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SUMMARY 

The principal planing characteristics have been obtained for two 
V-shaped prismatic surfaces having angles of dead rise of 20° and 40° 
The load, wetted lengths, resistance, center-of-pressure location, and 
limited draft data are presented for speed coefficients up to 25.0, 
beam-loading coefficients from 0.85 to 87.33, keel-wetted-length--beam 
ratios up to approximately 8.0, and trims up to 300 • The data indicate 
that, for a given condition of load, speed, and trim, the wetted length, 
the distance of the center of pressure from the trailing edge, and the 
drag increase with an increase in the angle of dead rise. 

INTRODUCTION 

A general program of research on the planing characteristics of a 
series of related prismatic surfaces has been undertaken by the National 
Advisory Committee for Aeronautics and is described in reference 1. The 
primary objective of this program is an extension of the range of experi­
mental data on planing surfaces to cover the high trims and wetted lengths 
of interest in the design of high-speed water-based airplanes. 

This paper presents the hydrodynamic force data for two V-shaped 
planing surfaces having angles of dead rise of 200 and 400

• Load, wetted 
lengths, resistance, center-of-pressure location, and limited draft data 
are given for speed coefficients up to 25.0, trims up to 300 , and wetted­
length---beam ratios up to 8.0. Similar data for surfaces having angles of 
dead rise of 200 and 400 and horizontal chine flare are presented in 
references 1 and 2. 
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SYMBOLS 

beam of planing sur face, ft 

draft at trailing edge (measured vertically from undisturbed 
water level), ft 

acceleration due to gravity, 32.2 ft/sec2 

chine wetted length, ft 

keel wetted length, ft 

Lc + Lk 
mean wetted length , for these models, ft 

2 

center-of -pressur e location (measured along keel forward of 
M 

trailing edge of planing surface), 6. R ' ft cos T + sin T 

trimming moment about trailing edge of plan.ing surface at keel, 
ft - lb 

vertical load, lb 

friction, parallel to planing surface, lb 

horizontal resistance, lb 

Reynolds number, VmLm/V 

principal wetted area (bounded by trailing edge, chines, and 
heavy spray line) pr ojected on plane parallel to keel, Lmb, 
sq ft 

actual wetted area aft of stagnation line, sq ft 

horizontal velocity, ft/sec 

mean velocity over planing surface, 

specific weight of water, lb/ft3 

load coefficient, 6.lwb3 

• 
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resistance coefficient) R/Wb3 

speed coefficient or Froude number) V/vgb 

skin-friction coefficient, 
F cos ~ COS

2
T k 

2 = 1 \ Db 
~ SfVm ; cos T - CLb 

CLb lift coefficient based on beam, 
e::, Ce::, 

= 2 -
£. V2b2 Cv2 
2 

CDt drag coefficient based on beam, 
R 

2 
CR 

= 
CV2 E. V2b2 

2 

CLs lift coefficient based on principal wetted area, 
I::::. 

CLb ---
lm/b E. V2S 

2 

CDs drag coefficient based on principal wetted area) 
R CDt 

---
lm/b £. V2s 

2 

~ angle of dead rise) deg 

p mass density of water) slugs/ft 3 

T trim (angle between keel and horizontal)) deg 

v kinematic viscosity) ft 2/sec 

DESCRIPTION OF THE MODELS 

The models are simgle V-shaped prismatic surfaces having angles of 
dead rise of 200 and 40 ) as shown in figures 1 and 2 , respectively. 
Each model is constructed of brass) has a rectangular plan form and a beam 
of 4 inches, and is 36 inches long. A detailed description of the con­
struction and finish of the models is presen.ted in reference 1. 

APPARATUS AND PROCEDURES 

A description of the Langley tank no. 1, the apparatus for towing 
the model, and the instrumentation for measuring the lift, drag, and 
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trimming moment are given in reference 3, and the general procedure for 
making the tests is given in reference 1. A diagram of the model and 
towing gear is presented in figure 3. 

The wetted lengths wer e usually obtained from underwater photographs, 
and when photographs were not available, visual readings were used. A 
typical underwater photograph of the V- shaped surface is shown in figure 4. 
The mean wetted length was taken as the average of the keel and chine 
wetted lengths . Actually, as 'can be seen in figure 4, the visible stagna­
tion line appears to be slightly curved so that the actual mean wetted 
length is slightly greater than the average of the keel and chine wetted 
lengths . The difference, however, was generally within the precision of 
measurement and therefore was neglected in the calculation of the mean 
wetted length and the principal wetted area. 

A similar underwater photograph of a surface having an 8-inch beam 
and a 200 angle of dead rise is shown in figure 5. The wool tufts 
attached to the bottom of the model show in more detail the change in 
flow at the visible stagnation line used to define the principal wetted 
area. Forwar d of the stagnation line, the flow is seen to be principally 
in a lateral direction and consists primarily of light spray which con­
tributes little or no lift . Behind this line, the flow is toward the 
trailing edge with a small lateral component near the chines. 

Only a limited number of draft data were obtained since the apparatus, 
described in r eference 2, fo r measuring the water level was not available 
during most of the tests. 

The aerodynamic tares were held to a minimum by the wind-shielding 
arrangement described in reference 1. The force data were corrected for 
any residual tares that were appreciable. The quantities measured are 
gener ally believed to be accur ate within the following limits: 

Load , Ib ... 
Trim, deg 
Speed, ftl sec 
ReSistance , Ib 
Trimming moment, ft - lb 
Wetted length, in . 

RESULTS 

±0.15 
±0 . 10 
±0.20 
±0.15 
±0.50 
±0 . 25 

The exper imental data fo r the sur face having an angle of dead rise 
of 200 are pr esented in table I and those for the sur face having an angle 
of dead r ise of 400 , in table II . The l oad, resistance, speed, wetted 
lengths , an.d center-of -pr essur e location are expr essed as conventional 
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nondimensional hydrodynamic coefficients. By following the procedure 
used in references 1 and 2, the lift and drag coefficients are expressed 
both in terms of the square of the beam and in terms of the principal 
wetted area. The draft data are limited in scope and have therefore been 
omitted from the tables of data. Data for the dry-chine condition were 
also omitted inasmuch as the precision of the data for this condition 
became marginal because of the small wetted areas. The nonplaning condi­
tions, those conditions strongly affected by buoyancy, for the surface 
having a 200 angle of dead rise were not included herein in light of the 
results of the supplementary low-speed schedule described in reference 1. 
For the surface having a 400 angle of dead rise, all conditions where 
buoyancy exceeded 20 percent of the total load (ref. 2) were considered 
nonplaning and were not included. 

Plots of the data are presented in figures 6 to 19. In general, 
the trends with dead rise are the same as those noted in reference 2. 
With an increase in the angle of dead rise, the wetted length (or area) 
required at a given lift coefficient and trim was increased. (See 
figs. 6 and 7.) The difference between the keel and chine wetted lengths 
was constant for a given trim for both models (figs. 8 and 9). This 
difference (fig. 10) was greater for the model with the higher angle of 
dead rise and showed the same trends as those predicted by the two­
dimensional wave-rise theory of Wagner as applied in reference 4. The 
experimental values are generally lower than those given by theory and 
the differences are generally greater for the surface having the higher 
an£le of dead rise. 

For a given value of CLb' an increase in angle of dead rise resulted 
in a forward shift of the center-of -pressure location (figs. 11 and 12). 
The average ratio of lp/lm for each trim is presented in figures 13 
and 14. Increasing the angle of dead rise decreases this ratio as can 
be seen in figure 15 in which the variation of lp/lm with trim is 
shown for both surfaces. 

Draft data for the two models are shown in figures 16 and 17 where 
the measured draft in beams is plotted against that computed from the 

lk . 
keel wetted length. The computed draft is defined by ~ Sln T . These 

data show evidence of pile-up of water at the keel for both models at 
high trims . The amount of pile-up generally appears to be least for the 
surface having the higher angle of dead rise. 

Figures 18 and 19 present the total drag and the induced dr ag 
computed from the lift where the induced drag coefficient is defined 
by CLb tan T. The difference between the measured drag and the induced 
dr ag is the friction drag. Comparison of these figures indicates that 
the increase in angle of dead rise results in an increase in f r iction 
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drag for a given lift coefficient because of the greater wetted area. 
At the higher trims, the friction-drag component is small or negligible 
as compared with the induced-drag component. 

The calculated skin-friction coefficients for trims where the fric­
tion is appreciable are plotted against Reynolds number in figures 20 
and 21. In calculating the skin-friction coefficients from the test 
data, the values obtained from faired curves of total drag coefficient 
(figs. 18 and 19) and the values obtained from faired curves of mean­
wetted-length--beam ratio (figs. 6 and 7) were used to improve the 
preclslon. The grouping of the data with respect to the Schoenherr 
and Blasius lines suggests that the boundary layer at the higher Reynolds 
numbers was fully turbulent and that the friction at larger scales may 
be calculated with reasonable accuracy from the Schoenherr line (ref. 5). 

CONCLUDING REMARKS 

The effects of an increase in angle of dead rise on the planing 
characteristic s of a prismatic sur face are, in general, those that would 
be expected from a consideration of the change in geometry caused by a 
change in the angle of dead rise. For a given condition of load, speed, 
and trim, an increase in angle of dead rise increased the wetted length 
and hydrodynamic resistance and moved the center-of-pressure location 
forward. These results are also consistent with those obtained in an 
investigation of the effects of increasing the angle of dead rise on the 
planing characteristics of pr ismatic surfaces having horizontally flared 
chines (NACA TN's 2804 and 2842). 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., October 22, 1952. 
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TABLE I 

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 200 ANGLE OF DEAD RISE 

LANGLEY TANK MODEL 276 

~verage kinematic viscosity &10.55 x 10~ (t2j sec; specl!'1c veight or tank water - 63.4 Ib/cu r~ 

Trim, 
Ct:; Cv CR ~ 'm 'k 'p c~ CD CL CD 't, 

cleg b b b b b S S 

2 0.85 9.27 0.)7 0 1.47 2.92 2.49 0.0198 0. 007i 0.013 0.0050 
2 2.13 9.67 1.01 3.75 5.22 6.6B 3.42 .0456 .021 .009 .0041 
2 2.13 9.70 .90 3.08 4.52 5.95 2. 94 .0453 .0191 • OlD .0042 
2 2.16 14.64 .96 0 1.47 2.92 1.Bo .0200 .0087 .014 .0059 
2 4.2 13.48 5.5 5.50 6.97 8.42 4.86 .0468 .0262 .007 .0038 
2 4 . 26 13.54 2.17 4.50 5.97 7.42 3.39 .0465 .02)6 .00B .001+0 
2 4.26 19.89 2. 06 .68 2.19 3.70 1. 59 .0216 .0104 • OlD .0047 
2 4.26 20.65 1.98 .62 2.09 3.55 1.59 .0200 .0096 • OlD .0044 
2 4.26 2~.12 2.04 0 1.47 2.92 1.50 .0158 .007 .011 .0052 
2 6.)9 1 .78 3.62 --- --- --- 4.59 .0456 .0258 --- ---
2 6.39 17.02 3.)2 4.25 5.72 7.18 4.05 .0441 .0229 .008 .0040 
2 6. 39 17.02 3.~9 5.00 6.50 8.00 3.90 .0441 .02~3 .007 .~6 2 6.)9 20.04 2. 4 1.88 3.~4 4.80 2. 52 .0)18 .01 1 • OlD .0 2 
2 6.39 20.04 3.04 1.95 3. 7 5.00 2.46 .0)18 .0151 .009 .0044 
2 6.~9 25.50 2.55 0 1.47 2.92 1.2 .0196 .0078 .013 .005~ 
4 • 5 6.16 .12 ·t 1.09 1.80 .63 .0448 .0063 .041 .005 
4 2.13 7.)2 .49 2. 0 3.52 4.22 2.43 .0795 .0184 . 026 . 0052 
4 2.13 7.38 .46 2.22 2.96 3.70 1.67 .0782 .0169 . 02 .0057 
4 6,)9 10.16 1.67 5.88 6. 59 7.30 4.38 .12)8 .0323 .019 .0049 
4 6.39 10.28 1.69 5.88 6.59 7.)0 4.59 .1209 . 0320 .018 .0049 
4 6.)9 12.75 1.56 2.50 3.22 3.92 2.28 .0785 .0192 .024 .0060 
4 6.39 12.81 1.64 2.75 3.46 4.18 2.52 . 0779 .0200 .026 .0058 
4 6. )9 12.90 1.61 2. 25 2.96 3.68 2.52 .0768 .0193 .02 .0065 
4 6,)9 16.84 1.27 .50 1.21 1.92 .99 .0450 .0090 . 037 .0074 
4 6,)9 16.93 1.46 .62 1.34 2.05 1.05 .0446 .0102 .033 .0076 
4 6,)9 16.99 1.44 .50 1.21 1.92 1.11 .0444 .0101 .037 .0083 
4 6,)9 17.08 1.48 .38 1.09 1.80 1.11 .0439 .0103 .040 .0094 
4 6,)9 19.92 1.34 .25 1.00 ' 1.75 . 72 .032~ . 0067 .032 .0067 
4 6.~ 20.07 1.45 0 .71 1.42 1.05 .0)1 .0072 .045 .0101 
4 10. 5 1i·12 2.89 6.50 7. 22 7.92 5.07 .1237 .0336 .017 .0047 
4 10.65 1 .16 2. 81 3.00 3.72 4.42 2.85 .0816 .0215 .022 .0058 
4 10.65 16.35 2.74 3.00 3.69 4.)8 2.76 .0797 .0205 .022 .0056 
4 10.65 16.56 2·U 2.80 3.52 4.20 2.52 .0777 .0199 .022 .0057 
4 10.65 18.)6 2. 1.62 2.)6 3.10 1.83 .0634 .0146 . 027 .0062 
4 10.65 18.45 2.50 1.50 2.21 2.92 1.74 .0626 .0148 .028 .0067 
4 10.65 18.51 2.50 1.71 2.41 3.12 1.74 .0622 .0146 .026 . 0061 
4 10.65 22 . 02 2.42 .50 1.21 1.92 1.14 .0438 .0100 .036 .0083 
4 10.65 25.01 2.47 .12 .84 1.55 .84 .0340 .0079 . 040 .0094 
4 19.17 17.35 5.30 6.75 7.41 8.08 5.1~ .1274 .0352 .017 .0048 
4 19.17 17.54 5.)0 6. 62 7.34 8.05 5.2 .1246 .0343 .017 .0047 
4 19.17 19.8

6 
5.13 4.50 5.25 6. 00 3.63 .0975 .0260 .019 .0050 

4 19.17 21.9 4.94 3.00 3.72 4.42 2.70 .0795 .0204 .021 .0055 
4 19.17 25.16 4.56 1.50 2.21 2.92 1.80 .0605 .0144 . 027 .0065 
4 27.69 21.05 6.98 6.12 6.84 7.55 4.65 .1250 .0)16 .018 .0046 
4 27.69 21.~5 7.50 6.25 6.94 7.62 4.71 .121~ . 0)2 .018 . 0047 
4 27 . 69 22. 8 7.71 5. 25 5.94 6. 62 4.05 .105 .0293 .018 .0049 
4 27.69 22.88 6.92 4.68 5.39 6.10 3.96 .1058 .0264 .020 .0049 
4 27.69 23.12 7.)4 5. 25 5.96 6.68 4.38 .1036 .0274 .017 .0046 
4 27 . 69 24.70 6. 99 4.00 4.71 5.42 3.54 .0908 .0229 .019 .0049 
4 27 .69 25.01 6.58 3.50 4.21 4.92 3.15 .0885 .0210 .021 .0050 
4 27.69 25.07 7.43 i ·82 4.54 5.25 3.39 .0882 .02)6 . 019 .0052 
4 )6.21 24.03 9.21 .00 6. 71 7.42 4.74 .1254 .0)19 .019 .0048 
4 )6.21 24.61 9.93 6.12 6.78 7.42 4.62 .1195 .0)28 .018 .0048 
4 36.21 24.86 9.02 5.50 6.22 6.92 4.~8 .1172 .0292 .019 .0047 
6 .85 4.58 .12 .38 .88 1.38 • 7 .0810 .0114 .092 .0130 
6 .85 4.67 .14 .50 1.00 1.50 . 63 .0779 .0129 .078 .0129 
6 .85 4.88 .17 .80 1.30 1.80 .75 .0715 .0143 .055 .0110 
6 2.13 7.41 .46 .88 1.37 1.88 1.~8 .0777 .0167 .057 .0122 
6 6.)9 9.70 1.30 2.25 2.75 3.25 1. 3 .1358 .0276 .049 .0100 
6 6.)9 10.10 1.21 2.2~ 2.75 3.25 1.91 .125~ .0238 .046 .0087 
6 6.39 10.16 1.21 2.2 2.81 3.35 1.78 .123 .0234 .044 .0083 
6 6.)9 10.16 1.28 2.25 2.75 3.25 2. 01 .1238 .0249 .045 . 0091 
6 6.39 lD.~4 1.34 2.25 2.75 3.25 2.04 .1195 .0250 .043 .0091 
6 6.39 12. 7 1.27 .75 1.25 1.75 1.14 .0772 .0153 .062 .0122 
6 6'69 17.02 1.2

6 
0 .50 1.00 .72 .0441 .0085 .088 .0170 

6 10. 5 10.71 2.1 5.00 5.50 6.00 3. 53 .1857 .0377 .034 .0069 
6 10.65 10.89 2.)4 4.50 5.00 5.50 3033 .1796 .0394 .0)6 .0079 
6 10.65 11.01 2. 27 4.62 5.13 5.62 3.27 .1757 .0373 .034 .007g 6 10.65 11.04 2.)8 4.50 5.00 5. 50 3.27 .1748 .0390 .035 .007 
6 10.65 16.05 2.05 2.40 2.97 3.55 2.04 .1250 .0241 .042 .0081 
6 10.65 1 . 53 2.03 . 75 1.25 1.75 1.08 .0780 .0148 .062 . 0118 

... 
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Trim, ... 
deg 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

TABLE I - Continued 

EXPERIMENTAL DATA OBTA INED FOR A PLANING SURFACE HAVING A 20° ANGLE OF DEAD RISE 

LANGLEY TANK HODEL 276 

C~ Cv CR .:s :; .:t .!£ CL CD CL 
b b S 

b b b b 

10.65 21.93 2.11 0 0.50 1.00 0.60 0.0451 0.0088 0.090 
19.17 12.50 3.97 7.

g
8 7.87 8'g5 5.13 . 2454 .0508 .031 

19.17 12.60 3.91 6. 8 7.~8 7. 8 4.41 .2415 .0491 .033 
19.17 12.72 4.11 7.)8 7. 8 8.38 4.95 .2370 .0508 .030 
19.17 12.81 4.19 7.28 7.74 8.20 4.85 .23~ .0510 .030 
19.17 17.42 3.81 2.48 3.04 3.60 2.16 •12el .0251 .042 
19.17 17.54 3.58 2.38 2.88 3.)8 2.10 .12 .0232 .043 
19.17 17.60 3.86 2.38 2.88 3.38 2.16 .12

g
8 .0249 .043 

19.17 22.05 3.25 .75 1.25 1.75 .90 .07 0 .0134 .063 
19.17 25.25 ~.21 .25 .75 1.25 .78 .0600 . 0101 .080 
27.69 15.16 . 07 7.25 7.75 8.25 5.10 . 2410 .0530 .031 
27 .69 17.51 5.99 4.90 5.40 5.90 3·75 .1806 .0391 .033 
27. 69 17. 66 5. 75 4.62 5.12 5.62 3.63 .1776 .0370 .035 
27.69 21.29 5.3

g 
2.)8 2.88 3.38 2.13 .1222 .02)6 .042 

27.69 25.41 5.0 1.00 1.50 2.00 1.11 .0859 .0157 .057 
36.21 17.48 7.90 7.12 7.62 8.12 5.01 .2370 .0516 .031 
36 . 21 20.16 7.47 4.62 5.12 5.62 3.63 .1782 .0369 .035 
36.21 24 ·U 7.47 2.62 3.12 3.62 2. 22 .1244 .0251 .040 
36.21 24. 7.03 2.38 2.88 3.38 2.07 .1210 .0234 .042 
)6.21 24·55 7.51 2.40 2.90 3.40 2.13 .1202 .0249 .041 
36.21 25.41 7.04 2.12 2.62 g.12 1.83 .1122 .0218 .043 
53.25 21.08 11.61 7. 00 7.50 .00 --- .2

g
97 .0523 .032 

53.25 24.28 11.11 4. 50 5.00 5.50 3.45 .1 07 .0377 .036 
53·25 25.01 11.01 4.00 4.50 5.00 3.24 .1703 .0352 .038 

.85 4.58 .15 .12 .)6 .60 .30 .0810 .0143 . 225 
2.13 4.82 .48 1.00 1.24 1.48 .78 .1834 .0413 .148 
2.13 7.23 .50 .10 :li . 68 .51 .0816 .0190 .209 
6.39 10.25 1.47 .38 .85 .48 .1216 .0280 .199 
6.39 12.50 1.51 .17 .41+ .70 ,)3 .0818 .0193 .186 
6.~ 12.93 1.46 .10 .35 .60 .39 .0764 .0174 .218 

10. 5 9.
g
9 2.61 1.70 1.90 2.10 1.32 .2416 .0592 .127 

10.65 10. 0 2.'+8 .95 1.19 1.42 .90 .1826 .0424 .153 
10.65 16.23 2.58 .10 .)6 .62 .40 .0810 .0195 .225 
19.17 9.70 4.71 4.02 4.25 4.48 2.85 .40'Z9 .1001 .096 
19.17 9.82 4.75 3.98 4.21 4.45 3.00 .3976 .0985 .094 
19.17 12.50 4.66 1.65 1. 89 2.12 1.)8 .2454 .0596 .130 
19.17 12.57 4.50 1.78 2.00 2.20 1.38 .2427 .0570 .121 
19.17 17.69 4.32 .42 .68 .92 .42 .1225 .0277 .180 
19.17 17.75 4.41 .38 . 61 .85 .48 .1217 .0280 .200 
19.17 22.00 4.53 .02 .26 .50 .21 .0792 .0187 .305 
19.17 24.75 4.53 0 .2~ .48 .24 .0626 .0149 .272 
27.69 15·30 6.72 1.55 1.7 1.95 1.44 .2366 .0575 .134 
27.69 17.77 6.70 1.00 1.24 1.48 .84 .1754 .0425 .141 
27.69 21.50 6.57 .30 .42 .55 .48 .1198 .0284 .285 
27.69 25.16 6.72 .18 .42 .65 .3g 

.0875 .0212 .208 
36.21 12.20 9.22 5.)5 5.59 5.82 3.7 .4866 .1240 .087 
36.21 12.41 8.90 4.98 5.22 5.45 3.48 .4702 .1155 .090 
36.21 15.19 8.9

g 
2.50 2.69 2.88 2.22 ·3139 .0775 .117 

36.21 24.40 8.5 .42 .68 .92 .48 .1216 .0289 .179 
36.21 25.40 8.52 .35 .58 .80 .45 .1122 .0264 .19

g 53.25 14.73 13.69 5. g5 5.59 5.82 3.75 .4908 .1260 .08 
53.25 16.40 13.4

g 
3. 0 3·95 4.10 2.97 .3960 .0999 .100 

53.25 21.22 12.7 1.60 1.84 2.08 1.41 .2ra5 .0568 .129 
53.25 24.28 12.81 1.00 1.24 1.48 .90 .1 07 .0435 .146 
53.25 25.29 12.74 1.02 1.26 1.50 .84 .1665 .0400 .1~ 
70.29 17.23 17.86 5.30 5.49 5.68 3.50 .473~ .1203 .0 6 
70.29 21.20 17.)2 2.52 2.78 3.02 2.10 .312 .0771 .11i 
70.29 23.97 17.10 1.68 1.94 2. 20 1.44 .2447 .0595 .12 
70.29 25.16 16.85 1.50 1.71 1.92 1.25 .2221 .0532 .1fa 
87.33 18.60 22.79 5.50 5.74 5.98 3.74 .5049 .1317 .0 8 
87.33 20.98 22.16 3.95 4.18 4.42 2.79 .3968 .1007 .095 
87.33 24.34 21.58 2.52 2.76 3.00 1.93 .2948 .0729 .107 
87.

g
3 25·32 21.54 2.15 2' ;'B 2.62 1.70 .2724 .0672 .114 

• 5 3.05 .18 .48 • 1 .75 .47 .1828 .0430 ·300 
.85 3.72 . 20 .22 .36 .50 .28 .1228 .0~8 .341 

2.13 4.21 .76 .88 1.01 1.15 .89 .2404 .0 57 .238 
2.13 4.27 .62 .62 .78 .92 .63 .23g

7 .0680 .)00 
2.13 4.88 .66 .55 .68 .82 .79 .17 9 .0554 •26i 
2.13 7·32 .7;' .12 .26 .40 .52 .0795 .0274 .30 
6.39 10.37 2.1 .20 034 .48 .45 .1188 .0402 .349 
6,;'9 13.12 2.16 0 .14 .28 .42 .0742 .0251 .530 

10. 5 9."6 3.65 .88 1.02 1.15 .76 .2380 .0815 •263 
10.65 9."9 3.57 .75 .91 1.08 .63 .2365 .0793 .2 0 

9 

CD 
S 

0.0176 
.0065 
.0067 
.0064 
.0066 
.0083 
.0081 
.0086 
.0107 

:~6§ 
.0072 
.0072 
.0082 
.0105 
.0068 
.0072 
.0080 
.0081 
.0086 
.0083 
.0070 
.0075 
.0078 
.0397 
.~33 • 90 
.0459 
.0439 
. 0497 
.0312 
.0356 
.0542 
.02)6 
.0234 
.0315 
.0285 
.0407 
.0459 
.0719 
.0648 
.0327 .oti .0 7 
.0505 
.0222 
.0221 
.0288 
.0425 
.04" 
.0225 
.0253 
.0309 
.0351 
.0317 
.0219 
.0277 
.0307 
.0311 
.0229 
.0241 
.0264 
.0282 
.0705 
.0883 
.0849 
.0872 
.0815 
.1054 
.1182 
.1793 
.0799 
.0871 
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Trill , 
't , 

d eg 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24-
24-
24-
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

NACA TN 2876 

TABLE I - Continued 

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAYING A 20° ANGLE OF DEAD RISE 

LANGLEY TANK HODEL 276 

Cll Cy CR ~ ~ ~ 'p CLb COb CLS b b b b 

10.65 10.92 3.67 0 . 50 0.64 0.78 0.43 0.1786 0.0615 0.279 
10.65 16.2~ i ·61 0 .14 . 28 .20 .0809 .0274 .578 
19 .17 8. 7 .66 2.50 2. 64 2. 78 1.84 .4973 .1730 .188 
19 .17 8.88 6. 46 2.60 2. 72 2. 82 1.72 .4862 .1650 .179 
19 .17 9. 88 6. 60 1. 85 1. 99 2.12 1.40 -3928 .1350 .197 
19 .17 9.91 6. 53 1.80 1. 93 2.05 1·33 ·3904 .1~30 .202 
19 .17 12. 50 6. 64 . 85 . 99 1.12 .70 .2454 .040 .248 
19 .17 17 . 54 6. 54 .25 . 39 .52 .30 .1246 .0424 .319 
19.17 21.90 6. 52 0 .14 .28 .19 .0799 .0271 .571 
19.17 25.16 6. 50 0 .14 . 28 .08 .0606 .0206 .433 
27 . 69 15.1i 9.27 .80 .95 1. 10 .58 .2419 .0810 .255 
27 . 69 15.1 9. 41 .82 .96 1.10 .66 .2410 .0820 .251 
27. 69 17.60 9.43 . 50 . 64 .78 .43 .1788 .0610 .279 
27. 69 21.20 9. 20 .25 ,)9 . 52 .23 .12~ .0407 '6i6 
27 . 69 25.)1 9. 37 0 .14 .28 .04 .08 ~ .0293 • 18 
)6.21 12. 35 12.)1 2.50 2.63 2.75 1.74 .474 .1610 .181 
36.21 15.19 12. 16 1.22 1. 37 1.50 .95 ·3140 .1050 .229 
36 . 21 17.02 12 . 26 .88 1. 01 1.15 .71 .2500 .0845 .248 
36 . 21 24 . 64 11.98 .22 ' i6 .50 1:l{ .119~ .ora5 .3~ 53.25 14.70 18 .16 2.55 2. 6 2. 78 .492 .1 81 .1 5 
53 . 25 16.53 18.11 1.78 1.93 2.08 1.27 ·3898 .1~30 .202 
53. 25 21 .11 17.89 .75 .87 1.00 .62 .2390 .0 03 .275 
53. 25 24.40 17.90 .50 .64 .78 .44 .1790 .0601 .280 
53.25 25.07 18.09 .)8 .54 .70 .42 .1694 .0576 .314 
70.29 17.23 24.31 2. 45 2. 58 2. 70 1.72 .473~ .1640 .184 
70 . 29 21 . 20 23. 98 1.15 1.29 1. 42 .96 .312 .1067 .242 
70 . 29 24. 25 23. 64 .75 . 87 1.00 .65 .2391 .0804 .276 70. 29 2§. 47 2).8g .70 .84 .98 .§8 .2167 .0735 .25 
87 . 33 1 . 70 29 . 7 2. 40 2.54 2. 68 1. 2 .4995 .1703 .197 
87.33 20 . 89 29 . 50 1.75 1.89 2. 02 1.36 .4002 .1352 .212 
87 . 33 23. 64 29 .14 1.12 1. 28 1. 42 .97 .3125 .1043 .244 
87,)3 25. 25 29.10 .80 .97 1.15 .83 .27~ .0910 .282 

2.13 4. 21 1. 00 .58 . 67 . 75 --- .2404 .1096 .)59 
6,)9 10.10 2.89 .15 .26 .32 .09 .1253 .056 .545 
6 . ~ 12. 72 2.76 0 .1 :fo .06 .0790 .0341 .494 

10. 5 9.)6 4. 80 . 62 .71 .)6 .24~ .1095 .342 
10. 65 10.98 4.74 .32 .45 .58 .18 .17 7 .0787 .39~ 
10. 65 16. 41 4.86 --- .15 l:fa --- .0792 .0362 .52 
19 . 17 8. 75 8.76 1.75 1.82 1.05 .5008 .2280 .275 
19. 17 9.91 8. 64 1.15 1. 24 1 .~ .78 ·3904 .1760 .315 
19.17 12.41 8.46 .60 . 71 • 2 .42 .2490 .1099 ·351 
19 .17 17. 69 8. 53 .15 .28 .40 .18 .1225 .0546 .438 
19 . 17 25. 22 8. 72 0 .09 .18 .06 .06~ .0274 .670 
27.69 15.04 12.)8 .62 . 71 . 80 .48 .24 .1095 .345 
27 .69 17. 72 12. 27 .)2 .45 . 58 .24 .1764 .0781 ·392 
27 . 69 21 . 20 12. 32 .18 .29 .40 .21 .12~2 .0548 .425 
27.69 25. 07 12 . 2~ .12 .27 .40 .06 .08 2 .0391 ·327 
36. 21 11 . 99 16. 4 1.45 1.63 1. 80 1.20 .5038 .2300 . 309 
36.21 14. 88 16 .~ . 92 1. 00 1. 08 .66 .3271 .1470 .327 
36 . 21 20 . 01 16. .)5 .46 .58 .27 .1809 .0800 ·393 
36 . 21 24 .92 16. 34 .12 . 27 . 40 .24 .1166 .0527 .432 
53. 25 14. 58 24 . 04 1. 55 1. 70 1. 85 1.17 .5010 .2270 .295 
53. 25 16. 35 23.86 1.15 1.30 1.45 .90 ,)984 .1784 .)06 
53.25 20.74 23. 7 . 62 . 70 .78 . 42 .2476 .1105 · 354 
53.25 24.31 23.85 .25 . 40 . 55 .27 .1802 .0805 .450 
70 . 29 16 . 78 30 . 57 1 . 75 1.85 1 .95 1.20 .4993 . 2160 .270 
70 . 29 16 .9g 31.60 1. 70 1. 79 1.88 1.13 .4905 . 2210 .274 
70. 29 17. 0 32.1 5 1. 55 1.64 1. 72 .99 . 481~ .2210 . 294 
70 . 29 20 . 98 31.46 . 90 .99 1. 08 . 60 · 319 .1429 . 323 
70 . 29 25. 01 31 . 66 . 50 . 59 . 68 .)4 . 2242 .1010 .)81 
87,)3 18. 60 39.)4 1.66 1.74 1. 82 1.11 .5049 .2270 . 290 
87 .g3 23. 52 39 . 22 . 8 .96 1.05 --- · 3157 .1418 . )29 

• 5 4. 58 . 44 0 .06 .12 --- .0810 .0419 1.350 
2.1 3 3.11 1. 21 . 90 .96 1. 02 . 78 . 4405 .2440 .459 
2.13 4.12 1.11 .48 .54 .60 -33 .2510 .1310 .465 
2.13 4. 21 1.21 .50 . 56 .62 .30 .2404 .1345 .429 
2.13 4. 82 1.12 · 30 .)6 .42 .18 .1834 .0964 . 509 
2.13 7. 23 1.1 5 0 .06 .12 . 27 .0815 .0441 1.i58 
6. 39 10. 10 8. )6 .12 .19 . 25 . 15 .1253 .0696 • 59 
6' 1,9 12 . 75 8.)8 0 .06 .12 .03 .0784 .0441 1 . 307 

10. 5 9 .~ 6.14 . 52 . 59 . 65 . 24 . 24-16 .1395 .409 
10. 65 10. 3 14.16 . 35 .41 .48 .21 .1816 .1028 .443 

CDS 

0.0961 
.1957 
.0655 
.0607 
.0678 
.0689 
.0848 
.1087 
.1935 
.1471 
.0853 
.085'+ 
.0953 
.1044 
.2093 
.0612 
.0766 
.0837 
.1097 
.06~ 
.06 9 
.0923 
.0969 
.10 7 
.0636 
.0827 
.0924 
.0875 
.0670 
.0715 
.0815 
.0938 
.1634 
.2470 
.2131 
.1542 
.1749 
.2413 
.1253 
.1419 
.1548 
.1950 
.3044 
.15'+2 
.17)6 
.1890 
.1448 
.1411 
.1470 
.1739 
.1952 
.1335 
.1372 
.1579 
.2012 
.1168 
.12~ 
.1~ 
.1 43 
.1712 
. 1~05 
.1 77 
.6983 
. 25'+2 
.2426 
.2402 
.2678 
.7i5O 
.3 63 
. 7350 
.2364 
. 2507 
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Trim, 
't, 

deg 

30 
30 
30 
30 
30 
)0 
)0 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

TABLE I - 'Concluded 

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HA YI NG A 200 ANGLE OF DEAD RISE 

LANGLEY TANK MODEL 276 

Cll Cy CR :s 1m ~ 2 CLb COb C
LS CDS 

b b b b 

10. 65 11 .19 6.10 0. 32 0.)9 0.45 0. 06 0.1701 0. 0974 0.436 0. 2497 
10.65 16 . 26 5. 87 --- --- --- --- . 0806 .0444 --- ---
19.17 8.72 11 .18 1.)0 1.)6 1.42 . 78 . 5042 . 2940 .371 . 2162 
19.17 9. 70 10. 97 .98 1. 04 1.10 .60 .4075 . 2330 ·392 . 2240 
19.17 9.76 11 .12 1.CO 1.06 1.12 . 60 .4025 . 2350 .380 . 221 7 
19 .17 12.47 10.86 . 50 . 57 .6~ .3g 

. 2466 .1~95 .43g 
.2447 

19 .1 7 17.48 10 . 6 .18 .28 .) .1 .1 ?55 .0 96 .44 . 2486 
19.17 21 . 84 10.58 .12 .19 .25 .18 .0804 .0444 .423 .2~7 27 . 69 15.10 H .75 . 50 . 56 . 62 ,)9 . 2429 .1380 .434 .2 4 
27 . 69 17.75 15. 80 ·35 .41 .48 .30 .1758 .1005 .429 . 2451 
27 .69 21.)5 15. 69 . 12 .21 .)0 . 24 .1215 .0689 . 579 'g281 
27 . 59 25032 15.62 0 .06 .12 . 21 . 0865 .0467 1.442 • 117 
36.21 12.20 20.138 1. 28 l·t 1.40 . 84 .4866 . 2810 .)63 . 2097 
36 . 21 14.94 20 . 95 . 75 • 1 . 87 .48 .3245 .1870 . 401 . 2309 
36 . 21 15.10 20.74 . 72 . 79 . 85 .45 .)176 .1820 . 402 . 2304 
36.21 15.13 21 . 09 . 78 .85 .92 .45 .)164 .1830 .)72 . 2153 
36. 21 15. 25 20 . 68 . 75 .81 . 88 .48 ·3114 .1778 0384 . 2195 
36 . 21 20 . 01 20 .65 ·32 ·39 .45 .13 .1310 .1030 .464 . 2641 
36 . 21 20.13 20.94 · 32 .41 .50 . 21 .1790 .1030 .437 .2512 
36 . 21 20.19 21 . 07 032 .39 .45 . 24 .1777 .1065 .456 . 2654 
36.21 24.71 20 . 29 .12 .19 .25 . 21 .1186 .06 7 .624 .3511 
)6.21 24.86 20 . 33 .12 .19 .25 :~ .1172 .0674 .617 .3547 
53. 25 14.61 30.50 1. 32 1.39 1.45 .4989 . 2860 0359 . 2058 
53. 25 16.20 30. 63 . 98 1.04 1.10 .63 .4058 .2

g
40 .390 . 2250 

53. 25 18.30 30. 65 .75 .81 . 88 .45 . 3180 .1~0 0393 . 2259 
53. 25 20. 98 30.55 . 50 . 56 . 62 .30 . 2420 .1 8 .4~ . 2479 
53 .25 24.28 30.45 . 32 039 .45 .12 .1807 •1Ofo .4 3 .2641 
53.25 25.22 30. 50 .25 .)1 .)8 .23 .1674 .09 0 .540 .)097 

11 
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TABLE II 

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE RAVING A ~o ANGLE OF DEAD RISE 

LANGLEY TANK HODEL 277 

~verage kinema tic viscosity - 11.60 x 10-6 rt 2/sec; speciric veight or tank vater: 63.4 Ib/ cu r~ 

Trim, 
Cll Cv CR ~ ~ ~ 2 CLb C

Db 
CLs CD 't, 

deg b b b b S 

4 0. 85 4.67 0·30 --- --- --- --- 0.0779 0.0275 --- ---4 .85 6.19 .43 2.00 3.62 5.25 --- .0444 .0225 0.012~ 0.0062 
4 . 85 7.84 .49 1.25 2. 82 4.)8 1. 29 .0277 .0159 .009 .0056 
4 2 .1~ 10.80 1.18 1 . 25 3. 00 4.75 2.19 .0364 .0202 .0121 .0067 
4 4.2 li· 63 1.91 1.75 3.44 5.12 2.37 .0459 . 0206 .013, .0060 
4 6.)9 1 .99 2. 95 1.88 3.50 5.12 2.43 .0444 .0204 .012 .0058 
4 6 ' (,9 20 .13 3.10 --- --- --- 1.89 .031 5 .01~ --- ---4 10. 5 16.50 4 . 72 5. 25 7.00 8.75 4. 26 .0784 .03 . 0112 .0049 
4 10. 65 18.09 5. 24 5. 00 6.75 8. 50 3.81 

•
06sa . 0319 .0096 . 0047 

4 10.65 19.70 5.)5 3.25 5. 08 6. 90 3.27 .0 9 .0276 .0108 .0054 
4 10.65 19.73 5.)0 3. 62 5,)7 7.12 3.42 . 0547 .0272 .0102 .0051 
4 10.65 19.82 5.45 3.45 5. 26 7. 08 3-36 . 0542 . 0276 .01& .0052 
4 10.65 21.75 5.~3 2 . ~0 4.25 6.00 2·U .0450 .0225 .01 .0056 4 10. 65 21.81 4. 5 1. 8 3.63 5.38 2. .0448 .0204 .012~ .005 
4 10.6 5 24. 55 5. 00 1.25 3. 00 4.75 1.98 .0354 . 0166 .011 . 0055 
4 10. 65 24. 55 5. 58 1.75 ~. 50 5. 25 2.25 .0354 .0185 .0101 .0053 
4 19 .17 23.12 8.72 4.75 . 50 8. 25 4.11 .0717 .0325 .0110 .0050 
4 19.17 25.16 8.73 4.25 6. 00 7.75 3.27 .0606 .0276 .0101 .0046 
6 . 85 6.16 .29 0 1.17 2.)5 --- .0448 .0152 .0383 .0130 
6 2.1i 9. 70 .73 .38 1.54 2.70 1.25 .0453 .0155 .0294 . 0101 
6 4.2 10.43 1.49 2.00 3.16 4.32 2.19 .0784 .0274 .0248 .0087 
6 4.26 13. 69 1.50 1.00 2.16 3.32 1.29 .0455 .0160 .0211 .0074 
6 6,)9 12.45 1.97 2.)7 3.54 4.70 2.43 .0824 .0255 .0280 .0087 
6 6 ' (,9 16.99 2.26 . 75 1.91 i·07 1.27 .0444 .0~6 .0232 .0082 
6 10. 5 13.12 3.34 4.62 5. 78 .95 3. 36 .1237 .0 8 . 0214 .0067 
6 10.65 16. 21 3.41 4.75 5. 93 7.02 3,)9 .1220 .0391 .0206 .0066 
6 10.65 1 . 26 3.48 2. 25 3.41 4.57 2.)4 .0806 .0264 .0236 .0077 
6 10.65 21.$1 3.66 .75 1 . 86 3.00 1.31 .0448 . 0154 .024~ .008~ 6 10.65 25.16 6.9 . 50 1.66 2.82 1.04 .0338 .0126 .020 .007 
6 19.17 15.49 .32 6.70 7.77 8. 82 5.10 .1 598 .0528 .0206 .0068 
6 19.17 17.75 5.97 5.12 6.19 7.25 3. 60 .1217 .0379 .0197 .0061 
6 19.17 21.87 6.08 2.75 3.82 4.90 2. 25 .0800 .0254 .0209 .0066 
6 19.17 24. 80 6.14 1. 75 3. 00 4. 25 1.68 . 0623 .0198 . 0208 .0066 
6 27 . 69 20 . 95 9.03 5.00 6.16 7. 32 3. 87 .1260 .0412 .0205 .0067 
6 27 . 69 22. 88 8. 99 4 .12 5. 26 6. 40 3.27 .1058 .034i .0201 .0065 
6 27 . 69 25. 25 8. 80 2. 88 4.00 5.12 2. 61 .0869 . 027 .0217 .0069 
6 27 . 69 25. 99 9.01 2. 75 3. 91 5. 02 2. 58 . 0820 .0267 .0210 .0068 
6 36 . 21 21.)5 11.64 6. 50 7. 61 8. 82 4. 80 .1 590 .0512 .0209 .0067 
6 36 . 21 24.10 11.74 5.12 6. 28 7.42 4.02 .1247 .0404 . 0199 . 0064 
6 36 . 21 24 . 92 11.37 4 . 25 5.41 6. 58 3.60 .1166 .0)66 . 0216 .0068 

12 . 85 4. 58 . 21 .)0 .81 1.~ . 60 . 0808 . 0200 .0998 .0247 
12 2 .1

6 
7. 23 . 63 .45 1.04 1. 2 . 62 . 0816 . 0241 .0785 .0232 

12 4. 2 6. 92 1.17 1 . 70 2. 21 2. 72 1.47 .1779 .0497 . 0805 .0225 
12 4. 26 10.)7 1.22 .~5 . 86 l'f .71 .0792 . 0226 .0921 .026~ 
12 6.39 10.22 1.84 • 5' 1 . )6 1. 7 1.00 .1224 . 0351 . 0900 .025' 
12 6-39 12 . 45 1.73 .40 .91 1.42 .67 .0825 .022g . 0907 .0245' 
12 6'i9 12. 45 1.61 .40 . 96 1. ~2 .99 . 0824 . 020 . 0858 .0217 
12 10. 5 10. 92 3. 08 1.82 2 . ~3 2. 5 1.61 .1786 .0516 . 0767 .0221 
12 10.65 16.56 3.11 .38 • 9 1.40 . 68 . 0776 . 0226 .0872 . 02 54 
12 10.65 19. 83 3.28 .10 .62 1.15 . 40 . 0542 .0167 .0874 .0269 
12 19.17 11.04 5.50 4.)8 4.89 5.40 3. 00 .31t.6 . 0904 .0646 .0185 
12 19.17 12.41 5.40 3.12 3. 63 4.15 2. 31 . 2489 . 0701 . 068 . 0193 
12 19.1'1 12.45 5·34 3· 05 3. 61 4.17 2. 25 . 2474 .0688 .0685 .0191 
12 19.17 12. 50 5.50 3.28 3.75 4.22 2.31 . 2454 .0706 . 06 54 . 0168 
12 19.17 12.60 5.53 2.75 3.25 3. 75 2. 28 .241 5 . 0697 . 0743 .0214 
12 19 .17 17. 48 5.n 1.08 1.62 2.1 5 1.)5 .1255 .0342 .0775 .0211 
12 19.17 17.54 5.31 . 92 1.42 1. 92 1. 05 .1246 .0346 .0877 . 0244 
12 19.17 17. 69 5. 42 1.00 1. 51 2.02 1.02 .1225 . 0346 . 0811 .0229 
12 19 .17 21.87 5. 57 .25 . 76 1.;>7 .60 .0800 . 02~2 .1053 .0)05 
12 19.17 24 . 77 5.76 0 . 51 1.02 .47 .0626 .01 8 .1227 .0369 
12 27 . 69 15.19 7.87 3. 00 3.51 4. 02 2. 22 . 2400 . 0684 . 0684 . 0195 
12 27 . 69 17. 78 7. 88 1. 88 2,)9 2. 90 1. 53 .1752 .0500 . 073~ . 0209 
12 27 . 69 21. 29 7. 85 1.00 1.51 2. 02 1.02 .1220 . 0346 .080 . 0229 
12 27. 69 23. 27 7. 94 .62 1.16 1.65 .82 .1022 . 0292 .0904 .0258 
12 27.69 25 .10 8. 03 . 45 . 9 1.47 .71 .0879 .0255 . 0916 . 0266 
12 36 . 21 12. 20 10. 27 7.)8 7. 85 8,)2 4.71 .4866 .1380 . 0620 .0176 
12 36 .<'1 12. 45 10. 02 7.12 7. 66 8. 20 --- .4672 .129 3 . 0610 .0169 
12 36.<'1 12. 50 10.33 7.40 7. 90 8.40 4.47 . 46~5 .1 320 . 0587 .0167 
12 36.21 14. 85 10. 24 4. 52 5 .~ 5. 55 3.1 5 . 32 4 .0928 . 0653 .0184 
12 36.21 H . 25 10. 46 3.95 4. 5. 00 3· 09 . 3114 .0898 .0695 . 0200 
12 36. 21 20 .19 10. 24 1.88 2,)9 2 . 90 1. 56 .1 776 .0504 . 074~ . 0211 
12 36 .<'1 24.40 10. 06 . SO -l. 31 1.82 .99 . 1216 . 0338 . 092 . 0258 
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Trim, 
't, 

deg 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
2lj. 
24 
24 
24 
2lj. 
24 

TABLE II - Continued 

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 400 ANGLE OF DEAD RISE 

LANGLEY TANK MODEL 277 

CLI Cv CR !£ 1m tk tp CL C
Db 

CL 
b b b b b S 

--- --- --- 0. 90 0 .1147 ---

CDS 

---36.21 25.1~ 10.29 0. 0326 
36 . 21 25.1 10.04 0.88 1039 1.90 .93 .1142 .0317 0.0822 0 .0228 
53 . 25 14.49 15.46 7.50 8. 05 8. 52 4-34 • ')072 .1474 .06t .0183 
53.25 15.19 15.03 7. 62 8 . 1~ 8 . 65 4.17 .4616 .130) .05 8 .0160 
53 . 25 16.26 14.87 5. 85 6.) 6. 87 3·90 .4028 .1124 .06)) .0177 
,3.25 16.32 15. 51+ ,.75 6. 25 6.75 3. 96 .)999 .1166 .0640 .0187 
,3.25 20.28 15". 12 ) . )7 3. 89 4.40 2.49 .2589 .07)5 .0666 .0189 
53.25 20.)4 15.01 3.18 3. 68 4 .18 2.4~ .2~74 .Ol26 :~§f .019? 
53. 25 20.95 15.17 3.00 3. 51 4.02 2. 2 .2 26 .0 92 . 019 
53. 25 21.26 14.98 3.12 3. 68 4.15 2·t . 2356 .0662 .0640 . 0180 
53. 25 24.40 15.17 1.50 2. 06 2. 62 1 . 3 .1788 .0508 .0868 .0247 
70.29 16.90 20.52 7.25 7. 79 8.32 3.72 .4920 .1lj.36 .06~ .018lj. 
70.29 20.92 20.27 4.~ 4.86 5.

g
5 3.0~ ·3212 .0924 .06 1 . 0190 

70.29 24.6lj. 20.09 2. 0 ).31 3. 2 2.1 .2315 .0662 .0699 .0200 
87.~3 2lj..46 25-32 3·95 4.45 4.95 2.79 .2918 .0846 .0656 .0190 

• 5 lj..61 .28 .10 .lj.6 .72 --- .0800 .0262 .1739 . 0570 
2.1) lj..21 .75 1.25 1.56 1.88 1.0) .240lj. .08lj.8 .15l.1 .0'jlj.4 
2.13 4.88 .75 .88 1.19 1.50 .84 .1788 .0630 .1502 .0529 
2.13 7.)2 .82 .1§ .46 .78 .)6 .0795 .0307 .1728 .0667 
6039 6.41 2.28 1.9 2.29 2.60 1.53 .3110 .1110 .1)58 .0lj.89 
6-39 10.22 2.lj.l .50 .81 1.12 .57 .122lj. .0462 .1511 .0570 
6. ~9 13.72 2.

g
5 .10 .41 .72 .30 .0678 .0250 .165l. .0610 

10.{;5 9.30 3. 9 1.50 1.81 2.12 1.17 .2463 .0898 .1)61 .Qlj.96 
10.65 9.46 3.76 1 . §0 1.81 2. 12 1.14 .2380 .0840 .1)15 . 046lj. 
10.65 10.89 ).86 • 8 1.19 1.50 .78 .1796 .0652 .1509 .0'jlj.8 
10.65 16.10 ~.91 .12 .lj.8 .85 .42 .0822 .Og02 .1712 .0629 
19.17 8.72 .99 3.50 3.81 lj..12 2.31 ·Z°lj.2 .1~8 .1323 .0lj.82 
19.17 9.70 6.99 2. 90 ).21 3.52 1.97 • 075 .1 6 .1269 .0463 
19 .17 12.45 6.96 1.50 1.8) 2.15 1.2~ • 247lj. .0898 .1352 .0491 
19.17 12.lj.5 6.59 1.60 1.91 2.22 1-3 . 2lj.7lj. .0850 .1295 . 0lj.lj.5 
19.17 12.lj.7 7.02 1.lj.5 1.76 2.08 1.19 .246lj. .09Qlj. .1400 .051lj. 
19.17 12.50 6.59 1.55 1.85 2.15 1. ~lj. .2lj.'jlj. .08lj.lj. .1326 . 0lj.56 
19.17 17.lj.5 7.11 .50 .81 1.12 .{;1 .1260 .0468 .1556 .0578 
19.17 21.96 7.22 .20 . 52 .85 .lj.lj. .0795 .O~O .1529 .ozr 
27.69 15.01 10.02 1.50 1.82 2.12 1.11 .2lj.58 . 0 90 .1350 .0 9 
27.69 15.25 9.8lj. 1. 25 1. 56 1.88 1.0

g 
.2

g
80 . 08lj.8 .1526 . 0'jlj.4 

27.69 17.51 9.95 .88 1.19 1.50 .7 .1 06 . 06lj.9 .1518 .0'jlj.5 
27.69 17.69 9.99 .75 1. 06 1.)8 .75 .1770 .O~ .1670 .0602 
27 . 69 20.98 10.19 . 50 .81 1.12 .'jIj. .1260 .0 2 .1556 . 0570 
27.69 21.14 10.00 .50 .81 1.12 'Z7 .1240 .0lj.lj.8 .15~ .0553 
27.69 22.88 9.99 .2§ .56 .88 • 1 .10§8 .Og80 .18 9 .0679 
36.21 12.05 13. 37 3. 8 lj..19 4. 50 2.56 .49 8 .1 lj.2 . 1190 .Qlj.lj.0 
36.21 12 . 20 13.32 ).95 lj. . 26 lj..58 2.lj.9 .lj.866 .1788 . 1142 .0420 
36 . 21 12.20 13.26 3.88 4.16 4.45 2.6lj. .4866 . 1782 .1170 .0430 
36.21 15.16 1).18 2.20 2. 51 2.82 1.59 ·3152 .11lj.8 .1256 .0457 
36.21 16.65 13.06 1 . 50 1.81 2.12 1.27 .2612 .0942 • 14lj.) . 0520 
36 . 21 20-34 1).07 1.00 1.

g
1 1.62 .75 .1752 .0633 .1337 .0lj.8) 

36.21 24.40 13-32 .50 • 1 1 . 12 .'jIj. .1216 .0lj.lj.7 .1501 .0552 
36.21 25.16 13.06 .55 .86 1.17 .'jIj. .1142 .Qlj.12 .1328 .0lj.79 
53.25 14.55 19.61 3.75 4.06 4-37 2.55 . 5031 .185) •12

g
9 • olj. 56 

5).25 14.55 19. 2) 3.95 4. 26 4 . 57 2.6lj. .5031 .1817 .11 1 . 0426 
53.25 14.55 19.14 3.80 lj..11 4. 42 2. 65 . 5031 .1808 • 122lj. . 0lj.4Q 
53.25 16 . 1~ 19.23 2. 80 3.11 3. lj.2 2. 02 . 409

g 
.1lj.80 .1316 .0lj.76 

53.25 16. 2 19.49 2.82 3·13 3. 45 2.07 .402 . 1474 . 1287 .0471 
53·25 20.68 18.90 1.50 1.81 2.12 1.14 .2492 .0882 .1377 .0lj.87 
53.25 20.89 19 . 05 1 .~ 1 . 69 2. 00 1 .19 . 2lj.lj.0 . 087lj. . 1~ .0517 
5) . 25 24. 46 18.86 • 8 1 .19 1.50 .78 . 1780 . 06~0 .1496 .0529 
70 . 29 16 . 99 25.40 3. 88 4.19 lj. . 50 2. 55 .4870 .17 0 .1162 . 0lj.20 
70 . 29 21.10 25.20 2. 08 2. 41 2. 75 1 . 46 · 3158 .1132 . 1310 . 0lj.70 
10.29 21.lj.7 24 . 85 1. 98 2.29 2.60 1.50 . 3050 .1076 .1332 .0470 
70.29 24 . 45 25. 52 1.)8 1.69 2. 00 1 .1) . 2352 . 08'j1j. .1392 . 0505 
70 . 29 24. 96 25. 1lj. 1.25 1. 56 1 . 88 1.10 . 2258 . 0808 .1lj.lj.7 . 0518 
87 . 33 18.8 31 . 73 3.88 4. 16 4 . 45 2.55 . lj.900 .1780 .1178 . 0428 
87.33 18.91 31 · 73 4.00 lj. . 29 4.58 2.58 • 488lj. .1775 .1138 . 041lj. 
87-33 20 . 86 31 . 37 2. 95 3.22 3. 50 2.Qlj. . 4025 .1lj.46 .1250 . 0lj.lj.9 
87 .

g
3 2lj. . 4 31 · 52 2.15 2. 46 2 . 78 1.41 . 2918 .10'jlj. .1186 .0lj.28 

• 5 4.64 .lj.l .05 .26 . lj.8 .20 . 0790 .0)80 .)038 .1lj.62 
2.13 4. 24 .98 . 9§ 1.16 1.38 . 72 . 2~69 .1096 . 2042 . 0945 
2.13 7.26 1. 0lj. .0 .)2 . 58 --- . 0 08 .0394 .2525 .1231 
6.)9 10.13 3. Qlj. .)2 . 55 . 78 . 43 . 1245 .0592 .2264 .1076 
6. )9 12. 72 3. 08 0 . 21 .42 --- . 0790 .0380 . 3762 . 1810 
6. )9 12 . 75 3. 11 .12 .)6 .60 .36 .0786 .038) . 2183 .1064 
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TABLE II - Continued 

EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE HAVING A 400 ANGLE OF DEAD RISE 

LANGLEY TANK HODEL 277 

Ct, Cv CR ~ tm tk ~ C~ CD CL CD 
b b b b b S s 

10.65 6. 53 5.02 2.44 2.65 2. 86 1.62 0.499~ 0.2~55 0.1885 0.0889 
10. 65 7.29 5. 04 1. 85 2.04 2. 22 1. 32 .400 .1 97 .1965 .0440 
10. 65 9.27 5.00 .95 1.16 1.)8 .78 .2478 .1162 .21~ .1001 
10.65 10.83 5. 02 . 62 .84 1. 05 .56 .1816 .0856 .21 2 .1019 
10.65 16.35 5.14 0 · 30 .60 l:fs .0797 .0)84 .2657 .1280 
19.17 8. 75 8.89 2. 50 2.71 2. 92 .5008 .2322 .181t8 .0857 
19.17 9.70 9. 03 1. 92 2.12 2 .~ 1·32 .4075 .1919 .1922 .0905 
19 .17 12.42 8.82 1. 00 1.21 1. 2 --- .21t85 .1142 . 2054 .0944 
19.17 12.47 8.82 . 95 1.16 1.)7 .80 .2466 .1132 .2126 .0976 
19.17 12.57 9.05 .95 1.14 1.32 .75 . 2426 .1146 .2128 .1005 
19.17 17.60 9.16 . )8 .56 .75 .39 .12)8 .0592 .2211 .1057 
19.17 21 . 96 9.20 .12 .)8 . 62 .24 .0796 '°ta 2 .2092 .1005 
27.69 11.74 13.01 2. 00 2.19 2.)8 1.29 .401 .1 88 .1835 .0862 
27.69 15.01 13. 07 .95 1.16 1.)7 .74 .2458 .1160 .2119 .1000 
27 . 69 17.69 1). 02 . 58 .79 1. 00 .45 .1770 .08fs .2240 .1053 
27.69 21.11 1).08 ·35 .55 .75 ·30 .1243 .058 .2260 .1069 
27.69 24.40 12.92 .12 . 39 ' .65 .,36 .0930 .04,36 .2)85 .1118 
27.69 24.55 13.,36 .25 .1t8 .70 1:~ .0919 .0442 .1915 .0921 
36.21 12.20 17.13 2.52 2. 72 2.92 .1t866 .2)07 .1789 .0846 
36. 21 15.01 17.03 1.40 1. 62 1.85 .96 .)214 .1512 .1984 .0933 
36 . 21 20.19 16. 89 .68 . 89 1.10 .51 .1776 .0829 .1996 .0931 
)6 . 21 24.71 17. 16 .)5 .59 .82 l:ra .1186 .0562 .2010 .0953 
53. 25 14.58 25.22 2.55 2. 75 2. 95 .5010 .2373 .1822 .08~ 
53.25 14.64 24.79 2.50 2.70 2. 90 1.63 .49~ .2312 .1840 .08 
53·25 14.73 24. 9

6 
2.52 2.72 2.92 1.61+ .49 .2298 .1804 .084~ 

53. 25 15.25 24 . 6 2. 50 2.69 2.88 1.62 .457~ .2121 .1702 .078 
53.25 16 . 26 25. 06 1. 92 2.11 2.)0 1.29 .402 .1898 .1909 .0900 
53.25 16.38 24. 82 1.80 2.02 2. 25 1.39 .396~ .181t8 .1965 .0915 
53.25 18'f 24 . 68 1.2~ 1.48 1.70 1.07 .308 .1431 .2086 .0967 
53.25 20. 0 25.01 .9 1.18 1.)8 .74 .2462 .1156 .2086 .0980 
53.25 25. 41 25·39 .48 . 70 .92 .47 .161t8 .0784 .2354 .1120 
70 .29 16.68 33.11 2. 60 2.81 3.02 1.68 .5053 .2)80 .1798 .0847 
70.29 16.78 32.96 2.50 2.71 2. 92 1.76 .4993 .2340 .1842 .0863 
70.29 19·31 )2.82 1.75 1.95 2.15 1.22 ·3770 .1760 .1933 .0903 
70 . 29 20.74 32.53 1.50 1.70 1. 90 1.09 .3268 .1512 .1922 .0889 
70.29 20. 89 32.91 1.50 1.70 1.90 1.08 .3221 .1508 .1895 .0887 
70.29 21 . 04 32.81 1. )8 1.59 1. 80 1.00 .3176 .11t80 .1997 .0931 
70.29 24.55 33.14 .98 1.18 1.)8 .69 .2~32 .1100 .1976 .09~ 

. 85 4. 61 .49 .02 .18 . 32 --- .000 .0462 .4444 .25 7 
2.13 1t.18 1. 21 .78 .92 1. 08 .51 .24)8 .1385 .2650 .1 505 
2.1 3 4. 85 1.23 . 50 .65 .80 ·39 .1812 .1046 .2788 .1609 
2.13 5.86 1. 21 .25 .40 .55 .25 .1240 .0706 .3100 .1765 
2.13 7.26 1.24 .10 ·30 .50 .14 .0808 .0472 .2693 .1573 
6,)9 6.)4 3.70 1.05 1.20 l·t .67 .3179 .1841 .2649 .1534 
6,)9 10.07 3.75 .32 .49 • 5 .25 .1260 .0740 .2571 .1510 
6'69 12. 87 6. 83 . 12 ·31 . 50 .18 .0772 .0462 .2490 .1490 

10. 5 7.2
6 

·39 1.12 1.28 1.42 .87 .4075 .2445 ·3184 .1910 
10.65 7.2 6.30 1.45 1.60 1.75 .97 .4041 .2300 .2526 .1494 
10. 65 8. 08 6.28 1.12 1.28 1.42 .64 .3262 .1924 .2548 .150~ 
10.65 9. 21 6.43 . 80 .95 1.10 .49 .2511 .1 518 .2643 .159 
10. 65 9. 21 6.)9 . 80 . 94 1. 08 .57 .2511 .1508 .2671 .1604 
10.65 9 .~ 6.)6 . 75 . 90 1.05 .55 .2431 .1452 .2701 .1~ 10.65 10. 6 6.)7 .55 .70 .85 .37 .1806 .1082 .2580 .1 
10. 65 10.89 6. 28 .50 . 65 . 80 ·30 .1796 .1058 .276~ .1628 
10. 65 16.07 6.)8 .12 ·31 .50 .18 .0824 .04~ .265 .1600 
19.17 8.75 11.43 1. 88 2.03 2.18 1.08 .5008 .29 6 .2467 .1471 
19.17 8. 75 11.)7 1.90 2.02 2.15 1.29 .5008 .2972 .2479 .1471 
19.17 9.00 11.~ 1.80 1.95 2.10 1.00 .4733 .2790 .2427 .1~ 
19.17 9. 67 11. 9 1. 55 1. 68 1.80 .84 .4100 .2457 .2440 .1 2 
19.17 9.67 11.31 1.52 1.65 1. 78 .85 .4100 .2419 .2485 .1466 
19.17 9.82 11.)8 1.1t8 1. 59 1.70 .78 .3978 .2)60 .2502 .1484 
19.17 12.41 11.1t8 .80 . 96 1.12 .45 .21t89 .1490 .259~ .1552 
19.17 12.44 --- . BO . 95 1 .10 --- • 247B --- .260 ---
19.17 12.50 11. 29 . 88 1.03 1.18 .58 .2454 .1445 .2

6
83 .1403 

19.17 12.57 11.41 • '8 . 92 1.08 .48 .2426 .1444 .2 37 .1570 
19.17 12 . 87 11.40 . 75 .89 1.02 .42 .2315 .1376 .2601 .1546 
19.17 14.70 11.46 .55 . 70 . 85 .)4 .1776 .1061 . 2537 .1516 
19.17 17.60 11 .48 . 28 .46 .65 .24 .1240 .0742 . 2696 .1613 
19.17 24 . 28 11.53 0 .15 .)0 --- .061t8 .0392 .4~0 .2613 
27.69 10.61 16 .41 1.92 2.06 2. 20 1.11 .4920 .2918 .2 45 .1569 
27 . 69 15.19 16.28 .75 . 90 1. 05 .1t8 .2400 .1411 .2667 .1568 
27.69 17.60 16.35 . 50 . 65 .80 .)0 .1788 .1058 .2751 .1628 
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TABLE II - Concluded ... 
EXPERIMENTAL DATA OBTAINED FOR A PLANING SURFACE BAYING A 400 ANGLE OF DEAD RISE 

LANGLEY TANK MODEL 277 

Trim, 
C6 Cy C ~ 'm 'k 2 CL

b COb CLs COs 't, 
deg R b b b b 

30 27.69 21.14 16.35 0.30 0.50 0.70 0.24 0.1240 0.0732 0. 2480 o.llt64 
30 27.69 21.35 16.35 .18 ·31 .45 .24 .1215 .0716 .3919 .2310 
30 27.69 24.49 16.]0 .12 ·32 .52 .20 .0924 .0544 .2888 .1700 
)0 ]6.21 12.11 21.51 1.95 2.05 2.15 1.20 .4938 .2934 .2409 .1~ 
30 36.21 12.11 21.45 1.88 2.00 2.12 1.17 .4938 .2925 .2lt69 .1 2 
)0 )6.21 12.14 21.)6 1.90 2.04 2.18 1.14 .4914 .2899 .2409 .1421 
30 ]6.21 15.07 21.45 1.15 1.26 1.~ .69 .3189 .1889 .2531 .1499 
30 )6.21 15.25 21·39 1.10 1.25 1. .69 .3114 .1840 .2491 .1472 
30 36.21 17.26 21.52 .80 .95 1.10 .42 .2439 .1448 .2567 .1524 
30 36.21 19.8 21.42 .52 .68 .82 .38 .18~6 .1086 .2700 .1~r 30 ]6.21 20.13 21.11 .55 .70 .85 .]0 .17 8 .1040 .2554 .1 6 
30 ]6.21 -24.25 21.48 .25 .52 .80 .15 .1230 .07~0 .2]65 .1404 
)0 36.21 25.25 21.75 .20 039 .58 .22 .ll~ .06 0 .2913 .1744 
30 5' .25 14.79 31037 1.92 2.02 2.12 1.11 .48 9 .2866 .2410 .1419 
30 52.25 16.29 31.28 1.55 1.70 1.85 .90 .4014 .2358 .2361 .1387 
30 53.25 16.41 31.41 1.52 1.62 1.72 .87 ·3955 .2333 .2441 .1440 
30 53.25 20.83 31.26 .62 .78 .92 .51 .2454 .1441 .31lt6 .1847 
30 53.<'5 25.41+ 31.67 .60 .75 .90 .27 .1648 .0979 .2197 .1305 
30 70.29 16.87 41.50 2.12 2.27 2.42 1.17 .4940 .2918 .2176 .1285 
30 70.<'9 20.98 41.)6 1.20 1.35 1.50 .72 .3194 .1879 .2366 .1~2 
30 70.29 22.51 40.73 .95 1.10 1.25 .54 .2774 .1607 .2522 .1 1 
30 70.29 22.69 41.15 .98 1.14 1.30 .60 .2730 .1599 .2395 .1403 
30 70.29 24.95 41.30 .72 .87 1.02 .lt6 .2258 .1327 .2595 .1525 
30 70.29 25.01 41.33 .80 .94 1.08 .47 .2247 .1322 .2390 .1406 
30 87033 18.60 52.00 2.00 2.15 2.30 1.23 .5048 .]006 .2348 .1398 
30 87.33 18.70 51.31 1.98 2.12 2.28 1.23 .4995 .2934 .2356 .1384 
30 87.33 18.70 51.29 1.95 2.09 2.22 1.23 .4995 .2934 .2390 .1404 
30 87.33 21.04 51.19 1.62 1.78 1.92 .96 .39lt6 .231J .2217 .1299 
30 87033 22.88 50.99 1.12 1.28 1.42 .6 03336 .19 .2606 .1522 
30 87033 25.22 51032 .88 1.03 1.18 .58 .27lt6 .1614 .2666 .1567 
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Figure 1.- Sketch and cross section of Langley tank model 276, 200 angle 
of dead rise. 
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Figure 2 . - Sketch and cr oss section of Langley ta.nk model 277, 400 angle 
of dead ris e . 
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Figure 3.- Setup of model and towing gear. 
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Figure 4. - Typical underwater photograph. 
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Figure 5.- Typical flow pattern for a V-shaped surface having a 200 angle 
of dead rise . 
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Figure 6.- Var iation of mean-wetted- length--beam ratio with lift coeffi ­
cient for surf ace having a 200 angle of dead ri s e. 
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Figure 7.- Variation of mean- wet t ed- l ength--beam r atio with lift coeff i ­
cient for surface having a 400 angle of dead rise. 
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24 

,...,u l.o 
0 ' ..... ...., 
ro 
H 

fij 
QJ 
p 

I 
.c: ...., 
Q() 
~ 
<ll 
rl 

I 
'd 
QJ ...., ...., 
QJ 
is: 
I 

QJ 
~ ..... 
.c: 
0 

NACA TN 2876 

9 

Trim, T, deg 
0 4 

8 0 6 
6. 12 
0 18 
~ 24 

7 
Cl ?J) 

6 

5 

4 

3 

2·~----~----~~~~~-----+-T~--~~L--+------T------r----~ 
8 

1~----+-~~~~---+~--~--~--r-----~-----r-----T-----j 

o 1 2 3 4 5 b ~ 
Keel-wetted- length - b eam ratio, ~ 

b 

7 8 9 

Figure 9 .- Va.riat i on of chine-wetted-Iength- beam ratio wi th keel-wetted­
length--beam rati o for surface having a 40° angle of dead r ise . 



4P NACA TN 2876 25 

4. 0 

6 
\ 

2. 

2 I 1\ \ 

I 

~\ I 
8 

\ ~\ \ 
I \1 

II \, \ 

0 
\\ 

\\ \ \ 
6 

\ 

\ ~ )« Wagner ' s curves 

~\ 
~ (Ref . 4 ) 

2 

~ "" 
"- I 

~' 
Experimental curves 

8 
, 11 1 

'~ 
, 
PQ: ........... ~ ~ 40° --

~_-£ ~ ;(-L r- _ 
I 

3. 

2. 

1. 

1. 

---~-- -----~ ~-;;o--==. 
r-- __ --

I 
o 4 8 l2 16 20 24 28 32 

Trim, 't, deg ~ 

Figure 10 .- Variation of 
2k - 2 
___ c with t r im. 

b 

-- - ~---



26 NACA TN 2876 

6.0 .---.----.----.----.---.----,----,---,----,-----------------, 

Trim, T, deg 
o 2 
<> 4 

5.6 ~--t---_+_-_+-___+--j_-_t_-_t_---+--
o 6 
D. 12 
o 18 
~ 24 
Q :fJ 

I I 
o .04 .08 .12 .16 .3) .24 .28 .32 .36 .40 !-14 .48 .52 

Lift coeffic ient, c~ 

Figure 11 . - Variation of center- of-pressure location with lift coefficient 
for surface having a 20° angle of dead rise. 



NACA TN 2876 27 

6. v 

Trim, T, deg 
<> 4-

5. 6 
0 6 
~ 12 
0 18 

6 t>. 24-
5. 2 C> ?fJ 

4-. 

4- . 

.£'l.o 4-. 
r::" 
0 ..... 

+-' 

'" 3. " 0 .... 
CD 

S 3. Ul 
Ul 
Q) .. 
0-
I ..... 

2 . 0 
I .. 

Q) 

+-' 
r:: 
Q) 

<.:> 2 . 

2 . 

l. 

1. 

/ 1> 

8 / 
T. deg 

/ V ~ 

I / G:. 
4 

~< i 1/ h-

i!> 

0 

f I~ V ~ II> 

6 

~ /~ / 2 
({¢ 

/ ) " 
8 

~ 
/ ~8 a/ / 4 

" ~ V 0 

~ ! j ~ 0 

j V V 
u 

1 / ~ 
V 24-

6 1>./ 

4 ~ V- t V 
V 

" I~~ / ....-- ,.&, 7f) 2 I V V w ~ ~ ~ 

~ 0 
~ l--"l k----/ ,~ 0. / -- .3 8 

~ I-/"" l--~ ~ ~ ~ 
~ 

0 V ~--~ ~ r./ ~-4 
7~ ~ P ~ I I ~ 

o .04 .08 .12 .16 .:<D . 24- .28 .32 . 36 . 40 .44- .4 13 .52 .56 
Lift coefficient, CLb 

Figure 12.- Variation of center-of-pressure location with lif t coefficient 
f or surface having a 400 angle of dead rise. 



28 

4 6 
z'm 

b 
(d) Trim. 12°. 

1.5 
1, ? = 0 .63 

m 1.0 

~ 
b 

.5 

3 4 o 

(e) Trim, 18°. 
l.§,r---------,---,-----, 

~ 
b 

~,; G. §=! 
Zm 

1. 0 f--.:.:.~--+_-____1I__-_j 

0 1.0 
t-1Il 

1.5 ::'.0 

b 

(g ) ['rim, yP. 

.5 1.0 
Zm 
b 

n". 

en Tr1m. '240 . 

1.5 

NAeA TN 2876 

8 

2.0 

Figure 13.- Variation of 2p /b with 2m/b for surface having a 200 angle 

of dead rise. 

-------



NACA TN 2876 

~ 
b 

~ 
b 

6 

4 

2 

o 

~ 
~ = 0.64 

~ 1.m 
<.) 

~ 
V 

,,-

"" ./"" 
2 

./ 

<> 

4 Zm 6 

b 
(a) Trim, 4° . 

10 

6.-------,----.----,--, 

~ = 0. 64 
1-m 

4~---.-----+----~r_~~~--~ 

2 ~--_4_____,;;r=_=-t-----1_----t_--__j 

o 2 4 ~m 6 
b 

(c) Tr im, 12°. 

10 

3 .-------,----.---,--, 

~ = 0.61 

6 

4 

~ 
b 

2 

0 

3 

2 

~ 
b 

1 

o 

?:E = 0.64 
Zm 

"" ./ 

2 

~ '" 0.63 

1 

4 
Zm 

6 

b 
(b) Trim, 6°. 

2 ~m 3 
b 

(d) Trim, 18°. 

29 

13 10 

4 5 

1. 5 ~--------~----~----r---~ 

~ = 0.55 
1.0~--~----~----~~~~----

~ 
1 ~--_4--~~----1_----r---~ 

o 3 
Zm 

b ° (e) Tr im, 24 

4 5 

b 
.5~--+~~~~~--~-~ 

~. 

o .5 1.0 1.5 
3m 

b ° (f) Trim, 30 

2.0 2.5 

Figure 14.- Variat i on of lp/b with lm/b for surface having a 400 angle 

of dead rise. 



.8 

.6 

!:.£ .4 
Lm 

.2 

o 

" deg , 20 

40 

4 8 12 16 
Trim, 't, deg 

20 24 28 

Figure 15.- Comparison of variation of zpjzm with trim for surfaces 

having 20° and 400 angles of dead rise. 

32 

w o 

s; 
(") 

» 
8 
~ 

2i> 
-..l 
0'. 



NACA TN 2876 

d 
b 

..J 

--
r 

'1/ 

Computed curve 

7 
1/ 

T = 2° 

0 .1 .2 .3 .4 

~k sin T 

2. 

1. 

.5 

1 2-----~--_+----~----r_--_1 

d 

b 8 I fit 

4 V 

d 
b 

T 

o .4 .8 1.2 1.6 
Zk 
b sin T 

2 . .0 

1. 6 

1. 2 

8 
V; 

I~/ // 

V= 18° 

0 .4 .8 1. 2 
Zk 
- sin T 
b 

1 .6 

2.0 

2. 0 

1.0 

.8 

.6 
d 
b 

.4 

.2 

0 

2.0 

1.6 

1.2 

d 
b 

.8 

.4 

o 

2.0 

1.6 

1.2 
d 
b 

.8 

- - - Experimental curve 

~ 

l7 
V T =4

0 

.2 .4 .6 .8 1.0 
"l-k 
b sin T 

1.;'/ 

,,/ 
I 

1£/ 
~ 

1// T = 12° 

.4 .8 1.2 1.6 2.0 
~k Sin T 

1/ 
ft V 

.4 I/ T/= ~o ~ 
I I 

0 .4 .8 1.2 1.6 2.0 
Zk s i n T 
b 

Figure 16.- Comparison of experimental draft data with computed draft 
data showing pile-up at the keel for surface having a 200 angle of 
dead rise. 

31 



32 

--- Computed curve 
1.0 

.8 

.6 
d 
b 

.4 

.2 

v 
/ 

V 
;]V 

V T = 4° 

0 .2 .4 .6 .8 
Z,k 
b sin T 

2.0 
7 

1.6 lP 
7 

7' 

1.2 
d 

V 
r 

b 
.8 l£' 

I 

.4 V 
/= 

12" 7' T = 
V 

0 .4 .8 1.2 1.6 t: sin T 

.8 

.6 

d .4 
b 

.2 

~ 
/ 

0 / 

/ / 

W/,"~o 
o .2 .8 

1.0 

7 

2.0 

1.0 

1.0 

.8 

.6 
d 
b 

.4 

.2 

o 

1.0 

.8 

.6 
d 
b 

.4 

. 2 

o 

.8 

.6 

.4 

.2 

o 

NACA TN 2876 

- - - -- Experimental curve 

v 
V 

L 
/ 

~T=6° 
.2 .4 .6 .8 1.0 

t k 
b sin T 

v VV 
V VQ) 

V 
I//T = 18° 

.2 . 4 • b .8 1 • o 

~ 
/ 

/ 

~ 
// 

/ 

/ /" 
V 

//:= ~o ~ 
I 1 

.2 .4 .6 . 8 1.0 
~k 
b sin T 

Figure 17.- Comparison of experimental draft data with computed draft 
data showing pile-up at the keel for surface having a 400 angle of 
dead rise. 



.16 

.14 

.12 

8 
.10 

~ .. 
Q) 

...... 
t) 

~ .08 
'H 
Q) 

o 
t) 

~.06 
~ 

.04 

.02 

o 

- Total drag 
- - - - Induced drag 

o Trim, T 2 deg 

0 4 
0 6 

-----
~~ go6 

-
T, deg 

~~ W
4 ~ 

\:) 

-----~2 .,.. ~ -- - -- ~-6 
"'<7 --v::: l:..J 

~ ~ -
~. 

---
~- - - - - ---

o~ ---4 ~ ~--- --- ---T----=.=== -=-2- I 
.02 .04 .06 .08 .10 .12 .14 .16 .18 .20 .22 .24 

Lift coefficient, CLb 

(a) Trim} 2°} 4°} and 6°. 

Figure 18.- Variation of drag coefficient with lift coefficient for 
surface having a 20° angle of dead rise. 

.26 

Ul 

~ 

~ 
~ 
8 
!2: 

~ 
--l 
0\ 

w 
w 

_ __ J 



.32 

.28 

. 24 

~ 
~~ . 2) 
s:: 
Q) 

-M 
C) 

-M 

t: .16 
Q) 
o 
C) 

~ 12 H • 
Q 

.08 

. 04 

o 

T, deg 
(2) 

~:JJ 

--- Tot al drag . 
- - - - Induced drag / 

Trim, T, deg ~ 

6 12 ~~ 
o 18 P'" l ,ft 
" 24 /' ----:~ 24 " ?fJ /' L? 

L ~r--

L ,/ »:/ -;/" rfu 

. // G. ~18 
?" ?" ~ 

1/ /~ ~~ Afo-'" L ro,p ~ ~ 12 

~ ""I A~--- ---I~ __ , -~ ~'___ _-r ~ · .l ~---- :::::::::::::: =_ L ~ ~ . _ 
~~~ ./ ~c;~~~r-. /--"=-::::~~ ~ ~~~ .-tU'- .~ 

I /j~ ·~- I f/~~ 

.0 4 .08 .12 .16 .20 .24 .28 .32 
Lift coefficient, CLb 

.36 

(b) Trim, 12°, 18°, 24°, and 30° . 

Figure 18.- Concluded. 

.40 .44 .48 .52 .5b 

l.AJ 
+=-

~ 
~ 
f-3 
2: 

~ 
--J 
0\ 

l 



.16'1 ------------------,----,----,----,----,---~--~----~--~--~ 

Total drag 
.14 ---- In~ceddr~~I----~--~--~----~--~----~--~----~--~ 

.12 

c1 
+J~ •

10 1 

~ 
Q) 

• .-< 
() 

' M I t .08 
Q) 

o 
() 

Trim, T. deg 

o 4 
o 6 

~ .061-1 -----t---t---- +----I-­
H 
o 

.04,I--+---t--_ iA 

.02 :==p14-i+~L 
- 6 

o .02 .04 .06 .08 .10 .12 .14 .16 
Lift coefficient, CLb 

(a) Trim, 40 and 6°. 

.18 .20 .22 

Figure 19.- Variation of drag coefficient with lift coefficient for 
surface having a 40° angle of dead rise. 

~ 

.24 .26 

$! 
~ 

~ 
~ 
-...J 
0\ 

w 
\Jl 



.)2. 1 T, deg 

.28 

.2+ 

Total drag 
- - - - Induced drag 

Trim, T, deg 
t::. 12 
0 18 
b. 24 
Cl YJ 

c1 
~ .2) r-I --

~ 
~ 
IV 
'M 
t) 

' YJ 

24 

18 
'rl ' ::: . 16 I " =.cY I 
~ I/"l- " 

o 
t) 
~ ~ ~ .12 I I 7/_::-111""'-----Cl 71---- 1 .<' V ' --r-:="' ..... ....,:::::...----1-

~ 1.6/V"<4 _I::;;>..c= 1 ,..........-- A ::::> "lS"T1-t---t~ 
12 

-----
.081 I~ b-~ 17"~~~?": ~I ___ 1 ....... ---- 1 

.041 ~~.~~~~~:~~~~~-=~~1I---i----1----+----+----+----t----L--~ ;1 t ~::;:;> --;- _ ---t= ---
~ 

o .04 .08 .12 .16 .2) .24 .28 .32 .36 
Lift coefficient, CLt,. 

(b) Trim, 12°, 18°, 24°, and 30°. 

Figure 19.- Concluded. 

.40 .44 .48 .52 .5b 

w 
0\ 

s; 
~ 
8 
!2: 

eb 
-..l 
0\ 



..... 
L) 

..,' 
<:: 
Q) ..... 
U 
'M .... .... 
Q) 

0 
u 
<:: 
0 

'M .., 
U 
'M 
H 

fz, 

10-2 
L 

:::::=. 
_I. ~ 1 0 

=t-
;:,c oenherr .242 - 1 

F= 
; ./Cf - oglO ReGf r--

t--

I--n- () ~l 

~ I--t--~I- ~ 
~ 
~ 

(a) Trim, 2°. 
10 1 

10 

t--
t--

~ 
"::::: 
~ 

(c) Trim, 6°. 
3 10- 105 

Blasius, Gf = 1.328 

'f' .JR; 
'l'-j-... 

~ II 

t--t- v 
~ 

~'I! 1'-'----6 <::i tv ~ 

~ -~ 
i'r--. 

~ 
" lO' 

Reynolds number, Re 

....,10-
L) 

..,' 
<:: 
<V .... 
U .... .... .... 
Q) 

o 
u 
<:: 
o .... .., 
u .... 

i---
IQ -r-.,...,. 
I ~ 

Sh 

~ 
--........... 

i"---

0 t: (e) Trim, 18°. 
] 10--
10

5 

r-

~ 
f"--

(b) Trim, 4° . 

::-:--" 
~ 

0 

I~ ~ C> 
~ 

~ 
~ 
~ 

(d) Trim l~ 
- I ' . 

~ 

10 105 

K> -
I-"--
O°c,.;C --I--t--I<V t-

V' ~ 'i: p~ 

r--- I' 

~ 
~ 

Reynolds number, Re 

-I- ~ I": 

r--- !~ 0 

(),-r-~ r- ~ \Y~~ 

r'-", 

~ 

v 

1-- jQlJ\ n, c,. 
~ ,s.' r. 0 

-~ ~ l-f'! ~ ~ 

r---, 

~ 
~ 
I I III 

~ 

106 -

107 
Reynolds number, Re 

Load coefficient, G~ 
0 0 .85 
0 2.13 
0 4.2ti 
(), 6.?£) 
<::I 10 .65 
0 19.17 
'il 27. 69 
t. 36.21 

° 53.25 
0 70.29 
..d 87.33 

107 

Figure 20.- Variation of friction coefficient with Reynolds number for 
surface having a 200 angle of dead rise. 
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