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SUMMARY O F  WIhWTUNNEL INVESTIGATIONS OF THE 

S T A T I C  LONGITUDIIUL S T A B I L I T Y  CHARACTERISTICS 

OF THE PRODUCTION MERCURY CONFIGURATIONS 

AT MACH NUMBERS FROM 0.05 TO 20* 

By Steve W. Brown and William C .  Moseley, Jr. 

ABSTRACT 

Investigations were conducted in various NASA and AEDC wind tunnels. 
The test Reynolds numbers generally approximated the estimated Mercury 
flight Reynolds numbers. Results indicated that the escape configuration 
is statically stable ne= an angle of attack of Oo, the exit confibwa- 
tion is statically unstable, and the reentry configuration is statically 
stable. 
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NATIONAL AEROIUAUTICS AND SPACE ADMINISTRATION 

TECHXLCAL IvEMORANDUM X-491 

SUMMARY OF WIND-TITNNEL INVESTIGATIONS OF THE 

STATIC LONGITUDINAL STABILITY CHARACTERISTICS 

OF TBE PRODUCTION MERCURY CONFIGURATIONS 

AT MACH NUMBERS FROM 0.03 TO 20* 

By Steve W .  Brown and W i l l i a m  C .  Moseley, Jr. 

SUMMARY 

Wind-tunnel invest igat ions have been made t o  determine t h e  s t a t i c  
longi tudinal  s t a b i l i t y  character is t ics  of t he  Mercury capsule configu- 
ra t ions .  
configurations of the production version of the Mercury capsule a t  the 
NASA Langley and Ames Research Centers and at t h e  USAF Arnold Engineer- 
ing and Development Center. 

These tes ts  were conducted on t h e  escape, exit,  and reentry 

The t e s t  results ind ica te  that the production escape configuration 
(capsule plus escape tower) i s  s t a t i c a l l y  s tab le  near an angle of a t tack  
of Oo throughout the Mach number range from 0 t o  6.80. 
e x i t  configuration (capsule with small end forward) i s  s t a t i c a l l y  
unstable throughout t he  Mach number range from 0 t o  6.82. 
i n s t a b i l i t y  w a s  obtained by t h e  addition of t h e  des tab i l izer  f l a p .  
i n s t a b i l i t y  assures that the  capsule would en ter  t he  ea r th ' s  atmosphere 
from o r b i t a l  f l i g h t  with heat s h i e l d  forward. 
without flap is  neutral ly  s tab le  or  s l i gh t ly  stable over a l imi ted  angle- 
of-attack range near 0' f o r  Mach numbers grea te r  than about 4.) The 
reentry configuration (capsule wi th  blunt end forward) i s  s t a t i c a l l y  
stable throughout t h e  Mach number range from 0 t o  20. 

The production 

The desired 
This 

(The e x i t  configuration 

INTRODUCTION 

Numerous wind-tunnel investigations have been made by t h e  National 
Aeronautics and Space Administration during t h e  various stages of develop- 
ment of the Project Mercury capsule. Different shapes of blunt nonl i f t ing  

* 
Ti t le ,  Unclassified. 
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bodies were t e s t ed  i n  an e f f o r t  t o  f ind  t h e  one bes t  su i ted  f o r  t he  
requirements of a manned o r b i t a l  vehicle.  From 
these ear ly  s tud ies  evolved t h e  present production Mercury confi,wa- 
t i o n s  . 

(See r e f s .  1 t o  12.)  

The Mercury configurations a re  defined as the  escape, ex i t ,  and 
reentry configurations. 
re fe r red  t o  as the  escape configuration. 
tower removed, the  capsule i s  re fer red  t o  as the  e x i t  confi,wation, 
whereas wi th  t he  blunt  end forward the  capsule i s  known as the  reentry 
confi@ration. Some r e s u l t s  of the  ear ly  wind-tunnel t e s t s  on the  
Mercury configurations a re  given i n  references 13 t o  17. 
development of t he  production Mercury confi,wations, many minor modi- 
f i ca t ions  and refinements were made t o  the  configurations.  See f o r  
example, refs .  18 t o  20.) The purpose of t h i s  paper i s  t o  present t he  
r e s u l t s  of wind-tunnel invest igat ions made at the  Langley and Ames 
Research Centers and the  Arnold Engineering and Development Center (AEDC) 
t o  determine t h e  s t a t i c  longi tudinal  s t a b i l i t y  of t h e  production Mercury 
configurations. 
without t h e  des t ab i l i ze r  f l a p .  
0.05 t o  20 for a range of Reynolds numbers. 

The capsule with the  escape tower attached i s  
With the  small end forward and 

During the  

Also included a r e  r e s u l t s  f o r  the  e x i t  configuration 
Tests were m a d e  at Mach numbers from 

SYMBOLS 

General arrangement of the  configurations showing pos i t ive  d i rec t ions  
of forces  and moments i s  given i n  figure 1. The symbols and coef f ic ien ts  
used i n  

cA 

cD 

'D, a=O 

cL 

cL 
U 

m C 

t h e  presentation are defined as follows: 

Total  a x i a l  force 
qs  

axial-force coeff ic ient ,  

drag coef f ic ien t ,  C cos a + C s i n  a A N 

0 drag coeff ic ient  a t  a = 0 

l i f t  coef f ic ien t ,  C cos a - C s i n  a 

l i f t -curve  slope per degree at 

N A 

acL 
u 2 Oo,  

Pitching moment 
qSd 

pitching-moment coe f f i c i en t ,  

U 
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m ac 
pitching-moment-curve slope per degree at u z Oo, 

Normal force 
ss normal-force coefficient, 

0 aa normal-force-curve slope per degree at a * O  , 
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capsule maximum diameter, ft 

free-stream Mach number 

free-stream static pressure, lb/sq ft 

free-stream dynamic pressure, 

Reynolds number (based on capsule maximum diameter) 

capsule cross-sectional area at station of maximum diameter, 

0.7~2, lb/sq ft 

sq ft 

angle of attack of model center line, deg 

TEST FACILITLES 

I The aerodynamic tests on the production Mercury configurations were 
conducted in the fcllowing NASA and AEDC facilities. 
wise noted, the models were sting-mounted on an internal electrical 
strain-gage balance. 

Ekcept where other- 

Low Subsonic 

The tests at low subsonic speeds were made in the Langley free-flight 
tunnel which has an octagonal test section with a maximum diameter of 
12 feet and is housed in a steel sphere. 
nation pressure of 1 atmosphere over a Mach number range from 0 to 0.1. 

The tunnel operates at a stag- 

Transonic 

The Langley %foot transonic pressure tunnel is a single-return, ., closed-circuit, pressure-type tunnel capable of operating from 1/4 to 1 
atmosphere and over a Mach number range from 0.3 to 1.14. 

of approximately 30 square feet. 

The test 
6 section is rectangular in cross section and has a cross-sectional area 

The upper and lower walls of the test I 
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section are slotted to permit continuous operation through the transonic 
speed range. 

The AEDC 16-foot transonic circuit of the propulsion wind tunnel is 
a continuous-flow closed-circuit facility capable of operation from a 
pressure level which approaches a vacuum to a stagnation pressure of 2.5 
atmospheres and over a Mach number range from 0.5 to 1.6. 
section is 16 feet square (in cross section) and 40 feet long. 
of the test section are perforated and enclosed in a large plenum chamber. 
A pumping system connected to the plenum chamber, together with the per- 
forated walls, provides a means of unchoking the test section when it is 
operating at or near sonic speeds and for the attenuation of disturbance 
waves when it is operating above sonic speeds. 

The test 
The wells 

(See ref. 21.) 

Supersonic 

The 9- by "-foot supersonic test section of the Ames Unitary Plan 
wind tunnel is of the asymmetric sliding-block type in which the varia- 
tion of the test-section Mach number from 1.4 to 2.6 is achieved by 
translating in the streamwise direction the fixed contour block which 
forms the floor of the nozzle. The stagnation pressure can be varied 
from about 2 to 30 lb/sq in. abs . (See ref. 22.) 

The Langley Unitary Plan wind tunnel is of the asymmetric sliding- 
block, closed-working-section type. The low range test section has a 
Mach number range from 1.5 to 2.9 and the high range test section, from 
2.3 to 5. 
imately 7 feet long. The maximum stagnation pressure is approximately 
60 lb/sq in. abs for the low range test section and approximately 
150 lb/sq in. abs for the high range test section. 

The working sections are 4 feet high, 4 feet wide, and approx- 

(See ref. 22.) 

Hypersonic 

One of the tunnels used for the tests at hypersonic speeds was a 
2-foot low-density hypersonic tunnel at the Langley Research Center which 
is a continuous-flow, two-dimensional, closed-circuit, e jector-type 
tunnel. 
and Mach number, from 3 to 7. 

The operating pressure can be varied from 1/4 to 4 atmospheres 

The Langley 20-inch hypersonic tunnel is of the continuous blow- 
down type and is designed to operate at a Mach number of 6. The tunnel 
has a stagnation-pressure range from 300 lb/sq in. abs to 400 lb/sq in. 
abs . 

The Langley 11-inch hypersonic tunnel is an intermittent blow-down- 
type tunnel and was designed to operate at Mach numbers of 7 and 10. 

Lr 
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This tunnel u t i l i z e s  interchangeable t e s t  sections and i s  capable of 
operating from a pressure l eve l  of about 5 atmospheres t o  45 atmospheres. 
(See r e f s .  24 and 23.)  

The AEDC tunnel HS-2 is  a 5O-inch-diameter, arc-driven, Hotshot type 
tunnel.  Air, i n i t i a l l y  confined t o  an a rc  chamber by a diaphragm located 
near t h e  throa t  of an attached convergent-divergent nozzle, i s  heated and 
compressed by an electr ic-arc  discharge and expanded by the  conical 
nozzle t o  the  t e s t  section and vacuum tank .  A useful run duration of 
about 20 milliseconds i s  obtained. 
ates at Mach numbers from 9.9 t o  20. 

(See r e f .  25 .) The tunnel HS-2 oper- 

The Ames pressurized b a l l i s t i c  range and the  Ames supersonic f ree-  
f l i g h t  tunnel launch the  model as a p ro jec t i l e  down an instrumented 
range of recording s ta t ions .  Analys is  of a series of records obtained 
at these s t a t ions  determine the  model charac te r i s t ics  during f l i g h t .  
The b a l l i s t i c  range i s  equipped with 24 spark-shadowgraph s t a t ions  
located a t  various in te rva ls  along i t s  203-foot length.  Chronographs 
record the  time in te rva ls  between shadowgraphs taken as the  model passes 
each s ta t ion .  
models are f i r e d  through a counter-current airstream, The tes t  section 
of t h i s  wind tunnel i s  equipped with 9 spark-shadowgraph s t a t ions  spaced 
at >foot i n t e rva l s .  (See refs. 17 and 26.) 

The wind tunnel i s  similar t o  t he  range except that t h e  

MODEL DESCRIPTION 

The general dimensions and various components of  the  production 
Mercury configurations are presented i n  f igure  2. 
pr incipal ly  of steel  and aluminum except the  model t e s t ed  i n  t h e  free- 
f l i g h t  tunnel, which w a s  constructed of wood. 

The models were made 

Escape Configuration 

Some of t he  escape models tes ted  did not have a l l  t h e  components of 
t he  production version. The minor components, which were expected t o  
have small e f f ec t s  on the  aerodynamic character is t ics ,  were not on some 

1 of t h e  s m a l l  models. The r s c a l e  model t e s t ed  i n  the  Langley f ree- f l igh t  

I tunnel, t h e  -scale model t e s t ed  i n  t h e  Langley %foot transonic pressure 

tunnel, and t h e  5.37-percent-scale model t e s t ed  i n  a 2-foot low-density 
tunnel a t  the  Langley Research Center did not have the  igni ter-cable  con- 
d u i t s  and junction boxes, t he  igniter-cable-fairing s t r a p  turnbuckles, 
and t h e  ramp at  t h e  base of t h e  rocket. 
model did not have the  tangent ia l  igniter-cable f a i r ings  and ign i te r -  

9 

Also the  5.37-percent-scale 

- , .  ._ cable junction boxes. . . .. - .  . 
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1 
9 The -scale model t e s t e d  i n  both t h e  Ames and Langley Unitary Plan wind 

tunnels did not have t h e  igniter-cable-fairing s t r a p  turnbuckles. One 

version of t he  -scale escape model t e s t ed  i n  Langley Unitary Plan wind 

tunnel had a N l - s c a l e  parachute-housing diameter of 30 inches. 

1 
9 

Exit and Reentry Configurations 

Most ex i t  models t e s t ed  were scale  models of t he  production e x i t  
configuration shown i n  f igure  2. 
hypersonic tunnel had a fu l l - sca le  parachute-housing diameter of 30 
inches instead of 32 inches. 
des tab i l izer  f lap,  tests were made i n  the  20-inch hypersonic and a f o o t  
transonic pressure tunnels f o r  models without des tab i l izer  f l aps  and 
with a parachute-housing diameter of 30 inches. 

The model t e s t ed  i n  t h e  Langley 20-inch 

I n  addition t o  t h e  models t e s t e d  with a 

The reent'ry models t e s t ed  were scale  models of t h e  basic  capsule 
w i t h  a parachute-housing diameter of 30 inches and without t h e  
des tab i l izer  f l a p  on the  face of t he  antenna housing. 

TEST CONDITIONS AND ACCURACY 

A comparison of t h e  t es t  Reynolds numbers with typ ica l  f l i g h t  
Reynolds numbers i s  given i n  f igure  3 .  
generally approximated the  f l i g h t  Reynolds numbers with t h e  exception 
of the  high Reynolds numbers of t h e  ex i t  phase. 
are summarized i n  t ab le  I. 

The tes t  Reynolds numbers 

The tes t  conditions 

The available accuracy estimates f o r  t he  t e s t  da ta  are given i n  
table 11. 

PRESENTATION OF RESULTS 

The re su l t s  of the  invest igat ion are presented i n  the  following 
f igures  : 

Figure 

Variation of aerodynamic cha rac t e r i s t i c s  with angle of a t t ack  
fo r  escape configuration . . . . . . . . . . . . . . . . . . .  4 t o  8 
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Figure 

Effect of Reynolds number on the longitudinal aerodynamic 
characteristics of the production escape configuration . . . . . . . . . . . . . . . . . . . . . . . . .  a t M = 2 . 5  9 

Variation of aerodynamic characteristics with angle of 
attack for exit configuration . . . . . . . . . . . . . . .  10 to 14 

Variation of aerodynamic characteristics with angle of 
attack for reentry configuration . . . . . . . . . . . . . .  15 to 19 

Summary of longitudinal stability characteristics for - 
Escape configuration . . . . . . . . . . . . . . . . . . .  20 
hit configuration 21 
Reentry configuration . . . . . . . . . . . . . . . . . .  22 

. . . . . . . . . . . . . . . . . . . .  

Variation of aerodynamic characteristics with angle of 
attack and Mach number for - . . . . . . . . . . . . . . . . . . .  Escape configuration 23 
Reentry configuration (with destabilizer flap) . . . . . .  24 
Reentry configuration (without destabilizer flap) 25 . . . .  

DISCUSSION 

General Comments 

For some Mach numbers of the tests made in the Langley &foot 
transonic pressure tunnel of the escape configuration, the Reynolds 
number was not held constant throughout the range of angle of attack. 
It was necessary to lower the dynamic pressure at the higher angles 
of attack because of balance loadlimitations. 
for the afferent angle-of-attack ranges are noted in the figures. 
escape configurations were tested in the Langley Unitary Plan wind 
tunnel. 
chute-housing diameter of 32 inches) was tested o n l y  for the positive 
angle-of-attack range. 
parachute-housing diameter of 30 inches, was tested for both the positive 
and negative angle-of-attack ranges. 

The Reynolds numbers 
Two 

The production escape configuration (with the full-scale para- 

The other configuration, which had a -1-scale 

Summary data from the Ames pressurized ballistic range, the Ames 

The data is 
supersonic free-flight tunnel, and the AEDC tunnel HS-2 are included on 
the summary plot for the reentry configuration (fig. 22). 
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presented only i n  summary form because t h e  t e s t s  i n  these f a c i l i t i e s  
were conducted over a l imited angle-of-attack range. 

estimated accuracy of t he  da ta  w a s  on the  order of 325 percent. 

In  correlat ing t h e  
summary data  of tunnel HS-2, it might be w e l l  t o  point out t h a t  t he  Y 

The data of figures 23, 24, and 25 are  comprehensive p lo t s  of t he  
variation of t he  aerodynamic charac te r i s t ics  of t h e  escape and reentry 
configurations with angle of a t tack  and Mach number. (Figures 23, 24, 
and 25 can be found i n  a pocket at the  back of t he  report . )  
i n  tables  111, N, and V are tabulat ions of the  aerodynamic data  
determined from the  f a i r ed  p lo t s  of f igures  23, 24, and 25. It has 
been necessary t o  extrapolate and estimate over considerable portions 
of t h e  angle-of-attack range. 

Also given 

Escape Configuration 

zhe production escape configuration i s  s t a t i c a l l y  s tab le  at 
u c  0 , t he  trim point.  
curves in  f igure  4. For subsonic, transonic, and low supersonic Mach 
numbers (M = 0.05 t o  1.80) the  configuration i s  s tab le  over a l imitedo 
angle-of-attack range (a = 0' t o  20' at M = 0.05 and a = 0' t o  25 
at M = 1.80). 

angle of a t tack  (a e 23 ) . 

This i s  shown by the  pitching-moment coef f ic ien t  

v 

For the  high supersonic and the  hypersonic Mach numbers 
( M  = 2.01 t o  6.80) ,  t h e  configuration i s  s tab le  up t o  the  maximum tes t  4 

0 

have 
f o r  

I n  developing the  production Mercury capsule, several  modifications 
been made t o  t he  esca e Configuration. The modifications, except 8 the  addition of t he  45 flow separator, had only small e f f ec t s  on 

the  s t a b i l i t y .  The flow separator causes a subs tan t ia l  increase i n  the  
s t a b i l i t y  of t he  escape configuration. A t  angle of 
attack, t he  flow separator creates  unsymmetrical flow separation over 
the  capsule i n  the  p i t ch  plane. This unsymmetrical flow separation 
a f f ec t s  a rearward s h i f t  of t he  center of pressure and hence an increase 
i n  t h e  s t a b i l i t y  of t h e  configuration. The flow separator caused a 
greater  increase i n  t h e  s t a b i l i t y  at t he  subsonic and transonic Mach 
numbers than it did  at the  higher Mach numbers. This increase can be 
seen by the curve f o r  

(See r e f .  19.) 

C i n  f igure  20 where the  bas ic  and production ma 
configurations are compared ( re fs .  13, 15, and 19). 
t i on  (which d id  not have a flow separator)  had marginal s t a b i l i t y  a t  t he  
subsonic and transonic Mach numbers. (See ref. 13.)  The (d) p a r t s  of 
f igures  4 t o  8 show data  a t  supersonic speeds f o r  both the  30- and 32-inch 
parachute housings. 
housing s i ze  the e f f ec t  was generally small. 

The bas ic  configura- 

Although there  w a s  some ef fec t  of increasing the  
0 

The var ia t ions  of the nomml-force coeff ic ient  and the  l i f t  coef- 
f i c i e n t  with angle of a t t ack  a r e  genera l ly ' i inear  only up t o  a. SY 5'. a 



(See f i g s .  5 and 7.) The normal-force-curve slope and t h e  l i f t -curve  
slope a t  a = 0 are both posit ive,  and they vary s l i g h t l y  with Mach 
number. (See f i g .  20.) 

0 

The axial-force coeff ic ient  and the drag coef f ic ien t  f o r  t h e  
escape configuration have a nonlinear var ia t ion  with angle of a t tack.  
(See f i g s .  6 and 8.) The drag coefficient at 

increases with increasing Mach number i n  t h e  subsonic and transonic 
regions t o  a maximum near M = 1, whereas at the  supersonic and hyper- 
sonic Mach numbers it decreases with increasing Mach number. 

0 P n ,  aF-0) a = o 

(See 
f i g .  20.) 

The longi tudinal  aerodynamic charac te r i s t ics  of t he  production 
escape configuration were not affected by var ia t ion  i n  Reynolds number 

from 3.3 x 10 t o  9 x 10 at M = 2.5. (See f i g .  9 . )  6 6 

Exit Configuration 

The production e x i t  configuration i s  s t a t i c a l l y  unstable throughout 
t h e  t es t  Mach number and angle-of-attack ranges. 
desired i n s t a b i l i t y  w a s  obtained by t h e  addition of t h e  des tab i l izer  
f l ap .  
atmosphere from o r b i t a l  f l i g h t  with the heat sh ie ld  forward. 
configuration without t he  f l a p  became neut ra l ly  s t ab le  o r  s l i g h t l y  
s t ab le  over a l imited angle-of-attack range near 0' f o r  Mach numbers 
grea te r  than about 4. 
f l a p  w a s  an incremental s h i f t  i n  t h e  pitching-moment-coefficient curve 
near a = 0 . This s h i f t  e l imina ted the  trim point near a = 0 . The 
production ex i t  models were t e s t ed  with the  des t ab i l i ze r  f l a p  rotated 
180' i n  r o l l  from i t s  normal location during e x i t .  
normal locat ion.  ) 

(See f i g .  10.) This 

The i n s t a b i l i t y  assures t h a t  the capsule w i l l  en te r  t h e  ea r th ' s  
The e x i t  

(See f i g .  10.) The e f f ec t  of t h e  des tab i l izer  

0 0 

(See f i g .  2 f o r  

The var ia t ions of t h e  normal-force coef f ic ien t  and the  l i f t  coef- 
f i c i e n t  with angle of a t tack  a r e  generally l i n e a r  over a l imited angle- 
of-attack range near a = 0 . (See f igs .  11 y d  13 . )  The normal-force- 
curve s lope  and the  l i f t -curve  slope a t  
they are generally constant with Mach number. 

0 

a = 0 are both posi t ive and 
(See f i g .  U . )  

The axial-force coeff ic ient  and the  drag coef f ic ien t  have a non- 
l i nea r  var ia t ion  with angle of  attack. 
Plot  of 
( f i g .  2l) i s  similar t o  t h a t  f o r  t he  escape configuration. 

(See f i g s .  1 2  and 14 . )  The 
c*,oL=o against  Mach number f o r  t h e  ex i t  configuration 
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Reentry Configuration m 

The reentry data presented in this paper are for the basic Mercury Y 
reentry configuration which had a f'ull-scale parachute-housing diameter 
of 30 inches (refs. 13 and 15 to 17). 
has not been tested in the reentry mode. 
in parachute-housing diameter should have little or no effect on the 
stability of the reentry model. The effect of the destabilizer flap 
on the reentry stability is unknown but the effect is expected to be 
small. 

The production Mercury capsule 
However, the small increase 

The reentry configuration is statically stable throughout the test 

C, with angle of attack is linear over a limited angle-of-attack 
Mach number and angle-of-attack ranges. 
of 
range near a = 0'. The summary plot (fig. 22) shows that C% is 

negative and generally constant throughout the Mach number range investi- 
gated. 

(See fig. 15. ) The variation 

The variations of the normal-force coefficient and the lift coef- 
ficient with angle of attack are linear over a limited angle-of-attack 
range near a = 0'. (See figs. 16 and 18.) In the subsonic and tran- 
sonic Mach number ranges, the normal-force coefficient is zero or 

has slight negative values at subsonic and transonic speeds and 

t 

slightly negative up to a cz 10'. The summary plot (fig. 22) shows 4 

c% 
becomes slightly positive a; supersonic and hypersonic speeds. 
lift-curve slope at a = 0 
Mach number throughout the test Mach number range. 
coefficient and hence negative lift-curve slope at low positive angles 
of attack is the result of the reeentry configuration having a relatively 
low normal force and a high axial force. 
(or low normal force) is desirable, because the resultant force vector 
of lift and drag rotates with angle of attack so as to be primarily in 
the axial direction and the astronaut is positioned to withstand high 
axial loads. On the other hand, the negative lift-curve slope has an 
undesirable effect since it contributes to capsule dynamic instability. 

The 
is negative and generally constant with 

The negative lift 

The negative lift-curve slope 

The axial-force coefficient and the drag coefficient have a non- 
linear variation with angle of attack. With 
increase in Mach number, C D , ~ = O  increases up to about M 2 4, and 
above this Mach number it remains constant. 

(See figs. 17 and 19.) 

. 
4 
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SUMMARY OF RESULTS 

T e s t s  have been conducted over a Mach number range of 0.05 t o  20 
t o  determine the  s t a t i c  s t a b i l i t y  charac te r i s t ics  of t he  production 
Mercury escape, ex i t ,  and reentry configurations. The r e s u l t s  are 
summarized as follows: 

1. The production esca e configuration i s  s t a t i c a l l y  s t ab le  g near an angle of a t t ack  of 0 throughout t he  Mach number range from 
o t o  6.80. 

2. The production ex i t  configuration i s  s t a t i c a l l y  unstable 
throughout the  Mach number range from 0 t o  6.82. 
was obtained by the addition of the  destabi l izer  f l ap .  This i n s t a b i l i t y  
assures t h a t  t he  capsule would en ter  the e a r t h ' s  atmosphere from o r b i t a l  
f l i g h t  with the  heat  sh ie ld  forward. 
f l a p  i s  neutral ly  s&able or s l i g h t l y  s tab le  over a l imi ted  angle-of- 
a t t ack  range near 0 f o r  Mach numbers grea te r  than about 4 . )  

The desired i n s t a b i l i t y  

(The ex i t  configuration without 

3 .  The reentry configuration tes ted i s  s t a t i c a l l y  s t ab le  through- 
out t he  Mach number range from 0 t o  20. 

Goddard Space F l ight  Center, Space Task Group, 
National Aeronautics and Space Administration, 

Langley Field,  Va., October 3, 1960. 
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TABLE I.- TEST CONDITIONS I '-4 

Stagnation 
pressure, 

lb/sq in. ab6 

Stagnation 
temperature, 

OF 

Dynamic 
pressure, 
lb/sq ft 

3.7 

Reynolds 
number 

Mach 
number Facility Configuration 

W e y  
free-flight 
tunnel 

Escape and 
reentry, 
&scale 

model 

0.05 14.7 75 0.60 x 106 

Escape, 
L-scale 

model 
9 

0.30 - 50 
.80 

1.00 

1.14 

14.8 
14.7 
14.7 
8.7 
8.3 
14.7 
7.0 
5.6 
14.7 
6.4 
4.9 

126.0 
313 
623 
367 
352 
784 
372 
296 
860 
375 
288 

6 1.21 x 10 
1.89 
2.58 

Langley 8-foot 
transonic pressure 
tunnel 

L 1.06 

L .97 

1.89 x io6 
2.58 

2.87 

2.42 x lo6 
3-30 
3.61 
3.68 

0.50 
.80 

1.00 
1.14 

14.7 
14.7 
14.7 
13.5 
14.7 

Exit, 
L-scale 9 
model 

I .  
I 

Y Exit 
without 
destabilizei 
flap, 
L-scale 7 
model 

14.7 
14.7 
14.7 
14.7 

0.50 
.80 
1.00 
1.14 

0.50 

70 
.80 
.90 
.95 
.98 
1.00 
1.03 
1.14 

.60 
Reentry, 
&-scale 7 
model 

2.42 x iob 
2.77 
3.06 
3.30 
3.50 
3.56 
3.60 
3.61 
3.62 
3.68 

14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 
14.7 

16.05 
12.7 
n.2 
10.6 
10.6 
10.4 
11.35 

l.23 
3-25 
125 
125 
125 
125 
3-25 
125 
125 
125 

120 
120 
120 
120 
I20 
145 
140 

AEDC 16-foot 
transonic 
circuit 

Escape and 
exit, 
32-percent 
scale model 

0.50 
* 70 
.90 
1.14 
1.30 

1.50 

6.0 x io6 
6.0 
6.0 
6.0 
6.0 

} 6.0 
Ames Unitary 
Plan wind 
tunnel 

1-55 
1.80 
2.01 
2.50 

2.4 x io6 
2.4 
3.3 
3.1  

Escape, 
&-scale 9 
model 

( 3 . 3  x 106 
6.0 

~9.0 

Escape, 
32-percent 
scale model 

2.50 e 

~ * ' 
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Mach 
Facility Configuration number 

TABLE I.- TEST CONDITIONS - Concluded 

pressure 
lb/sq Pt 

Stagnation 
pressure, 

lb/sq In .  abs 

} 150 Langley U n i t a r y  
Plan wind 
tunnel 

2.50 x i o  6 
{4.40 2.50 

2.87 

Escape, 

l s c d e  
model 
9 

785 
{ $ 1385 

26 712 { 54 1480 

798 

/ E  

175 

150 
150 
175 

125 

175 

150 

I I 

2.50 

2.45 x lo6 
2.39 
2.20 

2.69 x io6 

2.50 

2.50 

3.94 
4.65 

48 540 
65 412 

Reentry, 

9 
l s c d e  

model 

350 
165 
148 
110 
75 

1.60 14.6 885 
2.06 16.2 805 

24.7 678 
2.87 { 38.0 1051 
3.94 55.8 624 
4.65 55.0 343 

2-foot low- 
density hyper- 
sonic tunnel 

I 0.0 I 19.0 I --- 

AEE tunnel Reentry, 
5. sbpercent  
scale m o d e l  

I HS-2 

Escape, 3.15 14.97 326 
5.37-percent 3.92 14.88 169 
scale m o d e l  4.72 24.49 145 

5.73 39.60 ll0 
6.80 56.92 77 

Stagnation 

Exit, 
5.37-percent 
scale model 

3.02 14.41 
3.96 15.02 
4.70 24.61 
5.75 40.16 
6.82 56.15 

Langley 20-inch 
hypersonic 
tunnel 

Langley 11-inch 
hypersonic tunnel 

Ames pressurized 
b a l l i s t i c  range 

Ames supersonic 
free-f l ight  
tunnel 

2.20 
175 1 2.05 

Exit, 5.98 267 622 
5.37-percent 
scale model 

5.37-percent 
scale model 

Reentry, 5.98 295 687 

Reentry 6.66 132 171 
j.X)-percent 9.60 412 I l 3  
scale m o d e l  

U.8 --- Reentry, 3.0 
2.21-percent 
scale m o d e l  

--- --- Reenty, 9.5 0.60-percent 14.0 --- --- 
scale model 

263 0.75 X 10‘ 
280 I .51 
310 .35 

262 0.80 x 10 

282 .36 
310 .40 
332 

- -Gq---  1.60 x i o  

1.80 x 10 

~ - -  
0.20 x l o  

1200 

0.uo x LU .A 
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Figure 1.- General arrangement of the configurations showing positive 
directions of forces and moments. 
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a9 deg 

M = 0.05 t o  1.14. (a) 

Figure 4.- Variation of pitching-mament coef f ic ien t  with angle of a t tack.  
Escape configuration. + 
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(b) M = 0.50 t o  1.30. 

Figure  4.- Continued. 
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Figure 4.- Continued. 
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(a) M = 0.05 to 1.14. 

Figure 5.- Variation of normal-force coefficient with angle of attack. 
Escape configuration. 
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(b) M = 0.50 to 1.50. 

Figure 5.- Continued. 
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Figure 6.- Variation of axial-force coefficient with angle of attack. 
Escape configuration. 
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(b) M = 0.50 to 1.50. 

Figure 6.- Continued. 
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(a) Pitching-moment coefficient. 

Figure 25.- Variation of aerodynamic characteristics vlth angle of attack and Mach number. 
Escape configuration. 
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