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STATIC AERODYNAMIC CHARACTERISTICS 

OF THE ABORTED APOLLO-SATURN I B  VEHICLE 

BY 

B i l l y  W. Nunley 

ABSTRACT 

Aerodynamic c h a r a c t e r i s t i c s  of t h e  abor t ed  Apollo-Saturn I B  v e h i c l e s  
a r e  de f ined  f o r  c o n t r o l  and s t r u c t u r a l  ana lyses .  S t a t i c  s t a b i l i t y  cha rac -  
t e r i s t i c s  a r e  presented a t  va r ious  ang le s  of a t t a c k  ( 3 "  - 15") as a 
f u n c t i o n  of Mach number. Local normal f o r c e  c o e f f i c i e n t  d i s t r i b u t i o n s  
are included a t  va r ious  angles  of a t t a c k  (0" - 15") f o r  the Mach numbers 
ranging from 0.5 t o  2.86. Axial  f o r c e  c o e f f i c i e n t s  f o r  power-off and 
power-on cond i t ions  are def ined a t  zero ang le  of a t t a c k  throughout t h e  
Mach number range. Local a x i a l  force c o e f f i c i e n t  and l o c a l  p re s su re  
c o e f f i c i e n t  d i s t r i b u t i o n s  a r e  presented a t  zero ang le  of a t t a c k  a t  Mach 
numbers from 0.5 t o  2.86. These d a t a  are based p r i m a r i l y  on wind t u n n e l  
tes ts  of s c a l e  models. 
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TECHNICAL MEMORANDUM X-53423 

STATIC AERODYNAMIC CHARACTERISTICS 

OF THE ABORTED AFQLLO-SATURN IB VEHICLE 

SUMMARY 

This r e p o r t  p r e s e n t s  t h e  s t a t i c  aerodynamic c h a r a c t e r i s t i c s  o f  t h e  
aborted Apollo-Saturn I B  v e h i c l e .  These d a t a  are based p r i m a r i l y  on wind 
tunnel  tests o f  scale models. S t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s  are 
included as a f u n c t i o n  of Mach number f o r  ang le s  o f  a t t a c k  from 0' t o  
15'. Axial  f o r c e  c h a r a c t e r i s t i c s  are de f ined  f o r  power-on and power-off 
cond i t ions  a t  zero angle  o f  a t t a c k  as a f u n c t i o n  o f  Mach number. Local 
normal f o r c e  c o e f f i c i e n t s  are included a t  v a r i o u s  ang le s  of a t t a c k  from 
0' t o  15' f o r  Mach numbers from 0.5 t o  2.86. Local p r e s s u r e  c o e f f i c i e n t  
and a x i a l  f o r c e  c o e f f i c i e n t  d i s t r i b u t i o n s  are included f o r  v a r i o u s  Mach 
numbers from 0.5 t o  2.86 a t  zero angle of a t t a c k .  

I. INTRODUCTION 

The primary mission of t h e  r e sea rch  and development f l i g h t s  o f  t h e  
Apollo-Saturn I B  v e h i c l e s  i s  t o  demonstrate t h e  c o m p a t i b i l i t y  and perform- 
ance o f  t he  launch v e h i c l e / s p a c e c r a f t  i n  p r e p a r a t i o n  f o r  manned f l i g h t .  
For t h e  o p e r a t i o n a l  v e h i c l e s ,  t h e  primary mission i s  t o  p l a c e  a manned 
s p a c e c r a f t  i n  e a r t h  o r b i t .  I f  a malfunct ion r e s u l t i n g  i n  f a i l u r e  t o  
complete t h e  mis s ion  should occur during f i r s t  s t a g e  f l i g h t ,  t h e  command 
module w i l l  be aborted.  I f  t h e  malfunction occur s  e a r l y  i n  f l i g h t  on  
unmanned v e h i c l e s ,  an  at tempt  w i l l  be made t o  f l y  t h e  aborted v e h i c l e  
power-on u n t i l  60 seconds f l i g h t  t i m e  has e lapsed.  On manned f l i g h t s ,  
t h i s  t i m e  has been decreased t o  40 seconds. This r e q u i r e s  a d e f i n i t i o n  
of t h e  aerodynamic c h a r a c t e r i s t i c s  of  the abortc:! Apzllo-Ssturn'IB v e h i c l e .  

The abor t ed  Apollo-Saturn IB v e h i c l e  c o n s i s t s  of t h e  S-IB f i r s t  
s t a g e ,  S-IVB second s t a g e ,  instrument u n i t  ( IU),  l una r  excur s ion  module 
a d a p t e r  (SLA), and s e r v i c e  module (SM). The S-IB s t a g e  p ropu l s ive  system 
inc ludes  e i g h t  Rocketdyne H-1 engines w i t h  a t o t a l  s e a  l e v e l  t h r u s t  o f  
1.6 m i l l i o n  pounds. The S-IVB s t a g e  employs one Rocketdyne 5-2 engine 
w i t h  a r a t e d  vacuum t h r u s t  of 200,000 pounds. 

AS-201, AS-202, and AS-204 and subsequent are s i m i l a r ,  t h e  on ly  
major d i f f e r e n c e s  being i n  t h e  base conf igu ra t ion .  The S-IB s t a g e  of 
AS-201 i s  equipped wi th  engine shrouds and side-mounted t u r b i n e  exhaust  
d u c t s .  For AS-202 and subsequent v e h i c l e s ,  t h e  engine s k i r t s  w i l l  be 



removed. AS-204 and subsequent v e h i c l e s  w i l l  have the  side-mounted 
t u r b i n e  exhaust d u c t s  removed, and t h e  t u r b i n e  exhaust gases  w i l l  be 
vented through a s p i r a t o r s  mounted on t h e  inboard engine nozzles  and 
d i r e c t e d  in to  the flame s h i e l d  a r e a .  The removals and i n s t a l l a t i o n s  
d i scussed  have s i g n i f i c a n t  e f f e c t s  only on the  a x i a l  f o r c e  c h a r a c t e r -  
i s t i c s ;  t h e  proper account ing of t hese  e f f e c t s  have been made f o r  each 
v e h i i  l e .  

A compatible d i f i n i t i o n  of t he  aerodynamic c h a r a c t e r i s t i c s  o f  t h e  
aborted Apollo-Saturn I B  v e h i c l e s  f o r  t r a j e c t o r y ,  c o n t r o l ,  and s t r u c t u r a l  
a n a l y s i s  i s  presented.  
t e s t s  of s c a l e  models. 
p re sen ted  i n  Figure 3 .  
t o  a l l  Apollo-Saturn I B  v e h i c l e s  provided t h e r e  are no major configura-  
t i o n  changes (such as frustum ang les ,  s t a g e  l e n g t h s ,  e t c . ) .  

These d a t a  a r e  based p r i m a r i l y  on wind tunnel  
Typical Apollo-Saturn I B  t r a j e c t o r y  d a t a  are 
Data presented i n  t h i s  r e p o r t  w i l l  be a p p l i c a b l e  

11. STATIC STABILITY CHARACTERISTICS 

S t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  abor t ed  Apoll-o-Saturn I B  
v e h i c l e  were def ined based p r i m a r i l y  on wind tunne l  tes ts  of s ca l ed  
models. These t e s t s  were conducted a t  Chance Vought Corporat ion and 
Langley Research Center employing a 1.32 per  cen t  s c a l e  model [ 3 ,  41. 
V a r i a t i o n s  of c e n t e r  o f  p re s su re  and normal fo rce  g r a d i e n t  a t  zero 
ang le  of a t t a c k  a r e  def ined as a f u n c t i o n  o f  Mach number i n  Figure 4. 
The normal fo rce  c o e f f i c i e n t  as a func t ion  of ang le  of a t t a c k  and Mach 
number i s  c a r p e t - p l o t t e d  i n  Figure 5.  These d a t a  are Dresented f o r  an 
ang le  of a t t a c k  range of Oo t o  15" and a Nach number range of 0 t o  4.8 .  
Corresponding c e n t e r  of p re s su re  v a r i a t i o n s  are presented i n  Figures  
6 through 9.  These d a t a  r e f l e c t  t he  presence o f  protuberances and the 
e f f e c t  on s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s .  

111. AXIAL FORCE CHARACTERISTICS 

Forebody a x i a l  f o r c e  c o e f f i c i e n t  and power-off base a x i a l  f o r c e  
c o e f f i c i e n t  presented f o r  each v e h i c l e  are based on wind tunne l  t e s t s  
o f  s ca l ed  models [ 3 ,  41. 
def ined  using f l i g h t  d a t a  on Sa tu rn  I, Block I1 v e h i c l e s  and wind tunnel  
t es t s  of scaled models w i th  s imulated flow through the  eng ines .  By use 
of t hese  d a t a ,  t o t a l  power-on and power-off a x i a l  f o r c e  c o e f f i c i e n t s  were 
de f ined  a t  zero angle  o f  a t t a c k  as a f u n c t i o n  o f  Mach number. 

Power-on base a x i a l  f o r c e  c o e f f i c i e n t  w a s  

Axial  force c h a r a c t e r i s t i c s  of Apollo-Satorn 201, which r e f l e c t  t h e  
presence o f  engine shrouds and e x t e r n a l l y  mounted t u r b i n e  exhaust  d u c t s ,  
a r e  presented i n  Figure 10. Apollo-Saturn 202 a x i a l  f o r c e  c h a r a c t e r i s t i c s ,  
presented i n  Figure 11, r e f l e c t  t h e  removal o f  engine shrouds and t h e  
presence o f  the t u r b i n e  exhaust d u c t s .  Axial f o r c e  c h a r a c t e r i s t i c s  of  

2 

. 



Apollo-Saturn 204 and subsequent v e h i c l e s ,  presented i n  Figure 12,  r e f l e c t  
t h e  removal of t h e  engine shrouds and r e r o u t i n g  of t h e  t u r b i n e  exhaust  
gases  i n t o  t h e  flame s h i e l d  area. To ta l  power-on and power-off ax i a l  
f o r c e ,  power-on and power-off base a x i a l  f o r c e ,  and forebody ax ia l  f o r c e  
c o e f f i c i e n t s  a r e  presented f o r  each v e h i c l e  as a f u n c t i o n  of Mach number 
a t  zero ang le  of a t t a c k .  

Var i a t ions  of t o t a l  power-on and power-off a x i a l  f o r c e  du r ing  f l i g h t  
are de f ined  as follows: 

Axial  f o r c e  (power-on) = C A ~  (power-on) q, S 

Axial  f o r c e  (power-off) = CA (power-off) qm S T 

I V .  LOCAL NORMAL FORCE COEFFICIENT DISTRIBUTIONS 

Local normal f o r c e  c o e f f i c i e n t  d i s t r i b u t i o n s ,  presented i n  Figures  
13 through 3 6 ,  a r e  def ined a t  Mach numbers from 0.5 t o  2 . 8 6  f o r  ang le  of 
a t t a c k  from 2' t o  15'. Fin c o n t r i b u t i o n s  a r e  included as concentrated 
loads on each f i g u r e  a t  t he  proper l o n g i t u d i n a l  s t a t i o n .  The f i n  normal 
f o r c e  c o e f f i c i e n t  d e f i n e s  the fo rces  o f  a l l  e i g h t  f i n s  and includes body 
upwash. The carry-over of t he  f i n s  on the  body i s  included i n  t h e  load 
d i s t r i b u t i o n s  over t h e  body. 

The l o c a l  normal f o r c e  c o e f f i c i e n t  d i s t r i b u t i o n s  are based on wind 
tunne l  t e s t s  of s c a l e  models [ 5  - 91. 
t o  o b t a i n  a compatible d e f i n i t i o n  of t h e  load d i s t r i b u t i o n  over t he  v e h i c l e .  
The c o n t r i b u t i o n  of t he  f i n s  and t a i l  b a r r e l  was ob ta ined  from Reference 6 .  

Data from these  t e s t s  were compiled 

V. LOCAL AXIAL FORCE COEFFICIENT DISTRIBUTIONS 

The d i s t r i b u t i o n s  of l o c a l  a x i a l  fo rce  c o e f f i c i e n t ,  which a r e  def ined 
a t  zero ang le  o f  a t t a c k  f o r  va r ious  Mach numbers ranging frum 0.5 t o  2.86, 
w e r e  ob ta ined  from a sca l ed  model p re s su re  t e s t  [ 6 ] .  
c o e f f i c i e n t s  of t he  f l a t  f a c e ,  S-IB/S-IVB base,  shrouds,  f i n s ,  power-on 
b a s e ,  and power-off base a r e  t abu la t ed  as  concentrated loads s i n c e  these  
d a t a  do not  r e a d i l y  adapt t o  a d i s t r i b u t e d  load. The t a b u l a t e d  f i n  and 
shroud loads were ob ta ined  from Reference 9 and the  base a x i a l  f o r c e  
c h a r a c t e r i s t i c s  were obtained from Figures 10 through 12. The a x i a l  
f o r c e  c o e f f i c i e n t  f o r  t h e  f l a t  face was obtained by assuming YO p e r  cen t  
s t a g n a t i o n  p res su re  over t he  face.  

The a x i a l  f o r c e  

3 



V I .  LOCAL PRESSURE COEFFICIENT DISTRIBUTIONS 

Longitudinal  l o c a l  p r e s s u r e  c o e f f i c i e n t  d i s t r i b u t i o n s  were de f ined  
based on wind tunnel  t e s t s  o f  s ca l ed  models. These d a t a  were ob ta ined  
from t h e  same sources  as t h e  l o c a l  normal f o r c e  c o e f f i c i e n t  d i s t r i b u t i o n s ,  
[ 6  - 91, which a r e  presented a t  zero angle  of a t t a c k  f o r  Mach numbers 
ranging from 0.5 t o  2.86 i n  Figures  40, 41, and 42. 

When the command module i s  e j e c t e d ,  t h e  s p a c e c r a f t  compartment i s  
sub jec t ed  t o  s t a g n a t i o n  p res su re .  The i n t e r n a l  p r e s s u r e  c o e f f i c i e n t  i s  
de f ined  as a f u n c t i o n  of Mach number i n  Figure 43. 

CONCLUDING REMARKS 

The d a t a  presented i n  t h i s  r e p o r t  a r e  a compilat ion of aerodynamic 
c h a r a c t e r i s t i c s  necessary t o  support  t h e  des ign  of the Apollo-Saturn I B  
launch v e h i c l e s .  The purpose of t h i s  r e p o r t  i s  t o  supply an  adequate 
and compatible d e f i n i t i o n  of t he  aerodynamic c h a r a c t e r i s t i c s  f o r  s t r u c -  
t u r a l ,  c o n t r o l ,  and performance a n a l y s i s .  

The aerodynamic c h a r a c t e r  i s  t i c s  included a r e  based p r i m a r i l y  on 
wind tunne l  t e s t s  of s ca l ed  models and supplemented wi th  a n a l y t i c a l  
d a t a  where experimental  d a t a  were unava i l ab le .  The t e x t  of t h i s  r e p o r t  
does n o t  p re sen t  a d e t a i l e d  a n a l y s i s  o f  t h e  experimental  d a t a .  
may be obtained from the  r e fe renced  r e p o r t s .  

This  

Blunt body aerodynamic d a t a  do not have t h e  c h a r a c t e r i s t i c  accuracy 
a s s o c i a t e d  with t h a t  of complete launch v e h i c l e s .  F i r s t ,  t h e  inc reased  
bow shock s t r e n g t h  and t h e  g r e a t e r  p o t e n t i a l  f o r  wind t u n n e l  shock 
r e f l e c t i o n s  reduce the  p r o b a b i l i t y  of o b t a i n i n g  precise d a t a .  Further-  
more, i t  has been shown f o r  t h e  extreme case  o f  simple b l u n t  c y l i n d e r s  
t h a t  c o n s i s t e n t  d a t a  can be obtained i n  any s i n g l e  test  s e r i e s ;  y e t  i t  
is  d i f f i c u l t  t o  o b t a i n  cons i s t ency  between d i f f e r e n t  t es t  series.  
i s  a t t r i b u t e d  t o  sma l l  d i s c r e p a n c i e s  i n  shock f i e l d s ,  boundary l a y e r s ,  
model geomet,ries and s c a l e ,  h e a t  t r a n s f e r  e f f e c t s ,  and flow f i e l d  devia-  
t i o n s .  Nevertheless ,  t he  se t  of enclosed d a t a  i s  c o n s i s t e n t  and i t  i s  
judged e n t i r e l y  adequate i n  terms of accuracy f o r  c o n d i t i o n s  involved 
( i . e . ,  a s h o r t  t e r m  - unmanned f l i g h t  be fo re  i n t e n t i o n a l  d e s t r u c t i o n ) .  
I f  a judgement had t o  be made a s  t o  t h e  probable  accuracy,  i t  would be 
a s  fol lows:  normal f o r c e  c o e f f i c i e n t ,  210 pe r  c e n t ;  c e n t e r  of p r e s s u r e ,  
+0.4 c a l i b e r ;  and a x i a l  f o r c e  c o e f f i c i e n t ,  f15 p e r  c e n t .  

This  
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