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NOTATION

Beam of planing surface, ft

F

Skin friction drag coefficient,

72
"m

P
9 5

Resistance coefficient, R/wb3
Speed coefficient or Froude number, V//gb
Load coefficient or beam loading, A/wb3

R 2Cp
Drag coefficient based on beam, =—
V2 2 CV

[Nlh

g Cp
Drag coefficient based on principal wetted area, -0
2 V2s _Z_n
2 b
. . . A AYN
Lift coefficient based on beam, =
L V2 p2 CV
2
: T
Lift coefficient based on principal wetted area, Sp—
Pyrs Im
Draft, ft 2 b

Friction, parallel to planing surface, b
Acceleration due to gravity, 32.155 ft/sec?
Chine wetted length, ft

Keel wetted length, ft

I +
Mean wetted length, —co——— , ft

&

Center-of-pressure location (ineasured along keel forward of trailing edge),
M , ft
AcosT + RsinT

Trimming moment about trailing edge of model at keel, ft-lb

Horizontal resistance, lb

l
Reynolds number, - 2.7
vV

Principal wetted area (bounded by trailing edge, chines, and heavy
spray line) projected on plane parallel to keel, I ,sq ft

iii




Actual wetted area aft of stagnation line, sq ft
ilorizontal velocity, ft/sec

Mean velocity over planing surface, ft/sec
Specific weight of water, lb/cu ft

Angle of dead rise, deg

Vertical load, Ib

Kinematic viscosity, ft2/sec

Mass density of water, slugs/cu ft

Trim (angle hetween keel and horizontal), deg




ABSTRACT

H
\This report is one of a series on the experimental investigation of the
planing characteristics of a series of related prismatic surfaces.

The principal planing characteristics have been obtained for an inverted
Y prismatic surface having an angle of dead rise of ~10 deg. Wetted lengths,
resistance, and center-of-pressure location were determined at speed coeffi-
cients ranging up to 19.5, beam-loading coeftficients from 0.8 to 71.5, and
trims up to 30 deg. Keel-wetted-length—beam ratios were extended to approxi-
mately 8.0 in all cases where excessive loads or excessive spray conditions
were not encountered.

' The data indicated that the important planing characteristics are inde-
pé:ident of speed and load for a given trim and are dependent primarily upon
iift coefficient. The difference between keel wetted length and chine wetted
length is constant for a given trim angle. The ratio of center-of-pressure
location forward of the trailing edge to the mean wetted length is dependent
on trim angle and on wetted length. The drag data indicate that the friction-
drag component is a large percentage of the total drag at the low trims but
decreases rapidly with increase in trim. At the high trim angles of 24 and

30 deg, the induced drag exceeds the total drag and indicates an apparent

negative friction force. R

INTRODUCTION

The National Advisory Committee for Aeronautics and the David Taylor Model Basin
have undertaken an experimental investigation of the high-speed planing characteristics of a
series of related prismatic surfaces. The principal purpose of this investigation is to extend
the available data to high speeds, high trims, and long wetted lengths. The results of tests
of surfaces having angles of dead rise of 0, 20, 40, and 50 deg have already been published.!*®
The present report gives the results obtained with an inverted prismatic surface having

an angle of dead rise of -10 deg. The principal planing characteristics were determined for

speed coefficients up to 19.5, beam loadings up to 71.5, wetted lengths up to 8 beams, and
trims up to 30 deg. The characteristics determined were wetted length, resistance, center-of-

press’ure location, and draft for suitable combinations of speed, load, and trim.

DESCRIPTION OF MODEL

The model is made of brass, has a beam of 4 in., and a dead-rise angle of —10 deg.

The length, exclusive of the sheet-metal fairing on the bow, is 36 in. The tolerances and the

*References are listed on page 6.
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finish of the 1.odel were the same as those described in Reference 1. Figure 1 presents a

sketeh of e mouel, and a cross section showing the pertinent dimensions,

APPARATUS AND PROCEDURES
GENERAL

The test program was conducted in the high-speed basin on Carriage 3. A brief des-
cription of the basin and carriage is given in Reference 7. The 2pparatus for towing the model
and the instrumentation for measuring the lift, drag, and trimming moment are similar to those

described in Reference 8. A diagram of the model and towing gear is presented in Figure 2.

WETTED LENGTH AND AREA

The wetted areas were determined from underwater photographs in the manner described
in Reference 6. In addition, visual readings of the chine wetted lengths were recorded with the
aid of a scale marked on the side of tie inodel.

Typical underwater photographs of the brass model are shown in Figure 3. It is inter-
esting to note the presence of air bubbles beneath the principal wetted area in the photograph
taken at a low trim angle. These were present for most of the test conditions for trim angles
of 1 to 12 deg.

The wetted lengths were measured from the trailing edge to the intersection of the keel
and chines with the heavy spray line as shown in Figure 3. When this spray line was not dis-
turbed by air bubbles, it was essentially straight from keel to chine throughout the range of the

tests, and the mean wetted length was therefore the average of the keel and chine wetted lengthis.

DRAFT

Draft measurements were obtained by the method described in Reference 2, where a
vertically oscillating prod was used to measure the 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. As mentioned in Reference 1, a careful survey of the water

surface indicated no appreciable gradient in height in the vicinity of the test area.

AERODYNAMIC TARES

The aerodvnamic forces on the model and towing gear were held to a minimum bygthe use
of a wind screen housing the test section of the towing carriage. Constructed of 1/16-in.
aluminum, the wind screen was similar in shape to that described in Reference 2.

The residual windage tares were determined by making a series of runs at various speeds
with the model just clearing the surface of the water. The tares for drag, load, and moment

were found to be negligible over the speed range.




PRECISION

The quantities measured are believed to be accurate within the following limits:
Load, lb *0.15
Resistance, lb £0.15

Trimming moment, ft-lb  %0.50

Wetted length, in. 10.25
Trim, deg 10.10
Speed, ft/sec £0.20

RESULTS AND DISCUSSION
GENERAL

The experimental data obtained for all planing conditions where the deck of the model
was dry are presented in Table 1. The corresponding data for the deck-wetted condition have
been omitted. For this reason the data for 2-deg trim angle are limited to low wetted length
values. However the data for the planing conditions where the sides were wetted (2- and 4-deg
trim) have been included in Table 1 and are indicated by an asterisk.

The load, resistance, speed, wetted lengths, and center of pressure are expressed as
conventional nondimensional hydrodynamic coefficients based on beam. The lift and drag
coefficients are expressed both in terms of the square of the beam and the principal wetted area.

Plots of the data are presented in Figures 4 to 10. When plotted against CLb’ th.e experi-
mental data generally fall along a single curve for each trim. These trends are the sanie as

those found for the surfaces having dead-rise angles from 0 to 50 deg.!"®

WETTED LENGTH

The variation of the mean-wetted-length—beam ratio /b with CLb is shown in Figure 4.
The relation between the keel-wetted-length—beam ratio /,/b and the chine-wetted-length—beam
ratio ! /b is shown in Figure 5. The difference between the chine wetted length and the keel
wetted length is constant for a given trim. By definition, a similar variation necessarily holds
for the relation between the mean wetted length and the chine wetted length. This relationship
was used to obtain the mean-wetted-length—beam ratio ! /b from the visual reading of the
chine-wetted-length—beam ratio I /b when an underwater photograph was not available or when

the heavy spray line was obscured in a photograph by the presence of air bubbles.

CENTER OF PRESSURE

The center-of-pressure location ZP 1s defined as the distance from the trailing edge to

the intersection of the resultant hydrodynamic force vector with the keel of the model. A plot




of center-of-pressure location in beams against CLb is presented in Figure 6.

Figure 7 presents plots of lp/b against ! /b for each of the trim angles. Contrary to
the results for the other dead-rise angles,® there is evidently not a straight line relationship
between Zp/b and { /b for ~10 deg dead rise. Instead, for trim angles of 4, 6, 9, and 12 deg,
the ratio lp/lm. has a definite tendency to decrease with increasing mean wetted length. The
lim I 0 (Zp/lm) is indicated in the plots for these trim angles. For the trim angles of 2, 18,
24, and 30 deg, where the ranges of the values of wetted lengths were comparatively low, a
straight line has been drawn through the points in each case, and a constant value of lp/lm
is shown. The deviation froin a straight-line relationship has been suggested by Shuford?
for flat plates and by Savitsky!®: ! for small angles of dead rise.

DRAFT

A comparison of the measured draft with that computed from the wetted length is pre-
sented in Figure 8, where measured draft is plotted against (! _/b) sin 7. The purpose of these
plots, as disciussed in References 1 and 2, i~ to establish whether a pile-up of water occurred
at the intcrsection of the planing surface with the free-water surface. At the higher trims, the
measured draft was less than that computed from the wetted length which indicated a piling up
of water under the planing surface. At low trims, however, the measured draft was riore than
that predicted from measurements of the wetted length and suggested a depression of the water
level at the leading edge of the planing surface. Evidence of this phenomenon is also pre-

sented and discussed in Reference 4.

BUOYANCY

Following the practice of Reference 4, the light-load low-speed conditions, where the
buoyancy exceeded 20 percent of the total load, were considered nonplaning and are not in-

cluded in this report.

RESISTANCE

The resistance data are presented in Figure 9 as a plot of drag coefficient CDb against
lift coefficient C; . The solid lines faired through the data represent the total drag whereas
the dashed lines, defined by CLb 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 friction drag due to this spray acts in a direction opposite to that of the drag in the princi-
pal wetted area and thereby reduces the total drag. Similar effects were observed in Reference

4 and are more fully discussed there.




Skin-friction drag coefficients were calculated directly from the tabular data. The
skin-friction drag coefficient was assumed to be

F

0/ =
[ 2
5 SV
where F is the friction force parallel to keel, R cos T - 4 sin T;
S[ is the actual wetted area aft of the heavy spray line or S/cos 8; and
V., 18 the mean speed over the surface.

The mean speed was assumed to be that given by Bernoulli's theorem for a surface streamline,

with a uniform pressure on the model assumed equal to A/S cos 7 . Then V _ is given by
C
2_y2 [
Vm = V 1 == Z
cos r -2
b

C’DF_ OLb t/an T

]

and 0/ may be shown to be

Cr=cos 3 cosT
! 1, YL,

17 Y
b

cos T

The Reynolds number for the planing surface was assumed to be V! / v where v is
the kinematic viscosity.

The results of the calculations for trims at which the friction is appreciable are plotted
in Figure 10 together with the Schoenherr linel? for fully turbulent boundary layer and the
Blasius line for laminar flow on flat plates. Most of the coefficients for the lighter loads and
lower Reynolds numbers were erratic because of the marginal accuracy. All conditions, there-
fore, where the precision of measurement changed the coefficient by more than 20 percent were
omitted from this plot. The grouping of the data along the Schoenherr turbulent-flow line in-
dicates that at low trims and high Reynolds numbers, the friction drag can be calculated with

reasonable accuracy by use of the Schoenherr equation.

CONCLUSIONS

The results obtained from an experimental investigation of an inverted V planing surface
having an angle of dead rise of —10 deg indicate that during steady-state planing, the important
planing characteristics are independent of speed and load for a given trim and are dependent
only on lift coefficient. The difference between chine wetted length and keel wetted length is
constant for a given trim angle. The ratio of center-of-pressure location forward of the trailing
edge to the mean wetted length appears to be dependent on both the trim angle and on the wetted
length. The drag data indicate that the friction-drag component is a large percentage of the

5




total drag at low trims but that it decreases rapidly with increase in trim to a small negative
component at the higher trims. For practical purposes, the total hydrodynamic drag for trim

angles above 12 deg can be considered equal to the induced drag of the surface.
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TABLE 1

Experimental Data Obtained for Minus 10-Degree Dead-Rise Planing Surface

Average kinematic viscosity = 1.062 X 10_5 ft2,/sev; average specific weight of basin water = 62,26 lb/ft3.

. S A B B

ey | oy ek | |2 _b’_‘. -5 i‘g. e, | Co, €0, | Co,
deg
2+ | 087] 933 | 0.22]1.80 | 1.09| - |o0.84 ] - |0.0199 |0.0050 | 0.0182 | 0.0046
2+ | 217 9.83 | 0.83 | 405338 - |274| - | .0a49 { .0170 | .0134 | .0051
2+ | 217 {1190 | 052 | 2.30 | 1.59 | 0.88 | 110 | - | 0306 | .0074 | .0193 | .0846
2+ | 217 (1474 | 050 | 163 [ 0.92] - | 077 - | .0199 | .0046| .0217 | .0050
2* | 2.17{17.58 | 0.60 | 1.60 | 0.88 | 0.15| 0.36 | - ] .0140 = .0039 | .0160 | .0045
2+ | 434 113.91 | 1.80 | 5.25 | 4.53 | 3.81 | 3.44 | - | .0848 | .0186 | .0099 | .0041
2¢ | 43411599 | 1.08]2.63|1.90| .18 | 1.43 | - | .0339 | .0085 | .0178 | .0045
o | 087 933 | 010]073]047] - |0.31] - | .0199 | .0025| .0422 | .0053
e+ | 207 739 | 032|190 | 165 | - 128 | - | .0795 | .0119 | .0482 | .0072
o | 217 | 98¢ | 0.26{0.88 | 0.62| - |0.44| - | .0448 | .0054 | .0719 | .0086
| 21711473 | 029 063037 - | - | - | .0200| .0026 | .0536 | .0070
4 | 434 13.91 | 054 | 083|057 | - |0.46|0070| .0448 | .0056 | .0783 | .0098
4 | 6501277 | 092|158 | 132 - | 10901350 L0797 | .0112 | .0603 | .0084
4 | 650 17.02 | 0.80 | 0.88 | 057 | 0.26] 0.35 | -  .0449 | .0055 | .0788 | .0097
4 | 1084 | 1135 | 2.35 | 7.94 | 7.66 | 7.39 | 5.53 | - | .1683 | .0364 | .0220 | .0047
4 | 10.84 | 11.89 | 2.26 | 6.88 | 6.65 | 6.43 | 4.89 | - | .1535 | .6319 | .0231 | .0048
+ | 1084 | 1238 | 204 | 505|490 | - |3.87 | 0.408| .1414 | .0280 | .0289 | .0057
4 | 1084 | 13.21 | 1.98 | 4.10 | 3.85 | - | 3.11 | 0.320| .1243 | .0226 | .0323 | .0059
4 | 1084 | 1447 | 1.78| 2.88 | 2.62 | - | 2.06 | 0.230| .1035 | .0170 | .0395 | .0065
4 | 10.84 | 14.96 | 1.73|3.00 | 275] - |213| - | .099 | .0155 | .0353 | .0056
4 | 10,84 | 1650 | 152 | 1.64 | 1.41 | 119 ] 115 | - | .0797 | .o112 | .0564 | .0079
4 | 1951 | 1656 | 392|583 | 557] - | - | - | .1427| .0z87 | .0256 | .0051
4 | 1951 | 17.67 | 3.58 | 4.74 | 4.48 | 4.21{ 3.85 | - | .1249| .0229 | .0279 | .0051
6 | 2170 7391 029] 073|059 | - |o0.66| - | .0794 | .0103 | .1342| .0174
6 | 27| 980 | 0.29] 050 035] - |022| - | .0851| .0059| .1290 | .0168
6 | 2711475 | 031|040 027] - [oa1| - | .0199 | .0028| .o745 | .0105
6 | 650 |10.22 | 0.99] 1.53| 139 1,251 1.18| - | .1244 | .0191| .0897 | .0138
6 | 650|12.77 | 0.89] 0.75 | 0.62| - | 0.53 | 0.095| .0797 | .0109 | .1294 | .0177
6 | 6501|1647 | 096 050 037| - | - | - | .0s80| .0070| .1310| .0192
6 | 10.84] 940 | 2.00] 593579 - | 41| - | .2a54| .0452| .0424| .0078
6 | 10.84 | 1.00 | 1.80] 3.38 324 - | 254 | - | 1792 | .0298| .0553 | .0092
6 | 108 | 13.19 | 1.56] 1.48| 1.3¢| _ | 1.09| 0.183| .1247 | .0180| .0830 | .0134
6 | 1084 | 1649 | 1.43] 0.75( 0.63) 0,51 0.52| - | .0798 | .0105| .1264 | .0167
6 | 1951 | 11.07 | 3.71] 858 | 8.44| - | 5.79| - | 3185 | .0605| .0377] .0072
6 | 951 11.87 | 3.62] 7.26| 7.14 | 7.01| 5.00| - | .2172{ .0514| .0388| .0072
6 | 1951 | 1262 | 3.51| 5.80 | 5.67 | - | 4.14 | 0.620 | .2451 | 0241 | .0433| .0078
6 | 1951 | 13.68 | 3.29| 4.63 | 4.50 | 4.37| 3.31| - | .2085 | .0351| .0453| .0078
6 | 1951|1474 | 3161 3.35 | 322 _ | - | 0.358| .1795 | .0291| .0558 | .0091
6 | 19511767 | - |158|eal _ | - | - | 0| - | .0867| -
6 | 1951|1769 | 282 1.60| 1.47] _ | 16| - | 0.1247 | 0.0180 | 0.0850 | 0.0123

*Conditions for which the sides of the model were wetted.




TABLE 1 (continued)

{

l

T @ Cro @ c m Ly ) d 0

\ I R - -l _r _L . 1 (r hl
deg b b b b b ¢ I‘h “b ¢ Ls ¢ Ds
6 28.19 | 17.76 | 4.55 |3.45 | 3.32 - | 2.52 - 0.1788 | 0.0289 | 0.0539 | 0.0087
6 36.86 | 15.20 7.02 | 8.75 | 8.62 - 1 6.03 | 0.935 .3192 .0608 .0370 .0071
6 36.86 | 17.40 6.51 |6.04 | 5.91 | 5.79 | 4.30 - .2436 .0430 .0412 .0073
6 54.21 |18.37 | 10.15 {95.86 | 8.70 | 8.54 | 5.9¢ - 3214 .0602 .0369 .0069+
9 2.17 7.38 0.37 | 0.45 | 0.38 - - - 0797 .0135 2104 .0358
9 2.17 114,73 0.37 [0.25 | 0.18 - - - .0200 .0034 1118 .0190
9 6.50 |10.21 1.18 | 0.70 | 0.63 - 1 0.57 - 1247 0224 1983 .0357
9 6.50 {12.75 - 10.48 | 0.40 - - 10078 .0801 = 1983 -
9 6.50 |17.01 1.15 - - - 10.35 - .0449 .0079 = -
9 6.50 |17.02 1.34 |0.38 | 0.30 - - - .0449 .0093 1478 1 .0305
9 10.34 9.40 | 2.01 230 {2.23 | 2.15 | 1.74 - .2451 .0456 1102 0205
9 10.84 {10.97 1.95 | 1,30 | 1.23 - 10.87 - .1802 0324 1467 0264
9 10.84 | 13.17 - 0.68 | 0.60 - = 0.118 1250 - 2070 =
9 10.84 | 16.47 | 1.80 [0.45 | 0.38 - | 0.27 - .0800 0133 2105 4 .0350
9 15.18 | 9.82 2.93 13.65 | 3.58 | 3.50 | 2.60 - 3146 .0607 0880 | .0170
9 19.51 9.81 3.91 | 5.85 | 5.48 | 5.40 | 3.82 - .4054 0811 0740 .0148
9 19.51 | 11.06 | 3.77 | 3.80 } 3.75 ! 3.70 ' 2.67 - .3190 0617 0851} .0164
9 19.51 { 12.62 - 2.20 | 2.13 - - 0.338] .2449 - 1150 -
9 19.51 | 14.72 = 1.24 1 1.17 - - | 0.195] .1800 = 1544 =
9 19.51 | 17.68 3.28 | 0.73 | 0.65 - | 0.41 - 1248 .0209 1909 .0320
9 28.18 | 17.65 4,90 | 1.30 | 1.23} 1.16] 0.90 - .1809 .0314 1475 .0256
9 36.86 | 12.12 7.61 | 7.51 | 7.44 | 7.36] 5.10 - 5016 .1036 L6741 0139
9 36.86 | 12.14 = 7.56 | 7.49 - - - l .5003 = 0668 -
9 36.86 | 13.49 - 5.34 1 5.27 - - 0.835' .4051 = 0769 -
9 36.86 | 15.18 - 3.63 | 3.55 - - 0.568| .3200 = .0901 _
9 36.86 | 17.34 6.69 | 2.28 | 2.20 - | 1.69 - .2451 .0445 0112} .0202
9 54.20 | 14.72 — 7.18 1 7.10 - - | 1,143 1 .5001 - 0704 -
9 54,20 | 15.48 | 11.00 | 6.54 | 6.49 | 6.44 | 4.52 - .4526 .0918 0638 .0141
3 54,20 | 16,33 | 10.82 | 5.56 | 5.49 | 5.41| 3.89 - 4064 0811 0741 0148
9 54.20 | 17.33 | 10.54 | 4.65 | 4.58 - | 3.28 - .3608 0701 .0788 .0153
9 54.20 | 18.42 | 10.26 | 3.81] 3.74 | 3.66| 2.73 - .3196 0605 .0855 .0162
9 71.55 | 16.87 | 14.68 | 7.83) 7.45 - | 508 - 5028 .1032 0675 .0138
9 71.55 | 16.93 | 14,75 | 7.51 | 7.44 | 7.36! 5.13 - .4992 1 .1029 .0671 0138
12 217 | 7.27 | 050 | 0.38]| 0.34 - - - .0820  .0188 2437 | .0361
12 217 | 7.39 | 0.50 | 0.38( 0.34 - - = .0793 | .0182 2360 | .0543
12 2.17 | 14.74 0.13| 0.09 - - - .0199 - L2313 -
12 4.34 | 13.87 1.05 | 0.25 | 3.21 = = - 0451 .0108 2135 .0512
12 6.50 | 10.21 1.44 | 0.54 | 0.50 - | 0.41 - 1247 | L0274 2500 | .0274
12 8.67 | 19.63 | 1.82 } 0.25] 0.21 -1 0.19 - 0450 1 .0095 2131 .0447
12 | 10.84 |10.99 2.48 - = - | 0.53 - .1796 .0409 = -
12 | 10.84 | 11.02 2.41 [0.80 | 0.76 - 1 0.51 = 1786 .0396 .2361 0524
12 | 10.84 | 16.50 2.39 |0.40 | 0.36 - - - 0797 0175 .2205 .0485
12 19.51 | 11.07 { 4.45 | 1.93 | 1.89 - 1 1.38 = .3184 0725 .1681 .0383
12 19,51 | 12.62 433 | L.25 | L.21 | 117} 0.89 = 0.2451 | 0.0545 | 0.2030 | 0.0451




TABLE 1 (continued)

¢ W @ I l l l l d
E / Ry _e| m) ki p| ¢ @ @ @
ieg L b b b b b Ly Dy L, L
12 | 19.51 | 12.62 - 1.20 | 1.16 - - | 6.240 | 0.2449 - 0.2109 -
12 | 19.51| 12.62 - 1.20 | 1.16 - ~ | 0.243 | .2449 = 2109 -
12 | 19.51 | 14.72 = 0.75 | 0.71 = - 10.138 | .1800 - .2531 -
12 | 19.51 ) 17.67 | 4.18 | 0.63 | 0.59 - | 0.24 = 1249 1 0.0268 | .2131 | 0.457
12 | 28.18 | 12.62 - 2.30 | 2.26 - - | 0.438 } .3537 = 1564 -
12 | 36.86 ¢ 12.12 | 8.70 | 4.16 | 4.12 - | 2591 - 5016 1183 § .1216 | .0287
12 1 36.86| 12,16 | 8.73 | 4.13 | 4.09 | 4,05 | 2,88 - .4982 | .1181 | .1218 | .0289
12 | 36.86 | 13.47 | 8.44 | 2.95 | 2.1 | 2.88 | 2.10 - 4060 | .0929 | .1394 | .0319
12 | 36.86 | 13.48 | 8.54 | 2.93 | 2.90 | 2.86 | 2.09 - .4054 0940 | .1399 0324
12 | 36.86 | 13.49 = 2.90 | 2.86 = - | 0.555 | .4051 - .1416 =
12 | 36.86 | 15.18 - 1.93 | 1.89 - - 1 0.368 | .3200 - 1697 -
12 | 36.86 | 17.33 | 8.06 | 1.25 | 1.21 - | L10 - 2454 {0537 | .2026 | .0043
12 | 54.20 | 14.72 - 4,19 | 4.15 = - | 0.833 | .5001 - 1205 -
12 | 54,20 | 15.45 | 12.43 | 3.64 | 3.60 | 3.56 | 2.56 - 45441 1042 | L1262 | .0289
12 | 54.20 | 16,38 | 12,31 | 2.98 | 2.94 | 2.91 | 2.1] - L4038 | 0917 | L1373 | .0312
12 | 54.20 | 17.33 1 12.18 | 2.46 | 2.43 }2.39 | 1.74 - .3608 | .0811 ; .1488 | .0334
12 | 54,20 | 18.38 | 11.97 | 2,00 | 1.96 | 1.92 | 1.41 - 3210 0709 | .1639 | .0362
12 | 71.55 | 16.89 | 16.63 | 4.29 | 4.25 | 4.21 - - 5016 1166 | .1181 | .0274
18 0.87 | 9.3¢ | 0.44 | 0.13 i0.12 - {0.62 - 01991 .0099 | .1728 | .0864
18 2.17| 5.80 [ 0.72 | 0.45 | 0.44 | 0.43 - - J245 1 .0411 | .2846 | .0939
18 2.17 7.38) 0.72 | 0.28 | 0.27 - - - 0797 | .0264 | .2952 | .0978
18 2.17 1 14,76 | 0.60 - - - - - 0199 | .0056 | .1421 | .0398
18 6.50 | 10.20 | 2.13 | 0.45 | 0.44 - = - .1249 0408 | .2839 | .0928
18 6.50 | 10.22 { 2.13 | 0.40 | 0.39 - = = 1244 0406 § .3191 | .1042
18 6.50 | 17.01 | 2.21 - = = = - .0450 | .0153 1 .1697 | .0577
18 | 10.84 1 9.41 | 3.51 ; .70 | 0.8% - 10.48 - 2449 | 0793 | .3549 1149
18 | 10.84 | 11.03 | 3.47 | 0.51 | 0.50 - 10.38 - 17821 L0570 | .3547 § (1135
18 | 19.51 | 8.84 | 6.30 | 1.91 | 1.91 | 1.90 | 1.34 - L4997 1 L1616 | .2622 | .0848
18 | 1951 9.83 | 6.22 | 1.37 | 1.35 | 1.33 | 0.96 = 4037 1287 | .2987 | .0953
18 | 19.51 | 10.47 | 6.15 | 1.11 | 1.10 | 1.09 | 0.81 - .3558 1123 } .3228 | .1019
18 | 19.51 | 11.05 | 6.08 | 0.91 | 0.90 | 0.89 | 0.64 - .3196 0994 | .3541 1102
18 | 19.51 | 12.65 | 6.15 | 0.65 | 0.64 | - - a 2433 | L0770 | .3811 | .1203
18 | 19.51 ] 14,72 | 6.14 | 0.46 | 0.45 - 10.29 | 0.108 | 1800 0566 | .3979 | .1251
18 | 19.51 | 17.64 - 0.38 | 0.37 - - - 1254 - .3435 =
18 | 28.18 | 17.64 | 8.72 | 0.45 | 0.44 - 10.22 - 1811 0560 | .4093 1266
18 | 30.36 | 12.14 - 1.36 | 1.35 - - = 4120 - .3047 =
18 | 36.86 | 12.17 | 11.75 | 1.81 | 1.80 - i 128 = .4978 1587 | .2762 | .0880
18 | 36.86 | 12.91 | 11.66 | 1.51 | 1.50 - | .06 | 0.285 | .4425 1400 | .2945 | .0932
18 | 36.86 | 12.92 | 11.44 | 1.58 | 1.58 | 1.57 | 1.09 | 0.420 | .4418 1372 | .2803 | .0870
18 | 36.86 | 13.55 | 11.56 | 1.30 | 1.29 - 1091 | 0.333 | .4014 1259 | .3112 | .0976
18 | 36.86 | 15.18 | 11.40 | 0.91 | 0.90 - 1 0.64 = - 0990 | .3546 1097
18 | 36.86 | 17.34 | 11.31 | 0.60 | 0.59 - }0.44 | 0.278 | .2451 0752 | .4154 1275
18 | 54,20 | 14.74 | 16.73 | 1.86 | 1.86 | 1.85 | 1.28 | 0.175 ) .4987 | .1540 | ..2687 | .0830
18 | 54.20 | 16.37 | 16.45 | 1.34 | 1.33 | 1.33 | 0.92 - 10.4043 | 0.1228 | 0.3037 | 0.0322
10




TABLE 1 (concluded)

T | ¢ c e | b | tn | Lk | ! d | ¢ c c c

A Vv R —_— — T P — L D L D
deg b b | b b b b b s ©
18 | 54201738 | - |1.08) 107|106 - | - lo3604]| - 03372 -
18 | 54.20 | 18.43 | 16.26 | 0.95 | 0.94 | 0.93 | 0.61 | - 3193 | 0.0958 | 3397 | 0.1019
24 | 087 467 0.421023] 0.2 - o021 - 0796 | .0378 | 3617 .1718
24 | 217 | 420 098 |055] 0.55| - |031] - | .2453| .1104 | 4501| .2025
24 | 217 | 492 | 099 [043] 042 | -]o022| - 1790 | L0824 | 4263 | .1961
20 | 217 589 | - |033]032| - -] - | 209 - 3904 | -
24 | 217 740 | 096023} 022 - o013 | - | .0791| .0348 | .3597| .1582
24 {10.84 | 11.00 | 4.56 |0.35] 0.35 | - | 027 | - 1792 | .0753 | .5195| .2182
24 11951 | 8.87 | 8.45|1.25| 1.24 | 1.24 | 0.84 | - | .4963 | .2150 | .4002| .1734
24 1951 | 9.82 | 8.32 |0.96 0.95] 0.95| 0.62 | - 4045 | L1726 | .4252| .1814
24 11951 | 10.42 | 8.29 | 0.79{ 0.79 | 0.78 | 0.51 | - 3594 | .1525 | .4578 .1943
24 | 1951 | 11.06 | 8.16 | 0.65| 0.65 | - | 0.43 | 0.135 | .3190 | .1333 | .4946| .2067
24 | 19.51 | 11.08 | 8.24 ' 0.70] 0.70 | 0.69 | 0.45 | — | .3178 | .1342 | .4573| .1931
24 | 1951 | 12.61 | 8.09 | 0.46| 0.45 | - | 0.3¢ [ 0.090 | .2455 | .1018 | .5456 | .2261
24 119,51 | 12.83 | 8.16 | 0.46 | 0.46 | 0.45 | 0.27 | - 2369 | .0990 | .5178 | .2163
24 |19.51 | 14.75 | 8.09 | 033 | 0.32 | — | 0.07] - 1793 | 0743 | 5602 | .2322
24 | 1951 | 17.66 | 8.03 |0.33] 082 - |0.28| - 1251 0514 ] .3909| .1607
20 13686 [ 12.12 | 15.62 | 124 | 1.23| - | 0.83 | 0.355 | 5016 | .2125 | .4070| .1724
20 | 36.86 | 12.93 | 15.61 | 1.04 | 1.03 | 1.03 | 0.71 | - 4411 | .1868 | .4277| .1811
24 |36.86 | 13.51 | 15.40 | 0.90 | 0.90 | - | 0.60 | 0.263 | .4082| .1688 | .4516| .1886
24 | 36.86 | 12.45 | 15.37 | 0.75 | 0.74 | 0.73 | 0.51 | - 3531 L1472 | 4711|1990
24 |36.86 | 14.45 | 15.31 1075 0.75 | - | - 0.218| .3528| .1465| .4736| .1967
24 |36.86 | 15.15 | 15.39 | 0.70 | 0.70 | 0.69 | 0.44 | - 3213 | 1342 | 4615 | 1928
24 | 36.86 | 15.18 | 15.27 | 0.65 | 0.65 | - | 0.40 | 0.200 | .3201| .1325 | .4962 | .2055
20 15420 | 1470 | - | 126 L2e| L25| - | - 5015 | - | 3996 | -
20 154.20 | 14.71 | 22.55 | 1.24 | 124 | 1.24| 0.83 | - 5008 | .2083 | .4043 | .1g82
20 5420 1638 | - 1097) 09| 09| - | - 40381 — ! .4190 -
20 | sa.20 | 18.40 | 2211 | 070 0.69 | 0.69 | 0.411 - 3201 | .1306 | .4631 | .1890
30 | 2171 420 127050/ 0.50 | 0.49| 0.39 | - 2453 | .1447 | .4968 | .2931
30 | 207 | 489 121033 033(033 - | - 1813 | .1015 | .5578 | .3124
30 | 217 5891 1181023023 - | - | - 1249 | 0675 | 5679 | .3067
30 | 10.84 | 1103 | 587 [030( 030 -} 0.15] - 1782 | 0966 | .6042 | .3275
30 !1952| 883 - |1.04] 103|103 - | - 5008 | - | .4852 -
30 [ 1951 | 980 - [075{075| - 050 - 4062 | - | 5452 -
30 19.51 | 11,06 | 10.49 | 0.58 | 0.57 - 0.39 - .3193 A717 1 .5602 .3013
30 | 19.51 | 12.63 | 10.28 | .40 | 0.40 | - | 0.24 | - 2445 | 0.1288 | .6190 | 0.3260
30 | 3686|1215 | - | L0a| 1.o3| 103! - | - | 0.4991 - 10.4840 -

11
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Figure 1 - Cross Section and Sketch of Model
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