study the effect of variations in hull form on propul- .
sive characterictlcs are being plaried as zan ‘extension of the .work with Series
58 and will form the cubject of future reports.

.......

t nat the sub-
merged resistance of strcamlined bodics of revolution, whose cection area
curves

The recults of the experiments with Seri o 58 show t
i

%
=
o'

e represented by sixth degree polynomiazls, will vary uwith changes
in the geomelrlical parameters which are used to definc thece hodles. The

EHP of equal-volume prototypes of Series 58, egunipped with horirental and :
vertical control surfaces, changes within the range of gecmetrical parameters
covered by thc series as follows: .

1. Fineness ratio—The maximum change is approximately 12 percent and
there is a mininum EFP at an L/D of 7.0.

=
=

2. Prismatic coefflicient, L/D = 7.0—~The maximum change is approximate-
1y 15 percent and there is a minimum EHP at a Cp of 0.61.

3. Prismatic coefficient, L/D = 5.0—The maximum change is approximate-
ly 4 percent and there is a minimum EHP at a Cp of 0.60.

L., MNose ra?ius--The maximunm change is approAinateAy 2 percent and there
is a minimum ERI at an r, of 0.5.

5. Tail radius—The maximum change 1is apprdximately 1 percent and there
1s no definite minimum EHP indicated.

6. Positicn of maximum section—The maximum change 1s approximately 5
percent and there is a minimum EHP at an m of 0.36.

A minimum resistance form Yased on the preceding relationships 1s
one having an L/D of 7.0, a CP of 0. 61 an r, of 0.5, anr, of 0.7, and an v ‘W
of 0.36. :
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The present series was selected Jointly by I. Lzndweber snd the_
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APPENDIX 1. -

MEMORANDUM REVIEWTNG THE INFORMATION AVAiTJ.BLE oN .

STREAMLINED BODIES OF REVOLUTION
PRIOR TO SERIES 58
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CONFIDENTIAL 3 May 1948

MEMORANDUM

To: Orficer-in-Charge of Hydromechanics Department

Subj: Research THB SED 542/46 - Hydrodynamics of High Submerged-Speed Submarines -
fesistance of Streamline Forms.

Refs: (2) TVF3 Conference of 25 Mar 46 attended by Dr. Kennard, Mr. Landweber, *
Fr. Xirstein, ¥r. Gertler, and Mr. Abkowitz of TMB.

{v} BuShips Conference of 30 Apr 46 attended by Captain Weaver, Comdr. Tilburne,
and Mr. Leidermair of BuShips and Mr. Kirstein, Mr. Gertler and Mr. Abkowitz
of THMB. '

TKB CON? 1tr C-55/51-2{5), C-AQ-17 of 3 Aug U6,
resdern Developments in Fluld Dynamics,™ by S. Goldsteln,.Volume II, Chapter
¥I, Section 2 (1939).

o~
h o
—

Encl: (1) Eibliocgraphy of the Resistance of Streamline Bodies of Revolution, dated
31 Jan 47.

1. The purpose of this memorandum 1s to review the steps taken by the David Taylor Model
Basin in the basic recearch phases of the Program for Investigation of Hydrodynamice of
High-Subrmerged-Speed Subrmarinec, designated as Project SRD 542/46. In addition. general
rerarks concerning the state of availatle experimental data on etreamline bodies of revo-
lution are made and systematic series models are proposed for testing in order to further
this knowledge. The discussion which follows 1s concerned only with the phase of the pro-
'gram waich deals witn factors affecting the resistance of these forms. Stability, con-
trollability, and propulsion are not considered herein.

2. At the inception of the High—Suhmarged-Speed Submarine Program, 2 conferensze, Raference
{2) was held, to determine the course of action to bo taken. It was decided, at this tlne,
that data obtained from wimd-tunnel experiments on airship forms might be directly eppli-
cable to the ideal sutrarine form for exclusively submerged operation, It was suggested,
tnerefore, that a complete bibliographical search on-this subject matter be made before

an experimental p;ugrum of vtasin tests was planned,

3. Pursuant thereta. detailed search of all available sources was made and the bibli-
ography contained in Znclosure (A) was assermhled, The bibliography has been divided into
two categories; one of which 1z experimental and deals with the results of tests on
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strezmlins bodies of revolution in wind tunnels, model basins, and on full-scale trials
to chtain resistance and reiated data, and the second which contains papers by various
¥ shicct Mtac‘.

authorities on h"*wn*;naﬁlcs giv*ﬁg a ‘hce"ctical treatment of the came Sull

L. A study made to’ dcterm;ne tﬁE'value of these experimental data revealed that in
general one or more of the following conditions were preseut which rendered them unre-
1iable as bases for the proposed program:

a. The values of total resistance cozfficient (ct = ——~"§~——u where ﬂt is the

Pf2 8 V®
¢ ¢21 resistance, p is the mass density, S 1s the wetted surface area, and V 1s the
speed at any glven Reynolds rumber !L , where V is the speed, L 1s the overall length
ard ¥ 13 the kinematic viscosltyifor the sare model tested in different wind: tunnels
varied over a wide range. This was due to the varilous degrees of turbulshce in these

- tunnels. )

b. The curves of total resistance coefficient versus Reynolds number for the same
model in the same wird tunnel varied greatly when different means were used to artifi-
cizlly stimulate turbulence. The curves did not converge at a given value as normally
occurs when the drag experiments are conducted in water. The drag coefficlents ob-
tained from tasts 4n an undisturbed aip stream and those obtained from tests in an air
stream with turbulence induced by wire grids placed at gifferent positions relative to
the model differed as much as 200 percent. N

c. Most of the available wind tunnel data were obtalned at low Reynolds numbers

because of the small size cf the model used and the iow air speed. As a result, most
of these data were obtained under conditions of either laminar or transitional flow.

d. The few wind tunnel tests made at high enough Reynelds numbers to ensure tur-

bulence without the use of artificial stimulatlon produced too few experlzental obser-
vations to discern a trend in the data.

e. As far as can be determined, there have been no tests of systematic series of
streamllne bodies of revolution corducted in the wind tunnels. The majority of the
tests were made either on specific airship designs or isolated cases of streamlined
btodies of revolution. Very little or no attempt was made to relate the effect of var-
1ahles of size and chape to rcoistance.

£. The full-scale data avallable were cbtained from decelcration tests and the
approximaticns relied upon make these data unreliable for any basle study.

g. The model basin test results whiéh are available arc inadequate becauce of
the use of small models, low towing speeds, and fallure to take accurate temperature
readings. As a result, most of these data were obtained under traznc.tiomal flow con-
ditions. The following excerpts from Reference (d) confirm some of the above men-
tioned statements:

"Before -that date (1929) much experimental work had been conducted on stream-
line bodies, but (for lack of facilitles as well as knowladge) the Reynolds numbers '
were 2s @ rule so low that the results are of 1ittle practical value.

.

-




ieliavie data. It was noted that the value of residual resistznce coefficlent, C =

7. The varlables which are likely to affect the resistance of sireamlin
Iut.;on to the greatest extent expressed in non-dimensional form are: —% _p_- S ,a ¥
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“In most of the fairly numerous experiments made to determine the effect of the
variation of fineness ratlo, the Reynolds number has been of the order of '10® or 10°% so
that tre boundary laver has in al} nraba®dlits voop ooilly lawloer ang partly Toriulent,

s have been l.msatisractory because the t.neness ratic as been
altered ty the fnsertion of different lengths of cylindrical body between the nase and
tail. It 1= not clear what purpose such tests are expected to serve, since, given-a well-
shaped ncse and tail and Junction between them, it seems that the mtroductim sf a eylin--
drical portion rust increzse the drag.”

or
e
[=]

3

5. The inzdecuacles of “the existing data led the Taylor Model Easin to suggest to the Bu-
reau of Ships in Reference (b) that systematic experiments of streamlined bodZes of revo-
lutlon te conducted. It was agreed in this conference that, although these forms nmight

not be practical for submarine hulls, the information gained fror tests of the rodles would
provide vzluatle guides for submarine huil design and 2dd nuch to the tasic imcviedge of ,

the subject. As the outcume of this conference, provision fér erperinents on th=se forms
were Inecorporated in paragrarh la of Reference {c) ac part of the gewneral resez:<h program
&r tie npdrodymanmles of high-subrerged-speed sutrmarines, )

f. The Tayleor NEdel Lasin :as conducted subneraed resistance tests on the bare 2ulls of
:ewral 20-foot submarine models, These models were towed at hizh enough speede %2 ensure

p/2 8 V2

where R is the res!dusl resistance, was approximately the same for each model zn? squal

to 0.0C02. This suggests that. 1n streamlinc bodfes naving a lergth-diameter =z%!oc of from
0 to 12, the prime factor which affects the resistance is the wetted surface sr=z. It
should be mentioned, however, that the volumes of these models were not the same.

ne tedles ¢f revo-

‘L2 L3

where L 1s the overall length of the body,

h I5 the distance of the section of maximum diemeter from the nose,
D is the diameter of the maximum section,

S 1s the wetted surface area, and

+ 1s the volume.

i systematlic study of the effects of each of these variables can te rade by a serifes of
nmodels winlen would vary one of the variables at a time while the others remain ccme*znt.
Since the differences_of wetted surface area would be accounted for in the non-2=en 1sional
coefficlent, C, = =t only the three rerainm.g variables need te considered. Thus,

p/2 8 V2

if three rcdels were used for each of the variations, the resultant serles would e com-
posed of 27 models. The number of models required might possibly be diminished T testlig
models at selected end points znd determining whether the magnitude of the res!stance
changes warrant the testing of rmodels at Intermediate points.

8. Although it is true that the relationships which arise out of such a serles a7 only
te strietly accurate for the particular family of forms tested. it 1s belleved trzt the
general relationships %411 not deviate grea..ly in other similar faz2lies of reascnstly
strearline forms. .
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. In addition to investlecating the. effects of the var*ablis'given above, it may e desir-

abl"’fb'*r wEstigate detalis ot shapd sich as ~¢iprature at the nose, curvature at the maximum
section, curvature at the tail, and the slope of the longitudinal section azt various peints.
Consequently, the family of forms chosen for the series work should also be able to define

thece V?ria ions.

0. A family of streamlire bodies of revolution which apparently satisfies most requ_re—

rents is belng presently developed. The family 1is derived {rom the pover sericu equation:

¥eEax+ta@tax’t ... a8

vhere y 1s the non-dimensional ordinate, ¥/D,

x 1s the non-dimersional abseissa, X/L, and

1+ 22s 83, ete. are arbitrary constants having mumerical values which are devendent
upen the limitations imposed on the basic equation.

a

The degree of tie basic cquation 1s chosen to accomrodate the number of variables which are
used to define the shape of the body. Typical features of shape vhich can be specified are:
Cur'ature of the nose, taﬁinam section, and tail; position of maximum section, and volume.

1. ;ue 1ines ¢f investigation suggested for the bodles comprising Lhe proposed series are
outlined as follows: :

1. Pes'. ance tests at zero angle of trim, for
a. Deep Subme:gence
b. Intcrmcdiate Depths
¢. Surface
2, Resistance tests at various angles of trim, for
a. Deep Submergence
b. Intermediate Depths
c¢. Surface
3., Boundary layer studles, at : -
a. Deep Submergence ' : :
4, Point pressure studles, at
a, Deep Submergence
b. Intermediate Depths
¢. Surface

Because of the amount of preparaticn and testing time required, it is proposed that the
bowdary layer and point pressure work be confined to only ene or two selected models.
It 1s also proposed to include tests of the serles models equipped with various nose
shapes designed for the purpose of improving surface performance without serlous detri-
mental effect on submerged performance. :




12, In addition to the tests of the hull forms, it 1s proposed that'the design of append-
ages be studied in conjunction with the serles models in the following manner:’

g
1. Resistance

-a. Effect

b. Effect

c. Effect

2. Resistance

a, Effect
b. Effect
¢. Effect

3. Resistance

a. Effect

b. Effect

¢. Effect
13. '”he d

of
of
of
of
of
of
of
of
of
of
of
of

vrarndmanta wd
Xperamenvs Wa

¢ontrol sarfaces
size R
shape '
ioeation
conning tower assemblies
size

shape

location

sound domes

size

shape

location

[ el R TR

tails concerning the series models, the most practical sizes éf nodels and the

11 o dctermined as thc Work pirogresses.

M. GERTLER
Subrarine snd Torpedo
Povering CGroup
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w —CONHDENTIAL

c-85/31-2(5)

C-A9-17 | - R 31 January 1946
: ENCLOSURE (A)

SIBLIOGRAPKY OF THE RESISTANCE OF STREAMLINE BODIES CF REVOLUTION

EXPERIMENTAL
1. Jones, Willlams, and Brown, "Tests on Two Streamline Bodies in the Cormpressed Alr

2. Simmons and Brown, "An Fxperimental Investigatlon of Boundary Layer Flow," A. R.c.
Reports and Memoranda lo. 1 91\7, 1035.

3. Arnstein, Karl, "Some Design Aspects of Rigid A&*‘-h*p* " Trzncactions of A S.M.E.,
1934, .
4. Garland and Fulton, "Improving Airshilp Performance,” Transactions of i.S.M.E., 1934%.

5. Lyon, H.M., "A Study of Flow in the Boundary layer of Streaclire Bodles," A.R.C.
Reports and Memoranda Ho. 1622, 1934,

6. Gehman, S.D. and Mallory, G.C., "Skin Friction of Various Surfaces,” Journal of the
Franklin Institute, Volume 21€, MNo. 3, 1933.

7. Abbot, Ira H., "The Drag of Tvo atrczmline Dodies as Affectsd by Irotuberances and
Appendages,” W.A.C,A. Technieal Report Io. us0, 1933.

8. Freeman,. Hugh B., "Pressure Distribution Heasurements on the M3lls 203 Pins of &
1/80 Scale Model of the U8, Adrship Lkron," N,A.C.A, Technical Report MNo. 4yu3, 1933.

9, Freeman, Hugh B. , "Force Measurements on a 1/u0 Scale lodel of the T.S. Alrship
Akron," N.A.C A, Tecmical Report Ho. W32, 1932.

10. Freeman, Hugh B.,, "Measurements of-Flow in the Boundary Layer of a 1/10 Scale roﬁel
of the U.S. Airship Akron,® N.A.C.A, Technical Report lo. 436, 1932,

1i. Klemperer, W., "Windkenalversuche an Einem Zeppelin-Luftsehiff-I ‘odell." Abhandlungen
alrs der Aerodynamischen Institut an der Technischen Hochschule, sachen, 1932.

12. Lyon, H.M., "The Effect of Turt—ulencc' on the Drag of Alrship Models,” A.R.C. Reports .
and Mermorznda No. 1311, 1932.

13, Upson, R.H. and Klikoff, W.A., "npplication.of Practical Hydrodynanies to Mr..hip
Design," N.A.C.A. Technical Report No. k05, 19}2. ;

14, Abbot, Ira H., "Airship Model Tests in the Variable Density wind Turmel,” W.A.C.A.
Technical Report No. 394, 1931, ' ’
15. Thempson, F.L. and Kirschbaum, H,W., "The Drag Characteristies of Several Alrships
Datermined by Deceleration Tests," M.A,C.A Technical Report lNo. 297, 1901

16, Dryden, H.L. and Xuethe, A.i., "Effect of Turbulence in Wind Turmel }.essuremnts,"
N.A.C.A. Technical Report No. 342, 1930. ’
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‘17. Owen an? !lutton, "Investigat
erg

18, von Férrén, T., "Berechmung 4
.

- pert No. 217, 1025,
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fon of the Bourdary Layers and the Drags of Two Stream-
1'ne BEodles,” L.R.C, Reports zrd Femoranda No. 1271, 1930. fo - oot
er Dzﬁjckvertic!'rmg an Lul‘tschii‘fkor!‘rem." Translated in. ‘
S5Th, 1930.
19. Simohs, "Zryperiments Relating to the Flow in the Boundary Layer of an Afrship Fodel,"
A.R.C. Reports znd Memoranda Ke. 1268, 1930.

N.5.C A0 Technlezl Memorandum !

20. Blakemore, Poyle, and Mzadsowereft, "Dezlgn, Construction and Handling of lNonrigid Air-

~'ships," Transactions of the .II.S.I-E.E., 1629,

21. Zehm, A.F., Smith, R.H., and Lowden, F.A., "Drag of C-Class Alrship Hu:ls of Vartous i
Fineness Ratios, " M A C.A, Technical Report No. 291, 1928. )

22. Arnstein, ¥arl, "Develorrment sf Large Commercfal Ripid Airships,™ Transactions of
A.3.%.E., 1927-1928.

23. Ackeret, J., "Removing BewrAdary Layer Yy Suction,” N.A.C.A. Technical Memorandum No.
395, 1927. ’

2, Henke, Paul E., "Measurerment of Fressure Through Tubes in Pressure Distributlon Teste."

N.AGCLA, Teciinical Repordt Wo. 275, 1%27. )

25. liggins, G.J., "Tests of the I,P.L, Airship Fodels in the Variable Density Wind Tunnel,"
M. A.C.A, Technical llote No. 26%, 1927. . :

26. Havill, Clinton H., "The Drzz of Afrships - Drag of Bare Hulls - IT," N.A.C.A. Tech-
nical Note No. 248, 1926.

27. Havill, Clinton H., "The Drag of Airships - I,” H.A.C.A. “fechnical Wote Ko. 247, 1926.
28. Schrenk, Oscar, "Experiments With a Sphere From which the Bourdary layer I1c Removed

by Suction,” N.A.C.A. Technical ¥emorandum No. 388. 1926.

29. Crowiey, J.W., Jr., ani DeFrance, S.J., "Pressure Distribution on the C-7 Airship,”
N.A.C.A. Technical Report No. 223, 1925.

30. Tuckerman, L.B,, "Water Model Tests for Semi-Rigid Alrships," N.A.C.A. Technical Re-

3. Zahm, A.F,, "Alr Forces, lcments and Damping con lodel of Pleet Alrship Shenandoah,™
NH.A.C.A, Technical Report Io. 215, 1925.

32. Croces, G.A., "Effect of Fatis Setween Volume and Surface Area of Airshipe,” N.A.C.A.
Technical Mermorandum Ho. 280, 192%.

33. Durr, L., "The American Alrship 23-3," NM.A.l.A. Technical Memornndum No. 286, 1924,

34. 7anm, A.F., Snith, R.H., and Hl1, G.C., "The Drag of "C" Class Afrship Mull with :
Varying Length of Cylimdrical Kidships," N.A.C.A. Technical Report No. 138, 1922. i

35. Jones, R, an? Bell, A.H., ":_'he Precsure Distribution over a Mcdel of the Hull of
Afrship R. 33," A.R.C. Reports and Meroranda Mo, 807 {ie. 55).'1922.

CONFIDENTIAL




G

” .ﬁ

R CONEIDENTFIAE———

c-ss/s.-z(s} :

f-00217

36, Frzzer, R.A. and Gadd, A.G., "The Prediction of the Resistance of Rigid Air'%hip R. 33,"
A.R.C. Peporis and Memoranda No. 827, 1922.

37. Jeones, Willlanms, and Bell, "Experiments on Model of a Rigid Airship of llew Desien.
A.R.C, Feports and Menorandz No. 802, 1921-1922.

28, Pzrnell, J.R., Frazer, R.A., and Bateman, H., “F‘rpé;!iimnt% on Rigid Alrship R. 32 -
Part III, Heasurement of Resistance and Airspeed," A.R.C. Bcgorts and Memoranda No. 813
(Re. €4), 192i.

39, Munk, ¥., "The Drag of Zeppelin Alrships," ]i A.C.A, Technieal Report No. 117, 1021,

-

b5, Rizbouchinsky, D.P., "On the Resistance of Spheres and Fllipsoids in Wind "‘unnels,"
N.A.C.A. Technical Pcte Ho. , 1921, * .

11, Jones, R. and Willians, "Experiments on a Medel of Rigid Airship R. 38," A.R.C. Feports
and ferorarda No. 799 {ie. 54), 1920,

42, Jones, R., Williams, D.H., and Bell, A.H., "Experiments on a Nodel of Rigid Airship

R. 29," A.R.C. Reports and Memoranda Mo. 714, 1920,

L3, P":'me‘l J.R., "Preli."'inar:,r Experiments on Non-Rigid Airship S.S.E. 3 100,000 with o
Consiceration of the Performance Data-of Various Types of S,8, nirs‘mips,“ A.R.C. Reports and
Memorerda lio. €93, 1620.

ul, Stahl, Frederick, "Rigid Adrships," N.A.C.A. Technlcal Memoranda No. 237, 1920,

L5, Pornell, J.R. and Jones, R., "Resistance Experiments on Four Models of Propoced Non-

wnell,

Rigid ~Afrship Envelopes,” A.R.C. Reports and lMemoranda Io. 6u6, 1920-21.

Resictance of an Airship of the 23 Class,” A.R.C. Reports and Memoranda lo. 619, 1919-1920.

. ik, Pammell, J.R., Jones, R. and Pell. G.N., "The Prediction from Medel Experiments of the

47. Jones 2nd Williams, "The Distribution of Pressure Over the Surface of Airship Model
U721 Together with a Comparizon.With the Pressure Over a Spheroid," A.R.C. Reports and Mem-
oranda lio. €00, 1918-1919.

18, Parnell, J.R. and Jones, R., "Experiments in a Wind Channel on Elongated Bodles of Ap— .
proximately Streamline Form," A.R.C. Reports and Memoranda No. 564, 1918,

49, Parnell, J.R.,and Jones, R., "Experiments on a Model of a MNodified Form of the N.S.
Non-Rigid Afrship," A.R.C. Reports and Memoranda No. 48z, 1918,

50, FPannell, J.R, and Jones, R., "Experinments on a lModel cf the 23 01313 Atrship," A.R.C,
Reports and Fermoranda Mo, U56, 1918,

51, Panrell, J,R, ami Carmpbell, N.R., "The Varlation of the Resistance of Rigld Airships
Models with the Seale and the Wind Speed,” A.R.C. Reports and Memoranda No. 302, 1916..

52. Relf, £.F., "An Estiration of the Variation of the Drag Coefficlent of a Rigid Alr-
ship Form fron Fodel Size to Full Scale," A.R.C. Reports ard Memcranda No. 245, 19i6.
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“93:7 wimseisbor e I Tailnone and the I‘e stance of Various Kimds
of Surfaces,” F::, cechnik, U, Motorl, September 1915,

5k, krmann, G., "Theoretische amd E'cper:mnt'elle U‘ntersuch*m,géﬁ an Eailon:nie}len" Jarbuch
FHotorlulschiff-3Studiengesellschart, “crlin Springer, 1911-1612.

THEORETICAL. - -

55. CGoldsteln, 2., ""adem De\rnlon"c-nts in Flu!d Dynmamies," Vol. II, Chapter XI Ertitled, "‘how

Past 5Solid Bodles of Revolution,” '9.‘»8

6. Clauser M1ton 2nd Clauser rram:is, "The Effcet of Curvature on the Trans:t_:on fronm lam-
Ll

Irar to Turtulent Boundary Layer," N.A,C.A. Tecimnical MNote No. €13, 1977,

57. Gurjlenko, G., "Universal Locarithm:. Low of Velccity Distribution zs Applied to th»
Investigation of Downdary Lzyer znd Dr ag of Strearmline Bodies at Large Reymolds Fumber,”
H.4.C.%, Technical Memorandum llo. 842, 1037.

35, iami, M., "The Cc*mtat*on of Apparent Mass of Dirigibles," Journal of Leronautieal -

Sclences, Veol. 2, No. 3, lMay 1035, . e

59. "The Bovmdary Laver and Skin Friclion Tor a Figure of Revolution at Large Beimolds Num-
bers," Danfel Guoenhieln Afrehip Ins titute, Alron, Ohlo. Ne. 2, 1035,

e, Tadlaevskl, C.0,, "The Bour ndary Layer and the Drag of a Body of Revolution 2t Large

Reymolds lnmber,” To.v.:'";.,.l of Aercnzutical Sclences, Vol. ,, No. 1, Scptermber 1635,

£1. Faplen, ¥arl, "Potential Flow About Flongated Eodles of Pevolution,” N AL G A, Technical
Report No. 516, 1035, i

62. Moore, ILB., "Appl:
1

atfon of ¥Armin Logarithm’c La'.: to Predictlon of Airship Hull Drag,"
Journzl of Aeronantie 1o

rnoes, Vel. 2, No. 7, January 1935,

I

63, Snith, RUH,, "Longitudinal Potential Flow About an Arbitrary Body of Revolution with
Application to the Alrship Alron,” Journal of the Acrorautical Selences, Vol, 3, MNo. 1,
Septenler 1935, ‘ : .

B4, Iyon, H.M., "The Drac of Srpasmline .m.adit:a, hireraft Engineering, Septermber 1934, -

€5, Dryden, Purnaghan and Eateran, "Hydrodynamics," Chapter II Section 20 Entitled, "Flow
about an Obstacle Yhore Surface 4s one of Revolution," 1932,

€6, Lotz, 1., "Paleulation of Fotential Flow Fast Alirship Bodles 4n Yau," N.A.C.A. Tech-
nical Memerarndum No. (75, 1932.

€7. Havelock, T.H., "Phe Wave Resulstance of an Ellipsold,” Proceedings of the Royal Soclety
of Lomﬁo}n, 1031. 3 )
f8. Demdorf, i, "Hotlon of 2 Solid Body tn a Liquid with Friction," Paysik 2, 1830. :
€9, Jones, B.M,, "Skin Friction ard Drag of Streamline Bodles,” A R.C. Reports and Mem-

- oranda o, 1199, 1879,
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706. "Su. une Pamﬂe pour le. celcul de.la Resistance d'un solld dans un Fluide Parfait
Incornpresslble,“ Comptes Hendu. 189, 1929. - - 7

7. Bicidey, W.G,, "The The Influence of Vortices Upon the Resistance Experienced by Solids
Moving Through a Liguid," Proceedings of the Royal Society of London. A119, 1928.

72. Taylor, G.T., "The Energy of a Body Moving !n an Tuffnite Fluid with an anpl.;caticm
to Afrs hlps, Proceedings of the Royal Society of London A120, 1928.

73. Nillikan, Clark B., "The Bsundary Layer and Skin Friction for a Figure of Revolution,”
Journal of Applied Mechanles, AFd 54-3, 1932. : _

4. Jones, R., "The Distribution of Normal Precsures on a Prolate Spheroid," Philosophlcal
Transactions, 226, 1927. . ) e .

75. Zahm, A.F., "Flov and Drag Formulas for Simple Cuadries,” N.A.C.A. Technical Report
No. 253, 1926. ‘ k

76. Ames, J.S., "A Resume of the Advances in Theoretical Aeronautics Made by Max M. Wunk,"
N.A.C.A. Technical Report No. 213, 1925. : . - 3

77. "Reaction en Regime Permancnt d'un Flulde Inecmpressible Parfait sur un €0lidé Imne'rae-.“

Comptes Rend 181, 1925, } ;
78. "Sur Quelques Cos de Mouvements Irrctationnels a Trais Dimensions,” Co:nptes Rend 181,
1925.

79. Swaim, L.M., "On the Turbulent Wake Behind a Body of Revolution," Proceedine:s of the

. Royal Society of London, A125, 1925.
~8o. Burgess, C.P., "A lethod of Detemining the Dimensions and Horsepower of an Airship for -

«ny Given Performance,” N.A.C,A, Technical Note No. 194, 1924,
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AFPPENDIX 2

TABLES OF OFFSETS FOR SERIES 58

The Nondimensional Absclssas and Ordinates, the Di-
mensional Abscissas and Ordinates for a 9-foot Model, and other
Geometrical Particulars are Given for Each Form of Series 58 in
the Following Pages. ' :




COMNPIDENTIAL 43
© Model 415k 5 : - Serial 40050165-Lg
T, i din . ..AD Y in : : e o vy 1
. it inches 3. " inches Fomula: : ' ;
0.00 0.00 | 0.0000 ; '
f .02 2.]6 .1439 : g.ggg y =alx+32}; +asx +a‘X +asx5+a x
RO L,32 1 2059 5.559 : .
.06 £.u8 | .2537 g where a; =+ 1 000000 :
.08 8.6 | L2934 é g 7
1o | 1080 5272 B3y | ag =+ 2"“9“52
12 | 12.0 .33:‘ 9.62 a, = - 17.77349 * :
i RIS RIRFEES 18 | 1o 309 3. :
16 | 17.28 | .Lo37 | 10.900 a, =+ 36.716580
. 18 | 1o.ub | L u226 | 11.410 ag = - 33,511285
S 20 F 21,601 .L383 | 11,818 - _ 25143
. 22 | 2276 | u526 | 12,220 a; = + 11.11054
& .24 25.92 | LUEW1 | 12.5%1 '
gg §égﬁ :-r Bé ‘1‘}2_'58-(') ‘Wetted Surface Coeff‘cient = —”—%—-ﬁ- i
. g. Rt
.30 | 32,40 LLBTE E 4
__735? ghf _1;935 12 oz;ll = Q-?BB.?
.3y 36.92 | 11950 | 13.389
| EE| i e ;
.38 L1 o .10a6 13 L Longitudinal Center of Buoyancy =
g u3,.20 | .50C0 | 13.500
A2 U5 E6 ) Lhea7 1 13,492
. it b7 .52 1 haBA | 13 1k2
A6 45,60 ) 496 13,414 :
.;g o1 gg .E§$M IB.EHE Hodel Particulars:
. ja’-. 4 3.(.
52 | 56.16] .u882 15.151 Length, £t 9.000
.5y | 58.32 | LuBuk | 13,079 Dismeter, ft 2.250
.56 £0.u8 .h'(Eg 12.957 . -
Zg ?2 gq °;ng|9 12%25 Nose radius, ft 0.2813
. b I 0 i 9? ]2. ma.nl I,,..d:. f;. . P
62 | €6.96| uédo | 12,408 s8 FRCMIBL F¥ iy 1 0e0003
e | felin -“?55 12,301 Vetted surface, £t 50.18
ES 3,3‘5,? k478 | 12:008 Volume, ft2 23.26
"70 560 1287 'i'l '575 Longitudinal center 4,180
72 | 77,76 e | 110270 of tuoyaney,
LTl 9.92 | .uché | 10.924 £t from nose
.76 2.081 .300 10.544
.78 8u,24 | 374 10.10
.80 86,40 .3566 | . 9.62
2 £8,56 1 2368 .094
L8 a0 gz L3146 L49L
. 02,88 .29 7.833
.8 95,04 2630 101
.90 97.20 | .2330 L2
.Q2 69,36 | .2000 E.uoo
.94 1 101.52 | .1635 5
.96 1163.68 | .1230 | 3.327 -
o 105.84 1 .o 2.082
1.00 |108.001{0.0000 | 0.000
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49 CONEIDENFALE

Serial L0050165-50 .

sk adi ,,ﬁ Rl ool et i ki i At dE SIS

ki ki

e ity b S e N R

Model U155
X in
X/L inches
0.00 0.00
.02 2.1
.0l 4.32
.06 6.18
.08 8. 6L
.10 | 10.80
a2 j-12.96
J4 115,12
.16 1 17.28
18 | 19.44
.20 | 21.60
21 23.76
2% 1 25.92
.26 | 28.08
.28 | 30.24
.30 | 32,1
.32+ 34.56
34| 3€.72
.36 | 38.88
.38 ] b.ow
4o | u3.20
L2 | U5 36
b | u7.52
L6 | 19,28
a8 | 57, 8L
.50 | 54.00
.52 | 55,16
.54 | 58.32
.56 | £0.48
.58 | 62.¢64
.6o | é4.80
€2 | 66.96
.6 69,12
66 | 71.28
.68 | 73.4L
.70 | 75.60
|5
.76 52.08
.18 | 8u.2u
.80 | 86.u0
.82 | 88.56
84 | 90,72
.86 | 92.88
.88 | 95.04
.90 7.20
. 5 99.35
9% 1101.5
.96 [103.68
.98 1105.84
1.00 103.00
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yP=ayx+ax2+ax  +a, x4 a x5+ x

where a, = + 1.000000
- ay =+ 2.149653
ag = - 17.773496
a, =+ 36.716580
- ag = - 33.511285

ag =+ 11.118548

]

S
.ﬂIn n
0.7810

n

Longitudinal Center of Buoyancy = %%

= 0.4y |

Model Particulars:

Length, ft 9.000
Diameter, ft 1.800
lose radius, ft 0.1800
Tail radius, ft 0.0360
Wetted surface, ft2 39.75
Volume, ft® i4.89
Longitudinal center 4.180
of tuoyancy, :

£t from nose
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gfggg yéu_al-x+aé5c2+a'3x°+a.‘x"-{» agx>+a_ x®
3.706 s E : * By
2287 | where s, =+ 1.000000
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Model Particulars:

" Length, ft 9,000
‘Dianeter, ft 1.500
Noze radius, t 0.1250
Tail radius, ft - 0.0250
Wetted surface, £t2 32.9%
Velume, £t2 10,34

Longitudinal center L.180
of buoyancy,
't from nose
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" Fodel 1157 3 i T e i Serial_ll_-OOf{gj_l__ﬁ?-T?-_" :

a2
= T

“inches -

fto
ool
e "

Férgulg:__

0.00
e
15|
:ggf | 5252 | soou8 a, =-,+,r‘"2:'1u965'3
ag = - 17.773496
‘a, =+ 36.7165%0
Lt g g 33.511285
Ca, =+ 11,8588

Y=z, x+a,x7+a,x%+axt+a " +a xC

ISLI VO
. s e e

vhere 3, =+ 1..000000
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Vetted Surface Coefficient = =%
' | =077
 Longitudinal Center of Buoyancy = {%‘
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lodel Partieulars:

- Length, £t
Diameter, ft
llose radius, ft
Tail radius, ft
Wetted surface, ft?
Volume, ft°

Longitudinal center
of buoyancy,
ft from noce

M) O\ O OND = = O
C=J 5 N ONOAN A D = 0o

7
!
7
6
6
6
5
%
Iy
3
2
:
0
9
¢

T © P
'ﬁmoﬂm:quow#
AV ONVING 0D =N

=X
T~
O

i = QAT O\
Sy R

-

© 4 = VI I I VOV I N




4 75
= iy
G ‘:“
'.S -
S
5 S
kKo S
%
A
s
1
=
i§
s
o
==
= |
3
=
e -
E
F ¥
:ﬁ -
3
F
i
<
1~
13
E

0 i !ﬂh«t&al-_h-w-h‘.un-na.v.;hﬂ» 4

el st

A gl ey el e ¥

-

e

52
Fodel #1558 ° Serial Loeéo*es-%o
1 x| Y in
__x'fl‘ 1?=ches Y/D inches Forpmlas. - o ol
cgr g?g ogﬁgg ?gﬁg yP=a,xtayx®+ aaxa"+-a4:c“+ agr®+a x*
.Cu u, 32 L2059 2.78
o6 6,18 .2537 3,425 vhere 3, =+ 1.00000C
.08 E.64 293k | 2,061 )
10 10.80 .3272 L, 417 oA, =+ 2.149¢53
.12 12,96 .33 g 4,813
b 15.1 2818 | 5.154 ag = - 17.773496
16 17.28 .Lo3 5.L50
.18 13, k22 51702 T ;6.716580
.20 21.60 4388 | 5.92 -
L2 2376 .k526 | B.aig ag = - 33.511255
.2% 2 '9§ .Ecul 6.265 i
. e 20,00 T eh 37 0.3 a, =+ 11.1735558
.28 | 0.2t .5%13 6248 12 ’ :
:;g 21’152 ;5;5 [ g%ig Wetted Surface CociTicient = -——-ﬂ; B
.34 36.72 .?959 6.6%% A
F1 35.%5 192 e. = 0.772
38 11,0l .hggé 6,;u5 . dit
Lo 43.20 | .5000 6.7&0 : X
L2 15,36 . .937 6.746 Longitudinal Center of Buoyaney ==
Ll u7,52 | LuoBe | £.7% L
6 49,68 1068 | 6.707 = ¢y
LB 51,84 Jgigly 0 €,674 VT
.50 | 54.00 | A7 | £.€38
.52 56,16 | .u882 | £.59
.5l 58'?3 L8l E.?Bo Fodel Particulars:
.56 0.1 A7 ne e pE
.§§ 32.64- .hizg E.kz? Length, ft 9.0CC
.go éu.Sg .3992 g.;za Diameter, ft 1.125
62 6.9 4é29 .249 e v e :
.6u 69.12 nL—j? 6'1 '2 Hese aa.;i.&.;, ft 6.0703
.gg 71.E§ .?'gg 6.0!5 Tall radius, It 0,01
o T}.:l' . }3 C 5.“:}?-l o e ey Nel i 7
.70 75-b0 .H-EB? 5.787 Wetted ou..fnce, iy 21?.58
.72 73.75 'E1Eg 5.&22 Volume, £t3 5.815
T4 9.9 o 5. ettt ne ] cent L
16 é?'gﬁ 3005 | 3272 Longttudinal center %.180
-z ) 27 .05 ot ‘
b0 | 8o | I35es 2.8 ft from.nose
g2 88.5 L3368 | 4.507 '
By 90.72 ik | b.2u
L6 32,99 2901 3.9
.8 95.04 2830 | 3.5%1
.90 97.20 2320 | 3.1L6
.22 99,26 | .2000 2.700
94 17 101.52 L1635 | 2.207
.06 | 103.t8 230 | .60
a5 | 103,84 L0771 1.om
1.00 | 10B.00 | 0.0000 | 0.000
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: lodel %159 - - ‘ : E Sertal %050165-100
i . : S = Cht
5 ' B X in R e
{ 7 x/L inches YD | inches Forrula:
. o:g? g:gg : 0:?3%8 ?ggﬁ :"2'31’”'32"2"'337.*'3"‘34"“"353‘5“'ac_x' -
2 .ol .32 L2059 | 2.22 E _
j .06 €48 | .2 g 2.740 ‘vhere a, =+ 1.000000
.08 | 8.6u .293 3.163 _
.10 | 10.80 .3272 | 3.53 a, =+ 2.149653
AR e A 17.773496
. . « 381 +1 a, = - 17.
) .13 1?.%3 L5y | 4360 s 2 772530
. .1 19,47 | Lu22 L. 56l a, =+ 36.
) | .20 26 .1388 u;igg * el ,
] el .22 | 23.76 L4526 | u, , a_ = - 33.511285
= 2u | 25,92 | vl | 5,012 >
b .26 | 28.08 | .u737 | 5.116 ag = + 11.4158548
i .28 | 30.28 L3 5.200
30 | 32.19 273 1 5 268 _
32 | 34.56 L1925 5.313 ' s
3y | 36.72 .kosg | 5.3 Wetted Surface Coefficient = —5—
3 38,58 ‘182 | 5381 LD
3 1.0k L4996 | 5.396 ‘ :
fo | us.20 2600 %.ﬁgo : = 0.707
! #2 1 s 28 997 1 5.39T . ; :
| T 35'%5 'igéé 5'3§5 | Longitudinal ¢ 5
. . N 5. itudd t - =<
i ’:g 5? 8 -E(}I"E!' gg ug . ng .u nal Center of Buoyancy T
.5 1.00 ka1 .310 e
! .52 26.16 gL 2.373 - = 0.46HY
: .54 | 58.32 .&5ul | 5,232
.56 | 60.48 4799 | 5,183 -
# .%g gg.gg .Ezug' 5.1%9 Kodel Particulars:
3 ; alt, .69 .0
; 62 | 6696 | ué2a | 5i90 Tengh, 1% 1000
.g% €9.12 .ﬁgsg 1,922 " Diameter, ft 0.9000
L & ;}:ﬁﬁ i3k ﬁ: gg : Nose radlus, ft 0.0450
| 79 | 13-fg | k27 | CD Tail radius, £ 0.0090 -
‘ 12 z;:gz ke ﬁ:ggg Vetted surface, t2 19.€4
f .78 85'08 L3905 | h.2i7 Volume, % 3.722
1 go 86:52 :gg“- g:gs1 Longitudinal center 4.180
] : 82 | 83.56 | .3368 | 3.637 of" buoyancy, :
f Bn | 0022 | (36 | 333 Tt Iron hose
: Pl 86 | 92.88 .2901 | 3.133 SN
i ; . 95, 0l .2630 | 2.840
1. 3 90 | 97.20 .7330 | 2.516
f .92 | 99.36 .2000 | 2.160 5
£ o4 1101.52 L1635 | 1.766
i i 96 [103.68 .1230 1.528
-i - .98 [105.64 0771 | 0.833
! SR 1.00 [108.00 | 0.0000 | 0.000
% R - CONPIDENTIAL -
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Rodel 1160

Serial 36050165-70

Formula:

Yimayx+a x®+a x40 x4+ g 5+ agx*

where &, = + 1.000000
2, =+ 3.321200
ag = - 24.678776
a, =+ 50.396065

w
]
1

. 45. 840700

¢ &, =+ 15.302158

Vettes fa fficient = S
Wette? Surface Coefficient 7LD
= 0,7758

Longitudlinal Center of Buoyancy = i

= 0.1504

Fodel Farticulars:

Length, £t - 9.000
Diareter, ft 1,286
Nese radius, ft 0.0918
Tail radins, ft . 0.018k
Wetted surface, ft2 28.20
Volume, ft2 7.595

Lengitudinal center L,135
of buoyancy,
£t from nose

CONFIDENTIAL

' d «in 3 W !.. 1‘1
&L ahches Y/D inrhes
0.C0 ¢.0Q | 0.0000 0.000

.G 2.16 1454 2.243

.04 4,32 2004 3,23

.06 6.u8 2593 k.01

.c8 8.64 3009 I, g2

.10 | 10.8¢ 3363 5.189

.12 12.96 3660 5,661

Ll 15.12 3932 £.067

A6 | 17.28 156 6.112

.18 19,4k .u3ag £.707

.20 21.60 .50 £.9

2E 23.76 .3631 7.;20

.2 25.92 749 7.327

2 28.08 1833 | 7.L57.
28 | - 30.24 UL 7.557
30 | 32.40 1915 7.563
32 10 Zh5G 4971 7.079
|- 36,72 L9o5 7.707
36 38.488 L5000 7.714
38| W.ou L1905 7.707
Lo 43.2¢ L5958z 7.637
L u5.3 L49é 7.654 .
gy 47.52 Lozl 7.612
L6 49,68 .kog2 7.563
ug | 51.84 .ug6; %. og
5 55,00 .L82 R
52 56.15 L4785 ©7.383
54 58.32 LL7hd 7.315
56 | t0.48 | .k693 7.2
58 62,64 Léh? 7.162
6o | €4.80 .b588 E.ozq
62 6.96 | .1529 ‘.g,e
6é 69.15 .ﬁ46 2. Ra
1.2 139 179
€8 ;3 bl 1215 6.%5?
70 75.60 uz25 6.519
72 1. 77.75 4125 6.368
Tu 9.92 LLo10 6.187
76 2.08 .3882 5.92?
81 8u.2u | .3736 5,760
0 86,10 L2569 5.502
82 | 88.56 L3351 3.21
84 | 90.72 3170 .8
86 | 9°.88 2931 L.522
a8 95. 04 2665 4,312
90.|" 97.20 2566 3.650
az 99.36 2034 3.138
al | 101.52 | L1665 2.569
96 | 103.68 1252 1.93

.98 105. L .0782 1.207

1.00 | 108.0C | 0.0000 0.000
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Model 4161

Serial M4050165-70

‘%in
Aneches

Y in .
inches -

_Fom.tis:"_' a

.00
12,16

!,32
£.18

8.6L
10.50
12.96
15.12
17.28
19.44
21.60

23.76 | .

e e e o et e e N R P R P P P one
\O Q= M T ONONOYI~I=d O -

o\~ CO O]

©0.000

SNNSQEN =
oRO= oarea

&e

-
ivn

o —=no c\o\.nsg:.mn 'agu A
SV AT

EE L

yP=a x4a,x2+a et HagxS+agxt

| where a, = + 1.000000

a, =+ 1.214218
a, = - 12.683118
a; = +.26.981999
ag = - 25.57T1605

ag =+ 9.058511
\;.'ettedr Surface Coefficlent = E’%ﬁ
" T o= 0.7742

Longitudinal Center of Buoyancyé—if-

= 0.4707

L

Model Particulars:

Length, ft 9.000
Diameter, ft 1.286
Nose radius, ft 0.0918
.Tail radius, ft 0.0184
Wetted surface, ft2 28.14
Volume, f't® 7.595

_Longitudinal center 4.237
of buoyancy, -
ft trom_nose 7
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Yodel w162 ' ,  Sertal 18050165-70

i gl

et b

¥ in 7 ‘ .
inches .kfb Fbrmula:.

0.0000 { 0. L 2 4a 53 ‘4o xS s
Rt yo=a,x+a x" +ax +a‘xr+asx fat;z‘

.20C5
i
2812
.3120
.3388
L3621
L3821
L1003
61
L4299 |
L4420

L4526
A6ty
kg7
JL7EL
‘123
487
etz
Jboul
45989
.1i985
.1997
.5000

.49

- iagh
k967
gl -
LLagh
L8617
4807

Mgz
i
106
4350

L1215
Jigé2

vhere a; =+ 1.000000 . '4571_,;i‘
=+ 0.444725
= - 8.019726
=+ 20.5F4463
= - 20.948573
=+ 7.859120

e

2

Wetted Surface Coefficient

Tongitudinal Center of Buoyancy =-%

AT N O OOON-FE M C

= 0.4783

Model Particulars: :
Length, ft 9.000
Diameter, ft 1.286
Nose radius, ft 0.0918
Tail radius, It 0.0184
Wetted surface, ft2 28.14
“Volume, % 7.595

Longitudinal center  4.304
of buoyancy,
't from nose

--J--I-.-J“-l‘:wl-ﬁl-d-xl'-l'ﬂlhl—d—-l—d—d':-l OOV INONNAI 5 AN T
e 4@ & e s e els & B B B.a e €8 & 6 e by ow a w4

._a_.nl .'5\

O W~] O N\N—J OO =\

DDOGIIIIIIN &= 5= 2= 2= vt i
NFEROC DMENO

V=)
=

.

b e e ks TP P

== O O OO - LN

Y
F~I O TN~

g::m

O -S40 - O

105.84
108.00

O 4 = L WU NOVONON O - N i)

P
QNI N O
oo N




lodel L163

"sér151j5205C165-70

¥ in |

-
fo
)
@
u

™
3

a.
S B
m 3 Sl

ACY I N ]
N ONO

GVE R —O ca'o\&
DM OO 1=

NS NN O =
NI~ N VN O~ ©
G =S O

o
puert
g

AVONT T -~ S N S N N N NN SNV ORI 7w
oy g JIWN .

Formula:
yi= alx+aéx2 +a, 2+t ta xS +agxt
where a, =+ 1.000000
a, = - 0.139160
a5 = - 6.590919
= + 17.669802
_ = - 19.810192
; =+ 7.870480

Wetted Suriace Coefficlent = ;;%—-5

0.7746

Longitudinzal Center of Buoyancy =+

= 0.1868

Fodel Particulars: :
Length, ft '9.000

. Diameter, ft 1.286
Nose radius, ft 0.0918
Tail radius, It 0.0184
VWetted surface, ft? 28.16
Volume, ft? 7.595

Longitudinal center 4.381.
of buoyaney,
ft from nose




Moded WIGE s A R e R e  Sertal 140050155-70

el

COMT =~ O~ O~ O gg,

X in

/L inches

[ 7, B

i
(e

Formula:

.00 -
.02
.ol
.06
.03

A SR .3 4, . ")
yP=a ntanitaxt tax +a x>+e,x* |

PEN S

‘where a, :: . 1.090000
: - 0.475347

0. 601504

8.5646M

+ 12.426215

= - 4,987703

CONN QoM ©

U

M --IMMOEIOO.\:!-'-'NO

e 8 a4 e s s s @
TN OAND-=J ONT Y =0 CO

W
OO 4= COTY ONO 47 0O OO
oo
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-

£ oo~

OGO = O NN O~ =N

Vetted Surface Coefficlent = —3—p

NN GANOVSWIIVT E W O
Py & iyt e A

~ O U Tt~ OO

= 0.6954%

345
2. 20

:
.

Longitudinal Center of Bucyancy = %

GO COAN =\ N O OO T\ ONO G0

= 0.4295

L)

Iiodel Particularé: i o
Length, ft ' 9.000
Diameter, £t  1.286
Lose radius, £t~ 0.0918
Tail redius, ft -~ 0.0184
Wetted surface, ft2 25.28
Volume, ft% 6.427

Longitudinal center 3.866
~of buoyancy, :
"~ ft-from nose
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Model 4165

Serial 40050160-70

— X 4n i
A5 1 anches b Formula:

001 0.9 |-0.0000 T T S S S
.0l 4,32 2020 : :
.06 6.48 | .2L76 vhere a, =+ 1.000000

08 8.64 .2655
.10 10.80 L3179 a, =+ 0.837153
12 12.96 L3462 ;
1 15.12 L3710 a_ = - B8.585996

18 mgg .3930 s _

1 19. 123 a, =+ 1L.075954
.20 [ 21.60 | .u2é0 b 1992

22 a3.76 .39 ag = - 10.542535
Se| B3| i + 3.2)5422

p 40 a, = .

28 | za.ou |- .u765 & JaReESs

30 | 32.bg | .u8ud

221 3,561 ,h9oo . - 8
3 36,75 JLglL Wetted Surface Coefficient = 7LD
AREIE

3 1.04 .Lga = 0.

Lo | u43.20 . 3000 737
v2 | u5.36| .hgos %
Elé lgéé Eggg Longitud 1n?1 Center of Buoyaney = - .

1. 4911

50 gu.oo 4By | 7.50% = 0.4484
52 56.16 4806 .

54 | 58.32 .&E§9 .

56 £0.4 LiEEs . Model Particulars:
.58 | 62.64 1580 .
6o | ‘64.80 uigs | 6. Length, ft 9.000
.gz g6t96 138y . Diameter, ft 1.286
:62 719125 312;13; Nose radius, ft 0.0918
.68 ?3.2& .ugaG . Tail radius, ft 0.0184
:;2 ;;;?g '%7_2 : Vetted surface, £t2 26.81
.72 gg.gg- 3568 | 5. Volume, ft2 7.011
:?8 8§:gl+ %25‘; ' 'Longitu'dinal center 4,036

0 86. L0 3059 ~ of buoyancy, g

82| 88.56 '2821 . ft from nose
8y 50.72 .2652¢— U, '
86 92.88 .2429 LT
88 95,04 .2193 .383

90 | - 97.20 98| gs
% || nEl e
36 | 103,88 | .1065] 1. ug
.98 1 105.84 .0699 .07 .

1.00 | 108.00 | 0.0000| 0.00C0 B
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GONEIDENTFHAL" 60
~ Model 4166 Serial 40050170-T0
% in Y in
X/L | gnehes Y/D inches Forrula:
ogg gi% 010322 gggg yi=a,x+a x®+ax®+a,x* +a x%+a x8
.04 .32 .209 3,235 : ‘
.06 £.48 .2 4,00 where a, = + 1.000000
.08 -s.gu .3gio 4.63 ' * 6
SR IR g:&ﬁ "e 51 0AD
gL | 15072 .3922 051 ag = - 26.9%0996
; .16 i7.28 AT 6.369 : .
LS I e L b el
22 | 2376 Luén | 7.1 a = - 56.18003
.2% 2@.95 4716 7.g36 = ' p
.2 28.08 L1799 LH0k a, =+ ig,621
.28 | 30.24 .uéss ;.506 § gl
.30 32.u0 La15 7.583 ' - s
.32 | 34.56 4950 | 7.837 VWetted Surface Coefficient = —¥ .
36| 2Ae | ke | 4iEd ‘ A
38| m.ob | .uee8 | 7.711 = 0.809h
Ry ;3.32 5000 7.714 . .
ﬁlz ,i%gz l,;gﬁ ?{,7:);. Longitudinal Center of Buoyancy = %
A 19,68 | .4986 | 7.C93
U8 51.84 4978 7.680 - < = 0.1781
50 | B4.00 | .ug 7.665 = 0.5
.55 55.135 .39 8 7.§u9
. 50. .u4a .029 . iy e M
.26 50-158 .ll93>g ;.606_ Model Particulars: ‘
.%g gg.gg 3 ;g 7.252 Length, ft : 9.000
O Cit , U . . I’
.gg 69.j§ -ﬁ825 7.0l Nose radius, ft 0.0918
S8 B s ;:ggi Tal radius, It 6.018%
.7g 75 62 .t %1 7.1 Vetted surface, ft2 29.U42
| 1hk | g | Ege | vouwe, £v° 8.179
.73 ag.gg 'ﬂ? ; g.ﬁBg Long%tudinal center 4.303
. ’ . I of buoyancy,
0 86.40 L4010 6.157 ft fﬁoﬁénoﬁe
.82 88.56 L3807 5. 874
84 90.72 3573 5.513
86| 92.48 3206 L3101
88| 95.04 3004 1,635
.90 97.20 .2663 4.103
.92 | 99.36 .2280 3.31 : :
. .94 | 107.52 .1853 2.859
.06 | 103.68 1376 2.123 )
.08 | 105.84 L0837 1.291 : g
o - 1.00 | 108.00 | 0.0000 | 0,000 : -
e ——————————————e e B e




CeEn CONEIDEMTI Al

- Serial 40000165-70

Model M1E7
l . A |l Y in ‘ . . Y in a2l - ]
AL fudhies ,[,__..vfn..... inches ) Formuia:
I ' : :
oo | 278 | Cofs | 0os | Yimartalragdranteastras
on b 1,32 1231 | 1.899 :
.gg ; g.gﬁ .1ygg_ g.z§$ vhere a, = 0.000000
.0C -3, Gl D ald .
110 | “10.80 2675 | h.i2 a, =+ 11.337153
12 | 12.96 3037 b717 5
L1l 15.12 397 5.241 a, = - 50.3
16 17.28 | 30 | 5w 8 7 509998
.18 19.1 .395 .102 a, =+ 91.950954
.20 | 21.60 .51%3 6116 4 9 <9509
.22 25.76 uz67 6.738 a_ = - 78.042535
.52 23.95 5227 5.985 s
. 28.0 Jes7 | 7.185 ag =+ 25.090422
26 1 30.21 w763 | 7349 * 2:0%0
.29 3?.h0 Lhguy T7.47 s
320 En g 807 | 7.570 Wetted S ‘ =2
3 }6.‘1’2 -uéig':r 425’!3 etted Surface Coefficient AL D
7361 38,88 .498¢ .683 '
.éa 51.03 14995 %.703 = 0.7638
Lo 3.2 .5000 | 7.7
iz 5,36 ,.2936. %.ZOS L3 G _X
T A ‘Lo 7.{591 ongltudinal Center of Buoyancy = ¢
U6 | 19,68 k96, 7.665
U5 | 51,84 Jucu8 | 7.630 = 0.4899
.50 | 54,00 Jgan | 7,597
.52 56.16 4897 7.552
.gz 52.?5 .fggg 7'3%6 Model Particulars:
. CE0L LG o B .
58| 2.6 ‘4807 ;.u17 Length, ft 9.000
.20 52.82 '?772 7.263 Diamcter, ft 1.286
g éé:?g :JE@; %:ég} lose radius, ft 0.0000
.gg 71.2? .u63? 7.151 Tail radius, ft 0.0184
% ;g:gg w2l £k Wetted surface, ft2 27.95
21 77.76 L4876 6.313 Volume, ft® ' 7.595
L7 | 70,92 u3h I 6,656 :
26| 82708 wion | 6 Longitudinal center 4.1410
78 | 8ulon 405 6.253 - of buoyancy,
"40 gg"‘% 32§§ 5.999 ft from nose
.82 . 3696 | 5.702 :
8L 90.22 376 | 2.363
856 | 92.88 3222 971
.88 95.0U .2933 4,525
.0 97.20 .260 4.02i .
.92 | 99.36 .2237 | 3.15,
.oy | 101.52 L1823 | 2.813
.06 | 103,58 .1359 2.097
.98 | 105.84 .08% | 1 231
1.00 | 108.00 | €.0000 | 0.000




CONPIDENRTIAT MR 62
ilodel 4168 A g : » Serial 40030165-70
' X % in A v 4 ;
R G e S smohes Darmilas
0.00 | 000 | 00000 | 0-000 |y, xeapteagragteagty st |
| G el 5182 h + 9.600000 :
. o W2 3.4 vhere 2, = . . : i
.08 8.6l .2332 CBi133 ~ 1
.10 | 10.8¢ .30 L, 7007 a, =+ 5.824653
.12 12.96 3371 |7 5.20
14 15.12 .3653 5,639 a8y = - 35.795496
.13 17.Eg . .?31 2.039 o'
. o . .35 - =+ 53.0
28 el | sEl | By 51 5321008 \
.22 23.76 el 6.887 a, = - 51.323785
L2k 23.92 Juseb | 7.091
- .26 | 28.08 4705 | 7.259 ag = + 16.887297
.28 30.24 Lol 7.396
.30 32,40 186 7.506 : o
.32 34,56 Rt} 7.588 vetted Surface Coefficient = —1 5
SRR | v :
3 . n982 | 7. ' -
381 Gi.ou .ugqe 7. ok = 0.7732
o | U320 | 5000 | T.T14
tﬁ i’;}gg ugég ;g;,? Longitudinal Center of Buoyancy =-’I¥:
ug | u9.68 | L4908 | 7.663
‘w8 | si.8u | .uoué | 7.631 - = 0.4746
.50 | 54.00 920 | 7.5
.52 56.16 1888 7.54
54 %8.35 ?Q?u 7.523 llodel Particulars:
.56 0. it R .
B | o6 .u773 ;.365 Length, It 9.000
60 éu, 80 72l 7.28 Diameter, ft 1.286
62 gg:?g :ﬁs{g %:f?g lNose radius, Tt 0.0551
66| 71.28 .u?u1 : 2.006 Tail radius, ft 0.0184
gg ;ggg 'ﬁ;.‘}a 6?38 vetted surface, ££2 28.11
72 77.76 b2z 6.59 Volume, ft® 7.595
4| 79.92 $156 | 6 312
! 3% | iods| 6207 Longitudinal center  4.272
fa ] eu.on| 3871 5.972 of buoyancy,
80| 86ilig| 36981 5.705 1% from nose .
.82 | 88,56 .3503 | 5. oa -
8L 90.52 3282 2.06
.86 92.88 3034 .681
.88 95.04 . 7?5 £,252 .
g0 | 97.2C 2uly o 3.
92 | 99.36, .2098| 3.237
oy | 101.52 aT13 ] 2.643
o6 | 103.68 .1283| 1.979
.98 | 105.8% L0795 1.227
1.00 | 105.¢0 | ©.0000| 0.000
‘ c TAL
; 4
S —— - ————— ] )




63 : CONFDENTHAL
: . : s y 4
Model 4169 ' e i Serial L0070165-70 i
] i e -
, ¥ in Y in 5 e :
R | enes ¥/D '] irches | Formula:
. . .0000 .60 r 2
Dgg g1og 0.16511, 2.5;2 Y=gy x+axTrag®ra xtragctagxt
.o4 h,32 .2308 2.561 : '
.06 £.18 ? 8; ', 200 where a, =+ 1.400000
.08 8.6y L3168 4.888 - .
.10 10.80 L 3u88 5.381 a, = = 1.525347
2 | 12.96 | L3748 | 5.783
Lk 15,72 J3o7i | 6,131 ag = - 4, 743456
6 | 17.28 | .66 | 6,128 - 4
.18 10,44 Ju330 6,68 a, =+ 14.622829
.20 | 21.6g | Lukbg | 6.895 - I
.22 27.76 587 1 7.07T ag.= =-15,695735 )
.24 °g. 2 LLE87 7.231 -
.26 | 25.08 L4769 7.358 ag =+ 5.949797
.28 | 0.2 | Lu836 | 7.461
.30 32;hg Ry 7.516
P EAT uGye "-"f’ oy -
Th | B | e [-%99 | vetted Surface Coefficlent = ==
.56 25.58 g5l 7.600 !
38 1 Loy .go6 | 7.708 = 0.7750
o %3.26 L5000 7.7k 8
42 15,36 .ﬁrga? 7_210 X :
Ll u7.52 .1ia86 7.693 Longitudinal Center of Buoyancy = f :
b boug 68 Jaes | 7,665 | ' 3
48 L 51,80 ol | ” 7.62§ - 0.U5L2 =
.50 54,00 R 7.582, = 0.5 4
B2 B .2276 7-523 :
.5l 50,32 L4033 o , . :
.26 &0 i3 _“753 ;_333 Model ?articulars, :
.28 gg.gu 'ﬁ gg ;.592 Length, ft 9.000 :
.00 clt, 20 JHBE L1900 4
6o €6.96 “u587 2_077 Diarmeter, ft 1.286 §
JEL €o.12 L5505 6.251 Nose radius, ft 0.1286 ' ;;
£6 71.25 JHIS .G09 p :
0 73 il 4317 5. 651 Tail radius, ft 0.0184 :
.70 75.62 .?199 g.ggﬁ Wetted surface, ft2 28,17 :
.72 77-7 1073 .20l )
T4 Z 92 2935 | 6.0 Volume, ft 7-595
.76 §2.08 .3382 5.835 Longitudinal center 4.088
.;8 Sk 2k L3014 5.576 of buoyancy, -
20 5.0 .3h20 3.290 ft from nose
82 88.56 L3226 .972
.oy 90.72 . 3005 4,63
LB6 | 02,88 276 4,263 .
.88 05, 0l .2lo 3.851 N
.90 97.20 .2210 | 3.10
'jﬁ 59.36 L1696 g.9gg
.Q 101.52 1553 .
96 |103.18 L1176 1.g1u
.83 | 105.64 LO7H6 | 1151 X
1.00 |108.00 | 0.000C 0.000




12| 77.76 | L3917
78| Bl s
. . D

T8 auian | 13%08

94 | 101.52
.96 | 103.68 .1088
9 105.84 L0707

O:‘—‘PL’\J‘:H‘:JEN:F‘FFW?‘\B C\S}\O\?\O\O‘M'\J?J-J-J-ﬂ-dﬁdﬂ—ﬂﬂ—d-d—d
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ENTIAL 61
" lModel 170 Serial 40100165-70

. X in - Y in

X/L | inches I/D | ypohes | Formula:

. : .0000 .000
O_gg g'$g 0.?3%1 g.ggg y2==a1x-+aax2-raax’-+a4x‘4-asx5+-asx‘
.04 4.32 .2BLo 4,073

.06 6.38 | L3124 | 4.820 where a, =+ 2.000000

.08 8.64 | .34: 5.38

.10 | 10.80 3778 %. 2 a, = - 7.037847

g2 | 12.96 .koo8 .18

a4 | 152 Aok | €.u7 ag = + 14,789004

.16 | 17.28 4332 | 6.7

L8 | 19.54 | LUEGT 6.51 a, = - 18.517796

.20 21,60 589 | 7.08

.22 23.76 JLE7 7.21 a, =+ 11.019965

A 35 k¢ 7'32 2.253328

. Ry 1.4 a, = - 2. i.oov e
28 | 30.2 868 | 7. . -t

7.
5

- . o :
Wetted Surface Coefficlent = ;ifib

= 07744

Longitudinal Center of Buoyancy =-%

= 0.4389

Model Particulars:

Length, ft 9.000
Diameter, ft 1.286
Nose radius, ft 0.1837
TPail radius, ft 0.0184
Wetted surface, ft% 28.15
Voiume, £t° _ 7.595

Longitudinal center  3.950
of buoyancy, '
ft from nose

e e e i e S . S
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65
Model 17 Serial 10050065-70
, ¥ in X:in
X/L inches Y/D inchés Formula:
Ogg g?g G$E§§ gggg ’-y_a-alx+a2x2+asx°+a4x"+asx".’+‘asx'
.ol .32 20 3.191
.06 6.8 .2550 | 3.93% vhere a, =+ 1.000000
.08 8.6% .2951 4.553 -
.10 | 10.80 3292 | 5.01 a, =+ 2.449653
.1? 12.96 3 £7 5'536 19.962385
a4 ] 15,12 3841 : a, = - 19.96
216 1?.28 foco | & 26u *
.18 | 9.4 4218 6.55L a, =+ h2,u2L03
120 | #1.60 4108 6.301 '
.22 | 23.76 usiy | 7.011 ag = - 39.761285
26| S8iop | wpdb | 135 + 13.819103
. 2 0z U7 . a, =. .
%8 | Soion | ubhs ;.uu *
.30 | 32.%0 L4885 | 7.53 3
.35 3%.5? .9923 7-306 Wetted Surface Coefficient = —3
de | B8] ds | T & AL
38 | bm.oh | .n99f | 7.708 = 0.77
.?0 53.26 L5000 | 7.714 _ E . .
:ig E%ég !ugg._’f %?93 Lomitud inal Center of Buoyancy = -ix-
Rl 9. L4971 7.670
.18 51.84 L1950 7.637 = 0.4618]
.50 | 54.00 .ugz 7.599 ,
.52 | 56.16 8ol 7,551
.516& 5’8'1318 uﬂng 7.;;‘3{ Model Particulars:
N 00. T o 1 . s ° =
.?a €2.64 | 4771 ;.351 Length, f% 9.000
.60 &k, 80 L4718 7.259 Diameter, ft 1.286
:gﬁ 23:?5 It; g i:BT? Nose radius, It 0.0918
.66 71.28 .L50 6.355 Tail radius, It 0.0000
:-612 ;ggg 33;'3 6:615% Vetted surface, ft2 28.06
72 | 1776 .3196 g.blu Volume, ft°  7.595
%2 ggg 38512 63‘3’1 Longitudinal center 4,156
78 | 8u.et | 3739 | 5.769 of " tuogaticy
Ko | eéiho | :2hd | 27 £t Trom Tipee
.82 | 86.56 3330 ?.138
8y | a0.72 2088 | 1764
86 | 02,88 2819 'k.gug
.88 | a5.04 .2520 | 3.8
.90 | 97.20 .2190 3.379
.92 99,36 .182 2.819
o4 1101.52 k2 2.203
.06 [103.68 .0992 | 1.5%
.98 1105.84% | .0517 | 0.798
1.00 108,00 |c.0000 | 0.000
CONPIDENTIAL

Ve et
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| COHFTENTIAL 66
3 Hodel 72 o e “1E ~ Serial %005(CC5}55-70
B e}k 4n e | ¥ 1n
. % | inches = inches { Formula:. .
R 538 | O:oee 2553 | v*= X *+ax +agxd+axt+a®Fa xt
.gg g.ﬁg .gog; 3.18; : g
. . i 3.92 vhere a, =+ 1,000000
.08 8.6l .2gu2 -u.sgg S .
30 | -10.% .3282 5.0 a, =+ 2.299653
.12 12.96 | .3576 | 5.517
40 1592 1 03830 | 5,909 ag = - 18,8679
.16 17.28 .Lolg 6,247 |. : e
g a8 G 13 6.537 a, =+ 39.570746
. .20 21.60 | 439 6.785 : P
.22 23.76 | L4535 | 6.997 a, = - 36.636285 =+
. 24 25.92 It 7.73
26 28,08 ngu' 7.319 ag, = + 12,633825
28 30,24 820 | 7.437 ‘
30 32,40 i 7.5%1 - 4
52 34.56 1928 7.603 | Wetted Surface Coefficient = i3
R _ e
1 £ B o A L - 0.77%2
3 ,go ?;.55 +5000 7.7 |-t
? [j: e -’g %gg :{, 10(3) Longitudinal fenter of Buoyancy = %
! 46 19,568 Lofa | 7,666
1 8 51.8U BouT | 7.633 = 0.463
i .50 5%.00 | .u4021 7.592 Ca
i .52 5¢,16 11888 ?'P 1 ‘
; .52 ggag . Egs‘l 7. £8M Model Particulars:
35 | SR s T | Ve, o 5.000
3 22 ??80 1&2&5 7.25 Dizmeter, ft 1.286
: g | cois | s | 9ist | wote wadtus, et  0.0918
i .63 11.28 1 .Iho3 §.932 Tail radius, ft 0.0c92
: 70 | 72:ég| iios | €BE | wetted surface, £t? 28.11.
. .72 77.76 .u18? g.u57 Volume, ft3 7.595
3 :;2 gg:gg :gggé 6:523 Longitudinal center 4,168
g | e | | aps| of moveney,
: .80 16,5 | L3556 | 5.u86 | - o -
82 | gelne | 3389 | 206 |
.8y 90,52 3117 | %180
- .gg 92'02 '5?6% bk
. e N I
0o | oriz0 | 23k | 3088
.92 99,36 | 1915 | 2.95
94 101,52 | L1535 | 2,36
.96 | 103,68 | 177! 1,72
i : 298 | 105.84% | L0657 | 1.00
B , 1.00 | 108,00 | 0,0000 | 0.000

t:cn!!11!=11117ﬂf"“'
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GONFIDENTIAL

Serial %005(015)65-70

e
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D 3
n
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n
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Rormales ..

- .2
yZma x+a,x2+ag

where a, =4 1.000000

1

a, =+ 1.999653
s = - 16.679052

+ 33.862413

a

a

4
as - 30-3

]

ag = + 10.203269

. _S5
Wetted Surface Coefficient = LD

Longitudinal Cent

lodel Particulars:

Length, Tt
Diameter, ft
Nose radius, ft
Tail radius, ft
Wetted surface,
Volume, ft2

Lonzitudinal cent;.ar 4,192

of buoyaney,
ft from nose

e i e - S i I A

x*+a x*+a xS+a x*

86285

= 0.7760

er of Buoyancy = %—

= 0.4657

9.000
1,286
0.0918
0.0276
2 28.21
7.595




Yodel 7Y

. Serial 40050265-70

"X in Y in
x/L Inches /5 inches
0.00 G.00 | 0.¢C00 | ©.000
.02 2.16 L1436 2.216
oL 4.32 .2051 3,164
.06 6.18 .2523 | 3.8903
03 8. 64 296 i 99
.10 | 10.80 3252 | 5.017
i2 12.96 . 3543 5,460
i i5.12 3793 5.855
.16 17.28 LLo1h £.193
. 8 | 1o Ji2on 6.'Jg
.20 21.60 36 6.73
.22 | 23,76 .450é 5.955
.o 23.92‘ Uces | v.137
.26 | 28,08 e 7.258
.28 30.2L 1305 7.113
1 .30 22450 4370 T.514%
.32 31,56 L4920 7-591
S 3672 1 Whogb 1 7.0k
36| 38188 | Inoky | 778s
S35 i .ol 1995 ?.70]
i) 13,20 0Co 7.714
L2 15,36 1095 7.708
JLopon7.52 Lash 7,690
LL6 19,08 11965 7.650
18 51,84 .h93 .7.C20
.50 51,00 9o 7.572
.52 56,16 87 7.515
.5l 58,32 82 7.1th9
.56 60.48 .u780 7.375
.58 £2.64 .u;zé 1.292
) &, 80 JEET 7.201
.22 €6.96 .3601 E.o 9
LG 9,12 52 .
LG5 71.28 .uﬂug 6.352
.63 73,40 4353 6.724
70 1 75.60 | Lk2C0 6.573
.72 77.76 RALT 5.5oL
T4 19-92 L1037 6.21
.76 32.08 3808 £.01
.g8 "8l 2i .3'{30 5.786
£ 86,40 .szhé 5.533
.82 88.56 .3lo ?.253
Lh oy 90,72 | .320 +.943
.86 92.88 .2982 L, 601
88 95.0% o713 4,220
.a0 97.2 L2462 3.799
.62 99.36 215 3.33
ou i 101, g .13; 2.¢0
.98 | 103, L1430 2.20
.98 | 105.85 1 L0950 | 1.181
. 1.00 | 163,00 | 0.0000 | 0.000

.2 ’ 2 3 4 ' i
yT=a x+ax®+a,x+a,x +a x°+agx

Forrmlazs

1
a, =+ 1.,849653

--15.584607
-+ 31.008246
-27.261285
+ 2.98799

where a, =+ 1.000000

»
n

» m o
] 1

n
@
[}

Wetted Surface Coefficient ,.—%—f)

0.7772

Longitudinal Center of Buoyancy = %-
0

= 0,467

lodel Particulars:
 Length, ft , .9.000

Diameter, ft 1.286

Yose radius, ft 0.0918

Tail vadius, % 0.0367

Wetted surface, ft2 28,25

Volume, ft° 7.595

Longitudinal center U4.204%
of buoyancy,
ft from nose
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lodel #175 - - Sertal %0050160-50
. X in Y in .
AL | anches ¥/D inches Formula:
oo | 238 | %30es e
.04 4,32 .2020 | 4.3 '
.06 6,18 .24;6 5.3#5 where a, =+ 1,000000
.08 8.64 | .2855 | ‘6.167 .
.10 | 10.80 | L3179 | 6.86 a, =+ 0.837153
.12 12.96 ety g.u7§ '
L1 15.12 3710 o1l a, = - 8.595996
16 17.28 . 3930 8.u89 o
A8 19044 (23 | 8,906 a, =+ 1L,075954
.zg zi.gg .hﬁgg 9:§3§ 5 S
.2 23.7 i 9,583 a_ = - 10.5425
2y | 2592 | lisés | 9.860 s .
26 | 28.08 | .uG7h | 10.096 . @y =+ 3,215422
28 30.24 .%Zc5 10.292 ° '
50 32.4h0 JRITSH I B 1)) IHI . s
32 34,56 Jlago | 10,581 Wetted Surfacc Coefficient = P
32 sg.gs .¥9ng 10.579 o
gg 3,1 ol 1‘3;}. 13 737 = 0.7426
) 33 20 .5000 | 10, go .
15,2 3.5{5,2 tg? }8%52 Lengitudinal Center of Buoyanc,v. = -E-
. 19,0 . 0 | 10,092 .
.u8 5? 8u u9$1 10.688 = 0,448y
.50 514,00 L8EY | 10.506 : _
.52 Loy L4806 ] 10,381
.5% %g,?g .g 39 10.23% FHodel Particulars:
) N L4665 | 10.0 :
.gs 626U qu?; 0853 Length, ft 3.000
20 €180 uhec | 9,690 Diameter, ft 1.800
& gg.gg ﬁg?g g:g;g Nose radius, ft 0.1800
gg 71.28 b15§ 8.272 Tail radius, ft 0.0360
% ;g:gg 2350 8 005 Wetted surface, ft2 37.79
;E 73.53 g7gg 8.083 Volume, Tt 13.74
.78 ngg g?gé ;%ég ngg%&gg;:i;’center -’4..036
o| 8o | 3059 22607 ft from nose
82 | 88.56 2861 6.180
8y 90.72 2652 5.7°8
86 | 92.88 2429 | G.247
88 95.04 .2193 ﬁ.737
90 | 97.20 .19 4,193
92 | 99.36 .1652 3.012
9% [ 101.52 .1353 2.987
96 | 103.63 055 | 2.300
8 | 105.84 L0699 |~ 1.510
1.00 | 108.00 { 0.00C0 | 0,000 »
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Formula:

: i i 4 6
: _f—%xﬁﬁf+%f+%x+%f+%x

vhere gl-= + 1.000000
- a, = 0.4753u7

a, =+ 0.601504
B = 8.564671
a, =+ 12.126215
ag = - 1.987703

Wetted Surface Coefficlent = ;;%-ﬁ

0.7012

Longitudinal Center of Buoyancy =-%
. -

= 0.4295

Itedel -Farticulars: : .
Length, ft : 9,000

Diameter, £t 1.800
Nose radius, £t 0.1800 -
Tail radivs, It 0.0360
Wetted surface, ft2 35,69
VYolume, ft3 12.60

Longitudinal center 3.866
of buoyancy,
ft from nose
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Hodel h]??.
T % Y 1n :
‘XIL_ inches /b inches | Formula: 7
O:gg g:?g 0_?&2? } ggog y2=a1x+azx2+aax°+a‘_x‘-}-rasfd-'a.x'
ol 4,32 2115 | 3.263
cb 6,081 267 .L053 where a, =+ 1,000000
.08 8.04 . 305 u.712
.1 10.80 | .ZH18 | 5.273 a, =+ U.041346
12 12,94 L3729 ;.72#
A b o512 1 03995 | 6.16k ag = - 29.154650
.16 17.28 222 14 S
A8 | 10.4 | a3 | 6,508 a, =+ 60.478948
.20 21.60 LU571 7:053 - -
.22 23.76 4700 | 7.251 ag = - 54.459319
ob 28.92 1 .us0 7.407 e i
.26 | 28.08 | .uE79 %'éfﬁ a, =+ 18.093685
.26 30,24 L8935 .0 ,
.-3:9 zﬁ'ﬁg -Efg?ﬂ}l Z'ézz 1Tad bnad Ousafllana MAnalPlal i — _S___
.ég gg:gi :??Ssof %:};g nouuvocu \._HJ.J..LQ\.G wuLlil dvaTily ’rL D
36 1 38.8¢ 1995 | 7.70 . i i
38 | Bloh | L1978 7.%80“ 0.7170
Do 1o k320 | .95k ‘7.6ng : _
:té gg:ég :Egéé ;:531 Longitudinal Center of Buoyancy =+
L 49,6 L L8Y 7.430
L8 51.84- | .u806 | 7.WM14 = 0.4577
.50 54,00 A763 7.3u8
.52 56,16 RraN 7.278
52 58.5? .E 2 7.20% Model Particulars:
.5 €0.43 L1625 7.13
B8 | éolen .us?ﬁ E.063 Length, ft 9-000
.go @&.8% .ﬂpeo ,.983 Diameter, ft 1.286
.02 ob, U475 6.90 -
o 69.?? g | 6819 Nose radius, ft 0.0918
.Gg 71.28 4355 2.219 Tail radius, ft 0.0184
L6381 73.un L2 611 ; :
170 %5_60 .h?O% 6,190 Vetted surface, ft* 28.25
.75 77-76 '?3’5 2.351 Volume, ft2 7.595
TR 79.92 R0 .19
.;6 8208 .3893 6.063 Lo?gitudinal ;enter 4.119
.78 | 8uw.24 | 5756 | 5.79 o il &
8o | 36 | . 21 | 2:32° T ene
.82 | 88,56 | .31 2.270
.84 90.72 +3209 4.951
.86 92.é8 .297% u.5§8
.85 G5.04 2708 4,178
.90 | 97.20 .2lo9 3.7;&
.92 | 99,36 .2073 | 3.4
on | 1m.52 L1696 | 2.61E
.96 | 103.68 278 | 1.96
.33 1105.84 0792 | 1.222
1.00 10§.00 0.000 0.000




APPENDIX 3 ;
* FOTAL-RESISTANCE COXFFICTENTS DERIVED FROM TESTS OF MODELS OF SERIES 58
4T DEEF SUBMERGENCE PLOTTED AGAINST REYNOIDS NUMBZRS

Test Spots are Shown for Each Model Tested With and With-

out Sand Strips. The Values for Sand Roughness Coefficient and
Strut Interference Coeffricient are Given on Each Set of Curves.
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APPENDIX 4 T
RESIDUAL-RESISTANCE COEFFICIENT CURVES USED TO DETERMINE
THE STRUT CORRECTION COEFFICIENTS

The Strut Interference Correction 1s Obtained by Deduct-
ing the Coefficients for the Model with Dummy-Strut Supporting _
Frame Alone in Place from the Coefficients for the Model with the
Dummy Struts Inserted. _ ST s
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APPENDIX 5 - -
" 'NET RESIDUAL-RESISTANCE COEFFICIENTS FOR DESP SUBMERGENCE
: *  PLOTTED AGAINST FROUDE NUMBER '

_ The Net Residual-Resistance Coefficients are Obtained :
by ﬁeductihg the Sand Roughness Coefficient and Strut Interference
Coefficient from the Gross Residual-Resistance Coefficient Obtained
from Tests of the lModel with the Sand Strip but ¥Without the Dummy

Strut or Supporting Strut_ in Place.
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APPENDIX 6 : o
TOTAL BARE HULL EFRECTIVE HORSEPOWER VERSUS VOLUME AT VARTOUS
EVEN SPEEDS POR PROTOTYPES OF SERIES 58

OPERATING AT DEEP SUBMERGENCE,

: The ZHP's Have Been Calculated using the Net C, for Deep |
‘Submergence and a.Roughness Allowance Coefficient of 0.4 X 1073 for
Standqrd Conditions Hf Salt Water at 59 F. A Curve of Length Versus

Volume is Also Showir N
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