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ERRATA SHEET 

for 

David Taylor Model Basin Report C-383 

The following changes are to be made in Report C-383. 

Page 6, Figure 3 - Invert left-hand scale (Lift in lb), placing the negative quantities 

on Cop. 

Page 12, Line 21 - Change 1/2 p V2 V3 to 1/2 p U2 l3. 

Page 14, Line 21 - Change the phrase: 

“ Differentiating the numerator and denominator with respect to V) and 

allowing w to approach zero, we have the limiting position” 

to read as follows: v 

“ Inasmuch as the curves of M ' and Z ' against a are linear near the origin 

and as by symmetry they pass, or can be made to pass, through the origin, 

we may differentiate the preceding numerator and denominator with respect 

to to'and allow to'to approach zero to give the limiting position” 
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the static stability derivatives of a series 
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NOTATION IJWQJ 
The terminology used in this report is in general agreement with the 

provisions of Reference 3. The longitudinal, lateral and vertical axes x, y, 

and z, respectively, through the center of buoyancy are assumed to rotate with 

the ship. Positive directions are x forward, y to starboard and z downward, 

perpendicular to x and y. The corresponding forces and velocities are denoted 

by X, Y and Z and u, v and w, respectively. Moment M and angle of attack a 

about the y axis are assumed positive in the sense of the right-hand rule 

Following is a summary of symbols used. The prime used in the text 

indicates the respective nondimensional form. For convenience, certain of 

these symbols are defined symbolically in the succeeding section. 

a Distance of lift vector from center of buoyancy, 
measured along the x axis 

C Prismatic coefficient 
P 

C Vietted-surface coefficient 
s , • 

C. • Total-resistance coefficient 

Drag force (total resistance) 

w 

we 

S 
U 

¥* 

w 

x 

we 

wi 

Diameter of body 
Depth from surface to centerline of model 

Lift force 
Static-lift derivative, experimental value 

Static-lift derivative, empirical 

Length of body 

Moment about y axis 

Ideal-fluid moment about y axis 

Static-moment derivative, experimental 

Static-moment derivative, empirical 

Static-moment derivative, ideal-fluid value 

Mass of displaced fluid 

Nose-radius coefficient 

Tail-radius coefficient 

Wetted surface of body 

Velocity of origin relative to fluid 

Volume of body 

Velocity in Z direction 

Position of bow relative to center of buoyan JJNCLASSIFIED 

... " ,:. 
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Normal force, positive downwards 

Static normal-force derivative 

Angle of attack, in radians 
Distance of lift vector from center of buoyancy, 
measured along the x axis 

Position of maximum section 

Mass density of fluid 

DEFINITIONS 

a« =j 

C =- 
P Trig j 

4 

Cs tfld 

t lpu2s 

Ipu2 I2 

T ■ _ lim 9L1 _ 11m &¡L 
w " w’>0 9wi a>0 6ct 

M 
M = 1— 

i lim Ml - llm ^ 
\ = wi>0 öw1 w'>0 da 

2¥ 
m 

ro = 

ri = 

X = 

Ínose radius )l 
d1 

(tail radius)l 
d2 

_w 
U 

^bow 

Z = -(L cos a + D sina 

Z1 = 
lpu2l2 

lim az1 
zw - w'*0 W 

-(¾ *B') 

lim dZ1 
a>0 da 

a’ = a1 - X 

xbow ’ xmax. section 
m l 

X 
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, abstract 

^ report describes static ^ ^ derivatives are 

:r: :::: r ^ 
atives and form are cited. <?— 

introduction 
thorized by the Bureau of Ships . 

The «ork described herein r „„pulsion. The re- 

irt of a program to develop of ge„eral application in the lin- 

ults Obtained, however, may b incompressible flow. 
Uarlzed stability analysis ^ suLrged speed has posed new 

The increased importance of time reguired for the ship 
Urectional-stability problems d«e to ^ ^ present limits of safe 

-0 stray from a desired course. on allowabie depth variation 
Submergence both impose severe restricti flxed angles of attack, 
•“ static stability, determined by to. 6 ^ th8 „itching 

tion as to increase the angle. positive value of this 

ahead of the cehter of v»!™- ^ fu ^ elons,ted bodies df “ 
tive, the greater the instabili y. in5tabiiity depending on the 

r 

-a»- ^ r —i:.1:::.:-: hu: 
Tc .f decay of a small disturbance, is ^ conceivable that 

fori3aid of size and iocation^of form when the^drag^ 

a hull of minimum drag may no included. A separate repor 

:rr E:=rrr. 
cerned entirely with static-stabii 

References are listed on page 18. 
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These derivatives were obtained for twenty-three bodies involving systematic 

variation of the following form parameters: 

1. Length-diameter ratio, ¿/d 

2. Position of maximum ordinate, fm 

3. Prismatic coefficient, Cp 

4. Nose radius, r0 

5. Tail radius, rL 

For reference, the resistance values for each model as obtained in 
these tests are given in this report; however it is recommended that for all 
practical applications the more precise values of Reference 2 be used. 

DESCRIPTION OF MODELS 

The models, designated as TMB Series 58, were of orthodox laminated 
wood construction, finished with clear enamel and polished to a high gloss. 
One was of sugar pine and one Alaska cedar. The rest were mahogany. All mod¬ 
els were 9 feet in length, with diameters ranging from 10 to 27 inches. A 
typical model is shown in Figure 1 . The sand strip shown was used only for 
special tests performed on Models 4lb4f 4166, and 4177- Geometrical data for 

Figure 1 - Representative Model of the Series 

the models are listed in Table 1. Offsets and information relative to the 
mathematical derivation of these forms are given in References 2 and 4. Each 
form was derived from one of two "parent11 forms by variation of a single param¬ 
eter. Model 4176 was derived from Model 4155, the rest from Model 4157. 

TEST APPARATUS 

All measurements were made by means of a hydraulic three-component 
dynamometer, shown schematically in Figure 2. This instrument is described in 
detail in Reference 5. It was mounted on vertical rails approximately at the 
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center of Number 3 high-speed towing carriage. These facilities permitted a 

maximum submergence of approximately 40 inches from the water surface to the 

top of the model. Lesser depths were obtained by means of spacer struts be- 

tween the guide rails . 

Pressure capsule, sensitive to 

axial compressive loads 

Strut fairing, fixed 

Flexure 

Bourdon gage, one for each pressure 

capsule 

High-pressure line, one to each 

capsule 

Model 

Surface plate- 

Return line, one from each capsule 

Strut proper 

Angle of attack vernier 

Common source of high-pressure oil; 

Pump, filters, reservoir and pressure 

regulator 

Figure 2 - Schematic Diagram of 3-Component Dynamometer 

! 

!. : 



liNC'.ASSiFlED TABLE 1 

Geometrical Characteristics of Models 

Model l/d. 
m 

¥ 
cu. ft. 

s 
sq. ft. 

4154 

4155 

4156 

4157 

4158 

4159 

4160 

4161 

4162 

4163 
4l 64 

4165 

4166 

4167 

4168 

4169 

4170 

4171 

4172 

4173 

4174 

4176 

4177 

4.0 

5.0 

6.0 

7.0 

8.0 

10.0 

7.0 

5.0 

7.0 

0.40 

O.36 

0.44 

0.48 

O.52 

0.40 

0.34 

O.65 

O.35 
O.6O 

OJO 

O.65 

0.55 

O.65 

O.5O 

O.30 

OJO 

1 .00 

0.50 

0.10 

0.05 

0.15 

0.20 

0.10 

0.464 

O.459 

0.471 

0.478 

0.487 

0.430 

0.448 

0.478 

0.490 

0.475 

0.454 

0.440 

0.462 

0.463 

0.466 

0.467 

0.430 

0.458 

23.26 

14.89 

10.34 

7.60 

5.82 

3-72 

7.60 

6.43 

7.01 

8.18 

7.60 

12.60 

7.60 

50.18 

39-67 

32.94 

28.15 

24.58 

19.64 

28.20 

28.14 

28.14 

28.16 

25.28 

26 8i 

29.42 

27.95 

28.11 

28.17 

28.15 

28.06 

28.11 

28.21 

28.25 

35.69 

28.25 

See Notation for explanation of eymtols. 

As shown in Figure 2, the,present dynamometer permits force and mo¬ 

ment measurement only in a plane parallel to the surface; hence for longitudi¬ 

nal stability measurements it is necessary to mount a model on its side. The 

measurements thus taken can more properly be considered as pertaining to a 

body in yaw; however if surface effects are negligible such measurements may 

be considered identical to measurements in pitch for an axially symmetric body. 



PROCEDURE OF TESTS 

All comparative tests, except those for Model 4154, were run at 

maximum submergence at a carriage speed of 8 knots for angle of attack set¬ 

tings of 0°, ±0.5°, ±1.0°, ±1.5°, and ±2.0°. For Model 4154 the speed was lim¬ 

ited to 7 knots owing to the large moments encountered. These speeds gave 

Reynolds numbers of 12.0 x 106 and 10.5 * 106 respectively, based on the over¬ 

all length. Supplementary tests were performed on Model 4159 at varied depth 

and Models 4176 and 4177 at varied speed with and without sand. 

RESULTS 

Owing to a number of causes, the results obtained are of lower pre¬ 

cision than would be desirable for a quantitative appraisal of the models of 

this series. Among the possible sources of error, the following are the most 

salient : 

1 . Strut interference, a condition probably of great importance, whicUt 

cannot be assessed until the completion of investigations now being made. 

2. Small angular range of tests, necessitated by the load limits of the 

instrument, resulting in a limitation of angle variation to a range of ±2 

degrees . 

J. Frictionally-restrained lost motion in the instrument, subsequently 

corrected, but discovered only aioer completion of the tests herein described. 

4. Carriage vibration, resulting in a rapid oscillation of gage point¬ 

ers about the true reading, a condition for which remedial measures áre now 

being taken. 

Owing to the limited submergence permitted by the present three- 

component dynamometer the question arose as to the effect of surface proximity 

on lift and moment rates in the horizontal plane. In order to obtain an indi¬ 

cation as to the severity of this effect, Model 4159 was towed at 8 knots 

(Froude number = 0-794), submerged 1.24, 2.00, 3.75. and 4.12 diameters to the 

center line. Results are shown in Figure 3- 

In view of their scatter, the number of test points is too small to 

permit a quantitative determination of the variation of surface effect with 

depth. The lift curve is especially difficult to evaluate; however, it is ob¬ 

served that values differing substantially from those for full submergence are 

displayed only by the smallest depth, 1.24 diameters. At this depth a large 

air cavity extended behind the towing strut for almost the entire length of 

the model. It was concluded that the maximum available depth was adequate for 
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Frouàe number equals 0.79^ 

determination of static derivatives to the accuracy permitted by the dynamom¬ 
eter as then constituted. This conclusion is verified by subsequent more ex- 
tensive experiments at a slightly lower Proude number, described in Reference 

Plots of lift, moment, and drag against angle of attack for a repre¬ 
sentative model of the series are shown in Figure 4. Values of and 
for each model, evaluated by the method of least-squares from such curves and 
corrected for torsional deflection of the dynamometer strut, together witn val¬ 
ues of D1 are plotted against form characteristics in Figures 5 through 9.* 

FHm.iue to swelllng of the aodel 

and M' obtained for Modal 1*157 of sugar pine appear consistently higher than Indicated 
V ,, _,. mu4„ 4., ■nr.enihiv flue-to avelllxiK of the model. 

:1ED 
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The normal force derivative z; is readily obtained from these plots by the 

relationship 

Z1 = “(L1 + D1) [1 ] w w 

Figure 4 - Lift, Moment and Drag Against Angle of Attack for Model 4172 
(Recorded Values, Uncorrected for Torsional Deflection of Strut) 
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Experimental 

0.55 0.60 0.65 

Figure 7 - Variation of %> and D' with Cp 
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Model 4157 
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Figure 8 - Variation of L¿, and D1 with r 
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Figure 9 - Variation of L, and D' With r, UNCjASSI 
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-, c ni obtained with sand turbulence stimulation and cor 
More accurate values of D*, obta ^ W^istance of the sand stimulator, can 
rected for strut interference and the resistance 

be obtained from the relationship 

to i 
ni = 

C , the wetted-surface c 

obtained from Reference 

oefficient, and Ct, the total-ÿrag coefficient can be 

2. Paired values of and m; are recorded in Table 

TABLE 2 

Hydrodynamic Characteristics at Zero Angle 

Model Variable 
Value of 
Variable K %

 Mw 

K 

4154 
4155 
4156 
4157 
4158 
4159 

l/d 

4 

1 

i 
10 

0.0276 
.0193 
.0138 
.0108 
.0091 

0.0069 

0.0452 
.0312 
.0223 
.0166 
.0128 

0.0077 

0.0497 
.0342 
.0248 
.0187 
.0146 

0.0096 

0.909 i 
.^12 

'§77 
0.802 . 

4177 
4160 
4161 
4162 
iii 6-3} 

0.34 
.36 
.44 
.48 

0.52 

0.0105 
.0124 
.OO98 
.OO98 

0.0101 

0.0157 
.0175 
.0162 
.0162 

0.0164 

0.0187 
.0187 
.0187 
.0187 

0.0187 

0.840 
.936 
.866 
.866 

0.877 

4164 
4165 
4166 CP 

0.55 
.60 

OJO 

0.0091 
.0103 

0.0083 

0.0152 
.0145 

0.0178 

0.0158^ 
.0172 

0.0201 0.886 

4167 
4168 
4169 
4170 

ro 

0.0 
.3 
.7 

1 .0 

0.0107 
.0105 
.0099 

0.0108 

0.0163 
.0162 
.0161 

0.0160 

0.0187 
.0187 
.0187 

0.0187 

0.872 
.866 
.861 

0.856 

4171 
4172 
4173 
4174 

Tl 

0.00 
.05 
.15 

0.20 

0.0101 
.0108 
.0108 

0.0108 

0.0162 
.0164 
.0163 

0.0162 

0.0187 
.0187 
.0187 

0,0187 

0.866 
.877 
.872 
.866 

4176 ' C @i/d=5 0.55 0.0169 0.0248 O.O29O 0.855 

Averag< à 
-- O.071 

♦gee Eauation [4] which appears in the following section. 
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To determine if an appreciable change in derivatives with speed oc¬ 

curred in the range of these tests, runs were made at 4, 6, and 8 knots with 
Models 4176 and 4177 with and without bow sand strip. This strip, l/2-inch 
wide, prepared by sprinkling 20-30 mesh sand on a thin adhesive coating, was 
located 1/20 model length from the nose. Variation of derivatives with speed 
is shown in Figure 10. Both models show substantial variation in lift deriv¬ 
ative over this range and a somewhat smaller variation in moment derivative. 
For Model 4177 dM = 7 . = 0.34, Cp = O.65) negligible difference is indi- 
cated between runs with and without sandjwhereas for Model 4176 U/d - 5. 
I = 0.40, C = O.55) the difference is larger. There are too few points to 
show with’certainty the dependence of the derivatives on speed; however the 
downward trend and leveling off of the lift-derivative curves indicates that 

Figure 10 - Variation of Derivatives with Speed 

UNCLASSln 
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^ reliable determinations of this 

8 knots is probably " Thls dMm,ara trsnd, substantially Inds- 

quantlty for the 9-foot .od, • that uft for a bod, of ravolutlon 
pendent of the présanos of sand, of the 5pe.a at low Reyn- 
is proportional to sons power <*“„ * 8 6e leas pro„0u„oed with 

olds numbers. Whether „oso wlr.s, turbulence grids 

be the ^:;JJZITZ1TZ 
of the .oír:::rr r - » - -— 
positions of the lift .«r»es for these conditions. 

analysis of the results 

a mm pnMPARTSON WITH EARLIER TESTS 
Thk «0«« RfiTIO : C0MPM13 « ^ the -0Mnt „„ a spheroid Is 

Munk7 has shown that in an 

given by the expression 

Mi = ßf ¥ (k2 - ic,) sin 2« 

.„ene kf »nd k ™ U.b^s a^pur. couple 

rthi' “fl^h ti: body IS aero. Ror small angles we haye. 

approximately, 

Mi = PUE ^(k£ - kjc 

, i/p nU^3 we have the nondimensional expression 
Dividing by 1/2 pU ^ we ndv 

M, = — (ic2 “ ki' 01 
i /3 2 

2¥ 
l3 

(k - kjw 

or 

where m 

Mwi = m1(kg - k. 
[4] 

2V is the dimensionless mass of the displaced fluid. 
\l\ real fluid, however, the moment is less than the value 

cated by Equation [?]. on ,1ne bodY of revolution as approximately 
If .0 consider ^ al„etcr ,e can b, means of 

equivalent to a spheroid o of the ideal-fluid moment. 

Equation [41. to.PUf^for “ ™ ^ tBs ratl0 M,/».! ^ the models 

Toafblt;iI :riIsVa Wbl- -h Table ,, Which shows approve values 

í ( 
I 
1 r1 • t i, 

§ i 
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TABLE 3 

Moment Ratios Given by Previous Model Tests 

Model l/â V m;aWí Source. 

R101 

Akron 

LZI29 

Fuhrmann 

LZ120 

I 

LZ126 

LZI27 
Lzm 

5.6 

5.9 
6.0 

6.1 

6.5 

7.0 
7.24 

7-7 
8.2 

0.578 

0.677 

0.665 

O.57 
0.665 

0.68 

0.658 

0.707 

0.685 

0.809 
0.838 

0.798 

0.685 

0.719 
0.847 

O.767 
0.824 

0.764 

12 

14 

12 

13 

12 

13 
11 

12 

12 

Average O.783 

derived by scaling of plots published in References 11 through 14, indicates 

that the local values are approximately 10 percent higher than the earlier re¬ 

sults. Particularly high is the ratio O.936 recorded for lm = O.36 (TMB Model 

4160). This discrepancy is possibly due to strut-interference effects present 

to a lesser degree in the wire wind-tunnel suspensions of the earlier refer¬ 

ences. Investigations are in progress to assess and, if possible, to elimi¬ 

nate strut-interference errors. 

POSITION OP THE LIFT VECTOR 

Harrington9 demonstrated through wake measurements that the lift of 

a body of revolution is associated with the vorticity generated by viscous 

forces on the lee after portion of the body. His measurements and calcula¬ 

tions showed that the center of lift is located slightly aft of the center of 

buoyancy. Its exact position depended on the angle of attack, and was fur¬ 

thest aft at an angle of 12° for the form tested. Englehardt10 verified the 

rearward position of the vortex core by observing the rotation of a spinner 

attached to a search probe. These experimental determinations confirm the 

fact that lift is associated with vorticity that occurs in a region aft of the 

center of buoyancy. Prom the fact that a body in a real fluid exhibits a 

smaller unstable moment than the ideal fluid value (Equation [3]), it can be 

inferred that this reduction in moment is due to a countermoment generated by 

normal components of viscosity-induced hydrodynamic forces. There are four 

such forces: (a) The resultant force due to the surface friction or boundary 



shear, (b) pressure or form drag, (c) lift and (d) induced drag. The line of 

action of force (a) is uncertain, being influenced by the surface distribution 

of shear forces; however, it is substantially parallel to the free-stream ve¬ 

locity so that for small angles of attack it may be considered as lying sub¬ 

stantially along the body axis. Force (b), also substantially parallel to the 

body axis, is probably small for well streamline', bodi.e. Force (c) is per¬ 

pendicular to the free-stream velocity. For small angles of attack, it can be 

considered substantially perpendicular to the axis. Force (d), varying approx 

imately as the square of the angle of attack, becoming négllgibly small at 

small angles, acts through the point of application of the lift force and par¬ 

allel to the free-stream velocity. Thus it appears that it would not be 

greatly in error to ascribe the total reduction in moment at small angles to 

the lift alone. Hence we may write 

aL + Mi - M = 0 Í5] 

where a is the distance from the center of buoyancy to the lift vector, 

L is the lift force, 
Mi is the ideal fluid moment given by [3], and 

M is the measured moment. 

Transposing and placing the quantities ln nondlmensional form we have 

Differentiating numerator and denominator with respect to w and allowing w to 

approach zero, we have the limiting position: 

or since 

l^i = m'(k2 - k,) 

m 

ao = - 

(kg-kj - M 

With the bow as origin the position is 

UNCLASSIFIED 

[8] 

[9] 



„here x is the positf" ^'^^^ft^To^thrbodlee of the series are 
limiting positions «¿o e , large error arising from the 
given in Table 4. Owing to fche quanfclty a, , which depends upon 

sources mentioned earlier Quantities M,1 ■ and Mi, involves a 
the difference between the almost equ quan.ities^, ^ ^ 

gr8at deal of »eertalnt, Coosedue » J per„nt ot the length 
ures do indicate, however, that «0 is appi 

from the bow for this series. 
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TABLE 4 

Limiting Position of Lift Vector 

Model Variable 
Value of 
Variable 

-a0 -K 

4154 
4155 
4156 
4.157' 
4158 
4159 

l/á 

4 
5 
6 

i 
10 

0.163 
.155 
.181 
.194 
.198 

0.275 

0.627 
.619 
.645 
658 

.622 
0.739 

4177 
4160 
4161 
4162 
4165 

L 
0.34 • 

.36 

.44 

.48 
0.52 

0.2-86 
.097 
.255 

O.228 

0.744 
.556 
.726 
.733 

O.715 

4164 
4165 
4166 cp 

0.55 
.60 

OJO _ 

0.286 
.262 

0.277 

0.716 
.710 

0-755 

4167 
4168 
4169 
4170 

0.0 
.3 

0.7 
1.0 

0.224 
.238 
.263 

0.250 

0.714 
.713 
• 717 

0.689 

Ul?! 
4172 
4173 
4174 

rl 

0.00 
.05 
.15 

0.20 

0.248 
.213 
.222 

O.23I 

0.710 
.676 
.688 

0.698 

4176 C (® l/d=5 0.5-5 0.249 O.678 

—-»--- O.ö^i 
Average 

TWO EMPIRICAL RELATIONSHIPS 

The local tests show (Table 2) that on the average 



SO that we have as an empirical approximation 

= 0.871 m1 U2 - IcJ 

Val““ a satisfactory .analytical appr«® for 

aetar.ini:“ »« 

t0 navalop an ^ : naS ^ »er, »da of td. vari 
tue sane accuracy as Equation [11]. »elimina 
ation of L1 with the following geometrical parameter . 

w 
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i. 

2 . 

3. 

4. 

5- 

(Planform area)/i2 

(Frontal area)/!2 

(Length X diameter)/!' 

(Wetted surface)/!2 

:;cLAsSi, .;d 

m 2¥ 
!3 

u a 4-haf fhp 11ft derivative could be related most simply to i:rPr r: —^—-.—- • -- - 
approximate empirical relationship 

0.79 
L1 = 0.234(m) w 

[12] 

V- «7 arr .rr:: l“- Equation [12] is presented as a rapid, appro 
lift force on a body of revolution. 

CONCLUSIONS 

un and moment deri.atlvea are pea«, effected by ..nation in I/d 

and somewhat less by ..nation in Cp. The effect of Í., r, and r, is reía- 

tivplv small for the ranges investigated. 
Variation in depth of sob.ereence affects the static d.ri.atl.es 

only slightly for a submergence of two diameters or more at a Vroude number of 

in order to obtain a boundary flow mors closely resembling the full- 
scale flow It is probably advisable that a bow sand-strip or other means of 
turbulence stimulation be used However, a ™d strip sue as 
these tests cannot be depended upon to eliminate ail v. 
with speed when the Reynolds number is less than 11 * . 

Based en the results of these tests the following approxi^te empir¬ 
ical expressions are deduced for the static moment and lift derivatives, 

- 0-871 (1c, kjm' 

L' = 0.234(m we 
0.79 

üiíibLASSíHEDj 



i8 y 
The limiting position of the lift vector as angle of attacK ap¬ 

proaches zero is approximately 69 percent of the body length from the bow. 
The measured moments are generally higher than expected. Strut 

interference is advanced as a possible explanation. Further investigation is 

being undertaken to assess and eliminate errors .,Lng from this cause. 
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