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SUMMARY 

The results  are  presented of an experimental  investigation conducted 
to determine t h e   s t a t i c  longi tudinal  and lateral-CXrectional aerodynamic 
characterist ics of basic and  modified versions of a  conventional upward 
ejected  pilot-seat combination, a  sled-type upward ejected  pilot-seat 
combination, and a downward ejected  pilot-seat combination. Modifications 

drag  reduction and various  stabilizing  devices.  Test Mach numbers varied 
from 0.6 to 1.4, angles of attack from -Bo t o  &O0, and angles of side- 

1.8 million  based on the  projected  frontal  height of the m c d e l s .  

LL t o  the  basic  models incorporated flow deflectors f o r  pilot   protection and 

. s l i p  from -16O t o  +12O. Reynolds numbers ranged from 0.9 million t o  

Analysis of the  results  indicates  that   longitudinal and directional 
s t a b i l i t y  with  possibly  marginal  dihedral  effect can be achieved  with the  
a id  of stabil izing  devices  at   the trim angles of attack over the Mach 
number range of the  investigation. The resul ts   a lso indicate tha t  flow 
deflectors can be employed to reduce the  drag. 

INTRODUCTION 

The problem of sa fe   p i lo t  escape from a i r c r a f t  i s  made diff icul t   by 
high  operational .speeds.  Conventional pilot-seat combinations a re  sub- 
jected t o  large  decelerations because of t h e i r  high  drag when they  are 
ejected  at   transonic and higher  speeds.  Further, loads would be imposed 
on the  pi lot ' s   extremit ies   as   a  result of the more or less  violent  tmibling 
motions of an  unstabilized  seat and a l s o  on portions of his  body as  a 
resul t  of air b las t .  An investigation has been  conducted in the Ames 
2- by 2-foot  transonic wind tunnel of models of three  basic  pilot-seat 
combinations considered  representative of existing o r  proposed upward and 
downward ejected escape  combinations.  Modifications to the  basic models 

devices. The purpose of this report is to present  the  static  longitudinal 
and lateral-directional aerodynamic characterist ics of the  several  escape 

rl consisted of the  addition of flow deflectors and various  stabilizing 

n 
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combinations investigated.  Test Mach  n-ers varied from 0.6 t o  1.4, 
angles  of attack from -28O t o  &O0, and angles of sidesl ip  from -163 t o  r 
+Eo. Reynolds numbers ranged from 0.9 million t o  1.8 million,  based on "" 

the  projected  frontal  height of the models. 

NGTATIOH 

Data 

A l l  force and moment coefficients  are  referred t o  the stability axis 
eystem. 

CD drag  coefficient 

CL lift coefficient 

C2 rolling-moment coefficient 

C, pitching-moment coefficient 

C, yawing -moment coeffi c i e k  

Cy . side-force  coefficient 

M Mach number 

R Reynolds n M e r  

a angle of attack, deg 

P angle of sideslip, deg 

Model Synibols 

. .  

.. 

. .- 
" - 

- " 
h 

B boom 

D flow deflector 

F fin 

E horizontal surface 

S, conventional upward ejected  pilot-seat- conibination 

s2 sled-type upward ejected  pilo-bseat  conibimtion 

S, downward ejected  pilot-seat combination 

" 

h- - 
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. 

v vertical.  surface 

i incidence  of  horizontal  surface of  model S,, posit ive when t r a i l i n g  
edge i s  d m ,  deg 

6 deflection  of  flow  deflector of model S,, positive when deflector 
i s  above horizontal  reference line, deg 

Subscripts 

a,b designations  identifying shape of  bottom of seat of the S, 
combinations 

APPARATUS AWD MODEIS 

The Ames 2- by  2-foot  transonic wind tunnel is a closed-circuit, 
variable-pressure  tunnel i n  w h i c h  the Mach number can be  varied  continu- 
ously t o  1.4. A complete description of the wind tunnel  and i ts  air-flow 
characteristics i s  provided in  reference 1. 

Three basic  pilot-seat combinations w i t h  and without  various 
modifications were investigated. Drawings.of the  several  arrangements 
are  presented i n  figures 1, 2, and 3, respectively,  for the models 
embodying the conventional upward ejected  pilot-seat combination (S,), 
the  sled-type upward ejected  pilot-seat combination (S2), and the downward 
ejected  pilot-seat conibination (S, ) . For the S, conibinations, two 
variation6 in the shSpe of the bottom of the seat were tested and are 
identified by the  subscript a o r  b (see fig. l ( a )  ). The basic S, or  

combination was modified  by adding a flow deflector D, and hori- 
zontal and vertical  surfaces H, and V,, respect ively  ( f ig .   l (b)) .  
Variations  of  the Slb conibination were produced by changing the angle 
of the f l o w  deflector and the incidence of the horizontal  surface. The 
basic S, coaibination was modified as  shown i n  figures 2(b), 2( c) ,  and 
2(d),  respectively,  by adding booms alone (B,), booms with f ins  swept 
45' (Bgl), and booms with fins swept 75O (Bg2), in  order  to  provide 
s tab i l i ty .  No flow deflector was employed on the S, comb5nations. 
Modifications t o  the S, conibination consisted of the additions o f  a 
f low deflector D2, horizontal  surfaces E2 and %, and vertical  surfaces 

Ib 

v, (figs. 3(b)   ana3(c)) .  

A l l  models were sting  supported in the wind-tunnel test section as 
shown i n  figure 4 fo r  the S,D,V, model. 
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L i f t ,  drag, side  force,  pitching moment,  yawing  moment, and roll ing 
moment were  measured fo r  a l l  modela tested. The ranges of  angles of 
attack and sideslip  varied  for each model investigated; however, the t e s t  
limits were -28" and +40° f9r angle of attack a n d . - l 6 O  and +12O for angie 
of sideslip.  The tes t -  Reynolds  numbers and Mach nurnbers for  the  various 
models are  presented  in  figure 5. A t  some Mach numbers a var ia t ion   in  
Reynolds nmiber occurred  and the upper  and lower limits are  indicated in 
figure 5 .  

All force and moment coefficients were based on the  projected  f rontd 
area6 of the  basic models.and the reference  length  for  the moment coeffi- 
cients was the  project&  frontal heightB- o f h e  basic models. The  model 
dimensions employed are  as  follows: 

Reference area, Reference  length, 
Combination sq. in .   in .  

s, 8.42 4.62 
s.2 6.07 3.46 
s3 8 .go 4.85 

The reference  point for the moment coefficients was the  center of gravity 
of the  basic models as shown in   f igures  1, 2, and 3 for   the S,, S,, 
and S3 combinations, respectively. The drag  coefficient as presented 
i s  the   t o t a l  drag  coefficient  (F.e., no adjustment  has been made 'for the 
difference between the model base  pressure and the free-stream  static 
pressure). A n g l e  of attack was referred t o  the  horizontal  reference &e 
for  each model. (See f igs .  1, 2, and 3.) 

Corrections were applied t o  the angles of attack and sfdesl ip   to  . 

take  into account deflections of the sting support  system  resulting from 
s t a t i c  aerodynamic loads.  Corrections have not been applied  for  wall . 

interference,  drag buoyancy- or air-stream  angularity  as  they  are  believed 
t o  be  negligible  for-the results presented  herein. 

General 

The basic six-component data of the  subject  investigation  are 
presented i n  tabular . .  form for  the several models as follows: 

. " 
" 

.. 
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. Conventional upward 
ejected  pilot   seat  

Combination 

I S l a  

Table 

S laD1HlVl 11 

lb 111 

s lbDl%Vl 

Sled-type upward 
ejected  pilot   seat  

Combination Table 

532 

VI11 S92F2 

VI1 S 2 V l  

VI S S l  

V 

Downward ejected 
pi lot   seat  

Combination Table 

s3 M 

s3D2 X 

SSD2V2 XI 

s,?2%%v2 

The data of tables 11 and N are  divided  into groups of various combina- 
t ions of flow-deflector  deflections and horizontal-surface  incidences. 
In addition,  the  data of tables I11 through X I 1  are  dlvided i n t o  groups 
of constant Mach nuber .  

It i s  t o  be  noted that  values of side-force, yawing-moment, and 
rolling-moment coefficient  include  tabulations for  0’ angle of sidesl ip  
f o r   a l l  models. The tabulation of these  additional  values was necessary 
because of slight asymmetry  of certain moaels with result ing increments 

(e.g.,  see  table 11). 
-. in   the   l a te ra l   force  and moment coefficien$s  evident a t  Oo sideslip  angle 

. 
Conventional Upward Ejected  Pilot -Seat Combinations 

The effects of the a l te ra t ion  t o  the bottom of the seat on the 
longitudinal aerodynamic characterist ics of either  the  basic or modified 
combinations a re  shown in  f igure 6 fo r  0.95 Mach number. It is  seen tha t  
the removal of the wedge portion of the seat  resulted  in a decrease i n  
both drag and l i f t  coefficient  at  the  higher  angles of attack. This i s  
t o  be  expected  since  the removal of the wedge section reduces the  frontal  
area n o m 1  t o   t h e   a i r  stream and thus the model drag and also reduces 
the  angle of a t tack of the bottom surface of the  seat  thereby  reducing 
the l i f t .  No appreciable change in the pitching-moment characterist ics 
( f ig .  6)  o r  the  la teral-direct ional   character is t ics  (compare the data of 
table  I with 111 and table  II with IV) resulted from the  a l terat ion t o  
the seat bottom. 

A n  examination of the  data for the SlbDIE,V1 conibination (table IV) 
indicates that the primary effect  of a change in   e i ther  the flow-deflector 
angle  or the horizontal-surface  incidence angle or both i s  a change in  the 
angle of a t t a&_for  trim. When comparisons a re  made at   tr im  angle of 
at tack,   the   larest  drag  coefficient i s   d i b i t e d  by the combination  having 
a flow-deflector  angle of -320 and an  incidence  angle of -170. Data f o r  
t h i s  combination were selected for comparison with similar  data f o r  the 
basic sib combination i n  figure 7. A t  the  angle of a t tack  for  t r i m ,  

I the modified cornination  has  appreciably  greater  longitudinal  stability 

- 
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and a more positive lift than does the  basic  Slb combination a t t h e  
same angle of attack w i t h ,  however, a small increase  in  drag. Examination ? 
of the lateral-directional  characterist ics a t  2 8 O  angle  of  attack  (near. 
t r i m  angle  of  attack).presented  in figure 7(b) indicates the modified 
combination t o  have substant ia l   d i rect ional   s tabi l i ty  and small adverse 
dihedral  effect. 

. .  

Sled-Type Upward Ejected  Pilot -Seat Combinations 

The effects of adding extensible booms t o  the  sled-type  basic S, 
combination are  shown in   f igure  8. A t  t r i m  angle of attack,  substantlxl 
longi tudinal   s tabi l i ty  and l i f t  with a small increase i n  drag  are  devel- 
oped by the modified  combination a t  t he  three test Mach numbers. The 
directional stabil i ty of"the  basic combination i s  substantially  increased 
by the  addition of the booms although the modified  combination i s  s l igh t ly  
unstable  ae6ideslip  angles  less  than bo at 0.60 Mach number ( f ig .  8(b) ). 
It i s  observed that  posit ive dihedral. effect  is  provided  throughout the - 

hch number range by both  the  basic and mo'dified  conibinations. 

The basic S, conibination was also  tes ted with somewhat shorter 
booms equipped with f ins  (S$,F, and S$g2) .  An examination of the tab- 
u l a r  data  (tables V I I  and VIII) indicates that the boom-fin arrangements 
provided  longitudinal  stability  but wi th  a fa i r ly   large  var ia t ion with 
Mach nuuiber of  the angle of attack for trim. Mrect ional   s tabi l i ty  i s  
also provided; however, adverse  dihedral  effect i s  apparent for both 
finned combinations, pa r t i cu la r ly   fo r the  combination  having a f i n  
sweepback of 45O ( S s g , ) .  

Damward Ejected  PilotSeat Combiimtions " 

a -  

The basic s, combination was modified  by  the  addition, i n  order, 
of the flow deflector -D2, the  vertical  surface V,, and, las t ly ,  the 
horizontal surfaces & and Q. The aerodynamic data for the four com- 
binations  are  presented  in  tables I X  through XIi. An examination of the 
data  contained in   t ab les  IX and X t o  determine the  effect  of the additioq- 
of the flow- deflector t o  the  basic seat conibination indicates that  a t  
angles of attack near-Oo, the flow deflector  provided a substantial 
decrease in  drag for  the  basic  seat. This fs i l lus t ra ted   in   f igure  9 
where the  variations with Mach number of the drag coefficients of the . 

S3 and S,D, conibinations are compared f o r  0' angle of attack. A t  1.40 
Mach number, the drag of the S,D, combination is  seen t o  be  about 
31 percent-  lesa  than  that of the basic S, conibination. 

. 

.. . 

. ?  -" 

" 

.. . 

- 
" . 

A comparison of the aerodynamic characteristics of the  basic S, -L 

combination with those of the modified combination SSD$&V2 2s pre- . 

sented i n  figure 10. It is  noted  that  the modified  configuration  provides 

. -  
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longi tudina l   s tab i l i ty  a t  trim angle of attack at  0.60 and 1.00 Mach 
number but  not at 1.40 Mach nuIllber. In   f ac t ,  a t  1.40 Mach number the 
m d i f i e d  model falls just short  of  providing trim i n  the angle  range 
tested.  Furthermore, the range  of  angles  of  attack  for w h i c h  s t a b i l i t y  
does  occur,  although  out  of trim, i s  small (par t icular ly  a t  0.60 Mach 
number) i n  comparison t o  the previously  discussed  modified S, and S, 
combinations.  Since the S, and S, conibinations are bas ica l ly  similar, 
it seem reasonable to   be l ieve  that a horizontal   surface similar t o  that 
employed on the S, conibination  could  provide  longitudinal  stability  for 
the  S, combination. It is  observed that a t  or  near i t s  t r i m  angle  of 
attack, the S,D&&V, conibination  provided  an  increase i n  lift and a 
small decrease i n  drag compared to   t he   bas i c  S, conibination. The 
decrease i n  drag i s  a t t r ibu ted  t o  the  favorable  effect  of the flow 
deflector.  

A n  examination of the la te ra l -d i rec t iona l   charac te r i s t ics   in  
figure lO(b) indicates the S,D&&V, conibination t o  have some direc- 
t i o n a l   s t a b i l i t y  a t  Oo s ides l ip   angle   bu t   a l so   to  have  adverse dthedral 
e f f ec t   fo r  the three test  Mach numbers. 

Ames Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautics 

Moffett  Field, Calif., May 2, 1958 

1. Spiegel,  Joseph M., and Lawrence; Leslie F.: A Description  of  the 
Ames 2- by 2-Foot Transonic Wind Tunnel and  Preliminary  Evaluation 
of  Wall Interference. M C A  RM A55121, 1956. 
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TABU I.- AERODYNAMIC UTA FOR THE 

-8.2 
-4.2 

3.9 
-.1 

7.9 

11.8 
7.8 

15.9 
19.9 
24.0 
23.9 
28.0 
yza 
36.1. 
40.2 
-8.2 
-4.2 
-.2 
3.9 
7.9 
7.8 

11.8 
15.9 
19.9 
24.0 
23.9 
28.0 
32.0 
36.1 
40.2 
-8.2 
-4.2 
-.l 
3.9 
7.9 
7.9 

11.9 
16 .o 
20.0 
24.1 
24.1 
28.2 
32.2 

40.4 
36.3 
- 

dei3 

0 -0.243 
0 

-.%7 0 
-.a 
-.299 0 
-.a1 0 

0 -.36 
0 -.313 

0 -.x% 0 -.276 

0 -.138 
0 -.143 
0 -.ow 
o -.050 
0 -.01g 
0 . a16 
4.0 -.246 
4.0 - . go  
4.0 - . n o  

P I  CL 

4.0 

-.236 8.0 
-.2= B.0 
.026 3.4 

-.013  3.4 
-.Ob9 3.4 
-.w5 3.4 
-.145 3.4 
-.I40 3.8 
-.199  3.8 
- . 6 9  3.8 
-.297 3.8 
-.S9 3.8 
-.W 4.0 
-.279 

8.0 

.021 5.9 
-.om 5.9 
-.a62 6.9 
-.lo5 5.9 
-.158 5.9 
-.1U 7.8 
-.201 7.8 
-.262 7.7 
“276 7.7 
-.276 7.7 
-.%7 3.0 
-.251 6.0 
-.241 

- 
CD 

1.138 
1.081 
1.048 
1.030 
1.004 
1.009 

,946 
.882 
.841 
.833 
.819 
.829 
.844 
.842 
,859 

1.136 
1.086 
1.049 
1.022 

.991 
1.007 

.941 

.892 

.848 

.839 

.837 

.837 

.843 

.845 

.845 
1 . E 2  
1.072 
1.043 
1.028 
1.004 
1.012 

.947 

.895 

.a64 

.854 

.851 

.8% 

,849 
.855 

.854 

- 

- 

- 
G, 

0.037 
.028 
.025 
.or8 
.005 .Ooo - .001 

-.om - .Ol9 -. 031 
- . a  
-.01-/ 
-.OM 
-.008 -.& 

. O b  

.030 

. o s  

.016 
,002 
.ooo 

-.007 - ,014 - .022 
- .031 
“025 - .018 
- . o s  - -017 -. 013 

- 

.035 
,031 
.OS 
.017 
. 0 5  
.002 - .007 
-.OW - .020 
- . o a  - .022 - .ow - .031 - .016 - .008 - 
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E? 1& COMBINATION, M = 0.95 

C t  

-0.008 
-.002 
“006 - .010 - .011 - .015 - .01g -. 015 - .010 
-.004 - .oog 
-.m5 
-.m5 - .a05 - .004 - .a03 - .001 
-.004 
-.a34 
.coo 
-.001 
-.002 
-.m1 

.005 

.OW 

.004 

.om 

.010 

.012 
,014 
-.a31 
- .003 
-.ooo 

.005 
*OW 
.008 
.010 
.a37 
.013 
.017 
.015 
.01g 

.o% 

.a24 

,026 

cr 
-0.007 

* 037 
.012 
-.001 

.m5 

.005 - .015 . o l l  

.018 

.017 

.024 
,025 
.022 
.021 

- ,051 
-.049 
-.61 
- .057 
-.054 
-.032 -.046 
-.m3 - . l l 4  
-.I25 -. 112 - .092 -.On 
-.a66 
- -073 - .143 - -153 

- -157 

.016 

- .152 

- ,162 -. 130 
-.lu 
-.Gl 
-.2& 
-.258 
-.mp - .224 - .196 
-.1% 
-.m 

c, 

-0.003 - .010 
-.OW 
.002 
.009 

-.002 
.om 
.0a6 . o l l  
.012 
.ooo - .001 
.m 
.@35 
.004 

-.a09 
-.w 
-.Oal - .001 . m 3  - .007 
.OW 
.013 
.m7 
.004 
.m3 

-.002 
- . o n  
-.OW 
-.OW - .015 - .010 
-.m -.a -.ma - .012 - .011 
.001 
,003 
.004 
-.OS 
-.w7 

- .016 - .012 
- .oll  

“ ” 
.. . 

c 
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TABLF: 11. - AERODYNAMIC DATA FOR SlaDIH,Vl COMBINATION, M = 0.95 
L 

-8.3 0 
-4.2 0 
-.2 0 
3.9 0 
7.9 0 
7.8 0 
11.9 0 
16.0 0 
20.1 0 
24.1 0 
24.0 0 
28.1 0 
32.2 0 
36.3 0 
40.3 0 
-8.3 4.0 
-4.2 4.0 
-.2 4.1 
3.8 4.1 
7.9 4.1 
7.8 3.9 

16.0 3.9 
11.9 3.9 

20.1 3.9 
24.1 3.9 
24.0 3.5 
28.1 3.5 

36.3 3.5 
32.2 3.5 

40.4 3.5 
-8.3 8.1 
-4.2 8.1. 
-.2 8.2 
3.8 8.2 
7.9 8.2 
7.9 7.9 
12.0 7.9 
l6.1 7.9 
2Q.1 7.9 
24.2 7.9 
24.2 7.1 
28.3 7.1 
32.4 7.1 
36.5 7.1 
40.5 7.0 

-0.378 -. 387 -.a 
"442 
-.w 
-.3% -.a5 
-.I29 - .028 
057 
.075 - 154 .228 
.282 
.347 

" 7  
- .391 
-.435 
- .439 - .417 -. 387 
-.263 
-.162 
"063 
.025 
.046 
.I27 

.258 

.a3 

.3n -. 376 -.u 
-.a1 

-. 344 -.43 

- .341 
-.a5 
"233 -.E7 
-.OD - -033 .06l 
.I39 
.a2 .w - 

- 
1.254 
1.341 

1.181 
1.101 
.955 
.955 

-758 
.830 

.788 
* 858 
.884 
.909 
930 
.975 

1.3% 
1.019 

1.318 
l.u6 
1.123 
1.017 
1.019 
.g10 
.856 
.874 - 905 
.923 
* 932 
.964 .% 

1.049 
1.380 
1.309 
1.208 
1-13? 
1 .ow 
1.081 .998 

.%o 

.977 
-989 

1.008 
1.004 
1 . 6  
1 . o s  
1.055 - 

0.127 
.lo6 .w5 .ll2 
.141 
-121 
.1x) 

.024 

-.02l - .030 - .032 
"037 
-.OB 
.134 
.ll5 
.log 
.lo3 
-119 
.log 
.lo3 
* 073 .a 
.m9 - .004 - .015 - .030 - -023 
-.026 
.147 . IrT 
.=7 

.lo4 

.lo7 

.086 

.w5 
,075 
.043 
,012 
.013 

-.OIL - .023 - .022 
- .025 

.&7 

- .015 

- 

O.Oo0 
-.001 
.001 

-.003 
.W3 
-.002 
-.d 
-.003 
-.a32 .Ooo 
.001 

-.002 
-.a35 
-.m5 
-.003 
.029 
.030 
.Orl 
,033 
. o s  
.on 
.Ol9 
.015 
.017 
.025 
.022 
.024 

. O B  

.030 

.025 

.042 

.OW 

.043 

.049 

.OW 

.051 

.039 

. O S  

. O S  

.Ob9 

.052 

.053 

.055 

.048 

.043 - 

0.033 
.OS .044 
.058 
.O35 

-059 . c60 
.051 
.OS 
.064 
.054 
.042 
.03S 
.02l 
.028 

- .147 - .130 
- .I95 
-.a33 
-.274 -.m -. 3 4  - - 309 -.m -. 291 
-294 
-.276 
-.a1 -.a3 
-.a9 -. 394 
-.402 
-.4% 
"4% 
-.480 -. 476 
-.546 -.595 
-.6O3 
-.582 
-.5% - .6O4 
"607 
-.595 
-.%1 - 

-0.014 
-.016 
-.Ox) 
-.mg 
.001 
-.007 
"016 - .017 - .014 
-.w - .014 
-.a35 
.001 . oll 
.W7 

-.004 
-.OW 

.010 

.m9 

.022 

.017 

.023 

.048 

.om 

.m 

.w 

.030 
-022 
.om 
.030 
-016 
.015 
.OW .ox) 
.028 
-017 
.038 
.052 
.a51 
.047 
.OB 
.a40 
.032 
.025 - 035 
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L 

.. 
TABU I1 - AERODYNAMIC DATA FOR THE Sl,DIHIVl COMBINATION, M = 0.95 - 

Concluded 

11.8 
15.9 
20.0 
24.1 
24.0 

~ -0.523 
: -.517 
-.505 
-.%1 
-.485 
- .473 -.446 -. 338 
-.2l2 
-.083 - .047 . 018 
.I22 
.248 
-305 

-8.3 
-4.2 
-.2 
3.8 
7.9 
7.8 
11.9 
16 .o 
20.0 
24.1 
24.0 
28 .O 
32.1 
36.2 
40.3 

7.7 
11.8 
15.9 
20.0 
24.1 
24.0 

36.3 

-0.010 
-.013 - .010 
-.K6 
-.008 - .015 
-.018 - .01g -.& 
-.OU 
-.001 

-.cos 
-.004 

.000 

.m5 

-0.362 1.317 0.127 0.008 0.052 
-.345 1.249 .lo5 .011 .067 
-.3% 1.188 .088 .006 . O h  
-.kg 1.155 .092 -.a .019 
-.470 1.109 .OB8 .ooO .Ob0 - .445 

-.367 
-.a55 - ,056 
-.OB 
276 

.358 

.w 

.w 

-. 430 

1 0 0 0 0 0 

-0.446 
-.450 
"5 
-.m 
-.536 
-.508 - -419 
-.as9 
- .I95 
-.x54 
-.136 
-.a63 
.a51 
.165 
.r13 

1.103 .080 
1.050 -060 

.995l . a 1  
-.m11 
-.a33 

- "  -.001 
.897 .&3 .002 

.7% .Os .a03 

.809 .053 .a03 

.8S .GO4 .m1 

.889 -.023 -.001 
,913 -.037 .002 
.565 -.w .005 

1.495 
1.424 
1.307 
1.2ll 
1.080 
1.084 
.943 .865 
.852 
.888 
.m 
.95 
.895 
.917 
.948 

0.166 
.147 
.138 
.157 
.181 

.a3 

.1t7 

.E6 

.079 

.058 

.062 

.052 

. o s  

.017 
-.002 

-0.001 
-.OCA 
-.004 - .002 
-.a32 
-.w -.w 
-.mg -.& 
"004 
-.002 - .003 
-.003 
-.OM 
-.002 

.042 

.040 

.052 

.Ojl 
, . o n  
i .0&9 
.032 
.041 
.048 
-041 

-0.016 
-.OU - * 020 - .Or5 - .012 - .or9 
-.m 
"012 - .012 - . 010 - .014 
-.m5 
-.m 
-.007 
-.om 

.OS0 
-.014 .035 
-.om .046 

-.014 

.041 -.a1 

.w -.a31 

.034 -.Go9 

.036 -.005 

.a36 -.ow .051 

.001 .032 
-.007 .033 

-.OW 

.. . fl- 
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TABIX III . - AEROTIYNAMIC DATA FOR TBE S,b COMBIFiATION 

4 

M = 0.80 

13.9 

0 27.9 
0 23.9 
0 23.9 
0 2l .g  
0 18.9 
0 15.9 
0 

36.0 0 
32.0 0 

40.1 0 
13.9 3.8 
15.9 3.8 
18.9 3.8 
21.9  3.8 
23.9 3.8 
23.9 3.4 
27.9 3.4 
32.0 3.4 
36.0 3.4 

-.O%51 .596 40.1 
7.7 l6.0 

.007 .600 3.4 

6.9 24.1 
'1.8 24.0 
7.8 22.0 

28.1 
40.3 

6.9 
6.9 

- 
13.8 
15.9 
U . 9  
a . 9  
23.9 
23.8 
27.9 
32.0 
36.0 
40.1 
13.8 
15.8 
18.8 
a . 9  
23.9 
23.8 
27.9 
32.0 
36 .O 
40.1 
15.9 
22.0 
24.0 
24.0 
28.1 
40.3 - 

-0.256 
-.m3 

0.810 

.588 "033 

.590 -.a31 

.601 -.153 

.632 - .Z3 

.635 - .21O 

.677 - . 2Z  

.733 - . E 5  

.no 

.OOo -595 
-.238 .795 
-.244 .762 
-.249 .6gO 
-.a .649 
-.ZOO .6U 
-.=7 .639 
-.159 .617 
-.091 .611 

-.289 - .244 
- . a 5  - .245 - .172 
.oc6 

0 

0 
0 

-.282 0 
- . no  0 

-0.319 

-.299 
-.276 

0 -.296 
0 - . u 4  
0 "132 
0 - .on 
0 - .Oh2 
3.8 

"324 3.8 
-.305 

-.a0 3.4 
-.140 3.4 
-.a 3.4 
-.3m 3.4 
"279 3.8 
-.X0 3.8 
"349 3.8 

7.8 -.% 3.4 -.037 

7.8 -.330 
7.8 - . a 4  
6.9 -.32O 
6.9 -.236 
6.9 -.OS 

.m 

.683 
-664 
.ex62 
.632 
.a1 - 

-0.014 
-.023 - -039 - .Ob9 - .Oh9 - .043 
- . o s  - .Oh3 - "7 
- .ou  - .016 
"03 
-.046 
-.OW 
-.053 
-.045 - .043 - .040 
-.w 
-.015 
"033 
- . a 4  
-.ow_ - .034 
-.OB 
-.015 

-0.010 -.& 0.006 
. ou  

-.005 

.020 -.w3 

.M2 -.m 

.023 -.002 

.013 

.ooO .034 

.ooO .OS7 -.ax .030 
-.w .046 
-.W 

.003 
- .lo3 .Oak 
-.m .005 
-.076 .002 
-.68 

-.205 -015 
-.m .ol6 
-.151 .017 
-.051 .013 
-.054 . o n  
- . 6 4  .m 
-.070 .006 -.w3 .005 
- . a 9  

. ou  -.178 

.013 -.w7 
-029 -.157 

M = 0.95 

0.946 -0.013 -0.015 

.854 -.On 

.003 -.Os .782 

.002 -.028 .835 

.ooO -.W .895 
"001 -.ol6 .g25 
-.005 -.a .706 
-.a -.015 .m 
- .006 -.024 .691 
-.d -.024 .6% 
-.m -.025 -739 
-.005 -.031 .747 
-.& -.033 .785 
-.W 

.* -.oll -.w 

.761 

.010 -.015 . P 4  

.007 -.OS .697 

.005 -.OS .6% 

.002 - . op  .744 

.a -.on 

.919 -.022 .017 

.8& -.020 .016 .788 -.027 

.028 .ooo ."O 

.Ol7 -.Mo .736 

.013 -.OV .m .017 

.701 .012 -001. 

- 
0.006 
.010 
.013 .ow 
.005 
-.001 
-.004 - .003 .Ooo - .003 
.001 
.001 
.001 

-.m 
-.m 
.001 
-.001 
-.002 - . O l l  
- . o n  
-.w 
-.Oll 

-.a - .010 
- .on  
-.OS - 

0.005 

.003 .01g 

. o u  .012 
0.009 

.026 .001 

.017 .007 

.017 .OOo 
-028 -.005 
.035 
.034 

-.CC6 
-.002 

.033 

- . a 4  
.001 -.076 
-000 

-.007 -.lo5 
-.a34 -.111 
-.004 -.lo5 
.ooo 

-.a33 .ooo - . O B  -.003 

-.072 -.003 -.& -.ma 
"067 -.Ca 
-.la1 -.OW 
- . u g  -.ox2 
-.225 -.W 
- . a 3  -.007 
-.m -.005 
"191 - .ou 



12 . .. " MACA RM A58E02 

TABLB =I.- AERODYNAMIC hATA FOR TEE Slb COMEKINATIOM - Concluded 

13.8 
15.8 
18.9 

24.0 
21.9 

23.8 
27.9 
32.0 
36.1 
40.1 
13.8 
15.8 
18.9 

24.0 
a . 9  

23.8 
27.9 
32.0 
36.1 
40.1 
15.9 

24.1 
22.0 

24.0 
28.1 
40.3 - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3.8 
3.8 
3.9 
3.9 
3.8 
3.4 
3.4 
3.4 
3.4 
3.4 
7.8 
7.8 

6.9 
7.8 

6.9 
6.9 

-0.327 

- .276 
- .307 

-. 237 
- . a 7  

-.l88 
- ,229 

- .140 
-.085 
- -037 -. 320 
- . 3 6  - * 273 - .244 
-.222 -. 233 - - 193 
-a133 -.a 
"038 - -304 
- 0 2 5 5  

-e233 
-.m - .2a4 -.a 

M = 1.35 
1.105 
1.068 
1.027 

.978 

.952 

.9$ 

.go6 

.897 

.893 

.8%3 
1.103 
1.069 
1.017 
.m 
.939 
.945 
.912 
,890 
.881 
.a87 

1 .Os4 
.986 
. 9 n  
.955 
.922 
.887 

-0.002 

-.004 - . O I L  
-.w 

- .oo3 - .029 
-.005 -.030 
-.a37 -.026 
-.008 -.OB 
-.W3 -.028 
- .004 - .023 
-.m5 -.016 
-.o€% -.008 

-0.007 

- .003 

- .on  - . a 4  - .017 -. 004 
-.017  -.W3 
-.023 .ooO 
-.OS -.003 

- . os  .006 
-.022 -.001 

-.033 .CE8 
- . o e  .010 
-.m .w - .007 .010 - .013. .013 
-.ol6 

.023 - .023  

.OIL -.olr 

.oll  

0.008 
.004 
.ooo 
.002 
.002 - .004 
.001 
.012 
.013 
.013 
-.lo8 
-.m 
- .137 - .140 
-.l% 
-.1l6 
-.xi4 
- . O B  
-.lo4 
-.lo6 
-.246 -. 270 - .272 -. 240 

239 
-.238 

- 
0.001 

.004 

.004 

.004 

.006 

.m3 

.002 
-.m5 
-.002 
.001 - .002 

-.004 
.m3 
.008 
.011 
.013 
.016 
.m9 
.016 
.019 - .005 
,002 
.m3 
-.os 
-.004 - .002 

". . -." 

. 
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. 

- 
13.9 
17.9 
22.0 
24.0 
23.9 
28.0 
32.1 
17.9 
22.0 
24.0 
18.0 
22.1 
24.1 

- 
13.8 
17.9 

24.0 
22 .0 

28.0 
23.9 

32.1 
17.9 
22.0 
24.0 
18 .O 
22.1 
24.1 - 
- 
13.9 
18.0 
22.0 
24 .O 
23.9 
28.0 
32.1 
18 .O 
22.0 
24 .O 
18.0 
22.1 
24.1 - 

- 
0 
0 
0 
0 
0 
0 
0 
3.9 
3.9 
3.9 
7.9 
7.9 
7.9 - 
- 
0 
0 
0 
0 
0 
0 
0 

3.9 
3.9 

3.9 
7.9 
7.9 
7.9 - 
- 
0 
0 
0 
0 
0 
0 
0 
3.9 
3.9 
3.9 
7.9 
7.9 
7.9 - 

-0.459 -. 305 -.w - -157 - -172 
-.ow 
.on 

-.317 
-.240 - .184 -. 358 
-.273 -. 235 

-0.370 
-.218 - .145 
-.146 
-.154 
-.I" 
-.m4 
-.236 
-.I75 - .172 -.m -.u6 
"197 

0.936 
.914 
.931 
.951 
.947 

1.006 
.999 
.946 
.969 

1.056 
.987 

1.053 
1.047 

0.147 

-016 "006 .a10 
.Olg -.Cd .017 
.030 -.a33 .014 
.021 -.C& -014 
.014 -.OX2 .073 

0.027  -0.- 

- .on  -.m7 .a16 
.074 .a06 -.264 
. o s  .mg -.256 
.074 .020 -.%1 
-025 

-. 517 .Oh1 -029 
-.524 .038 .036 

-.-2 . 0 7  

-0.020 - .014 
-.w - .010 - .013 
.om 
.m3 
.015 
.002 
.ooo 
.0x1 
.013 
.001 

-0.022 - .On 
-.a0 
-.a - .a13 
-.0x2 
.001 
.033 
.01g 
.015 
.052 
-042 
.029 

-0.015 
-.007 
-.m6 - .003 -.a 
-.004 
-.001 
.OS 
.028 
.w 
.073 
.OS 
.059 
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~ -0.013 
' - . a 3  - .012 

-.mo 
.027 
.030 
.017 
.016 
.039 

23.9 
28.0 
32.2 
36.2 
23.9 
28.0 
32.1 
36.2 
28.2 - 

0 
0 
0 
0 
3.5 
3.5 
3.5 
3.5 
7.0 - 

-0.249 .MA 
* 159 
.2% - .232 - .O32 
.114 
.229 - ,124 

,o.m 
1 .725 
~ .765 
.7% 
.818 

.874 1 

0.067 
.013 - -022 

-.028 
.05a 
.om 
.ooo 
-.013 
.039 

"0.015 - -014 
- .on 
-.OW 

.038 

.0b7 

.028 

.025 

.059 

23.9 3.5 
28.0 3.5 
32.2 3.5 
36.3 3.5 
28.2 7.0 

.1x) 

.2x) 
- .E4 - .067 :z I - .lo1 

0.888 0.092 -0.003 0.008  -0.002 
-835  .057 .001 .ow -.om 
,861 .013 .002 ,003 
.gu -.om .a07 .003 
.893 .094 .011 -.BO 
.867 .062 .O12 -.%6 
.862 .022 -024 -.253 .!a2 .K6 .02a -.a4 
.944 .055 .046 -.%1 

-002 I -:El 1 . 062 

t 
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TABLE IV. - AERODyNaMIC DATA FOR TEE S IbDIHIV1 COMBINATION - C o n c l u d e d  

6 9, i = -l6', pi = 0.80 

23.9 
28 .O 
32.1 

6 = 5', i = -go, M = 0.95 

:;:! 1 1 -.U3 1 .OS 1 -.& 1 .049 1 -.013 

23.9 -.%l 
23.8 

-031 -.m7 .ob7 -.w 
-.3m .g13 .om -.oo8 .027 -.(x6 

27.9 -.a5 .m . O B  -.008 .a .003 

8 = 5', i = -Go, M = 1.35 

-0.483 0.w 0.m O.Oo0 0.051 -0.017 

32.0 0 -.074 .947 -.006 -.& .031 -002 
36.2 0 .lo7 .917 -.OS -.002 .O% .m 

8 = -170, i P -ao, E4 = 0.80 
28.0 

0 36.1 
.a% .035 -.oo1 .004 .726 "052 0 32.0 

-0.004 0.034 -0.004 0.029 0.73 -0.189 0 

.OU .OS0 .001 .oOg .734  .069 
40.2 . o n  -053 .003 .a08 .753 .I86 0 

- 
8 . 9  
32.0 
35.1 
40.2 - 

I 0 I -.088I  .a281 : o s 1  - : m l  :ob[ .002 
0 -0.243  0.852 0 049 -0 002 0 037 -0.005 

0 .010 .OB .013 .001 .837 . a 3  
0 .a .Ob7 -.007 .002 1.012 .1kO 
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-6.1 
0 -2.0 

-0.l64 0 

0 6.2 

-.u2 
2.1 0 -.059 

.m7 
10.3 0 

.204 

.142 0 14.4 

.072 

-6.0 3.9 -.OX 
2.1 4.2 -.031 

22 .26g : 
10.3 
18.5 

.a71 4.2 

.216 4.2 

2.2 8.0 .074 
10.4 

-.OM -6.0 12.2 
.262 8.2 18.6 
.154 8.0 

2.2 12.1 .Og4 

-6.0 "013 8.1 

- 
-5.7 
-1.9 

6.5 
2.3 

10.7 
14.9 
19.1 
23.4 

10.8 
2.3 

19.2 
-5.8 
2.4 
10.8 
19.3 
-6.0 

11.1 
2.5 

19.5 

-5.8 

- 

- 
0 
0 
0 
0 
0 
0 
.1 
.2 
4.3 
4.4 
4.3 
4.1 
8.2 
8.2 
8.1 

12.4 
8.3 
12.4 
12.7 
12.5 - 

0.026 
-.I57 
-.x24 
-.On - .016 
.Q75 
.176 
.301 
-.025 - .lo4 
.Ob9 
.211 
,033 
-.m3 

.276 

.on 
-.& 

. O F  

.243 

.347 

PI = 0.60 
0.440 

,010 .144 .563 
.004 ,133 .521 
. O W  .123 .489 
.000 .lo7 .461 
,000 .092 .445 

0.000 0.03 

.659  .137 .012 
-509 .072 .Ol5 

.537 .134 -.OS 
,627 -.027 .151 

.605 .012 .145 

.4a7 -.m .lo8 

.5% 

.134 .649 

.W ,075 

.000 
.5% 

"076 .I58 .779 

.ooo .a92 .650 

.003 .076  .%7 

.oll .ogg 
.704 - .054 .159 

.TO8 -.024 .130 

M = 0.95 - 
0.798 .m 
.799 
.82Q 

.a& 

.936 
1 .OM 
.788 
.803 
.883 
.973 
.799 
,854 
.878 
1.038 
.828 

.994 

. a34 

. sa1 
1.049 - 

o.004 
.002 
.002 
.003 
.OM 
.007 
.007 

-a07 

- .023 

.001 

- .021 
-.025 .ooo 
-.007 
-.007 
-.044 
-.a07 - .ola 
"073 -.On - 

0.000 
.003 

0.06 

.004 .012 

.003 

-.001 .ow 
.007 .008 
.ol6 .m 
.014 

.005 .015 

.00g 

-.030 

-.046 -.204 

.052 
"017 -.184 

"207 -.a2 
-.1G . o n  
-.079 .030 
-.069 

-.022 -.143 
.007 -.la 
.012 -.254 
-.050 -.= ,009 

-.3a -.a37 

0.019 
.010 

0.007 

.OCA .01g 

-006 
.Or3 .006 

.014 .001 

.mo 
-.Ow "052 

.om 

- s 4  - m a  -a073 - .Om 

-.a -.037 
-.1% -.a27 
-.ug -.on 
-.146 .011 -. 139 -. 001 
-.131 .OW 
-.24a 
-.237 

-.025 

-.a -.4m 
-.a32 -.4m 
-.Os m.234 
-.025 
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TABm v.- AEEX)DYN.AMIC DATA FOR T m  S, COMBINATION - Concluded 

I I I I I I I 

-5.7 0 -0.036 
-1.5 0 .022 
2.7 0 .079 
6.9 , o .146 
11.1 0 .u8 
15.3 0 .291 
19.5 0 
23.6 ' o .370 

.353 
-5.7  4.4 -.027 
2.7 4.4 .lo2 
ll.l 

.404 8.5  19.6 
2% 8.7 n.2 
.138 8.7 2.8 
.(X2 8.8 -5.7 
.39 4.3  19.6 
.242 4.3 

2.7 12.8 .I64 
11.0 12.8 .m 
19.3 12.6 .421 

-5.7 .042 13.0 

M = 1.35 

1.213 

1.127 

.m4 1.240 

.207 1.139 

.189 1.068 

.180 1.345 

.204 1.221 

.212 

1.087 -181 
1.141 .I97 
1.230 .197 
1.342 -178 

1.343 .la0 

o.Oo0 0.001 0.005 .03 . o s  .004 .COb .015 .003 
-004 ,039 -002 
.006 .015 .002 
.m7 .w7 .(X3 
.c09 -.Go2 .002 
.oog -.010 .Ooo 

-.ol6 -.248 -.01g 
-.013 -.2h -.Om 
-.m ' -.u4 -.ox) 
- .on -.a - . o a  
-.a29 -.MI -.051 
-.025) 

-.@ e.628 "068 
-.OB -.649 -.WO 
-.074 -.650 -.a4 
-.OB -.649 -.O4O 
-. 046 -.424 e. 039 
- .OU -.452 -.OS 
- . O M  -.462 

I 
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TABLE VI. - AER0D"IC DATA FOR TKE S S 1  COMBINATION 

p 
6.2 

10.3 

-1.9 

10.6 1 14.8 
18.9 
21.0 
25.1 
18.9 
14.9 
19.1 
21.1 
23.2 
19.1 

- 
0 

. O  
0 
0 
0 
0 
0 
0 
0 
4.2 
8.0 
8.2 
8.1 
8.1 

12.2 - 
- 
0 
0 
0 
0 
0 
0 
.1 
.1 

4.1 
.2 

8.3 

8.2 
8.2 

12..4 
8.2 

-0.173 - .lo1 - .024 
.057 
.145 
.235 
. 3 P  
.393 
.499 
,351 
.301 .408 
.461 
.w8 
.472 

M = 0.60 - 
0.436 

.445 

.470 
* 499 
.547 
.600 
.661 
.t02 

,672 
.730 

. " 9  

.751 

.796 

.a41 

.824 

- 
0.089 

-082 
.075 
.074 
.a% 
.053 
.003 -. 031 - .lo4 - .002 
.030 

-.m 
-.OS 
"077 - * 022 

M = 0.95 

.275 

.3% 

.429 

.505 

. 4 3  

1.002 
1.67 
1.082 
1.141 
1.095 

- .001 

.012 

-.m5 
.015 - .020 

0.019 
.017 
.ox  
.017 
.016 
.0a6 - .032 

-.067 
-.067 - .115 
-.2n 
-.a1 
- .a5 -. 303 
-.478 

19.3 
21.3 

19.3 
15.2 

a . 3  
23.3 
19.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
4.2 
8 -5 
8.5 
8.4 
8.4 

12.6 

-0.048 
.02l 
.w4 
.I79 
.&9 
.443 
.499 
.556 
.685 
. 5 s  
.459 . %1 
-613 
.670 
.586 

M = 1.35 
1.063 
1.082 
1.123 
1.175 
1.237 

1.402 
1.351 

1.454 
1.%1 
1.413 
1.334 
1.407 
1.454 
1.510 
1.412 

0.205 
.199 
.185 
.162 
.145 
.032 -.Om - .051 - .166 - .005 
.OB - .028 

- . o n  
"137 - .Ob7 

O E '  

-005 .OOo 
.W3 
.001 
.002 

-.om 

- 
0.035 
.Q33 
.m5 
.002 - .001 - .001 

-.OW - ,010 
-.024 - .001 
,012 
.025 
.038 
* 039 
. O M  - 
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TABU VII. - AERODYNAMIC DATA FOR THE S$&i', COMBINATION 

I M = 0.60 
-6.0 
-2.0 
2.0 
6.1 
10.1 
14.2 
20.3 
24.3 
-5.9 
-2 .o 
2.1 
6.1 

0 
0 
0 
0 
0 
0 
0 
0 
3.9 

4.1 
3.9 

4.2 

-0.193 
-.w3 
.010 
.1m . a7 
.3w 
.451 
.557 -.on - .020 
.034 
.112 

-5.9 
.OB0 8.0 -1.8 
-.014 7.9 

2.1 

2.2 12.0 -136 
.lo8 12.1 -1.8 
"005 12.0 -5.9 
.243 8.0 6.2 
.C61 8.1 

0.450 
.457 
.479 

.566 .516 

.628 

.73l 

.827 

.514 

.523 

.510 

.525 

.585 

.5w .%6 

.641 
- 6 3  
-630 

0.129 
-0" 

0.m -0.001 

.006 -.m1 .a% 
-.a33 -.001 

-.054 .ooO .oOg 
-.a7 .002 

-025 .005 -262 
.op .a08 -.u7 
.027 .007 - . n o  
. o n  

.1"9 .028 -.05g 
-070 .030 -.a5 

-.046 .a3 -.a51 
.m7 .OW -.224 

.w .041 - A 3  

.m .025 -.1% 
-143 -0% -.247 
-13  .025 -.298 
e039 -048 -.E8 

-.m .051 "226 

-150 
-.197 .025 
-.153 -0% 

M = 0.95 
-5.6 

.014 .001 .099 .794 -.I23 Q 2.1 

0.019 0.003 0.188 0.794 -0.002 0 
-1.9 .012 .001 .1% .791 -.149 0 

6.2 .016 .an .oig .835 .o!i o 
10.3 

-.057 .a% -.I84 1.067 .415 .1 20.6 
.013 .002 -.075 -9% .2lO 0 14.4 
.Ol8 .001 "029 .872 .lo1 0 

24.7 - .on .004 -.& 1.168 .%g .2 
2.i 
6.3 
10.3 
14.5 

6.3 
2.3 

10.3 

4.3 
4.3 
4.2 
4.2 
8.1 
8.1 
8.1 

-.OB 
.054 - 159 
.a57 
.030 
.Ogl .l88 

.811 

.861 .9a5 
.w .012 -253 
.035 .003 -.227 

-.os - .on  -.l.80 
-.Wl -.007 -.1% 
.loo .01g -.l% 

-.&1 .os "l.82 
-022 . O B  -.I80 

10.7 12.6 .348 1.031 -.030 -.014 -.485 
14.8  12.5 .44O 1.074 -.lo5 -.OB 

-0.002 -.@X 
.ooo 
.002 
.q05 
.m 
.m2 
.ooo 
-104 
.w3 
.051 
.016 
.146 
.n9 
.0g5 
.a0 
.159 
.11g 
-130 
. u 9  

0.004 
-001 
.003 
.002 .ooo 
.m 

-.m - .015 . 04.4 
.023 

-.006 
-.002 

.084 

.a0 

.m 
-.a33 
.=3 - 071 
.013 
-023 
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TABU Vl1.- AERODYNAMIC DATA FOR THE S&F, COMBINATION - Concluded 

t M = 1.35 
-5.7 
-1.6. 

0 

0 24.9 
0 20.9 
0 14.8 
0 10.7 
0 6.6 
0 2.5 
0 

2.5 

4.3 10.7 
4.2 6.6 
4.3 

2.5 8.6 
6.6  8.6 

14.8 

8.5 14.8 
8.5 10.8 

4.3 

2.7 

10.8 
12.9 6.7 
12.8 

12.8 14.9 
12.9 

0.232 

-.om - .120 

133 
* 079 - .018 - .ll9 

0.002 

.023 

.023 

.015 

.m 

.010 

[ 0.000 
.016 
.020 

~ .010 
.01g 
.w 
,007 .& 
-.270 
-.X39 - .252 - -244 
-.520 -. 537 - .534 
-.5u 
-.758 
-.764 
-.no - -759 

io.006 
.W5 

i . O ~ O  
- .001 
-.m .006 
.001 
-.005 
.052 
.053 
039 
.025 
.067 
.077 .a1 
.a57 
* 085 
.075 
.071 .&a 

P 
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TABLE VIU:. - AERODYNAMIC DATA FOR THE S$g, COMBINATION 

M = 0.60 

2.1 

- 
6.3 
2.3 

10.5 
14.6 
18.8 
22.8 
6.4 

14.7 
18.8 
10.5 
14.7 
18.9 
23.0 
10.8 
14.9 
19.0 

10.6 

- 
- 
2.6 
6.8 
10.9 
15.0 
19.1 
23.1 
11.0 

19.1 
15.0 

11.0 
15.0 
19.1 
23.1 
11.0 
15.1 - 19.1 

- 
0 
0 
0 
0 
.1 
.2 

4.2 
4.2 
4.1 
8.1 
8.2 
8.3 
8.2 
12.6 
3-2.5 
3-2.5 

4.3 

I_ 

- 
0 
0 
0 
0 
0 
0 
4.3 
4.3 
4.3 

8.5 
8.5 
8.5 

12.9 
12.8 
32.7 

8.5 

- 

.450 

.347 

-542 

-0.m 
-.w 
.a69 
-180 
.35 .466 .m 
.x% 
.2P 
.33 
.I54 
.271 .408 
,576 
. 3 6  .m 
-507 

0.uo 
.199 
.301 
.425 
.558 .a7 
.3m 
.452 
.585 
.355 
.503 
.620 
.728 .m 
.512 
.637 

l- 

i 

.557 

.612 

.680 

.523 

.& .565 

.691 

.682 

.736 
,779 
.740 
. n o  
.836 

0.n5 -0.001 -0.002 
.a89 .ooo -.o& 
.057 .ooO .000 
.026 .002 .oog 
-.001 .002 ,002 
-.a35 .a .on 
-.a2 .007 .a 
.022 -.001 -.2% 
-.a32 -.002 -.244 

-.a5 -.a34 "250 
.031 .006 -.170 

- .os .MI7 -,lsQ 
-.a5 -.m -.2g3 

-.os -.007 -.408 

"035 "003 -.2@ 

.021 .a -.242 
-.lo6 -.023 -.437 

M = 0.95 

1.002 -.047 
1.089 -.14i- I .851 .I" 
.8% .065 
,959 .007 
1.029 -.063 

1.136 -.067 
.972 -.012 

1.176 -.160 
1.016 .044 
1.060 "007 

.a% .035 

1.126 " 0 7 i  

M - 1.35 

- 
0.001 
.003 .w .(x% 
.002 
.002 
-.m4 
.005 -.a 

-.OE 
-.016 
.0b3 
.040 
.025 
.048 
.054 
.024 - 

0.003 0.010 0.007 

.004 .ooO -.a37 .004 -.030 -.015 .K6 -.a61 -.ox3 

-.006 -.1p -.004 
-.004 -.174 .001 

- .on  -.122 -.005 
.022 -A76 .a62 
.008 -.x4 .042 

-.ol2 -.a4 .021 
-.ow -.a4 .035 
-.OB -.46g .a 
-.ox) 5473 -020 
-.w -.493  .037 

-003 ,017  -003 
-003 -023 -.W3 

"002 -.22l -014 

0.004 
.m5 .008 .a 
-008 .004 
-018 
.010 
.012 
-023 
. o n  
.010 
.OB 
.009 .008 
.010 I 0.020 ,009 

,016 . O U  
.010 
.w - ,245 

-.240 
-.23a 
-.525 -. 511 
-.498 - ,498 
- . T O  - .747 
-.748 

- 
1.002 
.001 
.002 
.ooo 
-.002 - .010 
.016 
.030 

.017 
-061 
.0h1 
.043 
.0b3 
.0b9 
.051 
-072 - 
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TABLE IX. - AERODYNAMIC urn FOR THE s, comrmmox 

M = 0.60 
_I 

-28.1 
-24.1 
-20.1 
-16.0 
-12.0 
-16.1 

- 
0 
0 
0 
0 
0 
0 

-12.1 0 
-8.0 0 
-4.0 0 
0 0 
-.l 0 
3.9 0 
7.9 0 
12.0 0 
16.0 0 
ll.9 0 
16.0 0 
20.0 0 
24.0 0 
28.0 0 
0 a6.2 
0 -12.1 
0 -8.0 
0 -4.0 
0 0 

-28.2 
-24.2 
-20.3 
-16.1 
-12.1 
-25.2 
-12.2 
-8 .e 
-4.1 
0 

3.8 
-. 2 
7.9 =. 9 
16.0 
11.9 
15.9 
20.0 
24.0 
28.1 
0 
0 
0 
0 
0 - 

-0.167 1.0% 
-.23 1.019 
-.240 1.c# 
-.240 -946 
-.249 .a84 
-.&e .928 - .27l .870 
-.227 .8U 
-.237 .?72 
-.239 .740 
-.224 .736 
-.w9 .701 
-.I46 .668 
-.OF .623 

-.65 .596 
- . e 3  .583 

"025 -579 
,014 .546 
.&o .533 .U2 .550 

- . 3 P  .755 -.a ,747 
-.253 .749 
-.247 ,732 
"235 -73 

0 -.m 0 
-0.179 

-. 313 0 

0 -.378 
0 -.374 
0 -.4u 

0 -.374 
0 -.361 
0 -.382 
0 -.329 
0 "268 
0 -.u8 
O 

-.22L 0 
-.166 

041 0 
-.019 0 
-.076 0 
-.152 0 

-16.3 -. 444 
-12.2 -.4u 
-8.1 -.397 
-4.0 -.385 
-.l -.3?4 

0 -.331 

0 -.410 

- 
-0.032 
- -059 
-.&8 -.& 
-.e5 
-.068 - .071 - ,068 -. 0 9  
-.034 
-.038 - .041 
-.On 
-.m 
-.m - . o n  - .010 
- . O M  
-.m2 
-017 

-.040 
-.035 
-.O$ - ,042 - -042 

M = 1.00 

1.39 -0.051 

1.315 -.Ob3 
1.249 -.a4 
1.m -.037 
1.252 -.o50 
1.220 -.e57 
1.154 - . o s  
Log1 -.m 
1.039 -.004 
1.049 .m1 

1.354 -.a 

1.004 .015 
.952 .024 

.a87 .035 

.870 .038 

.%I .Ob5 

.a33 -060 
1 . o p  "001 
1.ca .a31 
1.0% ,004 
1.078 .002 
1.049 .001 

-0.008 
-.a32 
-.002 
,000 
.002 .Ooo 
.ooo 
.001 
,002 
.om 
.000 
-.004 - .010 
-.M - .004 
-.003 - .001 
-.001 
-.002 . 000 . 011 
,010 
,005 
,002 .Ooo 

-0.009 0.000 
.ow3 .001 
-.013 .C#+ 
-014 -. 002 
.o& .005 
.013 -.oc% 
.or2 .001 
.002 -.m7 
-.005 .OL3 
.Or3 -.a 
-.015 .002 
.002 .004 

.001 .ol6 

.017 .OU 

-.001 .007 
-.002 .003 
.001 .004 
.OM .m 
-.a32 .002 
-007 .002 .486 .055 
.3w .063 
.2lO .030 
.lo7 .002 
-.030 -.Wg 

0 . d  
-006 . 000 
.ooo 
.001 
.ooo 
.005 
.001 
.003 
.m3 -. 002 - .O03 
-.m5 - .005 
"003 
.ooo 
.000 
.om 
.001 .ooo 
.013 .a 
.003 

0.013 
.033 
-02s 
-.005 
.016 
.an . O G  

-.007 - .011 
- . 0 3  
-.004 

* 012 
.w 
,006 . m5 

.cQ8 

. Oog 

.006 

.008 

.014 

.558 

.377 

0.000 
.000 
-.002 
.004 . Q33 
.0c6 
.013 
.015 
.003 
.004 
.ooo 
.om 
.002 
.m 
.009 

-.m11 -. 001 
.oak 
.001 

-.002 
. o n  
.046 
. 6 9  

.024 

.ooo - 

.r 
. 
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TABU x. - AERODYNAMIC DATA FOR THE S, COMBINATION - Concluded 

- 
-28.1 
-24.1 
-20.1 
-16 .O 
-12.0 
-16.1 
-12.1 
-8.1 
-4.0 
0 - .1 
3.9 
7.9 

12.0 
16 .O 
11.9 
15.9 
20.0 
24.1 
28.1 
0 
0 
0 
0 
0 - 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-16.3 
-12.2 
-8.1 
-4.0 
-.l - 

-0.157 - .200 
- -237 
-.a7 
- -315 
-294 
- . 3 v  

- .324 
-. 337 

- - 303 
-.a2 
-.%2 -.ng - .a1 
-.1- 
-.U1 
-.w - -073 - -029 
.01g -. 370 -. 345 
-.328 
"320 -. 313 

1.584 
1.55 
1.493 
1.471 
1.420 
1.467 
1.425 
1.355 
1.290 
1.230 
1.247 
l.l-80 
1.113 
1.043 

1.054 
.999 

1.024 
1.006 
1.003 
1.007 
1.217 
1.221 
1.228 
1.221 
1.m 

-0.w 
-.m5 .Ooo 
-.a34 
-.001 
.ooo 

-.m4 
.m2 
.024 
.m 
.039 
. O M  
.044 
.Oh7 
. O M  
.w 
,052 
.OW 
.059 
.074 
.Ob1 
,040 
.Ob3 
. O M  
.Ob5 

- 
0.005 

.@33 

.a32 

.a32 
-001 .Ooo 
.ooo 
-.001 .Ooo 
.ooo - .001 
.ooo 
-.001 
-.001 - .001 
.a32 
.002 
.002 
.ooo 
.ooo 
.035 
.024 
. O S  
.008 
.a34 

0.027 o . 0 ~  
.024 .010 
.017 .003 
.016 .008 
.022 .a35 

.ox .a31 

.025 -.005 

.014 "002 

.008 .ooo 
-.a31 .ooo 
.006 -.001 
.m3 .005 
.ooo .oOg 
-002 .oog .a36 -.001 
.m9 -.a32 
.013 -.oo2 
.013 -.W8 
.010 -.010 
-706 .03 
.531 ,035 
.345 -024 
.l62 .014 

-.004 .004 

.au .~oo 
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TABLE X. - AERODYNAMIC DATA FOR THE S3D2 COMBINATION 

f M = 0.60 I 

7.9 
11.9 
16 .a 

0 

a 5 . 3  
-12.2 
-8.1 
-4.0 
0 

3.9 
-.l 

7.9 
12.0 
16 .O 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-16.3 
-12.2 
-8.1 
-4.0 
-.l 

-0.404 -. 377 -. 3% - .308 -. 232 -. 239 
-.a1 - -153 
- .E9 
"097 
- . 4 l l  
-.384 -. 357 - .301 
-.a52 

-O.(%g - .052 
-.026 - .012 
-.ax 
.- .003 
r -018 
-.017 - .007 
.018 - .014 

-.017 - .ox3 
- .015 - .015 

M = 1.00 

.054 

0 .ooo 
.#2 
.001 
.002 
.cQo 

-.m4 
-.005 
-.oc% - .007 - .oa5 
.007 
.om 
.W7 .w 
.001 

-0.oO3 
' .m3 

.005 

.004 

.Q37 

-.O& - .004 - .004 
-.001 . 000 
.Ol3 

-008 
.007 

* 008 
.001 

0.092 
.0b9 

-.010 .014 
-.oc6 .m7 
- .os .m7 
"012 .002 
"005 .010 

.003 .004 

.014 .008 

.008 .cog 

.608  .086 

.407 .a33 

.277 .055 

.l65 . o s  
-.ax -.005 

M = 1.40 
-16.1 
-12.1 

-8 .O 
-4.0 
0 
0 
3.9 
8.0 

12.0 
16.1 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-16.4 
-12.3 
-8.2 
-4.1 
-.l 

-0.301 

.801 -.127 

.810 -.170 

.a49 -.Ex .965 -.237 
1.123 -.291 
1.263 - . 3 u  
1.403 

"061 .883 
-.a3 .a39 

-.Oh5 .950 
-.3= 1.202 
-.291 1.141 
-.243 

.g11 -.& 1.051 

-.178 .782 

~ 0.028 
.057 
.074 
-080 
.055 
-084 
,037 
.019 
.031 
.Ob7 
. a 9  
.059 
.070 
.&9 
.059 

0.034 
.003 
.004 
.006 
.m3 - .004 - .005 

-.m5 
-.004 
-.005 
.034 
.024 
,025 
.014 

-.004 

.. . 

V 

-0.014 
- . o u  

0.019 

. o ~  -.019 

.025 
-.017 .Ox, -.013 

.ox) 

-.015 .ooO 
-.010 .007 

.002 

.021 .414 

.Ob0 .590 

.063 .785 

.005 .002 

.mg .002 

.014 

.228 -.003 
-.or6 .oo6 
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TABLE XI.- AERODYNAMIC DATA FOR TIE S,DzV, COMB'TNATIOK 

-8.3 
-4.2 

4.1 
0 8.3 

-0.327  11.132 I 0.104 

-.232 1.m -.2Q 1.014 

- . a 4  .ggg 
-.227 1.102 

,026 
.010 
.068 
,069 
.076 
,062 
.060 - 

- 
~ -0.001 

-.001 
-.003 
-.a33 

- .om 
- .003 

i -.(X39 

-.003 
' -.005 

.004 

~~~ 

0.032 0.013 

. am 

.344 -.012 

.053 -.OU 

-.545 -.005 
-.E63  -.(X35 

.015 .014 

" 7  -.002 

- -013 

-.327 ,018 
. o s  -.005 

-.606 .OO8 
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TABU XI. - AERODYNAKtC DATA FOR THE S , D S A V ,  COMBINATION " 

-28.2 
-24.2 
-20.1 
-16.1 
-12.1 
4-6.2 
-12;1 
-8.1 
-4.0 
0 

3.9 
-.l 

7.9 
12.0 
16.0 
12.0 
l6.0 
20.1 
24.1 
28.1 
0 
0 

0 -0.518 
0 -.B7 
0 -.530 
0 -.512 
0 -.459 
0 -.5% 
0 -.56 
0 - .459 
0 -.383 
0 -.243 
0 
0 -.127 

- -233 
o -.036 
0 
0 .165 

.057 

0 
0 

.lo7 

.204 

0 
0 

-16.3 
-12.2 
-8.2 
-4.1 
0 - 

-28.3 
-24.3 

0 

0 -12.2 
0 -16.3 
0 -12.1 
0 -25-2 
0 -20.2 
0 

-8.1 0 
-4.1 0 
0 0 

3.9 0 
-.l 0 

8.0 0 
12.0 0 
16.1 0 
12.0 0 
16.0 0 
20.1 

0 28.3 
0 24.2 
0 

0 

0 
-8.3 0 
-12.4 0 
-16.5 

.O 0 
-4.1 

331 
.370 -. 349 -. 302 
-.q2 
-.256 
- ,237 

M = 0.60 

-719 -.029 
.688 -.OS 
.7l4 -.ol8 
.74a - .o l l  
.779 -.002 

.ooo 
M = 1.00 

-0.542  1.503 
-.601 
-.613 

1.478 
1.444 

-.6W 
1.243  -.546 
1.378 

-937 -.Ob9 
.904 -.133 
-880 -.233 
-8%  -.235 

1.015 -.408 1.141 - .510 1.265 -.%7 
1.378 -.619 

.051 -952 

.149  .970 

.077 -947 

.170 .%8 

.251  .989 

.311 .991 
,377 1.024 
-.372  1.172 
-.353 

-.241 
.985 -.s5 

1.083 -.m 1.l-27 
.882 

0.004 
.004 
.008 
.020 
,037 
.015 
.036 
.050 
.055 
.045 
.Ob5 
.ooo 

-.w 
-.Ol6  
-.W1 -. 011 
.001 
:015 
.030 
.Oh5 
.023 
. o s  
.024 
.035 
.Ob3 

~ 0.003 0.024 
~ ,003 .029 
~ .003 .005 
1 -005. -.002 
' .006 .012 
-.W .013 : -.OW .017 
-.oo6 .023 

-.a4 .032 
-.a2 . o s  

-.008 ,021 

-.015 .023 
-.015 .019 
-.013 .014 

- . o n  . o s  
-.ow .010 

-.mg ,026 
-.mg .030 
-.m -032 -.a .044 
-.076 .944 
"055 -790 
-.043 .592 
- .os  .329 
-.007 .a27 

- 
0.003 
.004 
.002 
.004 
.002 - .001 
.ooo 
-.001 - .003 
"014 - .014 -. 010 -.008 - . o n  - .007 
-.oil 
-.or2 - . o n  
-.m- 
-.008 -.a3 - .072 
-eo53 - .034 
-.008 

- 
0.013 
.006 
.010 
.017 
-010 
-.005 
- . o z  - .012 
-.00g - .om 
.001 
-.a 
.m 
,007 
.017 
,004 

-.m1 
.ooo 
-.m 
.001 
.014 
.017 
-.001 
-.m 
-.007 - 

0.026 
.ow .M4 
0.007 

"010 .014 
-.a12 .012 
-.015  .015 
-.om .mg 
.ooo .001 
.007 .ow 
.ax .005 
.OC6 .015 

.009 
.OW .013 
-004 
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Pigme 1.- Models employing the conventioml uward ejected pilot-seat conbination. 
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Figure 1. - Concluded. , , 
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F'igure 2.- Models employins the sled-type u p r d  ejected ptlot-seat combination. 
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figure 2. - Continued. 
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Figure 3.- Model6 e q l o y b g  the downward ejected pilot-seat combination. 
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Figure 4. - The downward ejected pilot-seat conibination iastalled In the Ames 2- by 2-foot transcmlc 
vlnd tunnel. 
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Figure 5.- Test Reynolds nmbers and Mach nunibers. 
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Figure 6. - Effect of variation  in  seat  shape on the  longitudinal aerodynamic characteristLcs of 
the  baste and  modiPied conventional upward ejected  pilot-seat combinations; M = 0.93. 
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Figure 7.- Aerodynamic characteristics of the  basic and modlfiea conventiod upward ejected 
pilot-seat  conkinatiom. 
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(a) LongitutUnd characteristics at f~ = oO. 

Flgure 8.- Aerodynamic  characterlstics of the basic and modified des-type upward ejected pilot- 
seat combina-bions. 
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(b) Lateral-directional characteristics at a = 19. 
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Figure 9.- Variation  with Mach number of the drag coefficient of  the 
downward ejected  pilot-seat combination with and without flow deflec- 
tor;  a = 00. 
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F i m  10.- Aerodynamic characterist ics of the bask  and modlfiea downward ejected  pllot-seat 
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Figure 10.- Concluded. 


