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TRANSONIC AERODYNAMIC LOADING CHARACTERISTICS OF A

WING-BODY-TAIL COMBINATION HAVING A 52.5 ° SWEPTBACK WING

OF ASPECT RATIO 3 WITH CONICAL WING CAMBER AND

BODY INDENTATION FOR A DESIGN MACH _ OF

By Marlowe D., Cassetti, Richard J. Re,

and William B. Igoe

SUMMARY

An investigation has been made of the effects of conical wing camber

and body indentation according to the supersonic area rule on the aero-

dynamic wing loading characteristics of a wing-body-tail configuration

at transonic speeds. The wing aspect ratio was 3, taper ratio was O.1,

and quarter-chord-line sweepback was 52.5 ° with 3-percent-thick airfoil

sections. The tests were conducted in the Langley 16-foot transonic

tunnel at Mach numbers from 0.80 to 1.05 and at angles of attack from

0° to 14 °, with Reynolds numbers based on mean aerodynamic chord varying

from 7 X lO6 to 8 x lO 6.

Conical camber delayed wing-tip stall and reduced the severity of

the accompanying longitudinal instability but did not appreciably affect

the spanwise load distribution at angles of attack below tip stall.

Body indentation reduced the transonic chordwise center-of-pressure

travel from about 8 percent to 5 percent of the mean aerodynamic chord.

INTRODUCTION

An investigation of the transonic aerodynamic characteristics of

an airplane model having a 52.5 ° sweptback wing of aspect ratio 3

(reported in ref. l) showed that the use of conical camber improved

maximum llft-drag ratios attainable in the transonic region. It was

inferred from force data that this gain in performance resulted from

the improved wing lift distribution associated with the use of conical

camber. Because of the scarcity of loads distribution data on conically

cambered sweptback wings, the wing pressure loads on the wings of the

model tested in reference 1 were also measured and are reported herein.



Similar loading investigations have previously been performed on coni-
cally cambereddelta planform wings (for exaaple, refs. 2 and 3).

A pressure instrumented model, the sameas that used in the force
tests of reference l, was used in this investigation. The wing was
camberedfor a design Machnumberof _-according to the design charts
of reference 4, and the body was indented according to the supersonic
area rule of reference 9. For purposes of comparison, tests with a
plane wing (no camber) and a nonlndented body were also conducted.
The models were tested in the Langley 16-foot transonic tunnel at Mach
numbersfrom 0.80 to 1.0_ and at angles of attack from 0° to 14°. Wing
section pressures distributions were obtained for six spanwlse stations
on all configurations tested.

SYMBOLS

A

Aij

b

Bij

c

C'

Cm

Cm

Cn

CN

Cp

body cross-sectional area

twist at Ith spanwlse station due t_ load at Jth station

wing span

twist at Ith spanwlse station due t) moment at jth station

local chord measured streamwlse in x,y plane

mean aerodynamic chord

average wing chord, S_

wing section pltching-moment coefficient about local quarter-

chord point

wing pitching-moment coefficient about 0.2_c'

wing section normal-force coefflcie_it

wing normal-force coefficient,

pressure coefficient, Z_p
q

body length

 . ng-body
Jlmcture



3
w

L

1

5
6
4

M

q

S

X'

X

Y

Ycp

free-stream Mach number

local static pressure minus free-stream static pressure

free-stream dynamic pressure

total wing area

axial coordinate measured with respect to body nose

local axial coordinate measured with respect to wing section

leading edge

wing chordwise center-of-pressure position, fraction of wing

mean aerodynamic chord measured from leading edge of c'

spanwise coordinate measured with respect to plane of symmetry

wing spanwise center-of-pressure position, fraction of wing

semi span

coordinate normal to x and y, measured with respect to

body center line

angle of attack of body center line

MODELS AND APPARATUS

Models

A photograph of the model with the plane wing, indented body, and

horizontal and vertical tails is shown in figure l(a). A sketch of the

same configuration giving geometrical details is shown in figure l(b).

A tabulation of the model geometric characteristics is presented in

table I.

Wings.- Both a plane and a conically cambered wing were tested,

each having the same thickness distribution. The plane wing had NACA

6_A003 airfoil sections axially. The cambered-wing ordinates were

calculated by the method of reference 4 for a design Mach number of

at a lift coefficient of 0.2, and are shown as mean camber lines in

figure 2. The camber method of reference 4 gave camber only over the

outboard 20 percent of each local semlspan so that the inboard 80 percent
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of each local semispan of the wing was identical to the plane wing.

The wings were of steel construction with stE_tic pressure orifices

located at six spanwise stations (16, 32, 48, 64, 80, and 95 percent

of the semispan). A listing of the chordwise orifice locations is

presented in table II.

Bodies.- Table III presents the ordinates of the indented and

nonindented bodies. Both were bodies of revclution for the forward

75 percent of the body length and had elliptical cross sections over

the rearward 25 percent (to accommodate the model sting support).

The indented body had a cross-sectional area distribution calcu-

lated for M = _ indentation according to the supersonic area rule

of reference 5. The body was indented for only 80 percent of the area

calculated for the presence of the horizontal and vertical tails.

Cross-sectional area distributions for the two configurations are

presented in figure 3-

Tails.- The geometric characteristics of the vertical and hori-

zontal tails are listed in table I. It shou]d be noted that the

horizontal tail used on the indented body was different from that

used on the nonindented body.

Apparatus

The tests were made in the Langley 16-feot transonic tunnel. A

complete description of the wind tunnel and its airflow characteristics

is contained in reference 6. The model was _ting-supported as shown

in figures l(a) and l(b). The sting-support system pivoted in a manner

such that the model was kept on or near the tunnel center line through-

out the angle-of-attack range.

The wing static pressures were recorded on multiple-tube mercury-

manometer boards. A pendulum-type straln-gage inclinometer was located

inside the model to determine the angle of attack.

TESTS

Three principal model configurations were tested. These were the

cambered wing with the indented body, the plebe wing with the indented

body, and the cambered wing with the nonlnder_ed body. For most of the

tests 3 both the vertical and horizontal tail_ were attached to the model

and set at zero deflection. For some configurations and test Mach num-

bers, data at high angles of attack were obtalnedwlth the horizontal-
tall incidence at -4° and -8°.
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Boundary-layer transition was fixed on all configurations by means

of a O.l-inch-wide strip of distributed roughness particles of No. 220

carborundum grains. On the wings and tails, the strips were located

on the upper and lower surfaces at the 2.5-percent-chord line. On the

body, a strip around the nose was located at 2.5 percent of the body

length.

Tests were conducted at Mach numbers from 0.80 to 1.05 and at

angles of attack from 0° to 14 ° except when restricted by allowable

model support loads. The Reynolds numbers based on mean aerodynamic

chord varied from 7 x 106 to 8 x 106 .

CORRECTIONS AND ACCURACY

Reference 7 indicates that tunnel-wall interference in the Langley

16-foot transonic tunnel is negligible for the size of model which was

tested and therefore no such correction has been made. No correction

has been made for model aeroelasticlty; however, the wing was statically

loaded and the measured influence coefficients are presented in figure 4.

These coefficients were obtained by the method described in reference 8.

No difference in wing pressure distributions could be detected in

tests with differing tail incidences. Therefore, the wing pressure data

contained within this report are presented as independent of the tail

settings actually used during the tests. In addition, a comparison of

wing pressures measured with the tails on and off showed negligible
differences. It is therefore considered that the effects on the data

of the use of horizontal tails of different size can be ignored.

The accuracy of the data has been estimated as follows:

Cp .............................. !O. 005
M .............................. -+0.01

_, deg ............................ !O. 2

PRESENTATION OF RESULTS

The results of this investigation are presented in the following

figures:
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Figure

Chordwlse pressure distributions for the plane wing in combina-

tion with the indented body .................. 5

Chordwise pressure distributions for the cambered wing in com-

bination with the indented body ................ 6

Chordwise pressure distributions for the cambered wing in com-

bination with the nonindented body .............. 7

Spanwise load distributions for the plane wing in combination

with the indented body .................... 8

Spanwise load distributions for the cambered wing in combination

with the indented body .................... 9

Spanwise load distribution for the cambered wing in combination

with the nonindented body .................. l0

Variation of angle of attack with wing normal-force coefficient
for various Mach numbers ................... ll

Variation of wing pitching-moment coefficient with wing normal-
force coefficient for various Mach numbers .......... 12

Variation of wing chordwise center-of-pressure location with

wing normal-force coefficient for various Mach numbers . 13

Variation of spanwise center-of-pressure location with wing

normal-force coefficient for various Mach numbers ....... 14

Variation of wing chordwise and spanwise center of pressure with

Mach number for constant wing normal-force coefficient .... 15

DISCUSSION OF RESULTS

Effect of Camber on Local Separation

The effect of camber on local wing flow separation can be seen in

a comparison of the chordwise pressure distributions for the plane and

cambered wings when tested with the indented body (figs. 5 and 6). Up

to an angle of attack of i0 °, camber delayed wing-tip stall and spanwise

stall progression. In general, beyond i0 °, _here separation is more

fully developed, the distributions are quite similar for both wings.

The beneficial effects due to camber are apparent in the region

of M = 0.80 to 0.90 as a reduction in the severity of the break in the

wing normal-force coefficient with angle of _ttack (figs. ll(a) and (b))

and as a reduction in the severity of longitudinal instability as

illustrated by the variation in wing pitching-moment coefficient with

wing normal-force coefficient (figs. 12(a) and (b)).
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Effect of Camber on Spanwise Loading

At O ° angle of attack the spanwise load distributions for the

cambered wing in combination with the indented body (fig. 9) indicate

that the basic loading due to camber is rather small. Thus at angles

of attack of 2° and 4° , it is not surprising that the general shape

of the spanwise loadings for the cambered wing is similar to that of

the plane wing (fig. 8). At an angle of attack of 6° , the cambered

wing had a more elliptic spanwise loading than the plane wing because

the cambered wing maintained a higher loading over the tip station.

Above an angle of attack of 6° , the shape of the spanwise loading is

quite distorted due to local flow separation.

The apparent similarity of the loading characteristics for both

the plane and cambered wings is illustrated by the similar location

of the spanwise center of pressure and its variation with Mach number

at constant normal-force coefficient (fig. 15).

Effect of Body Indentation on Chordwise

Center-of-Pressure Travel

In the Mach number range of 0.90 to 0.98, the rearward chordwise

center-of-pressure travel for the nonindented-body configuration was

about 8 percent c' and for the indented-body configurations was

about 5 percent c' (fig. 15). This beneficial effect of body indenta-

tion is due to higher negative pressure peaks near the wing leading

edge and better chordwise pressure recovery at the 32- and 48-percent-

semispan stations for the indented body configurations. These pressure

differences are difficult to see in the pressure distributions of fig-

ures 5, 6, and 7 because of the small plotting scale. However, the

effects of these differences are more evident in Cm as can be seen

in table IV. At M = 0.98 for these wing stations, the local chord-

wise center of pressure (defined as (0.25 - Cm/Cn) ) is 3 to 4 percent

farther forward for the cambered wing in combination with the indented

body than for the cambered wing in combination with the nonindented

body.

CONCLUSIONS

An investigation of the aerodynamic loading characteristics of a

52.5 o sweptback wing of aspect ratio 3, tested with indented and non-

indented bodies, has led to the following conclusions:



1. Conical camber delayed wlng-tip stall and reduced the severity
of longitudinal instability.

2. Conical camber did not appreciably cnmngethe spanwise loading
at angles of attack below tip stall of the plane wing.

3. Body indentation reduced the transonic chordwise center-of-
pressure travel from about 8 percent to 5 percent of the meanaero-
dynamic chord.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Air Force Base, Va., August lO, 1961.
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TABLEI

MODELGEOMETRICALCHARACTERISTICS

Wing:

Airfoil section, plane wing ............... NACA 65A003

Aspect ratio ........................ 3.0

Taper ratio ......................... 0.i

Area, sq in ......................... 1,176.0

Vertical tail:

Airfoil section ..................... NACA 65A003
Taper ratio ......................... 0.2

Area, sq in ......................... 293.9

Horizontal tail for indented body:

Airfoil section ..................... NACA 65A003

Aspect ratio . . ...................... 3.0

Taper ratio ........ . ................ 0.2

Area, sq in ......................... 293.9

Sweep of quarter-chord line, deg .............. 45

Span, in ........................... 29.70

Mean aerodynamic chord, in .................. 11.37

Root chord, in ........................ 16.50

Horizontal tail for nonindented body:
Airfoil section:

Root ......................... NACA 64A006

Tip .......................... NACA 64A003

Aspect ratio ........................ 3.0

Taper ratio ......................... 0.2

Sweep of quarter-chord line, deg .............. 45

Area, sq in ......................... 236.1

Span, in .......................... 26.61

Mean aerodynamic chord, in .................. 10.18

Root chord, in ....................... 14.78
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TABLE III

BODY ORDINATES

_ll dimensions are in inche_

Body station,
X

Indented body

y z

Nonindented body

y z

Circular cross

o

.50

.75
I.OO

2.00

4.00

6.OO

8.OO

10.00

14.00
18.00

22.O0
26.O0

3o.oo

35.oo
4o.oo

45.oo
50.oo
55. oo
6O.00

65.00

7O.OO
75. oo

o
.24

•32

•39
.66

1.09
1.46

1.78

2.07

2.59

3.O3
3.40

3.73
4.00

4.28

4.45
4.46

4.36

4.27
4.24

4.30
4.21
4.08

Elliptical cross

sectioa

section

o

.24

•32

•39
.66

1.o9
1.46

1.78

2.07

2.59
3.03
3.40

3.73
4.00
4.28

4.51
4.64

4.73

4.76

4.74

4.65

4.50
4.29

80.00

84.oo

88. oo

92. oo

96.O0
100.00

3.85
3.49
2.98
2.59
2.21

1.88

3.90
3.68

3.38

3.12

2.99
2.81

3-99
3.60
3.25
2.86
2.48
2.12

4.04

3.82

3.65

3.45

5.25

3.05
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a,

dog

c n

Y =

b_ 0.16

Cm c n

0.80 0 -,O0%6 .0C09 -.0!17

4 .1827 -.0208 .2191

• 28t4 -.931 _ .335a• 3935 -.¢471 ._962

I0 .4989 -.2527 .6_73

12 .6?15 -.t533 .7792

14 .7,2¢6 -.¢5_6 .9233

= 0.32

Cm

TABLE IV

WING SECTION CO_I_ICI_S

(a) Indented body and plaae wing

c n

b/2y_ = O.h8 & = 0.(94 b/2_ = 0.80 b/2Y-'_'--=0.95

cm c n Cm c n Cm c n cm

.oo_ -.ol..... _o3 -._i_.... o_ -.o_.... :o_ ._ ::_
-.0060 .2_30 -.00_7 ._15_ -.01©9 ,2_i .0117 .276i -._J:

-.0_55 ,_31 _ -.P165 ,_223 -.1_9 ._905 -.0e27 .i067 -,0129

-.0272 .7 _ -.0_00 .9590 -._06_ .466_ -.07p0 .1442 -.C_o9

-.0?86 .9062 -.1074 .79!0 -.]328 ._7_3 -.0791 .le_l -.0_0

-.03_6 l.C2_! -.17!8 .7929 -._389 .4988 -.0776 .2_38 -.CZar!

13

0.85
-.0017 ,C2?8 -.0C86 .0219
.0854 -.01C4 .IOC2 -.OC&C

6 .29]3 -.02_4 .35,_ -.00_

8 .4917 -.¢492 .4992 -.01!4

i0 .5120 -.0613 .6_76 -.0165

12 .5953 -°0566 .7620 -.0112

i_ .6970 -.0652 .911B -.0412

-.CllO .0029 -.0131 .0002 -.$236 -.0024 -.0 ..... 30J5

.1 _cv_ -,003_ .1282 -,0024 .i_67 -.$057 .±b?J -.c,8_J

• 245_ -.Of05 .3150 -.Oleo .2_81 .ClZ2 .Zoo9 -.05c0

• 3698 -.0062 .5127 -.C597 .z+962 -°0802 .227_ -*01_3

• 5,56 -.0216 .n20l -.i_7 .5£27 -.09_2 ._lb _ -.2ig_

°7475 -.0577 _.0338 -.22e-9 .'+e65 -.0747 .15i5 -.C_i_

.9117 -.]IGf .7_37 -.13_.5 ._ -.075 a, .ibgC -.CJ_

• ¢g28 .]672 .7_26 -.1397 .Jill -.08&6 .Z0_'o -.0_

0.90

0.92

-.o_0 v .©011 -.9092 .0026v

2 .O893 -.CI18 .1013 -.02_2

4 .1906 -.2265 .2_9 -.011_

0 .302_ -.2_27 .36_9 -.015_

S .4125 -.?598 .5132 -.0229

10 .5299 -.0775 ,6652 -.03_i

12 .6121 -,_71_ .7649 -.9226

14 ,682_ -.C8_2 .8994 -.04&_

C .00'20 ._016 -,C077 .0023

2 .C921 -.0121 ,IC63 -.0070

4 .191S -._290 .2418 -.0144

• _69 -.¢483 .3731 -.922O

10 .53_6 -.0847 .6711 -.0442

12 ,6476 -.I_5 .8_3_ -.0624

-.2127 .??]2 -.?14] .C_]3 -.COOl - .___"_3 -.C.oo -.2_JO

._:9_ o?_ .13_ .e:> _3 .o:_9 .z,_ -.oc_
.2557 -.0125 .3299 -.C162 .2_.0 .01Ci ._o92 -.06C0

• 3853 -.0177 .5272 -.2622 ,5425 -.09_6 .16_2 -.0151

• 5622 -.0_44 ._129 -.£aSJ .5308 -.0965 ._21 -.Cij5

.752_ -.07¢7 [.C[62 -.73$' ._34? -.0882 .IDG7 -.OJu_

.879? -._960 .767i .-.1267 .&_60 -.3985 .i6b[ -.0J52

1.CO96 -.1729 .7695 -.14;_2 .5£24 215C ._i_ -.0_._7

-.0372 .O?C? -.0107 ,0_12 -.0216 -,oo2e -.0i75 -.OOiO

• ll2& -.0C6_ .1377 -.COal .15_4 -.7067 .14_5 -.001_

• 2610 -.OiSC .3054 -o0154 o2127 .0138 .2903 -.06.2

.3918 -.0_56 .5373 -,0669 .5_!_ -.1012 .1719 --0_

• 7590 -.08_3 ].0549 -.2322 .5754 -.0945 .1405 -.0_75

.9738 -.1416 1.1508 -.2576 .5267 -.CgO$ ._128 -.Ob*_

o.91_
0 -.0016

.2_C0

6 .3120

8 .4298

I0 .5314

_2 °6429

.0C18 -,0083 .002[ -.0103 .0010 -.0153 .C913 L'9251 L.C027 -.3[_] -.OOJ6

-.0158 .I081 -.0101 .1!77 -.0103 .i"69 -.OCS_ .i_CC -.C024 ._59_ -.OD_*

-,_345 .2487 -.019_ .2707 -*_208 ._IiI -.C194 ._263 .0118 ,2_99 -.0666

-.0516 .3804 -.027_ .49C_ -.3228 .5425 -.0723 .5_7 -.093_ .i780 -.CiS_

-.0697 ,5259 -.9357 .582_ -._52_ .7978 -.14CO .5B13 -.1505 .i613 -.012_

-.0886 .6664 -.0519 .7617 -.0928 1.0365 -.2279 .6386 -.I066 .16C_ -.C_

-.I064 .8129 -.0679 .9565 -.1462 1.12_0 -.2497 ,5584 -.0923 .2040 -.2_

0.98 0 -.0009 .COOl -.0076 .©325 -.C099 .0030 -.OilO .0023 -.0312 -.COTO .0313 -.00C3

• 0883 -.012_ .1020 -.0069 .1132 -.0097 .1430 -,C138 .1662 -,0229 .2213 .C 0 5_

4 .189_ -.0285 .2368 -.0161 .2551 -*0198 .3092 -.0317 .3630 -.Of_t .4032 -.0856

.3008 -._507 .3685 -.0288 .3966 -.ClOO& .5&69 --.0791 .5603 -.0988 .2062 ---Old=
• 4116 -.0712 .5068 -.0397 .5753 -.0599 .7646 -.1399 .5493 -.1264 .1985 -.0318

l_ .51_2 -.¢885 .6411 -.0531 .7343 -.0946 .9727 -._126 .7i37 -.i&23 .2167 -.9410

12 .6233 -*!054 .7860 -.0709 .9206 -.1516 ].0880 -.246C .7375 -.1375 .2i98 -.$5Z7

i. O0 0 -.00C8 -.COC2 -.0069 *0015 -.0070 .0008 -.0109 .0018 -.0287 -.0058 -.0293 -.C006

2 .0009 -._131 .1038 -.0055 .1122 -.0054 .1419 -.0096 .1660 -.COiO .1690 .0095

4 .1937 -.$299 .2402 -.0152 .2551 -.0157 .3230 -.0328 .363_ -.C370 ._525 -.0696

6 .2962 -.0489 .3625 -.0261 .3891 -.028© .5363 -.0777 .5485 -.059& .2260 -°0407

8 .3926 -._628 .4906 -.0374 .5609 -.0583 .7423 -.1366 .6368 -.1252 .Zz_7 -.0420

lO .4756 -.0718 .6261 -.0528 .7180 -.09_4 .9340 -.20_9 .7385 -.1429 .2_6_ -.05_C

I.o$
.0011 -.0006 -.0075 .0013 -.0097 .0316 -.0116 .C018 -.0316
• 0944 -.C]8_ ._067 -.0127 .1146 -.0124 .I_49 -.CI_3 .1600

4 .1903 -.¢360 .2318 -.0263 .2516 -.028_ .3188 -.C348 .3709

• 2902 -*¢5!5 .3641 -.0360 .3996 -.0398 .5_60 -*C738 .552_
°3970 -.0725 .4807 -.0464 .5515 -.0698 .7C44 -.1_28 .6423

IC *4895 -.C871 .6162 _._619 .7100 -.IC20 ,8783 -,1805 .T182

-.0071 -.0_i7 .0077

-.0248 .1299 -.0092

-.0460 .3i23 -.05_9

-.i056 .2610 -.0546

-.1296 .2696 -.0595

<.1438 .2906 -.0_4_
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a, I

M dl_

O.dc

TABLE _V,- Continued

(b) Incl_nted bod_v _d dlabered w#_ng

6

8

iC .4BOY -.7530 .5829 -.0147 .&70_

]2 .5771 -.056& .7295 -.00_9 .8379

l& .6787 -.2628 .8827 -.Q_T5 ._I

i

_n I ell Cn vm Cn em Cn _ Cn cm Cn cm

I

I
-o0128 ! .00i5 -.211] .:202_ -._257 -.0_2_ -*0266 -.20V_ -*C_3 -.020_ -.I797 -.32L9

• 16_2 -.0201 .1896 -.0112 .2_86 -.C[22 °2575 -.2i7t ._9_ -*D2l[ .?.77 -.017

•2650 -.23_3 .303$ -*_17_ .2251 -.C16_ .39_2 -.3£92 .3_8 -.@260 .:dL? -.0:.:

-.8_87 ,@382 -,ib67 ,_7@1 -.079_ ,_;1_ -.S, 14_

} ,£829 -.Cli'2 .Z8_ -,C064 .CS33 -,2C_2 .120i -.9iu_ .fOod -,02"h ]_ -.C,(ig

& .1766 -.C23_ .L954 -.O;3r .2!22 -.2_31 ._671 -.?17_ ._3' -°0_47 .._ -.2_r

I0 .4925 -.76[4 .5_Z5 -.22_? .690q -._6!L .8402 -.]_i.
t"5;' ._e7 -,,3_5 .195q -.0_6.

1& .8777 -.C658 .8577 -.Oa]9 .9_57 -.175q .7425 _u .507 -.O_2t .:':! -.::_L:

".1797 -.726_ .L_4 -.0;_ .f_g3 -.2_c5 .kTeS -..223 .2e5: -.02_1 ._.;¢

6 .279_ -.[_14 .3220 -.CZ3_ .25_ -.3211 ._e- -. l_[ .._b. -.0[_5 ._-_5 -.Cl.c

_ .576_ *¢7_3 .67q5 -.03_ .72_4 -.£782 ._:LD -° >15 .52bi -.0>13 *Ib53 -.C._9

,e_e -.7_ ._, -._>_ ._{,_ -.c:o,, ._,,, ::_,, ._2_ .c,_,:,
6 .2871 -o_79 .32_ -.2295 .3672 -.C266 *_]%0 -. 22_ .a. 5:2 -.0i!5 *5_5 -.CCkC:

1O ,5152 -.'283_ ,6_33 -.0488 ,7217 ._8_7 °U,6_ -, 25; ,55C0 -,0959 ,166b -.01"5

12 o6_1" -.]01] ,76]I -,0672 ,9163 _.1_01 _.tZq? C:4b °ST[a -,39'1, ,_4_,* -,C'_

,£
,-4
!

-.n199 ._7Z:b -.UICI_C

--._32 ._C ¸ --.C_7_

-.t22_ ._0_ -.0_£_

).98

1.05 _ -,_c08 -,0003 -,0082 .0016 -.0202 -,0030 -,0158 -,c298 -,0771 -.0256 -,2538 -,02_7
z °0888 -.Q183 .OeO6 -.01_8 .2999 -.0173 .1335 -.C?_6 .120, -._75 -.0177 -.08_8

, .182_ -.0356 .203| -.0777 .2263 -.030_ .2897 -.C{92 .3!53 -.0698 .1916 -.0879

6 .2719 -.0&96 .)13_ -*0401 .3576 -.0.17 ._a53 -.C.76 .5103 -.0827 ._271 -.tO20

18_ °?699 -.Ob_8 .,_57 -°_953 .&923 -.0523 .63_ -.C_l .6786 -.lOb3 .55_2 -._l"?
• _801 -°C8_i .5655 -.0817 o6616 -.085_ ._27l -°1)16 .7288 -.i_42 .33_7 -.0724
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rq
I

TABLE IV.- Conelude_

(c) Nonlndented body and csz_ere(l Wimg

• &= o16 bE= &= &=o o
deg

_m cm cn c'm Cn cm cn c-m Cn cm cn cm

0._0 0 -.0177 ,0082 -,0[29 ,0037 -*0266 -,0025 -.0321 -.0089 -,0789 -,0210 -,1850 .0085

2 ,07&2 -,C062 ,08_4 _.0060 ,086a -,0083 ,1111 -.0135 ,1007 -,0262 .0687 -,02_ _

• 1635 -.0189. .1861 i -,0117 .20al -.0116 o25[_ -,0|_8 °2519 -,0237 .2216 -,0177

$ ,2589 -.029_ ,?992 1 -,0182 .3215 -.017| ,3895 -.0171 *_970 -.0296 .381_ -.0527

8 ,5659 -,0418 .a399 -.021_ .&737 -,03Z2 .6106 -.0&97 .5537 -,088& ,2086 -.02_i

I_ .&722 -,0574 ,5730 -.018_ .6565 -,0&78 .8255 -,[_6& °W813 -,0796 .1_58 -.01_5

12 ,5663 -,0578 ,7]5] -,0095 *8192 -.0770 .7567 -,1315 ,a_96 -.0898 .1666 -.0303

it ,672_ -,066& .8579 -,0255 ]*nlO9 -,1660 ,7572 -.1388 ,4977 -,0826 .1778 -.032_

0,_5 0 -.0138 ,0055 -.0112 .003_ -.025_ -.OC8a -.0302 -.008_ -.0786 -.O21a
2 ,0763 -.0070 .0859 -,0067 .0875 -,0091 .11_4 -,0139 .10@2 -,027_

• 1794 -,0198 .1928 -.0136 .2089 -.0127 .259_ -.0173 °2713 -,0289

,2638 -,0322 ,3077 -.O205 ,3338 -.0170 ._012 -,0160 ,_139 -.0285
.3753 -,048_ ,a400 -.0299 %4795 -.0329 .6208 -.0&85 ,6067 -.1029

lO ._9_0 -,0642 .5907 -.0267 ,6852 -,0657 ,8352 -.]a02 ,_926 -.0816

l? ,58&3 -,066& ,7166 -.016&' .810a -,0775 ,7911 -.|339 ,_591 -,1027

14 .6803 -,0738 ,8525 -.0330 1,006_ -,1731 ,7_8 -.l&41 ,5176 -,0872

-.1762 -*OOZl

• O627 -.0_z9

• 2396 -.016_

• _02_ -.0371

• 2010 -.0227

• 1560 -,016_

• 1829 -,0_&

.1774 -,05_9

0.90 0 .0013 .0019 -.0097

2 .0828 -.009_ .0920

,1822 -,02_I .2026

,2825 -,041_ ,3256

8 .397q -,0628 ,_682

i0 ,5196 -,0831 .6133

12 ,_375 -,I053 ,.77_i

.0039 -,0257 -.0022 -,0260 -.0090 -.0787 -,0_03 -,176& ,000&

-,008_ .09_6 -,0101 ,1213 -.01_6 ,1105 -,0271 ,0769 -,02_i

-,0173 .219_ -,0155 .2765 -°0187 °2839 -,0256 ,2604 -.0152

-,0268 .3501 -,0208 ,_397 -,0125 ,@582 -,0_78 ,4627 -,0_85

-.o&&7 .5028 -.o_z2 ,6166 -.0&82 ,7185 -°1230 .2301 -.0293

-,0_69 ,7180 -.085_ ,8228 -.1212 .53_5 -.089_ ,1639 -.0165

-,0841 .9198 -,1365 1.025_ -,1908 ,5432 -.0981 .1509 -,0375

0.9_
-*0C46

.0872

.1880,293&

8 ._082

i0 ,5311

,0037 -,0121 .00_3 -.O282 -,0022 -.0281 -,0088 -,0752 -,02_8 !-.1735 -,00_i

-,0115 ,0939 -,0092 .0975 -,0111 ,1281 -.0152 ,1139 -,0270 .0927 -.0201

-,0201 ,2106 -.0206 ,2273 -,0179 ,2900 -,0192 .2962 -,0236 ,2721 -,0137

-,0_78 °3408 -.0339 ,3711 -,025_ ,_620 -,0153 .4789 -,0035 ,_907 -,038_

-.07_ ,_8_3 -,0558 .5289 -,0563 .8_01 -.0544 .7665 -.}262 .2886 -.0313

-,O_&l ,6251 -,0892 .7358 -,1002 .8250 -,|208 ,5_7 -,096W ,1681 -,0167

• 9_ 0 -.0079 .0051 -,0070
2 .0891 -,0135 .0952

4 .1929 -,0320 ,2131

6 ,2912 -.0520 .3350

,O0_5 -.0286 ,0030 -,O2A7 -.0077 -.09_6

-,0136 ,1021 -*016_ .I_22 -.0279 *I057

-,0301 ,2_37 -.03&8 .3129 -,0&66 .3507

-_0&89 .3821 -.0_7 .&871 -,05&5 ,5780

-.0209 -.1689 -,0012

-,02&7 .1566 -,0287

-,0727 .4079 -.0532

-.0837 ,5576 -,057_

l.O0 0 --,0060 ._060 -,0106 ,0046

2 ,0816 -,0111 ,0915 -,0116

4 ,18_8 -,0288 ,2082 -,0282

6 .28_6 -,080_ ,3270 -,0_37

-.0196 .0007 -,0217 -,0091 -.0791 -,0329 -,21_9 -,01i_

,0993 -,0151 ,1327 -,0266 ,i185 -,0480 .08_8 -,05_5

• 2332 -,0316 ,2999 -.0_9 ,3278 -.07_2 .2358 -*0991

,3766 -,0_57 ,&7g0 -,0561 ,557_ -,088_ ,435_ -,1030

-,0 59 ,0033

_.0_ _ -,00_2 .0052 .0_12 -.0_5
_0829 -,0134

• 1830 -,0327 ,2033 -.0321

-.0190 -,0018 -_0215 -.0099 -.098& -.0224 -.2735 -.0199

•i007 -,0198 ,1308 -,0285 ,1233 -,0578 -,0291 -,0509

,2337 -,0_70 .2930 -,0463 ,_276 -,0847 ,178& -.09_0
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