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NATIONAL ADVI SORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE 2981 

THE HIGH-SPEED PLANING CHARACTERISTI CS OF A RECTANGULAR 

FLAT PLATE OVER A WIDE RANGE OF TRIM 

AND WETTED LENGTH 

By Irving Weinstein and Walter J. Kapryan 

SUM-1ARY 

In order to extend the range of available planing data, the principal 
high- speed planing characteristics for a prismatic surface having an angle 
of dead rise of 00 (flat bottom) have been determined over a wide r ange 
of planing variables. Wetted length, reSistance, center- of-pressure loca­
tion, and draft were determined at speed coefficients ranging up to 25.0, 
beam loadings up to 87.3, and trims up to 300

• Mean wetted lengths up 
to 7.0 beams were obtained wherever possible . The data indicate that the 
i mportant planing characteristics are independent of speed and load for 
a given trim and are dependent primarily upon lift coefficient. The ratio 
of center- of-pressure location forward of the trailing edge to the wetted 
length is a constant equal to 0.71 up to 90 of trim. This ratio decreases 
with a further increase in trim angle. 

I NTRODUCTION 

The National Advisory Committee for Aeronautics has undertaken an 
experimental investigation of the high- speed planing characteristics of 
a series of related prismatic surfaces. The principal purpose of this 
i nvestigation i s to extend the available data to high speeds, high trims, 
and l ong wetted lengths. The results of tests of surfaces having angles of 
dead r ise of 200 and 400 are presented in ~eferences 1 to 3. 

The present paper presents the results obtained with a prismatic 
surface having an angle of dead rise of 00 (flat bottom). The principal 
planing characteristics were determined for speed coefficients up to 25 .0, 
beam loadings up to 87 .3, wetted lengths up to 7 . 0 beams, and trims up 
t o 300

• The characteristics determined were wetted length, reSistance, 
center- of-pressure location, and draft for suitable combinations of speed, 
l oad , and trim. 
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SYMBOLS 

beam of planing surface, ft 

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

friction, parallel to planing surface, lb 

acceleration due to gravity, 32.2 ft/sec2 

mean wetted length, ft 

center-of-pressure location (measured forward of trailing 

edge), M ft 
6 cos T + R sin T' 

trimming moment about trailing edge of model, ft-lb 

vertical load, lb 

horizontal resistance, lb 

Reynolds number, Vrn 1m/v 

principal wetted area (bounded by trailing edge, chines, 
and heavy spray line), sq ft 

horizontal velocity, fps 

mean velocity over planing surface, C~ ) -1
m
----

-b- cos T 

specific weight of water, lb/cu ft 

load coefficient or beam loading, 6/wb3 

skin- friction coeffiCient, 

F cos ~ COS
2

T ~ 
----- Cn. 

!: SV 2 1m -D 
2 m l) cos T - CLb 

- C~ tan T) 
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Cv 

p 

v 

resistance coefficient, R/wb3 

speed coefficient or Froude number, v/~ 

lift coefficient based on square of beam, 

drag coefficient based on square of beam, R 

E.v~2 
2 

lift coefficient based on principal wetted area, 
6. CLt = - -

E.v2s ' /b 2 "m 

drag coefficient based on principal wetted area, 
R CDt 

= 

angle of dead rise, deg 

mass density of water, slugS/Cli ft 

trim (angle between planing bottom and horizontal), deg 

kinematic viscosity, ft2 /sec 

DESCRIPTION OF MODEL 

The model used for this investigation had an angle of dead rise 

3 

of 00
) a beam of 4 inches) and a length of 36 inches and was constructed 

of brass. A sketch and cross section of the model with its pertinent 
dimensions are shown in figure 1. The ~olerances and the finish of the 
model were the same as those described in reference 1. 

APPARATUS AND PROCEDURES 

Langley tank no. 1, the apparatus for towing the model, and instru­
mentation for measuring the lift, drag, and trimming moment are described 
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in reference 4. A diagram of the model and towing gear is presented in 
figure 2. The test procedures were similar to those described in refer­
ences 1 and 2. 

The wetted areas were determined from underwater photographs in the 
manner described in reference 1. Where photographs were not available) 
visual readings of the wetted length were used to determine the wetted 
areas. A typical underwater photograph is shown as figure 3. The wetted 
length lm was measured from the trailing edge of the model to the 
intersection of the heavy spray line with the planing bottom. Because 
of a slight curvature of the heavy spray line) the wetted length at the 
center line was approximately 0.3 inch greater than that at the chine. 
An arithmetic mean value of this line) therefore) was used. This mean 
value corresponds closely to the value of the wetted length at one­
quarter beam inboard of the chine) which was the point at which the 
wetted length was observed during the flat-plate investigation reported 
in reference 5. 

Draft measurements were obtained by the method described in refer­
ence 2) where a vertically os cillating prod was used to measure changes 
in the water level. These changes were applied as corrections to visual 
draft readings. The prod was located slightly forward and to the side 
of the model (in the approximate location of the water-level indicator 
shown in fig. 7 of ref. 1). As mentioned in reference 1) a careful sur­
vey of the water surface indicated no appreciable gradient in height in 
the vicinity of the test area. 

The aerodynamic forces on the model and towing gate were held to a 
minimum by the use of the windscreen described in reference 1. The 
residual windage tare for resistance amounted to only 0.3 pound at a 
speed of 82 feet per second. The proper tare was deducted from the drag 
measurements to obtain the hydrodynamic resistances. The tares for load 
and moment were found to be negligible. The quantities measured are 
believed to be accurate within the following limits: 

Load) lb 
Resistance) lb 
Trimming moment) ft-lb 
Wetted length) in. 
Draft) in . 
Trim) deg 
Speed) fps 

RESULTS AND DISCUSSION 

• ±0.15 
±0.15 
±0·50 

. . ±0.25 
· ±0.05 
· ±O.lO 

±O.20 

Presentation and discussion of data.- The experimental data obtained 
in Langley tank no. 1 are presented in tables I and II in the form of 
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conventional nondimensional coefficients of the load, resistance, speed, 
wetted length, draft, and center of pressure. The lift and drag coef­
ficients are presented in terms of both the square of the beam (CLb 

and CDt) and the principal wetted area (CLs and CDS)' Data where 

the mean-wetted-length--beam ratios are less than 0.5 should be used 
with caution since the accuracy of measurement of such small wetted 
areas becomes marginal. The data presented in table II were obtained 
in the low-speed nonplaning range and are discussed more fully later 
in this report. 

Plots of the data are presented in figures 4 to 13. The variation 
of mean-wetted-length----beam ratio lmfb with the lift coefficient CLb 

is shown in figure 4. When plotted against CLb' the experimental data 

generally fall along a single curve for each trim. These trends are the 
same as those found for the surfaces having dead rise (refs. 1 to 3). 
In figure 5, the nondimensional center-of-pressure location lp/b is 

plotted against C~. Figure 6 shows that, for practical purposes, the 

ratio lp/lm is constant for each trim and varies from 0.71 at 20 trim 

to 0.59 at 300 trim. The variation of draft dlb with lift coeffi­
cient CLb is shown in figure 7. 

A comparison of the measured draft with that computed from the 
wetted length is presented in figure 8 where the measured draft is 

l plotted against b sin~. The wetted length l used in this figure 

is measured from the trailing edge of the model to the intersection of 
the heavy spray line midway between the chines and therefore corresponds 
to the keel wetted length lk of references 1 to 3. The purpose of 

these plots, as discussed in references 1 and 2, is to establish whether 
a pile-up of water occurred at the intersection of the planing plate with 
the free-water surface. At the higher trims, the measured draft was less 
than that computed from the wetted length and indicated a piling up uf 
water under the planing surface. (See fig. 9(a).) Similar pile-up, but 
to a lesser degree, was noted for the surfaces with dead rise (refs. 1 
to 3). At low trims, however, the measured draft was more than that pre­
dicted from measurements of the wetted length. This result is contrary 
to expectations and should be viewed with caution. Evidence of this 
phenomenon is also presented in reference 6, where the results of a 
phot05r~phic study of piled-up water conducted with a series of V-shaped 
wedges having different angles of dead rise were reported. These sur­
faces were dropped vertically into a tank of water, and the shape of the 
free-water surface was photographed by means of a high-speed motion­
picture camera. According to section 4.1 of reference 6, the free-water 
surface to the side of the model is slightly depressed during the impact 
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of a wedge having the low angle of dead rise of 100
• The possibility 

exists that during steady-state planing a similar depression of the water 
surface occurs and that at low trims it is of greater magnitude than the 
pile-up at the intersection of the model with the free-water surface. 
(See fig. 9(b).) Reference 7, in its discussion of the planing process, 
also suggests the possibility of such a depression. 

The preceding discussion applies to conditions where this effect 
could be due to air compression in the restricted area near the inter­
section of the planing surface with the water. Inasmuch as the present 
tests were made with a Windscreen, one would expect this effect to be 
minimized. The screen, however, was 1 inch above the water and might 
have permitted sufficient air flow for this "air compression" to occur. 

The resistance data are presented in figure 10 as a plot of drag 
coefficient CDb against lift coefficient CLt. The solid lines faired 

through the data represent the total drag whereas the dashed lines, 
defined by CLt tan T, represent the induced -drag. The difference 

between the solid and dashed lines represents the friction drag. At 
low trims the friction drag is a larger portion of the total drag than 
at the higher trims. At high trims, the induced drag exceeds the total 
drag and indicates an apparent negative friction force. At these high 
trims the volume of forward spray is large and appears to have high 
forward velocity with respect to the model. The relative velocity of 
the model in the region of forward spray therefore is effectively 
reversed so that the friction drag due to this spray acts in a direction 
opposite to that of the drag in the principal wetted area and thereby 
reduces the total drag. 

In practice, this forward flow of water would be expected to be 
reduced by the air flow around the model. In order to observe this 
effect, a few runs were made with the windscreen removed. The volume 
of water thrown forward, the apparent velOCity of this spray, and the 
area wetted by this spray were all reduced. For these conditions, the 
induced drag more nearly approximated the total drag. For practical 
application in the range covered by the present test, therefore, the 
friction forces may be considered negligible at the high trims as was 
found for the surfaces having dead rise (refs. 1 to 3). Removal of the 
Windscreen, however, did not eliminate the apparent negative friction 
force; therefore, the assumption of negligible friction forces results 
in slightly conservative drag estimates. For the dead-rise surfaces, 
the loose spray had no appreciable forward motion and removal of the 
windscreen had no measurable effect on the friction force. 

Data from tests of a 2~ -inch-beam flat plate, obtained without the 

presence of a windscreen in Langley tank no. 2, also show that, at high 

---~ 
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trims (above 120 ), the total drag is slightly lower than the induced 
drag, as do the tabulated data of reference 8 for conditions above 120 

of trim. 

The variation of friction coefficient with Reynolds number is pre­
sented in figure 11 for trims of 20 , 40 , 60 , and 90 at which the fric­
tion drag represented a significant proportion of the total drag. Most 
of the coefficients for the lighter loads and lower ReynOlds numbers 

(below 1 X 106) were erratic because of the marginal accuracy. All con­
ditions, therefore, where the precision of measurement changed the coef­
ficient by more than 20 percent were deleted from this plot. The friction 
coefficients were calculated directly from the tabular data. The srouping 
of the data along the Schoenherr turbulent - flow line indicates that ) at 
low trims and high Reynolds numbers) the friction drag can be calculated 
with reasonable accuracy by use of the Schoenherr equation (ref. 9). This 
condition is also true f or surfaces havinG positive angles of dead rise 
(refs. 1 to 3) . 

As reported in references 1 to 3, some of the light-load, low-speed 
conditions at the lower trims did not fit the curves for which CLb is 

the governing parameter. 
described in reference 1, 
tion of the plots against 

Accordingly, in a manner similar to that 
an attempt was made to determine the limita­

CLb' Wetted lengths, therefore, were meas -

ured at low speeds into the speed and load region where CLb is no 

longer the governing parameter. These data are presented in figure 12 
as a plot of lm/b against CLb' These data are seen to depart from 
the curves of the collapsed data of figure 4 in a systematic pattern 
with load as parameter. The points at which these curves depart from 
the collapsed curves establish a minimum load for pure planing. Fig­
ure 13 presents a plot of these minimum load values for pure planing 
and was determined on the basis of 20-percent buoyancy since most of 
the affected data fell in this buoyancy range. The actual points of 
departure from the collapsed curves in figure 12 are included in fig­
ure 13 and are seen to be in good agreement with the curves based on 
20-percent buoyancy and presented in figure 13. Therefore, the few con­
ditions encountered during the remainder of this test for which buoyancy 
equaled at least 20 percent of the load have been deleted from table I 
and from the curves. 

Comparison with other flat-plate data. - The flat -plate data of other 
experimenters are compared with those of the present paper in figure 14. 
Curves are presented defining the variation of CLn with trim at mean-

wetted-length--beam rat ios of 1 and 3 for the data obtained at the 
Stevens Institute of Technology (S.I.T.) and by Sambraus (refs. 10 and 8, 
respectively). A substantial amount of f lat-plate data is also pre­
sented by Shoemaker, Locke, and Sottorf in references 11, 12, and 5, 

- I 
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respectively. 
Froude number 
in figure 14. 
in figure 14, 
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Their data, however, do not cover the beam loading and 
range of the present test and therefore are not compared 

The curves representing the S.I.T. formula which do appear 
however, are partially derived from these data. 

Reference 10 presents the results of an analysis of most of the 
available flat-plate planing data in the form of an empirical formula 
f or computing lift. According to this analysis, the effects of buoy­
ancy are negligible above a speed coefficient of approximately 12.5. 
The lift curves in figure 14, representing the ·S.I.T. analysis, therefore , 
were derived on the basis of a speed coefficient of 12.5. The cal­
culated lift coefficients are less than those obtained in the present 
investigation. This difference may be due to the f act that the bulk 
of the data used in deriving the empirical formula were obtained at 
speed coefficients lower than 7.0. 

The data of Sambraus (ref. 8) were obtained at speed coefficients 
up to 13.0 and at these higher speed coefficients the results are in 
good agreement with those of the present investigation. 

CONCLUDING REMARKS 

The results obtained from an experimental investigation of a planing 
surface having an angle of dead rise of 00 indicate that, during high­
speed steady- state planing, the important planing characteristics for a 
gi ven trim depend primarily on lift coefficient. For engineering pur­
poses, the ratio of center-of-pressure l ocation forward of t he trailing 
edge t o the mean wetted length can be considered a constant equal to 0.71 
a t trims up to 90 • This ratio decreases with a further increase in trim 
angle. The friction drag can be considered negligible at the trims 
tested above 120 so that, for these trims , as in the case with surfaces 
having positive angles of dead rise, the total hydrodynamic drag for . . , 
englneerlng purposes, can be considered equal to the induced drag of 
t he surface. 

Langley Aeronaut i cal Laboratory, 
National AdVisory Committee for AeronauticR, 

Langley Field, Va ., May 29, 1953. 
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TABLE I 

EXPERIMENTAL PLANING DATA OBTAINED FOR A RECTANGULAR FLAT PLATE 

LANGLEY TANK MODEL 282 

Gverage kinematic viscosity. 14.75 x 10-6 rt2/secl specit1c weight or tank water· 63.4 1b/cu r~ 
Trim, 

Ct, Cv CR ~ ~ t CLb CDt, CLg CDs "', deg b 

2 0.85 6.10 0.21 2.17 1.72 0.125 0.~6 0.0113 0.021 0.0052 
2 .85 6.16 .)1 1.80 1.11 --- • 7 .0163 .025' .0090 
2 .85 9.06 .1'+ .67 .55 .075 .0207 .oo~ .0)1 .00Zl 2 .85 9.15 .20 .55 .06 --- .0203 .0 .037 .00 7 
2 2.13 9.70 .60 2'f 1.97 --- .0453 .0127 .019 .0051+ 
2 2.13 1'+.55 .26 • 7 --- .048 .0201 .002'+ .o~ .0028 
2 2.13 18.51 :~ .40 .13 .045 .0125 .0019 .0 .0047 
2 2.13 21.1t1t ·30 --- .055 .0093 .0018 .0)1 .0060 
2a 4.26 12.20 1.47 4.79 4.01 --- .0572 .0198 .012 .0041 
2a 4.26 13.)7 1.05 2.51+ 2.15 --- .0476 .on8 .019 .0044 
2 4.26 13.66 1.20 3.00 2.)0 --- .0456 .0129 .015 .001t3 
2 4.26 13.72 1.04 3.00 1.48 .122 .0453 .ono .015 .0037 
2 4.26 20.53 .52 .62 .40 --- .0202 .0025 .033 .0040 
2 4. 26 20.74 .64 .68 .62 --- .0198 .0030 . 029 .ooltlt 
2 4.26 24.61 .63 .45 .1t3 --- . 0141 .0021 .0)1 .0047 
2 6.39 12.78 2.45 8.27 5.37 --- .0782 .0300 .009 .0036 
2a 6039 13037 2. 56 7.79 5.78 --- . 0714 . 0286 . 009 .0037 
2 6.39 16.99 1.68 3.00 2.23 .130 .0445 .0116 .015 .0039 
2 6039 20.01+ 1.10 1.17 .93 .058 .0)1 .0055 .027 .0047 
2 6.39 22.88 1.01 .87 ·39 .060 .02'+'+ .0039 .028 .001+5 
2 6'i9 2'+.92 .9'+ .70 .'+6 .0)8 .0206 .0030 .029 .001+ 3 
2 10. 5 18.~ 3.71 6.50 4.61 .225 .0620 .0216 .010 .00 35 2 10.65 21. 7 2.71 3.00 2.29 .1'+5 .01tl+6 .0113 .015 .003 
2 10.65 25.01 1.80 ~:g .99 .o~ .0340 .0057 .022 .0036 2 19.17 23.39 7.02 6.30 03 .0701 .0257 .009 .0032 
2 19.17 25.01 6.51+ 6.50 '+.96 .))8 .0613 .0209 .009 .0032 
4 .85 '+.58 .1~ 1.37 ·37 .112 .0810 .0124 .059 · .0090 4 .85 '+.70 .1 1.30 .)1 --- .0769 .0163 .059 .0125 4 .85 6.10 .1'+ .50 .15 --- .0'+56 .0075 .091 .0150 4 .85 6.10 .10 .48 .25 .060 .0456 .0051+ .095 .0112 4 .85 9.12 .1'+ .25 .13 .042 .020'+ .003'+ .082 .0136 
'+ .85 9.15 .16 .25 --- --- .0203 .00)8 .081 .01Z2 4 2.13 7.17 ·32 1.52 1.05 .130 .0830 .0125 .055 .00 2 4 2.13 7.23 .)8 1.67 1.32 --- .081Z .0146 .0'+9 .0087 4 2.13 9.64 03'+ .50 .'+2 --- .045 .0073 .092 .01'+6 4 2.13 9.64 .28 .42 .)8 .062 .0458 .0060 .109 .0143 4 2.13 14.40 .2'+ .25 --- .075 .0205 .0023 .082 .0092 
4a 4.26 8.35 .91 4.66 3.62 --- .1222 .0260 . 026 .0056 
4a 4.26 10.33 .63 1.91 1.68 --- .0800 .0118 .042 . 0062 
4 4.26 10037 .60 1.37 1.19 .115 .0790 .0112 . 058 . 0082 
4 4.26 13.57 .51 .50 --- . 055 . 0'+6 2 .0055 .092 .0110 
48 4.26 13.68 .48 .51+ --- --- .0456 .0052 .084 .0096 
4 6.39 10.06 1.)6 4.57 3· 23 --- .1251 .0266 .027 .0058 4a 6.39 10.09 1.)0 4.91 3.66 --- .1251+ .0256 .026 .0052 
4a 6.39 10.97 1.21 3.66 2.96 --- .1060 .0200 .O~ .0055 4 6.39 12.81 . 96 1.45 1.1 .125 .0778 . 0117 .0 .0081 
4a 6.39 12.86 .9g 1.66 1.51+ --- .0771t .0112 .049 .0067 
4 6.39 16.99 .7 .38 --- . 050 .01+43 .0054 .117 .0142 
4 6.~ 19.98 .73 035 --- . 020 .0320 .0037 .091 . 0106 
4a 10. 5 12.00 2.)5 7.16 4. 09 --- .1478 .0326 .021 .0045 4a 10.65 1~.48 2.08 4.51+ 3.45 --- .1172 .0228 .026 . 0050 4 10.65 1 . 2~ 1.~ 1.52 1.23 .112 . 0810 .0117 .o~ .0077 4 10.65 16. 2 1. 9 1.50 1.21 .1)8 .0807 .0113 .0 .0075 4a 10.65 16.~7 1.61 1.64 1.46 --- .0794 . 01 20 .0 .0073 4 10.65 21 . 6 1.26 .62 .39 .068 .0455 . 00 51+ .073 . 0087 4 10. 65 24. 86 1. 36 .38 --- .050 .0~45 .ooltlt .091 . 0116 4a 19.17 15.46 4.)2 8. 54 --- --- .1 06 . 0362 .019 .0042 
4 19.17 17.51 3. 72 4.82 3· 57 .388 .1250 .0243 .026 . 0050 4a 1~.17 1~.57 3.91 ,.51+ 4. 1~ --- .1242 .0251+ .022 .0046 4a 19.17 1 .13 3.73 . 66 3.5 --- .n66 .0226 .025 .0048 4 19.17 21.87 2. 79 1.45 1. 20 .120 . 080~ . 0117 . 055 .0081 4 19.17 24.92 2.)6 .85 . 66 .07§ .061 . 0076 .073 . 0089 4 27.69 20.95 5. 23 4. 63 3.51 .38 .1260 .0238 . 027 . 0051 4 27 . 69 24 . 80 4.20 2. 20 1.71 .212 .0900 . 01f .041 . 0062 
4 36.21 22 . 97 7.09 5.14 3.70 --- .1374- .02 8 . 027 . 00 52 4 36.21 24.77 6. 59 4.07 3·07 0362 .1182 .0215 . 029 .0053 

aConditions for which average kinematic viscosity. 14.2 x 10-6 rt 2/sec ~ 
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Trim, 
~, 

deg 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6a 
6 
6 
6 
6 
6 
6 
68 

6 
6 
6a 
6 
6 
6 
68 

6 
68 
6 
6 
6 
6a 
6 
68 
6 
68 

6 
6 
68 
6 
68 

6 
6 
6 
6a 
6 
6 
6 
98 
9a 
98 
9a 
9a 
9a 
9a 
9a 
9a 
9a 
9a 
9a 
98 
9a 
98 
9& 
9a 
9a 

TABLE I - Continued 

EXPERIMENTAL PLANING DATA OBTAINED FOR A RECTANGULAR FLAT PLATE 

LANGLEY TANK MODEL 282 

C,e. Cv CR ~ tp .d.. CL Cob b b b b 

0.85 It. 58 0.15 0.60 --- --- 0.0811 0.011t3 
.85 6.13 .1i 030 0.28 --- .0452 .0069 
.85 9.15 .1 .18 --- --- .0203 '00i8 

2.13 5.83 .28 l'i5 .85 0.160 .1251t .01 5 
2.13 7.17 .29 • 0 --- .082 .0829 .0113 
2.13 7.26 .29 .60 .57 --- .0807 .0110 
2.13 9.67 .29 .30 --- --- .0456 .0062 
2.13 9.67 .26 ·30 --- .072 .01t56 .0056 
2.13 14.1t9 .)6 .18 --- --- •02°i .0034 
6.39 8.39 1.1~ 3.66 2.78 --- .181 .0322 
6.39 8.39 1.0 3.02 2.46 --- .1816 .0307 
6.39 10.00 .96 1.32 1.25 --- .1278 .0192 
6.39 12.69 .86 .55 --- --- .0794 .0107 
6.39 16.68 .87 .30 --- --- .0459 .006J 
6.~ 19.89 .72 .22 .20 .020 .0323 .00 

10. 5 9.36 1.97 5.30 3.70 --- .2430 .0450 
10.65 10.n 1.8~ 3.79 2.77 --- .1850 .031B 
10.65 lo.8l 1.7 3.05 2.23 --- .1816 .0303 
10.65 12.9 1.60 1.~2 1.20 --- .1270 .0191 
10.65 16.27 1.39 • 6 .12 --- .0804 .0104 
10.65 16032 1.1t7 .55 .1t7 --- .0Boo .0110 
10.65 24.77 1.44 .25 .24 --- .0347 .0047 
19.17 12.41 3.60 5.62 4.02 --- .2490 .0468 
19.17 12.57 3.59 6.29 4.42 --- .2428 .0451t 
19.17 14.55 3.32 3.g2 2.57 .392 .1816 .0314 
19.17 17'f 2.79 1. 6 1.26 --- .1268 .0184 
19.17 17. 0 2.80 1.42 1.12 --- .1240 .0181 
19.17 21.90 2.56 .6~ .49 --- .0800 .0107 
19.17 24.92 2.59 .3 --- --- .0619 . 0084 
27.69 14.13 5.26 7.79 ~032 --- .2778 .0~28 
27.69 15.01 5.12 5.75 .00 --- . 2456 .0 5It 
27.69 15.04 5.17 6.29 4.47 --- .2450 .0456 
27.69 17.60 4.52 3.00 2.31 --- .1790 .0292 
27.69 17.71 --- 3.41 --- --- .1766 ---
27.69 20.86 4.06 1.52 1.16 --- .1274 .0187 
27.69 25.10 g.79 .67 .59 --- .087l! .0120 
36.21 16.2~ .80 7.66 5.31 --- . 27~ .0514 
36.21 17.0 6.64 5.62 3.98 --- .24 5 .0456 
36.21 1'1 .18 6.69 6.29 4.76 --- .24~ .0451t 
36.21 1l!.86 6.02 3.35 2.47 --- .18 .0306 
36.21 2 .10 5.56 1.42 1.15 .232 .1247 .0191 
36.21 24.46 5.~ 1.40 1.06 --- .1212 .0181 
53.25 19.90 9. 5 7.29 5.09 --- .2690 .0488 
53.25 20.74 9.80 5.57 4.01 .668 .2475 .01t56 
53.25 24.16 8.8~ 3.22 2.~0 --- .1825 .0~01t 
70.29 24.46 12.5 5.20 3. 0 .638 .2350 .0 21 
6.39 6.77 1.27 3.04 2.04 --- .2786 .0554 
6039 6.90 1.2~ 2.79 1.90 --- .2680 .0516 
6.~ 9.18 1.0 .91 .81 --- .1516 .0256 

10. 5 7.75 2.09 1j..5It 3.05 --- .3~ .0691t 
10.65 8.~~ 2.06 3.10 2.12 --- .2 00 .05lt2 
10.65 11.~ 1.86 .91 .71 --- .1522 .0266 
19.17 9. 3.96 7.04 1t.43 --- .4650 .0964 
19.17 9.51 3.78 5.91 3.97 --- .4240 .08~6 
19.17 9.98 3.91 5.41 3.61t --- .)852 .07 6 
19.17 11.80 3.64 3.01t 2.~ --- .2760 .0522 
19.17 15.§0 3.21 .91 .6 --- .1556 .0260 
27.69 10. 2 5.67 7.16 4.6B --- .4724 .0966 
27.69 11.98 5.49 5.41 3.73 --- .3860 .0764 
27.69 14.10 5.30 3.10 2.21 --- .2786 .05~4 
36.21 12.)0 7.4l 7.29 1j..79 --- .4~86 .09 6 
36.21 13.78 7.2 5.41 3.71 --- .3 12 .0764 
36.21 15.40 6. 94 3.66 2.58 --- .3060 .0590 
36.21 18.28 6.4 1.86 1.34 --- .2170 .0386 

11 

~s Cos 

0.135 0.0238 
.151 .0230 
.113 .0211 
.09~ .0122 
.13 .0189 
.135 .0181t 
.152 .0207 
.152 .0187 
.113 .0189 
.050 .0088 
.060 .0102 
.097 .0146 
.143 .0195 
.153 .0210 
.147 .0164 
.046 .008~ 
.049 .008 
.059 .0099 
.096 .014~ 
.122 .015 
.11t5 .0200 
.139 .018B 
.01+4 .0083 
.039 .007.2 
.055 .0095 
.076 .0111 
.087 .0127 
.123 .0165 
•16i .0220 
.O~ .0068 
.0 3 . 0079 . ora .0073 
.0 0 .0097 
.052 ---
.oB4 .0123 
.131 .0179 
.O~ .0067 
.0 .0081 
.039 .0072 
.055 .0091 
.088 .0134 
.086 .0128 
.037 .0067 
.044 .0081 
.057 .0094 
.045 .0080 
.092 .0182 
.096 .0185 
.16~ .0281 
.07 .0153 
.090 .0175 
.167 .0292 
.066 .0137 
.072 .0142 
.071 .0145 
.091 .01~2 
.171 .02 6 
.066 .0135 
.071 .0141 
.090 .0172 
.066 .01~5 
.070 .01 1 
.084 .0161 
.117 .0207 

8Conditions for which average ki nematic v1scosity - 14.2 x 10-6 ft2;sec ~ 

-- I 
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Trim, 
~, 

deg 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12a 
12 
12 
12 
12 
12 
12 
12 
12a 
12 
12 
12 
12 
12 
12 
12 
12 
12a 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

NACA TN 2981 

TABLE I - Continued 

EXPERIME NTAL PLANI NG DATA OBTAINED FOR A RECTANGULAR FLAT PLATE 

LANGLEY TANK MODEL 282 

Ct:, Cv CR 
t tp d C~ CDt, ..jjj 

b b b 
CLs 

0.85 ~.5\+ 0.18 0.28 --- --- 0.0825 0.0175 0.295 
.85 6.01 .22 .15 --- --- .0~'71 .0122 • 31 It 
.85 8.69 .23 .10 --- --- .0225 .0061 .225 
.85 18-30 .~9 --- 0.56 --- .0051 .0029 ---2.13 ~.15 .51 1.25 .70 --- .2~72 .0592 .197 

2.13 ~.82 •lt3 .80 .09 0.122 .1835 .0370 .229 
2.13 ~.82 .~9 .75 .26 --- .183§ .0422 .2~5 
2.13 7.26 .~5 .28 --- --- .080 .01 '71 .289 
2.16 9.6~ .47 .1~ --- --- .0459 .0101 .)06 
1t.2 10.:?2 .86 .2 --- .042 .0816 .0165 .292 
~.26 13.66 .~ .15 --- .028 .0~57 .0085 .)05 
6039 5.61 1. 2. 70 1.76 --- .40§0 .0940 .150 
6039 7.17 1.~1 1.22 .86 --- .24 0 .051+7 .203 
6.39 10.13 1032 .42 .22 --- .1246 .0257 .297 
6.39 12.75 1.2Z .20 --- --- .0786 .01~9 .393 
6-39 16.96 1.1 .12 --- --- .O~~ .00 2 0371 
6.)9 20.01+ 1.27 .10 .08 --- .031 .0063 .318 
6'i9 2~.98 1.47 .08 --- --- .0205 .0047 .256 

10. 5 7.29 2.'+8 2.97 1.96 .608 .4010 .0935 .134 
10.65 9·fo 2.30 1.12 .76 --- .2463 .O~ .220 
10.65 10. 0 2.25 .77 .46 --- .1827 .0 5 .2.3(i 
10.65 12.22 2.17 .51+ .42 --- .1426 .0290 .26~ 
10.65 12.26 2.19 .53 .)5 --- .llt18 .0291 .268 
10.65 1i·79 2.16 .40 .23 --- .1121 .0227 .280 
10.65 1 .23 1.99 .25 --- --- .0809 .01~ • 32 It 
10.65 21.59 2.04 .15 --- --- .0457 .00 7 .305 
10.65 24.95 2.18 .12 --- --- .03~2 .0070 .285 
19.17 8.75 4.1tO 4.22 2.91 .850 .5010 .1165 .119 
19.17 9.67 4.37 3.00 2.06 --- .4100 .0935 .1f 
19.17 12.20 4.17 1.41 1.06 --- .2576 .0560 .1 3 
19.17 12.)8 4.12 1.22 .86 --- .2500 .0538 .204 
19.17 12.50 4.20 1.25 .86 .180 .2lt50 .0538 .19§ 
19.17 17.)2 3.70 .'+0 .26 --- .1270 .0247 .31 
19.17 21.59 3.g:: .28 .23 --- .0823 .0152 .29~ 
19.17 24.98 3· ~ :fo --- --- .0615 .0126 .198 
19.17 25.16 i·69 --- --- .0605 .011 .302 
27.69 10.52 .53 4.07 2.87 .785 .5010 .1181 .122 
27.69 11.71t 6.~ 2.92 2.02 .532 .'+015' .0933 .1)8 
27.69 12.22 6.ll. 2.66 1.88 --- .3'712 .0856 .140 
27.69 1~.95 5. 1 1.20 .88 --- .2477 .0520 .206 
27.69 17.51+ 5.61 .70 .'+8 --- .1802 .0)65 .257 
27.69 21.14 5.~ .45 .25 --- .12'+0 .02~5 .276 
27.69 25.25 §.41 .30 .1i --- .0870 .0170 .291 
)6.21 12.02 .50 ~.25 2.8 --- .5010 .1178 .118 
)6.21 1~.36 8.22 2.9'7 2.10 --- .~060 .092; .1)6 
)6.21 1 .94- 8.00 2.05 1.~ --- .3250 .0'71 .157 
)6.21 20.07 7.28 :~ .~ --- .1800 .0)61 .2'+0 
)6.21 2~.1tO 7.17 .25 --- .1218 .02~1 .251+ 
53.25 14.55 12.~ ~.20 2.93 .838 .5030 .1180 .120 
53.25 16.13 12.03 3.07 2.11 .582 .'+095 .0925 .132 
53.25 1 6 .2~ 12.05 3.00 2.05 --- .4050 .09l7 .134 
53.25 16.7 12.46 2.62 1.8i .518 ,)786 .0886 .143 
53.25 20.89 11. 3~ 1.17 .9 --- .2440 .0520 . 209 
53.25 24.'+0 11.00 .75 .46 --- .1790 .0370 .238 
70.29 16.78 16.79 4.05 2.79 --- .4993 .1193 .123 
70.29 21.01 15.47 2.07 1.41 --- .3187 . 0701 .151+ 
70.29 24.49 14.81 1.15 . 92 --- .23~ .0493 .204 
87.33 18.67 20.60 4.12 2.87 --- .5011 .1182 .121 
87,)3 20.74 19.86 2.97 2.11 --- .4060 •092i .136 
87.33 21.01 19.~ 2.90 2.04 .590 .3957 .089 .1"t 
87,)3 23.27 19. 2. 00 1.46 --- 03226 .0716 .1 1 
87033 24.28 19.17 1.80 1.26 0375 .2963 .0650 .164 

Cng 

0.062~ 
.0813 
.0610 ---
.0~7~ 
.0461 
.0563 
.0611 
.0673 
.0589 
.0567 
.0~'+8 
.0 47 
.0612 
.07§5 
.06 3 
.06~0 
.05 8 
.0315 
'0Yc5 .0 00 
.0537 
.'()~9 
.0568 
.0604 
.0580 
•058i .027 
.0)+2 
.0397 
.0441 
.Olt30 
.0618 
.051+2 
,O~r .0 0 
.0288 
.0,320 
.0322 
.0433 
.0521 
.05\+3 
.0567 
.0276 
.0311 
.O~O 
.0 1 
.0502 
.0281 
.0299 
.0306 
.0338 
.0441+ 
.0493 
.0293 
.0339 
. 0429 
.0286 
.0310 
.0309 
. 0358 
.0)60 

&Conditions for which average kinematic viscosity. 14.2 x 10-6 ft2/sec ~ 
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Trill, 
't, 

des 

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 
18 
2'+ 
2'+ 
2'+ 
2'+ 
24 
24 
24 
24 
24 
24 
2'+ 
24 
24 
24 
24 
24 
24 

TABLE I - Cont1nued 

EXPERIMENTAL PLANING DATA OBTAINED FOR A RECTANGULAR FLAT PLATE 

LANGLEY TANK HODEL 282 

L 

~ C~ CDb ClI Cv CR ....m d 
b b 

CLs 

0.85 '+.58 0.26 0.18 --- --- 0.0810 0.0248 o:~ .85 '+.61 .30 .18 --- --- .0800 .0282 
.85 6.10 .27 .10 --- --- .0'+56 .01'+6 .'+56 

2.13 3.29 .7'+ 1.50 1.16 --- .393~ .lgt8 .262 
2.13 4.18 .74 .68 .49 --- .2'+3 .0 47 .~o 
2.13 '+.82 .69 .4

6 
.40 --- .1833 .059~ • 6 

2.13 7.20 .70 .1 --- --- .0822 .026 .'+57 
2.13 9.67 .60 .10 --- --- .0456 .0128 .466 
6039 5.67 2.00 1.40 .82 --- 03975 .1244 .2 '+ 
6.39 7.20 1.95 .68 .39 --- .2'+65 .0752 0362 
6.39 10.13 1.86 .28 .11 --- .1245 .0364 .444 
6.39 10.13 1.88 .20 .09 0.0'+5 .1245 .0368 .622 
6.~ 12.69 1.84 .18 .06 --- .0794 .0227 .441 

10. 5 8.02 3036 1.08 .65 --- .3312 .1046 .308 
10.65 8.75 3.34 .80 .51 .192 .2782 .0866 .348 
10.65 9.09 3.33 .72 .48 .120 .2578 .08 .357 
10.65 9.30 3.25 .68 .38 --- .2'+63 .0752 .363 
10.65 10.r; 3.25 .40 .2'+ --- .1847 .0564 .'+62 
10.65 10. 3 3.22 .42 .23 --- .1816 .0550 .432 
10.65 15.49 i·OO •. 26 .1~ --- .0888 .0250 .342 
19.17 9.06 .15 1.75 1.1 --- .'+671 .1'+99 .267 
19.17 9.70 6.09 l'f .95 --- .'+°b5 .12~'+ :~ 19.17 10.98 5.92 • 2 .57 .218 .31 0 .09 2 
19.17 12.44 5.87 .65 .)9 --- .2478 .0760 .~1 
19.17 12.50 5.90 .60 .39 .098 .2'+54 .07F • 9 
19.17 17.23 5.68 .28 .10 --- .1291 .03 4 .461 
19.17 21.75 5.61 .18 .15 .012 .0810 .02(,7 .450 
19.17 25.10 6.16 .12 --- --- .060~ .01 4 .508 
27.69 15.01 .55 .~8 .38 --- .2'+6 .0757 ·t24 
27.69 17.63 8.10 • 0 .15 .072 .17 2 .0521 .'+6 
27.69 21.01 7.94 .28 .06 .07

6 
.1255 .0362 .41t8 

27.69 21.26 8.02 .2~ .1, .02 .1225 .0356 .490 
27.69 25.50 8.10 .1 .1 --- .0852 .0250 .473 
36.21 11.90 11.72 2.02 1035 --- .5114 .1~5 .256 36.21 12.99 11.66 1.55 .99 --- .4292 .1 5 .27 
36.21 14.91 11.'+8 :~~ .6'+ --- .32,8 .1033 :~i~ 36.21 19.82 10.82 .25 .032 .18 5 .0551 
36.21 24.43 10.52 .28 .16 --- .1213 .Oi52 .'+33 
53.25 1'+.61 17-32 1.88 1.30 _e. .'+989 .1 23 .26~ 
53.25 14.70 17.28 1.98 1.37 .488 .4928 .1602 .2'+ 
53.25 15.65 17.18 1.,0 1.03 ._. .4348 .1'+03 .290 
53.25 16.20 16.54 1. 7 .91 .315 .4058 .1260 .276 
53.25 16.~ 16.91 1.35 .92 --- .4003 .1271 .296 
53.25 20. 3 16.18 .60 .38 .090 .2'+~ .07'+6 .409 
53.25 2'+.'+0 15.88 .~5 .24 .032 .17 7 .053~ :Th! 70.29 16.78 21.51 1. 7 1.18 .410 .'+9~3 .152 
70.29 16.80 22.53 2.02 1.29 .498 .49 1 .1596 .2'+7 
70.29 21.01 21.89 1.02 .60 --- .3185 .0992 :~ 70.29 2'+.61 21.19 .58 -33 .122 .2321 .0705 
87033 18.64 28.05 2.02 1.~5 .502 .5027 .1615 .2'+9 
87.33 20.98 27.54 1.38 • 7 .325 .3968 .1251 .287 
87.33 2~.18 27.3~ .90 .60 .210 .,3.251 .1017 .361 

2.13 .21 .9 .52 .3i --- .2~ .1106 .'+6g 
2.13 '+.85 .94 .38 .2 --- .1811 .0800 .47 
2.13 7.32 .92 .12 --- --- .0795 .03'+) .662 
6·39 5.73 2.79 .90 .67 --- .3893 .1700 .433 
6.39 7.11 2.79 .50 .)'+ --- .2528 .110'+ .506 
6.69 10.10 2.65 .25 .20 --- .125~ .0520 .501 

10. 5 7.29 4.51 .94 .57 .238 .400 .1697 .427 
10.65 9·lo 4.'+1 .48 .26 --- .2431 .1007 .506 
10.65 10. 0 4.34 .38 .16 --- .1826 .0744 .480 
10.65 19.02 4.25 .24 .07 .038 .1256 .0501 .523 
19.17 .69 8.)'+ 1.30 .8g --- .5077 .2210 .391 
19.17 9.61 8.)1 .95 .5 --- .4152 .1800 .437 
19.17 9.76 8.10 1.00 .49 .242 .4025 .1700 .402 
19.17 12.41 8.07 .55 .23 --- .2489 .1046 .453 
19.17 12.47 7. 91 .49 .19 .090 . 2466 .1017 .503 
19.17 17.g5 7.86 .22 .07 --- .1274 .0522 .579 
27.69 11. 5 11.73 . 94 .55 .232 .4086 .1730 .434 

13 

CDs 

0.1378 
.1567 
.1'+60 
.0912 
.1246 
.1317 
.1'+89 
.1280 
.0888 
.1106 
.1~00 
.1 40 
.1261 
.0968 
.1091 
.1119 
.1106 
.1410 
.1310 
.0962 
.0857 
.0944 
.1067 
.1169 
.1262 
.1371 

·.1317 
.1367 

:1j8~ 
.1293 
.1424 
.1~89 
.0 19 
.089'+ 
.108~ 
.125 
.1257 
.0~6J .0 0 

:g~~~ 
.09'+1 
.12'+3 

:M~ 
.0790 
.0973 
.1207 
.0800 
.0906 
.1:130 
.212~ .210 
.2858 
.1889 
.2208 
.2080 
.180~ 
.209 
.1958 
.2088 
.1,/00 
.1895 
.1698 
.1902 
.2076 
.2f3 
.1 40 
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Trim, 
't, 
deg 

21t 
21t 
24 
24 
24 
24 
24 
24 
24 
24 
24 
21t 
24 
24 
24 
24 
24 
24 
21t 
24 
24 
30 
30 
30 
30 
30 
30 
.30 
30 
30 
30 
30 
.30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

NACA TN 2981 

TABLE I - Concluded 

EXPERIMENTAL PLANING DATA OBTAINED FOR A RECTANGULAR FLAT PLATE 

LANGLEY TANK MODEL 282 

C6 Cv CR 
L 2 d C~ CD CL -'ll b S b b b 

27.69 15.01 11.66 0.50 0.21t --- 0.21t58 0.1036 0.492 
27.69 17.45 11.53 .32 .15 --- .1819 .0755 .568 
27.69 21.11 11.~5 .22 .07 --- .1243 .0510 .565 
)6.21 11.90 15. 2 1.22 .8~ --- .5114 .22~1t .419 
36.21 13.42 15.68 .95 .5 --- .4021 .17 1 .423 
36.21 14.88 15.38 .70 .40 --- ·3271 .1~0 .467 
36.21 20.04 14.95 .)2 .16 --- .1803 .0 6 .563 
53.25 14.49 23.16 1.27 .83 --- .5072 .2206 0399 
53.25 16.16 22.77 1.00 .60 --- .4078 .1744 .408 
53.25 18.39 22.43 .65 .33 0.185 .3150 .1326 • '+8 It 
53.25 20.77 22.31 .55 .22 --- .2469 .1033 .448 
53.25 20.86 22.28 .It~ .26 --- .2447 .1021t .544 
53.25 24034 22.24 03 .17 --- .1800 .0751 .47~ 
53.25 24.40 21.71 .32 .15 --- .1787 .07~ .55 
70.29 16.59 30.94 1.17 .84 --- .5108 .22 .437 
70.29 20.92 30.25 .70 .46 --- .3212 .1382 .459 
70.29 24.61 29.68 .44 .27 --- .2321 .0980 .527 
87.3] 18.5l+ 38.01 1.22 .85 --- .5081 .2212 .416 
87033 20.62 37.78 .98 .63 --- .1t108 .1777 .1t19 
87033 23033 37.50 .70 .41 --- .3209 .1378 .458 
87033 21t. 9~ 37.22 .55 .37 --- .2806 .1196 .510 
6039 ~.5 3.55 .75 .42 --- .4104 .2280 .547 
6.39 .08 3.41 .30 .12 --- .1955 .1046 .652 
6039 10.1~ 3035 .18 --- --- .1245 .0653 .692 
6.69 12.7 3.20 .11 --- --- .0782 .0392 .711 

10. 5 9.~3 5.76 .38 .16 --- .2447 .1323 .644 
10.65 10. 9 5.65 .27 .10 --- .1796 .0953 .665 
10.65 16.1t1 5.56 .11 --- --- .0791 .01t13 .719 
19.17 8.72 10.70 .98 .57 --- .501+-2 .2814 .514 
19.17 9.67 10.~ .70 .4a --- .4100 .2295 .586 
19.17 12.41 10. • ItO .1 --- .2489 ·~t5 .622 
19.17 17.63 10.08 .16 :M --- .1234 • 50 .771 
19.17 21.72 10·t .11 --- .0813 .0lt40 .739 
27.69 14.91 14. 5 .40 .15 --- .2491 .13)6 .623 
27.69 17.45 14.93 .27 .12 --- .1819 •097i .674 
27.69 20.86 14.49 .16 .02 --- .127~ .066 .796 
27.69 24.98 15.17 .12 .06 --- .088 .0'+87 .740 
36.21 11.99 20.06 .98 .58 --- .5038 .2791 • 51 It 
36.21 13.24 20.09 .73 .45 --- .4131 .2292 .566 
36.21 14.98 19.81t .54 ·31 --- ·3227 .1766 .598 
36.21 20.10 19.23 .31 .09 --- .1792 .0952 .578 
53.25 14.1t9 29.79 .98 .63 --- .5072 .2837 .518 

CD 
S 

0.2072 
.2359 
.2~8 
.1 31 
.18~i .19 
.2331 
.1737 
.1,]44 
.2041 
.1877 
.2276 
.1977 
.2272 
.1921 
.1974 
.2227 
.1813 
.1813 
.1969 
.2175 
.3040 
.34-87 
03628 
.3564 
.3482 
.3530 
.3754 
.2871 
.3279 
.3)62 
.4062 
.4000 
03640 
.3 01+-
.4162 
.4058 
.284-8 
.3140 
.3270 
.3071 
.2895 
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TABLE II 

SUPPLEMENTARY EXPERIMENTAL DATA OBTAINED AT LOW SPEEDS FOR LANGLEY TANK HODEL 282 

~verage kinematic viscosity. 14.2 x 10-6 rt2/sec; speciric ~eight or tank ~ater K 63.4 Ib/cu f~ 

Trilll, 
Ct, Cv CR ~ ~ CLb COb CLS COS '1:, 

de« b b 

4 4.26 6035 0.92 8.29 4.82 0.2116 0.0456 0.026 0.0055 
4 4.26 6.65 1.00 7.91 4.88 .1926 .0452 .024 .0057 
4 4.26 6.80 .92 7.54 4.81 .1844 .0398 .024 .005i 
4 4.26 6.99 .96 7.04 4.65 .1744 .0392 .02, .005 
4 4.26 7.44 1.00 6.54 4.49 .1542 .0362 .02 .0055 
4 6.39 8035 1.44 8.41 5.44 .1830 .0412 .022 .0049 
4 6.39 8.79 1.44 7.54 5.05 .1652 .0372 .022 .• 0049 
4 6.~ 9.00 1.44 7.04 4.78 .1576 .0356 .022 .0051 
4 10. 5 11.37 2.44 8.41 5.85 .1644 .0378 .020 .0045 
6 6-39 5.58 1.11 8.29 4.36 .4100 .0714 .049 .0086 
6 6.39 5.98 1.1, 7.79 4038 .3572 .0644 .046 .0083 
6 6.39 6.46 1.1 7.29 4036 .3060 .0546 .042 .0075 
6 6039 6.92 1.2~ 6.29 3.76 .2666 .0514 .042 .0082 
6 6.~ 7.29 1.1 5.91 3.87 .2404 .0444 .041 .0075 
6 10. 5 7.86 2.02 8.66 5.77 -3446 .0652 .040 .0075 
6 10.65 8.26 2.02 8.04 5'f .)120 .0592 .039 .0074 
6 10.65 8.45 2.01 7.66 4. 9 .2984 .0564 .039 .0074 
6 10.65 8.88 2.02 7.04 4.81 .2700 .0512 .038 .0073 
6 10.65 9.21 1.97 6.29 4.17 .2512 .0464 .040 .0074 
6 19.17 l1'i4 3.73 8.41 5.56 .2980 .0580 .035 .0069 
9 6.39 4. 0 1.13 6.29 3.52 .6020 .1064 .096 .0169 
9 6-39 4.60 1.09 6.16 3 • .36 .6020 .1028 .098 .0167 
9 6.39 4.88 1.17 5.91 3.40 .5360 .·0982 .091 .0166 
9 6.39 4.92 1.28 6.16 3.46 .5280 .1056 .086 .0171 
9 6.39 4.97 1.28 6.16 3.46 .5170 .1036 .084 .0168 
9 6.39 5031 1.17 5.16 3.14 .45gg .0830 .088 .0161 
9 6.39 5034 1.17 5.11 3.14 .44 0 .0820 .087 .0160 
9 6.-(,9 5.92 1.25 4.41 2.91 .3640 .0712 .082 .0162 
9 10. 5 6.16 2.06 7.29 4.22 .5600 .1084 .077 .01:2 
9 10.65 6.40 2.01 6.79 4.05 .5192 .0980 .076 .01 
9 10.65 6.77 2.20 6.41 4.03 .4640 .0960 .072 .0150 
9 10.65 7.10 2.09 5.54 3.60 .4230 .0830 .076 .0150 
9 10.65 7.38 2.24 5.29 3.49 ·3920 .0824 .074 .0156 
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Figure 1 .- Sketch and cross secti on of flat - plate model. 
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Figure 2 . - Setup of model and towing gear. 



Figure 3. - Typical underwater photograph. 
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