
NASA CR-66725-2 

FINAL REPORT 

BUOYAWT VENUS STATION MISSION FEASIBILITY STUDY 
FOR 1972 - 1973 LAUNCH OPPORTUNITIES 

VOLUME 11: TRAJECTORY ANALYSIS FOR 1972 AND 1973 MISSIONS 

Donald W .  Marquet and Char les  E .  French 

D i s t r i b u t i o n  o f  t h i s  r e p o r t  i s  provided 
i n  t h e  i n t e r e s t  of in format ion  exchange. 
R e s p o n s i b i l i t y  f o r  t h e  c o n t e n t s  r e s i d e s  
i n  t h e  a u t h o r  o r  o r g a n i z a t i o n  t h a t  p re -  
pared i t .  

I/ BVS Study Manager 

\ 

Approved by: 

/’ Program Director ,  
Venus and Deep Space Programs 

Prepared under Cont rac t  No. NAS1-7590 by 
MARTIN MARIETTA CORPORATION 

Denver, Colorado 80201 

f o r  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



FOREWORD 

The u s e  o f  a bouyant s t a t i o n  t o  e x p l o r e  t h e  atmosphere o f  
Venus has  shown g r e a t  promise i n  prev ious  s tud ies .*  The h i g h  
temperatures  and p r e s s u r e s  l i k e l y  t o  b e  encountered and t h e  un- 
known s u r f a c e  c h a r a ~ c t e r i s t i c s  tend t o  make t h e  i n  s i t u  e x p l o r a t i o n  
o f  t h i s  p l a n e t  d i f f i c u l t .  The bouyant s t a t i o n  concept  permi ts  t h e  
m i s s i o n ' s  ins t ruments  t o  be  f l o a t e d  i n  t h e  atmosphere i n  a moderate 
environment,  l o c a l i z i n g  t h e  environment problem t o  r e l a t i v e l y  com- 
p a c t  drop  sondes,  and avoid ing  t h e  problems o f  landing,  deployment, 
and s u r v i v a l  on t h e  s u r f a c e .  R e l a t i v e l y  s imple miss ions  can thus  
be d e f i n e d  t h a t  have t h e  advantages o f  long d u r a t i o n  and m o b i l i t y  
over  t h e  s u r f a c e ,  depending on t h e  e x i s t i n g  wind p a t t e r n s .  From 
such a s t a t i o n ,  measurements r e l a t i n g  both  t o  t h e  atmosphere and 
t h e  s u r f a c e  can  b e  made. The s u r f a c e  measurements can  b e  o b t a i n e d  
e i t h e r  i n d i r e c t l y  o r  by sondes dropped from t h e  p a r e n t  bouyant 
s t a t i o n .  

T h i s  f i n a l  r e p o r t  on t h e  Bouyant Venus S t a t i o n  Mission F e a s i -  
b i l i t y  Study f o r  1972-1973 Launch O p p o r t u n i t i e s  i s  submit ted by 
t h e  Mar t in  M a r i e t t a  Corpora t ion ,  Denver D i v i s i o n ,  i g  accordance 
wi th  Con t r a c  t NAS 1 - 7 59 0 .  

This  r e p o r t  i s  submit ted i n  t h r e e  volumes a s  fol lows:  

Volume I 

Volume I1 - T r a j e c t o r y  Analys is  f o r  1972 and 1973 

- Mission Summary b e f i n i t i o n  and Comparison; 

Missions ; 

Volume I11 - Conf igura t ion  D e f i n i t i o n .  

7kJ. F .  Baxter :  F i n a l  Report ,  Bouyant Venus S t a t i o n  F e a s i b i l i t y  
Study, Volume I, Summary and Problem I d e n t i f i c a t i o n .  
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FINAL REPORT 
BUOYANT VENUS STATION MISSION FEASIBILITY STUDY FOR 1972 - 1973 

LAUNCH OPPORTUNITIES 
VOLUME 11: TRAJECTORY ANALYSIS FOR 1972 AND 1973 MISSIONS 

By Donald W. Marquet and Char les  E. French 

SUMMARY 

T h i s  r e p o r t  summarizes t h e  r e s u l t s  of  t h e  t r a j e c t o r y  ana lyses  
t h a t  were performed p a r a m e t r i c a l l y  i n  suppor t  of  t h e  Buoyant Venus 
S t a t i o n  (BVS) mission s tudy .  The range o f  parameters  were r e l a t e d  
t o  t h r e e  r e f e r e n c e  missions t h a t  served a s  t h e  b a s e l i n e s  f o r  t h e  
d e t a i l e d  BVS system des ign  s t u d i e s .  The t h r e e  r e f e r e n c e  missions 
a re :  

1) 1972 f lyby ;  

2 )  1973 o r b i t a l ;  

3) 1973 Venus/Mercury swingby. 

Paramet r i c  d a t a  a r e  presented  i n  t h e  fo l lowing  t e c h n i c a l  a r e a s :  
(1) launch v e h i c l e  performance and launch per iod s e l e c t i o n ;  (2) 
d i r e c t  mode t a r g e t i n g ;  (3)  o r b i t  mode t a r g e t i n g ; . ( 4 )  o r b i t  s e l e c -  
t i o n  c r i t e r i a ;  (5)  e n t r y  environment;  and (6) ba l loon  deployment 
and drop sonde t r a j e c t o r y  . 

A d e t a i l e d  mission p r o f i l e  i s  presented  f o r  each o f  t h e  t h r e e  
r e fe rence  miss ions .  U s e  o f  t h e  paramet r ic  d a t a  p e r m i t s  cons t ruc-  
t i o n  of  mission p r o f i l e s  o t h e r  t han  t h o s e  d e t a i l e d .  

INTRODUCTION 

T h i s  a n a l y s i s  surveys t h e  va r ious  ways of  f l y i n g  a Buoyant 
Venus S t a t i o n  (BVS) mission and e v a l u a t e s  t h e  o p t i o n s  t h a t  can be 
cons idered .  These op t ions  a r e  summarized i n  f i g u r e  1. The f i r s t  
op t ion  i s  launch oppor tun i ty  and launch v e h i c l e  c a p a b i l i t y .  P e r -  
formance c a p a b i l i t i e s  o f  bo th  t h e  T i t a n  I I I C  (TIIIC) and A t l a s  
(SLV3C)/Centaur a r e  presented  f o r  bo th  t h e  1972 and 1973 oppor- 
t u n i t i e s .  The next  series o f  o p t i o n s  d e a l s  w i th  t h e  s p a c e c r a f t  
o p e r a t i o n ,  Those missions s tud ied  inc lude  Venus f lyby ,  Venus 
o r b i t ,  and Venus swingby t o  Mercury. Next,  t h e  BVS e n t r y  can re- 
s u l t  from a t r a j e c t o r y  d e f l e c t i o n  from t h e  approach t r a j e c t o r y  
( d i r e c t  en t ry)  o r  from an e s t a b l i s h e d  Venus o r b i t  ( o r b i t a l  e n t r y ) .  
F i n a l l y ,  t h e  communication l i n k  from t h e  BVS t o  E a r t h  can be 
e i t h e r  d i r e c t  o r  v i a  a r e l a y  l i n k  through t h e  s p a c e c r a f t .  

1 
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Each o f  t h e s e  o p t i o n s  has been s tud ied  p a r a m e t r i c a l l y .  For  
convenience,  t y p i c a l  missions have been formulated t o  d i s p l a y  t h e  
e f f e c t s  o f  t h e  va r ious  o p t i o n s  on t h e  system des ign .  
s i o n s  a r e :  

These m i s -  

1) 1972 f l y b y ,  d i r e c t  e n t r y ,  d i r e c t  communication l i n k ;  

2) 

3) 1973 swingby t o  Mercury, d i r e c t  e n t r y ,  d i r e c t  communi 

1973 o r b i t e r ,  o r b i t a l  e n t r y ,  r e l a y  communication l ink ' ;  

c a t i o n  l i n k .  

T h i s  combination of  des igns  d i s p l a y s  t h e  major e f f e c t s  o f  each 
o f  t h e  o p t i o n s  shown i n  f i g u r e  1. Other  mission p r o f i l e s  can be 
cons t ruc t ed  w i t h  t h e  paramet r ic  d a t a  presented  below. 

The v a r i o u s  paramet r ic  s t u d i e s  performed a r e  presented  i n  sum- 
mary form. T h i s  i s  followed by a d e t a i l e d  summary of  each  o f  t h e  
t h r e e  b a s i c  miss ions .  

The s p e c i f i c  paramet r ic  s t u d i e s  presented  a r e :  (1) launch 
v e h i c l e  performance (1972 and 1973 o p p o r t u n i t i e s ) ;  (2) d i r e c t  mode 
t a r g e t i n g ;  (3) o r b i t  mode t a r g e t i n g ;  ( 4 )  o r b i t  s e l e c t i o n  c r i t e r i a ;  
(5) e n t r y  environment; and (6)  ba l loon  deployment and sonde t r a -  
j e c t o r i e s .  Only t h e  f a c t o r s  of major importance a r e  presented  i n  
t h e  paramet r ic  a n a l y s i s .  

SYMBOLS 

BE 

cD 

c3 
DLA 

h 
P 

R~~ 

e n t r y  b a l l i s t i c  c o e f f i c i e n t  , s l u g / f t 2  

subsonic  probe and drop sonde b a l l i s t i c  c o e f f i c i e n t ,  
s l u g I f t 2  

drag  c o e f f i c i e n t  

E a r t h  d e p a r t u r e  energy , km2 /sec2 

d e c l i n a t i o n  o f  depa r tu re  asymptote,  deg 

d rag  d e c e l e r a t i o n ,  E a r t h  g r a v i t a t i o n  u n i t s  

a l t i t u d e  o f  p e r i a p s i s  above mean p l a n e t  r a d i u s ,  km 

r a d i u s  from p l a n e t  c e n t e r  a t  e j e c t i o n ,  km 

3 



t 
C 

A V ~ ~  

.I. 

AW 

Y E  

eE 

A 

PC 

'EJ 

0 
7 

'PL 

0 

c o a s t  t i m e ,  min 

time from e n t r y  t o  probe i m p a c t ,  min 

e n t r y  v e l o c i t y  at e n t r y  a l t i t u d e ,  f p s  

hype rbo l i c  excess v e l o c i t y ,  kmjsec 

c i r c u l a r  o r b i t a l  speed a t  p e r i a p s i s  a l t i t u d e ,  m/sec 

v e l o c i t y  increment of d e o r b i t  maneuver, m/sec 

v e l o c i t y  increment of e j e c t i o n  maneuver, m/sec 

v e l o c i t y  increment o f  o r b i t  i n s e r t i o n  maneuver, m/sec 

s h i f t  i n  Venus o r b i t  approach t r a j e c t o r y  p e r i a p s i s ,  
deg 

e n t r y  v e h i c l e  a n g l e  of a t t a c k  a t  e n t r y ,  deg 

antenna a s p e c t  a n g l e ,  deg 

t a r g e t i n g  a n g l e ,  c e n t r a l  a n g l e  measured from e n t r y  
p o i n t  t o  s p a c e c r a f t  p e r i a p s i s ,  deg 

e n t r y  f l i g h t  pa th  a n g l e ,  n e g a t i v e  down, deg 

a n g l e  between f l y b y  r r a j e c t o r y  p lane  and t h e  BVS e n t r y  
v e h i c l e  t r a j e c t o r y  p lane ,  deg 

l ead  a n g l e ,  c e n t r a l  ang le  between t h e  s p a c e c r a f t  and 
t h e  e n t r y  v e h i c l e  a t  e n t r y ,  deg 

communication d i s t a n c e ,  AU 

ang le  between t h e  s p a c e c r a f t  v e l o c i t y  v e c t o r  and e j e c -  
t i o n  v e l o c i t y  v e c t o r ,  deg 

a n g l e  between s p a c e c r a f t  p e r i a p s i s  and VHE, d e 8  

and, e n t r y  p o i n t ,  deg 'HE a n g l e  between 
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3 Venus 

Mercury 

PARAMETRIC ANALYSIS SUMMARY 

Launch Vehic le  Performance 

The launch v e h i c l e  performance d a t a  a r e  presented  f o r  t h e  
T i t a n  I I I C  (TIIIC) and A t l a s  (SLV3C) /Centaur (SLV3C/C) f o r  both 
t h e  1972 and 1973 Venus launch o p p o r t u n i t i e s .  The d a t a  a r e  p r e -  
sented f i r s t  by d e f i n i n g  t h e  energy requi rements  f o r  t h e  miss ions .  
The launch v e h i c l e  c a p a b i l i t y  i s  then  presented  f o r  t h e  a p p l i c a -  
b l e  energy range  f o r  bo th  f lyby  and o r b i t i n g  s p a c e c r a f t .  The d e -  
t a i l e d  performance f o r  each of  t h e  t h r e e  r e fe rence  missions i s  
presented  a s  p a r t  of  t h e  mission p r o f i l e  summaries s e c t i o n .  

_________-_ 
Launch oppor tun i ty  energy contours . -  The launch oppor tun i ty  

parameters f o r  t h e  1972 and 1973 miss ions  are p resen ted  i n  f i g -  
u r e s  2 and 3, r e s p e c t i v e l y .  The d a t a  shown i n  f i g u r e s  2(a)  and 
3 ( a )  are p resen ted  i n  t e r m s  of c o n s t a n t  C, countours  ve r sus  
launch d a t e  and encounter  da t e .  The parameter C, i s  t h e  y& 
v i v a  energy (per  u n i t  mass) and i s  r e l a t e d  t o  t h e  r e q u i r e d  i n -  
j e c t i o n  - _- v e l o c i t y  by: 

where: 

= E a r t h  g r a v i t a t i o n a l  cons t an t  (398 603.2 km3/sec2) 
%3 

km, = R  = 6378.2 + h i n j  8 + h i n j  i n j ’  
r 

= i n j e c t i o n  a l t i t u d e ,  km. j 

Data a r e  shown f o r  bo th  Type I ( lower contours )  and Type I1 (upper  
contours)  h e l i o c e n t r i c  t r a n s f e r s .  These d a t a  show t h a t  t h e  Type 
I1 t r a n s f e r s  have lower energy requirements  f o r  bo th  o p p o r t u n i t i e s ,  
but  r e q u i r e  approximately two months longer  c r u i s e  t i m e s  t o  Venus. 
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Launch d a t e :  1972 -____- 

(a) E a r t h  Depar ture  Energy C,, km2/sec2 

F i g u r e  2 . -  Venus 1972, Launch Oppor tuni ty  Parameters  
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(b) Earth Departure Energy C km 2 2  /sec and Venus 
3’ 

Approach Velocity Vm, km/sec 

Figure 2.- Continued 
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Launch da te :  1973 

(a) Ea r th  Departure Energy, C,, km2/sec2 

Figure  3 . -  Venus 1973, Launch Opportunity Parameters 
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Figures 2(b) and 3(b) show the Venus approach velocity, 

This  parameter i s  a k i n  t o  t h e  C, parameter and i s  r e l a t e d  t o  
Venus approach v e l o c i t y  by: 

where : 

= Venus g r a v i t a t i o n a l  cons tan t  , 324 860 km3/sec2, "e 
= r a d i u s  from c e n t e r  o f  Venus, km. 

r9 
Thus VHE 

o r b i t  i n s e r t i o n  AV). However, i t  i s  a l s o  d i r e c t l y  r e l a t e d  t o  t h e  
BVS e n t r y  v e l o c i t y  f o r  t h e  d i r e c t  e n t r y  mode, a s  i s  i l l u s t r a t e d  
i n  f i g u r e  4 .  T y p i c a l l y ,  a n  e n t r y  v e l o c i t y  o f  3 8  000 f p s  c o r r e -  
sponds t o  a VHE o f  approximately 5 .5  km/sec. A low VHE i s  

g e n e r a l l y  d e s i r a b l e  on a l l  c o u n t s .  A VHE l ess  t h a n  6 km/sec 

i s  p o s s i b l e  f o r  bo th  Type I and I1 t r a j e c t o r i e s  f o r  bo th  opportuni-  
t i e s .  The o n l y  except ion  i s  t h e  Venus swingby t o  Mercury mission 
descr ibed l a t e r  i n  t h i s  r e p o r t .  

i s  most important  when cons ider ing  t h e  o r b i t  mode ( i . e . ,  

F i g u r e s  2(c)  and 3(C), show t h e  d e c l i n a t i o n  of t h e  d e p a r t u r e  
asymptote (DLA).  This  parameter i s  d i r e c t l y  r e l a t e d  t o  launch 
aximuth requirements .  
The fol lowing c h a r a c t e r i s t i c s  apply: 

1) For -28.5'5 DLA _< 28.5",  t h e  launch azimuth can be 90" 
(due e a s t )  w i t h  a t o t a l  d a i l y  launch window of 6 h r  
us ing  a maximum launch azimuth o f  115"; 

For  -36'5 DLA 5 36",  t h e  launch azimuth w i l l  be  90 t o  
115" w i t h  a minimum 2 h r  p e r  day launch window; 

45" with  a minimum 2 h r  p e r  day launch window. 

DLA w i t h i n  i36' are r e q u i r e d  f o r  s a t i s f y i n g  normal A i r  Force 

0 
2) 

3 )  For -50'5 DLA 5 50°,  t h e  launch azimuth w i l l  b e  90 0 t o  

Eas te rn  Test Range (AFETR) s a f e t y  l i m i t s ,  w i t h  except ions  up t o  
50" a p o s s i b i l i t y .  

12 
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Launch v e h i c l e  c a p a b i l i t y . -  The preceding d a t a  have def ined  
t h e  energy requirements  f o r  t h e  1972 and 1973 Venus o p p o r t u n i t i e s .  
T h i s  w i l l  now be  r e l a t e d  t o  t h e  launch v e h i c l e  c a p a b i l i t y .  The 
primary d a t a ,  shown i n  f i g u r e  5 ,  show t h e  t o t a l  c r u i s e  weight a f t e r  
midcourse c o r r e c t i o n s  f o r  t h r e e  launch v e h i c l e s  a s  a f u n c t i o n  of  
C 3 .  
Centaur ,  f o r  r e f e r e n c e .  These d a t a  have been c o r r e c t e d  f o r  t h e  
f a c t o r s  shown i n  t h e  fol lowing t a b u l a t i o n .  

Both t h e  TII IC and SLV3C/C a r e  shown w i t h  t h e  T i t a n  IIICI 

E a r t h  park ing  o r b i t ,  n. m i .  

Launch azimuth, deg 

Gravityjmaneuver l o s s e s ,  f p s  

Fixed f a i r i n g l a d a p t e r  weight ,  l b  

J e t t i s o n e d  f a i r i n g  weight ,  l b  

Midcourse AvM/C, mps 

Midcour se AvM/C> f p s  

SLV3 c I C  
90 

115 

170 

5Q a 

a133 

Surveyor 

a 

a 

75 

(246) 

TII IC 

90 

115 

170 

50 

220 

1480 

75 

(246) 

TII IC /C 

100 

115 

170 

50 

220 

1480 

75 

(246) 

a Assumed included i n  b a s i c  d a t a  taken  from: 

Centaur Monthly Conf igura t ion  Performances and Weight S t a t u s  
Repor t .  GDC 63-0495-36, May 21, 1966. 

A t l a s  SLV3C/Centaur Informat ion  f o r  Mercury-Venus Study. 
291 MP-66-1168, June 23, 1966. 

JPL 

The d a t a  i n  f i g u r e  5 show t h e  importance o f  maintaining low v a l u e s  
o f  C3. The weight shown can be d i s t r i b u t e d  between t h e  space- 
c r a f t  and BVS c a p s u l e  system. 

The launch v e h i c l e  performance c a p a b i l i t y  f o r  t h e  c a s e  where 
t h e  s p a c e c r a f t  goes i n t o  Venus o r b i t  i s  presented i n  terms of  
a l lowable  BVS capsule  system weight where capsule  system weight 
i n c l u d e s  t h e  e n t r y  system, d e f l e c t i o n  propuls ion  module, c a p s u l e  
t o  s p a c e c r a f t  a d a p t e r ,  and s t e r i l i z a t i o n  c a n i s t e r .  The r e f e r e n c e  
o r b i t  used here has  a p e r i a p s i s  a l t i t u d e  o f  2000 km and a n  eccen- 
t r i c i t y  of  0 .8  ( i . e . ,  2000 x 66 440 km; p e r i a p s i s  by a p o a p s i s  
a l t i t u d e ) .  

14 
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Two c a s e s  a r e  presented .  The f i r s t  assumes t h a t  t h e  t o t a l  c r u i s e  
v e h i c l e  goes i n t o  o r b i t  and t h e  BVS e n t e r s  from o r b i t .  The per-  
formance c a p a b i l i t i e s  o f  t h e  SLV3C/C, TIIIC,  and TIIIC/C f o r  t h i s  
mode a r e  shown i n  f i g u r e s  6,7, and 8, r e s p e c t i v e l y ,  a s  a f u n c t i o n  
o f  C3 and VHE. The o r b i t  i n s e r t i o n  maneuver i s  c a l c u l a t e d  us-  

i n g  t h e  fol lowing assumptions: 

1) S p e c i f i c  impulse,  I = 302 s e c ;  

2) P r o p e l l a n t  mass f r a c t i o n  = 0.82;  

3) Maneuver l o s s e s ,  AV = 5 mps (16.4 fps)  . 

SP 

These d a t a  assume an o r b i t e r  u s e f u l  weight (excluding t h e  o r b i t  
i n s e r t i o n  propuls ion  module) of 661 lb .*  I n  t h i s  c a s e ,  g r e a t e r  
o r b i t e r  weights  r e s u l t  i n  lower capsule  system weights  on one- 
for-one pound basis. 

The second se t  o f  d a t a  assumes t h a t  t h e  capsule  system i s  d e -  
f l e c t e d  from t h e  approach t r a j e c t o r y  b e f o r e  t h e  s p a c e c r a f t  o r b i t  
i n s e r t i o n  maneuver. The a l lowable  capsule  system weight f o r  each 
of  t h e  launch v e h i c l e s  i s  shown i n  f i g u r e s  9 ,  10,  and 11 f o r  t h e  
SLV3C/C, T I I I C ,  and T I I I C / C ,  r e s p e c t i v e l y .  The assumed u s e f u l  
o r b i t e r  weight f o r  t h e s e  d a t a  i s  1010 l b .  The d a t a  can be cor-  
r e c t e d  t o  o t h e r  o r b i t e r  weights  wi th  t h e  use of t h e  s e n s i t i v i t y  
d a t a  shown i n  f i g u r e  1 2 .  

The above d a t a  a r e  summarized i n  t a b l e  1 f o r  a t y p i c a l  des ign  
C3 = 10 km2/sec2 and VHE = 5 km/sec. These d a t a  show t h a t  t h e  

SLV3C/C i s  no t  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  o r b i t i n g  s p a c e c r a f t  
mission.  I n  a d d i t i o n ,  t h e  performance g a i n s  achievable  by us ing  
t h e  e n t r y  from approach mode make t h i s  an obvious choice  on a 
s t r i c t l y  performance b a s i s .  Other  f a c t o r s ,  discussed below, must 
b e  considered b e f o r e  a d e c i s i o n  can be made. These f a c t o r s  i n -  
c l u d e  communication l i n k  geometry and e n t r y  environment cons ider -  
a t i o n s .  

*Study o f  A p p l i c a b i l i t y  of  Lunar O r b i t e r  Subsystems t o  Plane-  
t a r y  O r b i t e r s ,  NASA CR-66302. The Boeing Company, March 15, 1967.  
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TABLE 1 .- ALLOWABLE CAPSULE SYSTEM WEIGHT 

O r b i t :  kp = 2000 km, E = 0 .8  

C 3  = 10 k&/sec2 

I aCannot achieve  mission a t  1010 l b .  

Direct Mode T a r g e t i n g  

In-p lane . -  The t a r g e t i n g  a n a l y s i s  de te rmines  t h e  requi red  
e j e c t i o n  AV 
j e c t o r y  w i t h  a requi red  e n t r y  f l i g h t  p a t h  a n g l e ,  

s i d e  e j e c t i o n s  i n  t h e  p lane  of  t h e  approach t r a j e c t o r y  a r e  con- 
s i d e r e d  i n  t h i s  s e c t i o n .  The r e l a t i v e  geometry between t h e  sup- 
p o r t  s p a c e c r a f t  and BVS/entry v e h i c l e  d u r i n g  e n t r y  must b e  such 
t h a t  a r e l a y  l i n k  i s  p o s s i b l e  up t o  subsonic  probe impact. 
s t a b i l i z e d  a t t i t u d e  c o n t r o l  system i s  used f o r  t h e  BVS/entry v e h i c l e  
a f t e r  e j e c t i o n .  The e j e c t i o n  maneuver must be  made such t h a t  t h e  
c a p s u l e  a n g l e  of  a t t a c k  a t  e n t r y ,  

The t a r g e t i n g  a n a l y s i s  a l s o  determines t h e  i n f l u e n c e  of  launch  
d a t e l a r r i v a l  d a t e  combination and yE on t h e  p o s s i b l e  d e c l i n a t i o n  

and r i g h t  ascens ion  on Venus a t  which t h e  BVS may be  deployed. 
F i n a l l y ,  t h e  t a r g e t i n g  a n a l y s i s  c o n s i d e r s  t h e  d i s p e r s i o n  i n  

due t o  n a v i g a t i o n  u n c e r t a i n t y  a t  t h e  t i m e  o f  e j e c t i o n  and due t o  
execut ion  e r r o r s  i n  t h e  e j e c t i o n  maneuvers. 

t o  d e f l e c t  t h e  BVS/entry v e h i c l e  onto  a n  e n t r y  t r a -  
yE. Only near -  

A sp in -  

aE, i s  l e s s  than  about  20' .  

The r e l a t i v e  geometry between t h e  s p a c e c r a f t  and BVS/entry 
v e h i c l e  a t  e n t r y  i s  shown i n  f i g u r e  1 3 .  The e n t r y  a l t i t u d e  i s  
taken t o  be 200 km above t h e  s u r f a c e  of  Venus. 
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The BVS/entry v e h i c l e  a t  e n t r y  i s  l o c a t e d  w i t h  r e s p e c t  t o  t h e  
s p a c e c r a f t  p e r i a p s i s  by the a n g l e  B .  The c e n t r a l  angle between 
t h e  BVS/entry v e h i c l e  and s p a c e c r a f t  a t  e n t r y  i s  te rmed t h e  space- 
c r a f t  l ead  a n g l e ,  A .  The A i s  n e g a t i v e  i f  t h e  s p a c e c r a f t  l a g s  

. t h e  BVS/entry v e h i c l e  a t  t h e  t i m e  o f  e n t r y .  
a r e  t h e  communication d i s t a n c e ,  pc, and t h e  fad ing  margin param- 

e ter ,  eFM. S i g n i f i c a n t  m u l t i p a t h  l o s s e s  occur  when fIFM i s  g r e a t -  

er than  6 0 " .  The s p a c e c r a f t  l e a d  a n g l e  must b e  s e l e c t e d  so  t h a t  
t h e  s p a c e c r a f t  i s  above a 20" e l e v a t i o n  mask a t  t h e  t i m e  of probe 
impact. T h i s  i s  e q u i v a l e n t  t o  r e q u i r i n g  a probe antenna a s p e c t  
angle ,  a less than  70". The b a l l i s t i c  c o e f f i c i e n t  of t h e  

probe i s  s e l e c t e d  t o  r e s u l t  i n  a t i m e  from e n t r y  t o  probe impact 
of 30 minutes .  

Also  shown a t  e n t r y  

- ___. - _..___ _ . - - _ 

P' 

For a g iven  e n t r y  l o c a t i o n ,  6, t h e  s p a c e c r a f t  lead a n g l e s  
corresponding t o  t h e  parameters  above can be  determined.  An ex- 
ample f o r  a hyperbol ic  excess  v e l o c i t y  o f  5.0 km/sec and a space- 
c r a f t  p e r i a p s i s  a l t i t u d e  o f  2000 km i s  g iven  i n  f i g u r e  1 4 .  Com- 
munication d i s t a n c e s  a t  e n t r y  o f  10 000 and 15 000 km a r e  shown. 
The d i f f e r e n c e  between a n  e l e v a t i o n  mask a t  touchdown o f  20 and 
34" i s  i l l u s t r a t e d .  The e n t r y  Location i s  d i r e c t l y  a f u n c t i o n  o f  

The B corresponding t h e  d e s i g n  e n t r y  f l i g h t  p a t h  a n g l e ,  

t o  YE between -20 and -40" a r e  shown. For  a given yE then  

t h e  A must be such t h a t  ap i s  between t70". For example, a 

'E ' 

o f  -30" r e q u i r e s  A between -39.5 and -63.5" t o  have t h e  

probe impact i n  view of  t h e  s p a c e c r a f t .  
t i o n  d i s t a n c e s  a t  e n t r y ,  t o  reduce l o s s e s  due t o  m u l t i p a t h ,  and 
t o  keep t h e  AVEJ a s  low a s  p o s s i b l e ,  t h e  A s e l e c t e d  f o r  t h e  

e j e c t i o n  maneuver s t r a t e g y  corresponds t o  t h e  

l i n e .  The fad ing  margin boundary res t r ic ts  yE sha l lower  than  

-25". S i m i l a r  boundaries  have been cons t ruc ted  f o r  h o f  1000 

and 3000 km and Vm o f  3 and 7 km/sec. An i n c r e a s e  i n  per iap-  

To have s h o r t  communica- 

ap equal  t o  a 70" 

P 

s i s  a l t i t u d e  o f  1000 km d e c r e a s e s  t h e  A requi red  f o r  an ap o f  

70" by about 8" .  An i n c r e a s e  i n  V of  2.0 km/sec decreases  

t h e  A requi red  f o r  an 
HE 

of  70" by about 2 " .  aP 

The e n t r y  l o c a t i o n  i s  a f u n c t i o n  o f  VHE a s  w e l l  a s  yE a s  

shown i n  f i g u r e  15. The curves  shown a r e  f o r  an h of  2000 km, 

A decrease  i n  h o f  1000 km i n c r e a s e s  @ by 2". 
P 

P 

26 



B, deg 

F igure  14.- p / A Boundaries, Entry from Approach 

27 



0 

28 

20-- h = 2000 km 
P 

2 O  increase in @ per 1000 km decrease in h 
_. P 



The AVEJ requi red  t o  g i v e  an a of  70" i s  shown i n  f i g u r e  P 
16 a s  a f u n c t i o n  o f  VHE and yE. The s p a c e c r a f t  p e r i a p s i s  a l t i -  

t u d e  i s  1000 km and t h e  d i s t a n c e  from Venus a t  which e j e c t i o n  oc- 
c u r s  i s  1 x lo6 km. 

Only d a t a  f o r  REJ of  1 .0  x lo6 km need be shown s i n c e  t h e  

f o r  R g r e a t e r  than  AVEJ i s  i n v e r s e l y  propor t iona l  t o  

about 100 000 km. Therefore ,  i f  AVO i s  t h e  e j e c t i o n  AV f o r  
R~~ EJ 

of  1.0 x lo6 km, and i f  R i s  any e j e c t i o n  d i s t a n c e ,  a n  R~~ E J  
i n  m i l l i o n s  o f  km, t h e  AV a t  t h i s  REJ i s  AVO REJ. 

The AVEJ i n  f i g u r e  16 i s  seen t o  i n c r e a s e  w i t h  both i n c r e a s -  

i n g  VHE and yE. The e f f e c t  o f  h igher  h i s  seen i n  f i g u r e s  

17 and 18. For a VHE of  3 . 0  km/sec, i n c r e a s i n g  h i n c r e a s e s  

AVEJ s l i g h t l y .  For  example, w i t h  a ' yE of -30" i n c r e a s i n g  h 
P 

P 

P 

from 1000 t o  3000 km i n c r e a s e s  t h e  AV,, from 18 t o  2 4  m/sec. 

aVEJ For  a VHE above about 5 .0  km/sec i n c r e a s i n g  h decreases  

For example, w i t h  a 

AVEJ decreases  from 73 t o  4 4  m/sec a s  h i n c r e a s e s  from 1000 

t o  3000 km. For a VHE o f  5 .O km/sec t h e  corresponding decrease  

i s  from 4 0  t o  33 m/sec. The change i n  AVEJ w i t h  h i s  seen 

t o  be n o n l i n e a r .  A change i n  h from 1000 t o  2000 km r e s u l t s  
P 

i n  a l a r g e r  v a r i a t i o n  i n  than  a change from 2000 t o  3000 

P 
yE of -30" and a V of 7 . 0  km/sec t h e  HE 

P 

P 

AVEJ 
km . 

The a n g l e  of a t t a c k  a t  e n t r y  assuming a BVS/entry v e h i c l e  s p i n  

'HE s t a b i l i z e d  i n  t h e  AV d i r e c t i o n  i s  shown a s  a f u n c t i o n  of  E J  
and yE i n  f i g u r e  1 9  f o r  an h of 1000 km. 

P 

a s  shown i n  f i g u r e s  20 and 21, i s  

t o  i n c r e a s e  t h e  % n e g a t i v e l y .  For a Vm o f  5.0 km/sec and a 
hP , The e f f e c t  o f  h igher  

o f  -30" t h e  aE i n c r e a s e s  n e g a t i v e l y  from f 2 . 0  t o  -34" a s  

h i n c r e a s e s  from 1000 t o  3000 km. The aE i s  d i r e c t l y  a func- 

t i o n  of  t h e  e j e c t i o n  a n g l e ,  

v e l o c i t y  v e c t o r  o f  t h e  s p a c e c r a f t  a t  t h e  t i m e  of  e j e c t i o n  and t h e  
AVEJ, and i s  def ined  n e g a t i v e l y .  

P 
T h i s  i s  t h e  angle  between t h e  

T ~ ~ .  

29 



100 

80 

20 

0 

as a Funct ion o f  y and V (h = ~ 0 0 0  
E H E P  Figure  16.- AVEJ 

30 



100 

80 

c) 60 
9) 
v1 
\ 
E 

n 
b 

$ 40 

20 

0 

(hP = 2ooo Figure 1 7 . -  AVEJ as a Function of y and VHE E 

31 



100 

80 

60 

40 

20 

0 

Figure  18.- AVEJ as a Funct ion  of 7E and Vm (hp = 300* km) 

32 



Figure 19.- % as a Function of YE and 'HE (hp = 1000 km) 
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Figure 21.- % as a Function of 7 and Vm (hp = 3000 km) E 
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A -rEJ o f  about -90" corresponds t o  minimum AVEJ, but  t h e  re- 

s u l t i n g  A i s  less  than  t h e  ap of 70'. The h i g h e r , t h e  

h t h e  more n e g a t i v e  t h e  7EJ, and i n  t u r n ,  t h e  more n e g a t i v e  

t h e  aE.  
REJ,  aga in  f o r  REJ g r e a t e r  t h a n  100 000 km. With a VHE o f  

5 .0  km/sec t h e  h should no t  be above 2300 km t o  keep t h e  

l e s s  than  -20".  

P 
The d a t a  shown i n  f i g u r e s  19  t h r u  21 a r e  independent of  

aE P 

The BVS/entry v e h i c l e  c o a s t  t i m e ,  t i m e  from e j e c t i o n  t o  e n t r y ,  . It i s  shown a s  a f u n c t i o n  o f  

of  1 .0  x lo6 km. The c o a s t  t i m e  i s  
R~~ i s  d i r e c t l y  p r o p o r t i o n a l  t o  

VHE i n  f i g u r e  22 f o r  an 

independent o f 
R~~ 

o r  h t o  w i t h i n  a few t e n t h s  o f  an hour .  
YE P 

, 
The downrange angle  t r a v e r s e d  through t h e  atmosphere dur ing  

e n t r y  i s  o n l y  a few degrees  so t h a t  t h e  l o c a t i o n  of  BVS deploy- 
ment w i t h  r e s p e c t  t o  t h e  s p a c e c r a f t  p e r i a p s i s  i s  approximately 
equal  t o  p .  The @ v a r i a t i o n  w i t h  Y 

i n  f i g u r e  1 5 .  The l o c a t i o n  of s p a c e c r a f t  p e r i a p s i s  w i t h  r e s p e c t  
t o  t h e  hyperbol ic  excess  v e l o c i t y  i s  given by t h e  a n g l e  T a s  

shown i n  f i g u r e  23.  The e n t r y  l o c a t i o n  w i t h  r e s p e c t  t o  

'pL7 i s  t h e  sum o f  $ and T . The change i n  T w i t h  h i s  

equal  and o p p o s i t e  t h e  change i n  B w i t h  h . Thus, t h e  BVS de- 

ployment l o c a t i o n  wi th  r e s p e c t  t o  t h e  hyperbol ic  excess  v e l o c i t y  
v e c t o r  i s  o n l y  dependent on yE and V m .  For  example, w i t h  a 

o f  5 .0  km/sec t h e  BVS deployment occurs  

and h i s  shown 
E' 'HE' P 

0 

'HE 3 

0 0 P 

P 

o f  -30" and a VHE 
94.5" from t h e  hyperbol ic  excess  v e l o c i t y  v e c t o r .  

The next  s t e p  i n  i d e n t i f y i n g  p o s s i b l e  l o c a t i o n s  of  t h e  BVS 
above t h e  Venusian s u r f a c e  i s  t o  determine t h e  

a f u n c t i o n  of  launch d a t e f a r r i v a l  d a t e  combinat ions.  The VHE 

p o s i t i o n s  a r e  shown f o r  t h e  1972-1 o p p o r t u n i t y  i n  f i g u r e  24 .  A r -  
r i v a l  d a t e s  between J u l y  17 and August 6 ,  1972, and launch d a t e s  
between March 24 and A p r i l  23 , 1972 a r e  shown. 

VHE p o s i t i o n  a s  

The r i g h t  ascens ion  i s  measured i n  t h e  Venusian o r b i t a l  p lane  
from t h e  ascending node of  t h e  Venusian o r b i t a l  p lane  on t h e  
e c l i p t i c  p lane .  Recent o b s e r v a t i o n s  have shown t h a t  t h e  Venusian 
equator  i s  i n c l i n e d  less  than  a degree  t o  t h e  Venusian o r b i t a l  
p l a n e .  
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Figure 24.- Venus T a r g e t i n g  Map, 1972,  Type I, 30' V i e w  

39 



The d e c l i n a t i o n  i s  a l s o  measured w i t h  r e s p e c t  t o  t h e  Venusian o r -  
b i t a l  p l a n e .  The Vm l o c a t i o n s  l i e  w i t h i n  a 10" r i g h t  ascens ion  

band and have d e c l i n a t i o n s  between 13 and 68".  Boundaries c o r r e -  
sponding t o  launch  energy requi rements ,  (23, o f  20 km2/sec2 a r e  
shown. The l o c a t i o n s  of t h e  s u b s o l a r  and s u b e a r t h  p o i n t s  a r e  
f u n c t i o n s  o n l y  of  a r r i v a l  d a t e  and a r e  shown. Note t h a t  t h e  sub- 
e a r t h  p o i n t s  a r e  on t h e  backs ide  o f  Venus i n  t h i s  f i g u r e  and have 
d e c l i n a t i o n s  near  5 O .  The evening t e r m i n a t o r  i s  shown f o r  t h e  
e a r l i e s t  and l a t e s t  a r r i v a l  d a t e s ,  

The a n g l e  between t h e  VKE and e n t r y  p o i n t ,  cpL, i s  a func- 

t i o n  of  yE and magnitude a s  descr ibed  above. The l o c u s  

o f  e n t r y  p o i n t s  f o r  o f  -20 and -30' i s  shown. S ince  a 

o f  -20" i s  about t h e  sha l lowes t  t h a t  can be aimed f o r ,  because o f  
t h e  sk ipout  boundary and e n t r y  d i s p e r s i o n s  i n  y E ,  t h e  unobtain-  

a b l e  r e g i o n  of  Venus l i e s  i n s i d e  t h i s  l o c u s .  

The VHE l o c a t i o n s  f o r  t h e  1973-11 o p p o r t u n i t y  a r e  shown i n  

f i g u r e  25 f o r  a r r i v a l  d a t e s  between A p r i l  3 and May 13 ,  1974, w i t h  
launch d a t e s  between September 25 and December 14 ,  1974. The l o -  
c a t i o n s  of t h e  s u b s o l a r  p o i n t  a r e  shown on t h e  backs ide  of t h e  
p l a n e t .  The s u b e a r t h  p o i n t  i s  on t h e  backs ide  f o r  t h e  A p r i l  3 
a r r i v a l  d a t e  and swings around t o  t h e  f r o n t  f o r  t h e  May 13 a r r i v -  
a l  d a t e .  No a t tempt  has  been made t o  show what r e g i o n  on t h e  
p l a n e t  i s  unobta inable  due t o  t h e  p e c u l i a r  shape of  t h e  re- 

g ion  t h a t  covers  a r i g h t  ascens ion  band o f  40' and d e c l i n a t i o n s  
from -27 t o  65".  

Vm 

D i s p e r s i o n s  i n  e n t r y  f l i g h t  pa th  a n g l e ,  y E ,  a r e  due t o  two 

e r r o r  sources :  n a v i g a t i o n  u n c e r t a i n t y  a t  t h e  t i m e  o f  e j e c t i o n  by 
Earth-based t r a c k i n g ,  and maneuver execut ion  u n c e r t a i n t y  composed 
of  a p o i n t i n g  u n c e r t a i n t y  and an impulse u n c e r t a i n t y .  The naviga-  
t i o n  u n c e r t a i n t y  a t  t h e  t i m e  o f  c a p s u l e  e j e c t i o n  i s  expressed i n  
terms of  u n c e r t a i n t y  i n  t h e  impact parameter ,  b .  T h i s  i s  t h e  
d i s t a n c e  from Venus t o  t h e  asymptote of t h e  s p a c e c r a f t  t r a j e c t o r y .  
The s e n s i t i v i t y  of  t o  b i s  shown a s  a f u n c t i o n  o f  V 

and nominal yE i n  f i g u r e  26.  A t y p i c a l  l a  e r r o r  i n  b based 

km/sec and a yE o f  -30" t h e  r e s u l t i n g  l a  d i s p e r s i o n  i n  yE i s  

0 . 7 " .  The s e n s i t i v i t y  of  t h e  e n t r y  l o c a t i o n ,  f3, t o  b i s  about 
1.3 times a s  g r e a t  a s  t h e  yE s e n s i t i v i t y .  

HE 

on t h e  p r e s e n t  DSN c a p a b i l i t y  i s  100 km. Thus f o r  a vm o f  5.0 
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Q 1973-11 

F i g u r e  2 5 . -  Venus Target ing  Map, 1973,  Type 11, 30° View 
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Figure  26.-  S e n s i t i v i t y  to Navigation E r r o r 2  YE 
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The s e n s i t i v i t y  o f  yE t o  a p o i n t i n g  e r r o r  a t  e j e c t i o n  i s  

a s  shown i n  E J '  s t r o n g l y  a f u n c t i o n  o f  t h e  e j e c t i o n  a n g l e ,  T 

o r  Vm i s  s l i g h t .  f i g u r e  27. The s e n s i t i v i t y  t o  R ~ ~ 9  y~ 2 

The l a  p o i n t i n g  e r r o r  i s  t aken  t o  be 0.5".  

w i t h  VHE and yE r equ i r ed  f o r  an 

28 f o r  an  h of  2000 km. For  example, a o f  -30" and a 

The v a r i a t i o n  of  T~~ 

o f  70" i s  shown i n  f i g u r e  aP 

P 
of  5.0 km/sec r e q u i r e s  a T~~ of - 4 1 O .  T h i s  t h e n  r e s u l t s  

i n  a l a  d i s p e r s i o n  i n  yE of  about 0.4'. A s  d i scussed  p rev ious ly ,  

lower h r e q u i r e s  sma l l e r  T and i n  t u r n  l a r g e r  d i s p e r s i o n s  

i n  yE.  From f i g u r e  28 i t  i s  seen  t h a t  low T r e s u l t  from 

h igh  VHE and sha l low yE. 

-20" r e s u l t  i n  a 0.6 d i s p e r s i o n  i n  

'HE 

P E J  

E J  
o f  7.0 km/sec and a yE of A 

* 

The d i s p e r s i o n  i n  yE d u e , t o  an impulse e r r o r  i s  independent 

and yE .  The 
hp9 'HE, bu t  i n c r e a s e s  w i t h  i n c r e a s i n g  E J '  

d i s p e r s i o n  i n  

t h e  nominal v a l u e ,  i s  always less than  0.2".  
s i o n  i n  i s  then  t h e  rss of  t h e  t h r e e  e r r o r  sou rces  desc r ibed .  

For a yE Of -30" ,  Vm of 5.0 km/sec, and h of  2000 km, 

t h e  t o t a l  l a  d i s p e r s i o n  i n  yE i s  0 . 8 3 " .  

O f  T 

because of  a l a  impulse e r r o r  t h a t  i s  19.33% of , 
The t o t a l  d i s p e r -  

P 

Out of  p lane . -  The Venus/Mercury swingby miss ion  r e q u i r e s  a 
s p e c i f i c  f l y b y  t r a j e c t o r y  nea r  Venus w i t h  a s p e c i f i c  i n c l i n a t i o n  
t o  t h e  Venus o r b i t a l  p lane .  To o b t a i n  a BVS/entry v e h i c l e  e n t r y  
l o c a t i o n  t h a t  i s  40" from t h e  subea r th  p o i n t  ( d i r e c t  l i n k  f o r  BVS) 
w i t h  a reasonably  shallow yE t h e  e j e c t i o n  maneuver must be o u t  

o f  t h e  p l ane  o f  t h e  f lyby  t r a j e c t o r y .  An example of  t h e  propul -  
s i v e  requirement f o r  o u t  of  p l ane  e j e c t i o n  maneuvers i s  g iven  i n  
f i g u r e  29, where €JE 

p l a n e  and t h e  BVS/entry v e h i c l e  t r a j e c t o r y  p l ane .  
e n t r y  i n  the f lyby  t r a j e c t o r y  p l ane ,  €JE = O o ,  t h e  AVEJ r equ i r ed  

i s  30 m/sec. For an  e n t r y  90° from t h e  f l y b y  t r a j e c t o r y  p l ane  
t h e  AVEJ r equ i r ed  i s  70 m/sec. For a f a r  s i d e  e n t r y  i n  t h e  

f l y b y  t r a j e c t o r y  p lane ,  ElE = 180°, t h e  AV,, r e q u i r e d  i s  99 

m/sec. 

i s  t h e  a n g l e  between t h e  f l y b y  t r a j e c t o r y  

For  a n e a r s i d e  
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The t o t a l  d i s p e r s i o n  i n  yE 

v e r  execut ion  u n c e r t a i n t y  i s  1.33". 

due t o  both  n a v i g a t i o n  and maneu- 

Orb i t Mod e Ta r g e t i n g  

The p r e f e r r e d  mission mode f o r  the 1973-11 mission i s  d e f l e c -  
t i o n  of  t h e  BVS/entry v e h i c l e  from a n  o r b i t  about Venus, 
o r b i t  d i scussed  i n  t h i s  s e c t i o n  has  a p e r i a p s i s  a l t i t u d e  o f  2000 
k m  and an e c c e n t r i c i t y  o f  0.8. The t a r g e t i n g  a n a l y s i s  determines 
t h e  requi red  d e o r b i t  impulse,  AV,, c o n s i s t e n t  w i t h  t h e  telecom- 

municat ion requirements  f o r  a r e l a y  l i n k  from d e o r b i t  t o  probe 
impact .  The ground r u l e s  used f o r  t h i s  l i n k  a r e  s i m i l a r  t o  t h o s e  
d iscussed  i n  t h e  previous s e c t i o n  f o r  t h e  d i r e c t  mode. The t a r -  
g e t i n g  a n a l y s i s  a l s o  determines t h e  e n t r y  l o c a t i o n ,  f3 ,  a s  a 
f u n c t i o n  o f  yE and AV,. The n a v i g a t i o n  u n c e r t a i n t y  a t  t h e  t i m e  

o f  d e o r b i t  can be expressed i n  terms o f  a covar iance  mat r ix  i n  
p o s i t i o n  and v e l o c i t y  a f t e r  s e v e r a l  o r b i t s  o f  t r a c k i n g  from E a r t h .  
T h i s  covar iance  mat r ix  can be  propagated t o  t h e  e n t r y  a l t i t u d e  t o  
determine e n t r y  d i s p e r s i o n s .  The e n t r y  d i s p e r s i o n s  due t o  execu- 
t i o n  e r r o r s  a r e  handled s i m i l a r l y  t o  t h e  d i r e c t  mode. D e t a i l s  of  
t h e  o r b i t  mode e r r o r  a n a l y s i s  a r e  no t  g i v e n ,  but t h e  r e s u l t i n g  
l a  d i s p e r s i o n  i n  i s  l e s s  than  a degree .  

The 

The geometry shown i n  f i g u r e  13 i s  e q u a l l y  a p p l i c a b l e  f o r  t h e  
o r b i t  mode. Parameters r e l a t i n g  t o  t h e  r e l a y  communication con- 
s t r a i n t s  a r e  shown i n  f i g u r e  30 a s  a f u n c t i o n  o f  f3 and o r b i t e r  
l ead  a n g l e ,  A. A s  w i t h  t h e  d i r e c t  mode, t h e  A must be  s e l e c t e d  
a s  a f u n c t i o n  o f  f3 t o  l i e  between t h e  

corresponding t o  a 20" mask above t h e  l o c a l  h o r i z o n t a l  a t  e n t r y  
i s  shown i n s t e a d  o f  t h e  f a d i n g  margin a n g l e  o f  60".  
a l lows  somewhat l a r g e r  n e g a t i v e  A t h a n  the fad ing  margin bound- 
a r y .  

o f  270". A boundary aP 

T h i s  boundary 

The v a r i a t i o n  of  AV, w i t h  A i s  shown a s  a f u n c t i o n  of  f3 

f o r  a yE o f  -30" i n  f i g u r e  31. The a b s o l u t e  minimum AV, oc-  

c u r s  f o r  a p o f  66",  and i s  215 m/sec. The AV, i s  g r e a t e r  

t h a n  250 m/sec f o r  f3 less t h a n  59.6" and f3 g r e a t e r  than  69.5". 
The d e o r b i t  l o c a t i o n  t r u e  anomaly i n c r e a s e s  i n  t h e  d i r e c t i o n  of  
t h e  arrows,  and t h e  c o a s t  t i m e ,  t i m e  from d e o r b i t  t o  e n t r y ,  i s  
d e c r e a s i n g .  The c o a s t  t i m e  i s  cons t ra ined  t o  be less  than  10 h r  
because o f  thermal  c o n t r o l  and a t t i t u d e  c o n t r o l  c o n s i d e r a t i o n s .  
The a n g l e  o f  a t t a c k  a t  e n t r y  i s  shown i n  f i g u r e  32 .  
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The r e l a t i o n s h i p  between p, A ,  and yE i s  shown i n  f i g u r e  

33  f o r  AV, of  250 m/sec. Any p/A combination i n s i d e  of  t h e  

closed contours  i s  o b t a i n a b l e  w i t h  a AV of  250 m/sec o r  l ess .  

Also shown a r e  boundaries  corresponding t o :  
D 

1) aE equal  t o  -20" ;  

2 )  Coast t i m e  l e s s  than  10 h r ;  

3 )  E l e v a t i o n  mask o f  20" above t h e  l o c a l  h o r i z o n t a l  a t  
e n t r y ;  

4 )  ap equal  t o  7 0 " .  

For a g iven  yE and AV, s i z i n g  t h e r e  e x i s t s  a range of  p s a t -  

i s f y i n g  a l l  t h e  above c o n s t r a i n t s .  For example, w i t h  a of  

-27" and a AV, o f  250 m/sec o r  l e s s ,  p between 54.6 and 58.3 

a r e  o b t a i n a b l e .  By vary ing  yE between -27 and - 3 3 " ,  p between 

54.6 and 70.2" a r e  o b t a i n a b l e ,  a L!$ o f  1 5 . 6 " .  To o b t a i n  a 
g r e a t e r  t a r g e t i n g  c a p a b i l i t y  ( l a r g e r  L!$) t h e  yE range must be  

extended.  S t e e p e r  t h a n  -33" r e q u i r e  AV, above 250 m/sec 

t o  s a t i s f y  a l l  c o n s t r a i n t s .  Shallower yE than  -27" a r e  no t  f e a s -  

i b l e  because o f  t h e  narrowing r e g i o n  formed by boundaries  3 )  and 
4)  above. Thus a @@ o f  15.6" i s  t h e  l a r g e s t  o b t a i n a b l e  w i t h  a 
AVD s i z i n g  of  250 m/sec. 

The c e n t r a l  a n g l e  between t h e  Vm and e n t r y  p o i n t ,  (PLY i s  

equal  t o  p p l u s  T a s  f o r  t h e  d i r e c t  mode i f  o r b i t  i n s e r t i o n  

occurs  a t  p e r i a p s i s  of  t h e  approach s p a c e c r a f t  t r a j e c t o r y .  I n s e r -  
t i o n  a t  t h i s  l o c a t i o n  r e s u l t s  i n  t h e  minimum p r o p u l s i v e  r e q u i r e -  
ment. The p e r i a p s i s  of t h e  o r b i t  can be s h i f t e d  by i n s e r t i o n  a t  
o t h e r  t han  p e r i a p s i s  of t h e  approach t r a j e c t o r y  wi th  a h ighe r  
o r b i t  i n s e r t i o n  AV. 
Aw,  t hen  t h e  SL i s  B p l u s  T~ minus A w .  I f  l a r g e  enough 

p e r i a p s i s  s h i f t s  a r e  used, t h e  e n t r y  p o i n t  can be anywhere over 
Venus. 

0 

I f  a p o s i t i v e  s h i f t  i s  de f ined  by t h e  ang le  

5 1  
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O r b i t  S e l e c t i o n  C r i t e r i a  

The o r b i t  s e l e c t i o n  c r i t e r i a  are based on the  s c i e n t i f i c  ob-  
j e c t i v e s  of  t he  miss ion ,  system performance'from a payload p o i n t  
of view, and o r b i t  l i f e t i m e .  The s e l e c t e d  o r b i t ,  2000 x 66 400 
km (E = 0 . 8 ) ,  i n c l i n e d  approximately 50° t o  t he  Venus o r b i t a l  
p l ane ,  i s  a compromise s o l u t i o n .  The f a c t o r s  l ead ing  t o  t h i s  
s e l e c t i o n  f o r  each of t he  t h r e e  c r i t e r i a ,  above, a r e  summarized 
i n  the  fo l lowing  s e c t i o n s .  

Science o b j e c t i v e s  .- The s c i e n t i f i c  o b j e c t i v e s  f o r  the  o r b i t -  
ing  s p a c e c r a f t  mission inc lude  both o r b i t i n g  s p a c e c r a f t  and BVS 
requirements  o r  needs.  For t h i s  miss ion ,  the  e n t r y  p o i n t  t h a t  
b e s t  s a t i s f i e s  t he  BVS mission d e s i r e s  i s  nea r  the  s u b s o l a r  p o i n t ,  
s l i g h t l y  n o r t h e r n  l a t i t u d e ,  and s l i g h t l y  e a s t  of the  subso la r  
meridian.  This  e n t r y  r e s u l t s  i n  an expected wind d r i f t  p a t t e r n  
t h a t  w i l l  e v e n t u a l l y  c a r r y  the  BVS i n t o  the  n o r t h  po la r  r e g i o n .  
This  d e s i r e  can  on ly  be p a r t i a l l y  s a t i s f i e d ,  p r i m a r i l y  on the  
b a s i s  of o r b i t  l i f e t i m e  requi rements .  The a c t u a l  landing  area 
ends up a t  a n o r t h e r n  l a t i t u d e  near  t he  s u b s o l a r  p o i n t ,  b u t  
s l i g h t l y  t o  t h e  west  of t he  s u b s o l a r  mer id ian .  The wind d r i f t  
p a t t e r n  w i l l  r e s u l t  i n  BVS c r o s s i n g  the  wes tern  t e rmina to r  a t  
middle l a t i t u d e s .  The BVS e n t r y  p o i n t  c o n s t r a i n t s  a r e  pr imar ly  
approach t r a j e c t o r y  geometry l i m i t s  r a t h e r  than o r b i t  s i z e  and 
shape.  

The o r b i t i n g  sc i ence  package (as d i scussed  i n  Volume 111) 
inc ludes  : 

1) U l t r a v i o l e t  spec t romete r ;  

2 )  I n f r a r e d  spec t rometer ;  

3 )  Photo imaging; 

4 )  Magnetometer and plasma probe; 

5) S-band o c c u l t a t i o n ;  

6) C e l e s t i a l  mechanics 

The f i r s t  two experiments  i d e a l l y  r e q u i r e  r e l a t i v e l y  l o w  ec-  
c e n t r i c i t y  o r b i t s ,  i . e  ., apoaps is  a l t i t u d e s  l e s s  than  approx i -  
mately 30 000 km f o r  r e s o l u t i o n  and ground t r a c e s  t h a t  inc lude  
both the  subso la r  and p o l a r  r eg ion .  
t i a l l y  s a t i s f i e s  t hese  requi rements ,  b u t  s t i l l  r e s u l t s  i n  a s c i e n -  
t i f i c a l l y  s i g n i f i c a n t  miss ion .  
q u i r e s  a r e l a t i v e l y  low a l t i t u d e ,  n e a r - c i r c u l a r  o r b i t .  This  i s  

The s e l e c t e d  o r b i t  on ly  p a r -  

The photo imaging experiment re -  
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no t  p o s s i b l e ,  b u t  t h e  s e l e c t e d  o r b i t  does s a t i s f y  t h i s  experiment 
requirement  over  a l a r g e  p a r t  of the  p l a n e t .  
plasma probe experiment  r e q u i r e s  a r e l a t i v e l y  h igh  e c c e n t r i c i t y  
o r b i t  t h a t  passes  w i t h i n  500 km of  the s u r f a c e  near  t he  subso la r  
p o i n t .  Orb i t  l i f e t i m e  e l i m i n a t e s  the  500-km c a p a b i l i t y ,  b u t  the  
s e l e c t e d  o r b i t  should s t i l l  r e s u l t  i n  good f i e l d s  and p a r t i c l e s  
mapping. 
experiment.  This  i s  s a t i s f i e d ,  b u t  no a t t e m p t  has  been made t o  
opt imize e i t h e r  o r b i t  geometry o r  s i z e  f o r  t h i s  experiment .  The 
c e l e s t i a l  mechanics experiment  would r e q u i r e  a middle i n c l i n a t i o n  
o r b i t ,  perhaps wi th  somewhat less e c c e n t r i c i t y  than the  s e l e c t e d  
o r b i t .  However, e s t i m a t e s  of  p l a n e t  ob la t eness  can be made wi th  
the  s e l e c t e d  o r b i t .  

The magnetometer and 

Ear th  o c c u l t a t i o n  i s  r equ i r ed  on the  S-band o c c u l t a t i o n  

The s e l e c t e d  o r b i t  does n o t  f u l l y  s a t i s f y  a l l  of the  s c i e n t i f i c  
o b j e c t i v e s  (nor can  any s i n g l e  o r b i t ) .  It  does reasonably  s a t i s f y  
most of the s c i e n t i f i c  o b j e c t i v e s  of the  miss ion .  The primary 
informat ion  t h a t  cannot  be ob ta ined  is the  thermal mapping a t  t h e  
po le s .  

Performance c o n s i d e r a t i o n s .  - The launch per iod  and launch ve -  
h i c l e  ana lyses  p re sen ted  above have r e s u l t e d  i n  the  s e l e c t i o n  of 
launch per iods  t h a t  opt imize the  launch v e h i c l e  c a p a b i l i t y  over  
20-day launch pe r iods .  This a n a l y s i s  d e f i n e s  the  range of  C3, 
e a r t h  depa r tu re  energy,  and VHE, Venus approach energy,  which 

the launch v e h i c l e  and o r b i t  i n s e r t i o n  motors must provide .  From 
s t r i c t l y  a performance v iewpoin t ,  h igh ly  e l l i p t i c a l  o r b i t s  a r e  
d e s i r a b l e .  Nondimensionalized o r b i t  i n s e r t i o n  AV is  shown i n  
f i g u r e  34 as a f u n c t i o n  of VHE and o r b i t  e c c e n t r i c i t y ,  E .  The 

supplementary d a t a  r equ i r ed  to  g e t  t he  a c t u a l  AV i s  presented  
i n  f i g u r e  35 .  F igure  34 shows t h a t  both low VHE, a func t ion  

of launch pe r iod ,  and h igh  e c c e n t r i c i t y  l ead  t o  low AV. The 
s e n s i t i v i t y  t o  p e r i a p s i s  a l t i t u d e  i s  n o t  obvious from f i g u r e s  
34 and 35. The d a t a  i n  f i g u r e  36 a r e  boundaries  where &V/dh = 0 

as a func t ion  of p e r i a p s i s  a l t i t u d e ,  VHE, and e c c e n t r i c i t y .  Con- 

d i t i o n s  t o  t h e  r i g h t  of  t he  boundaries  r e s u l t  i n  increased  

r equ i r ed  f o r  i nc reased  h . For the  high e c c e n t r i c i t i e s  cons idered ,  

increased  h r e q u i r e s  inc reased  

The s i g n i f i c a n c e  of  on u s e f u l  weight  i n  o r b i t  i s  shown 

i n  f i g u r e  37 .  Here u s e f u l  weight  is de f ined  as weight  a t  o r b i t  
i n s e r t i o n  motor i g n i t i o n  minus t o t a l  loaded propuls ion  module 
weight .  The low AVOoI r e s u l t i n g  from h i g h l y  e c c e n t r i c  o r b i t s  

i s  impor tan t .  The s e l e c t e d  launch pe r iod  and o r b i t  r e q u i r e  a 
maximum 

f u l l  weight  i n  o r b i t  t o  t o t a l  s p a c e c r a f t  weight  r a t i o  0.43 i n  t he  
wors t  case. 

P 

P 
'HE - f o r  the normal .I. J P  

of  approximately 1.95 km/sec r e s u l t i n g  i n  a use- Avo. I 
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Figure 35.- Venus Circular Veloc i t ies  
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wusep0 = i; 1 {exp ($ - (1 - A)} 
j 

= Useful  weight  ( i n i t i a l  weight  minus 
'IJse loaded p ropu l s ion  system) 

Wo = Weight a t  s t a r t  of o r b i t  i n s e r t i o n  
mane uv e r 

A = P r o p e l l a n t  mass f r a c t i o n  (0.85) 

c -  = ( 3 2 . 1 7 4 ) ( 3 0 2 )  
j - g'sp 

AVO,, km/ sec 

F igu re  3 7 . -  Useful Weight i n  O r b i t  
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O r b i t  l i f e t i m e .  - This a n a l y s i s  assumes a r e q u i r e d  o r b i t  l i f e -  
t i m e  of 50 y e a r s  t o  comply wi th  p l a n e t a r y  qua ran t ine  requi rements  
f o r  t he  u n s t e r i l i z e d  o r b i t i n g  s p a c e c r a f t .  The l i f e t i m e  a n a l y s i s  
i nc ludes  two primary e f f e c t s  , drag  and s o l a r  g r a v i t a t i o n  pe r tu rba -  
t ions  . 

The d rag  l i f e t i m e  boundary f o r  a conse rva t ive  atmosphere and 
a s p a c e c r a f t  b a l l i s t i c  c o e f f i c i e n t  of  0.25 s l u g / f t 2  i s  shown i n  
f i g u r e  38. This  boundary sugges t  a minimum p e r i a p s i s  a l t i t u d e  
of 300 t o  400 km. The encounter  u n c e r t a i n t i e s  a t  t he  t i m e  of  t he  
l a s t  midcourse c o r r e c t i o n  must be added t o  t h i s  minimum t o  d e f i n e  
the  minimum a l lowable  a i m  p e r i a p s i s  a l t i t u d e .  This raises t h e  
minimum a l lowable  p e r i a p s i s  a l t i t u d e  t o  approximately 1000 km. 
The r e f e r e n c e  o r b i t  has  a nominal p e r i a p s i s  a l t i t u d e  of 2000 km, 
p r i m a r i l y  t o  improve the  r e l a y  communication l i n k  geometry. 

The o r b i t  s t a b i l i t y  as a f f e c t e d  by s o l a r  g r a v i t a t i o n a l  p e r t u r  - 
b a t i o n s  and the  i n t e r p l a y  of p o t e n t i a l  o b l a t e n e s s  e f f e c t s  i s  a 
more c r i t i c a l  f a c t o r .  

The d e c l i n a t i o n  of  t h e  V v e c t o r  on a t y p i c a l  day i n  the  HE 
launch per iod  i s  35.6". The l o c i  of p o s s i b l e  approach t r a j e c t o r y  
and, t y p i c a l l y ,  the  o r b i t  p e r i a p s i s  l o c a t i o n s  are shown i n  f i g u r e  
39.  The v a r i a b l e  around the  locus  i s  o r b i t  i n c l i n a t i o n  o r  r i g h t  
ascens ion  of the  ascending node. 

Twenty t y p i c a l  o r b i t  o r i e n t a t i o n s  over  t he  range of i n c l i n a -  
t i o n s  have been i n v e s t i g a t e d  and the r e s u l t s  summarized i n  t a b l e  
2 .  Represen ta t ive  p e r i a p s i s  a l t i t u d e  v a r i a t i o n s  over  50 yea r s  
are shown i n  f i g u r e  40 f o r  r e f e r e n c e  o r b i t s  6, 7 ,  and 8 of  t a b l e  
2 .  So la r  g r a v i t a t i o n a l  e f f e c t s ,  as can  be seen ,  can  cause p e r i a p -  
s i s  a l t i t u d e  p e r t u r b a t i o n s  of  over  10 000 km over t h i s  pe r iod ,  up 
o r  down. 

The s o l a r  g r a v i t a t i o n a l  p e r t u r b a t i o n  can  be v i s u a l i z e d  wi th  
the  a i d  of t he  fo l lowing  approximate s o l u t i o n :  

h = K [Kl s i n  (2 I? -t- K2) -I- K 3 t  % I  
P O  0 

where 

r = sun motion re la t ive  t o  p l a n e t ,  
0 

K = f u n c t i o n  of o r b i t  s i z e  ( i . e . ,  hp,  E ) ,  
0 

K 1  - & = f u n c t i o n  of o r b i t  geometry ( i . e . ,  i n c l i n a t i o n ,  
i, and argument of p e r i a p s i s ,  W ) .  
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B = 0.25 s l u g / f t 2  

Periapsis altitude, km 

Figure 38.- Fifty Year Orbit Lifetime Boundary, Drag 
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Figure  39,- V Vector Geometry, 1973, Type I1 HE 
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TABLE 2 - ORBIT LIFETIMES 

I n c l i n a t i o n ,  
deg 

90 

95 

105 

1 2 0  

1 3  5 

144.4 

135 

120 

105 

95 

9 0  

8 5  

7 5  

60 

45 

3 5 . 6  

45 

60 

75 

8 5  

Right  
a scens ion ,  

deg 

0 .  

3.583 

11.067 

24.417 

45.717 

9 0 .  

1 3 4 . 2 8 3  

155.583 

168.933 

176.417 

1 8 0 .  

1 8 3 . 5 8 3  

191.067 

204.417 

225.717 

2 7 0 .  

314.283 

335.583 

348.933 

356.417 

Argument 
o f  

per  i a p s  i s ,  
deg 

-11.4 

-11 - 2 5  

-9.333 

-4 .6  

8 e 4  

4 3 .  

7 8 . 6  

90 .8  

95.933 

97.25 

9 7 . 4  

97 .25  

95.933 

90.8 

7 8 . 6  

4 3 .  

8 . 4  

-4.6 

-9.933 

-11 - 2 5  

Ap prox i m a  t f 
l i f e t i m e ,  

Y r  

12 

1 1 . 5  

11 

8.2 

5 . 1  

5 O+ 

50+ 

5 O+ 

7 . 9  

6 .8  

6.8 

6 .8  

7 . 9  

50+ 

50+ 

50+ 

5 . 1  

8 .2  

11 

11.5  

This  approximate s o l u t i o n  sugges t s  a p e r i o d i c  v a r i a t i o n  w i t h  
a per iod  of one-half  Venus yea r  p lus  a s e c u l a r  v a r i a t i o n  t h a t  is 
p r o p o r t i o n a l  t o  t h e  product ,  s i n  2 W sin2 
t i o n s  i n  i n c l i n a t i o n  and, p r i n c i p a l l y ,  argument of  p e r i a p s i s ,  w, 
change the  c h a r a c t e r  of t h e  s e c u l a r  term i n t o  a long per iod  o s c i l -  
l a t i o n .  This  v a r i a t i o n  i s  shown i n  f i g u r e  4 0 .  Thus, argument of 
p e r i a p s i s  i s  an  important  f o r c i n g  func t ion .  The geometry t h a t  
h e l p s  guarantee  a long l i f e t i m e  i s  t h a t  which has  a near -zero  
s e c u l a r  term i n  t h e  above equa t ion  w i t h  an  W v a r i a t i o n  such 
t h a t  t he  s e c u l a r  t e r m  becomes p o s i t i v e ,  i . e . ,  s t a r t  a t  t h e  bottom 
of the  long per iod  o s c i l l a t i o n .  

i. The long-term var ia-  

6 3  



The d a t a  p re sen ted  i n  t a b l e  2 are shown g r a p h i c a l l y  i n  f i g u r e  
41. It is  appa ren t  t h a t  t h e r e  are two o r b i t  i n c l i n a t i o n  r eg ions  
t h a t  have s a t i s f a c t o r y  l i f e t i m e s ;  approximately 37 t o  65" on t h e  
r i g h t  and 115 t o  144" on the l e f t .  
one corresponding t o  the  s e l e c t e d  o r b i t ,  i n c l i n a t i o n  of 50°, o r  
130" by the  d e f i n i t i o n s  used i n  t h i s  a n a l y s i s .  
r eg ion  does n o t  s a t i s f y  t h e  BVS e n t r y  p o i n t  requirements  of e n t r y  
near  the  s u b s o l a r  p o i n t .  

The r eg ion  on the  l e f t  i s  t h e  

The o t h e r  "safe"  

The importance of  W i n  e s t a b l i s h i n g  the  s o l a r  p e r t u r b a t i o n  
e f f e c t s  l eads  t o  concern when cons ide r ing  the  W d r i f t  due t o  
o b l a t e n e s s .  To a f i r s t  o r d e r ,  ob la t eness  varies W by 

3rtJpR2(2 - 5/2 s i n 2 i )  n w  = 
Pd 

It i s  p o s s i b l e  f o r  ob la t eness  t o  a c c e l e r a t e  the  argument of p e r i -  
a p s i s  i n t o  a quadrant  t h a t  g ives  a nega t ive  s e c u l a r  v a r i a t i o n  i n  
the  above equa t ion  and keep i t  t h e r e  long enough t o  f a i l  the  o r -  
b i t .  S ince  the  ob la t eness  c o n s t a n t ,  Jz, f o r  Venus i s  n o t  known, 
i t  w a s  v a r i e d  p a r a m e t r i c a l l y  to determine i t s  e f f e c t .  Values of  
J2 up t o  approximately 0.00063 (Ear th  i s  0.00108, Mars i s  0.0026) 
d i d  n o t  m a t e r i a l l y  a f f e c t  t he  r e fe rence  o r b i t .  Values above 
0.00065) drove the  argument o f  p e r i a p s i s  f a s t e r  than the  s o l a r  
p e r t u r b a t i o n s ,  e f f e c t i v e l y  superimposing another  s h o r t e r  per iod  
o s c i l l a t i o n  on the  d a t a  shown i n  f i g u r e  40.  Values of  J2 be-  
tween 0.00063 and 0.00065 w e r e  most severe i n  terms of  d r i v i n g  
W i n t o  the  (nega t ive  K3) f i r s t  quadran t .  However, the  p e r i -  
a p s i s  a l t i t u d e  i n c r e a s e  t h a t  preceded these  W was g e n e r a l l y  
s u f f i c i e n t l y  g r e a t  t o  prec lude  f a i l u r e  o f  the  o r b i t .  

O r b i t  s e l e c t i o n  summary.- The s e l e c t e d  o r b i t  i s  a 2000 x 
66 440 km, E = 0.8, o r b i t  i n c l i n e d  approximately 50" t o  the  
Venus o r b i t a l  plane: The o r b i t  does s a i i s f y  b o t h - t h e  BVS and 
o r b i t e r  s c i e n t i f i c  o b j e c t i v e s  wi th  some compromises. It a l s o  
s a t i s f i e s  t he  o r b i t  l i f e t i m e  c r i t e r i a  a l though the  p o t e n t i a l  
e f f e c t s  of p l a n e t  ob la t eness  should be s t u d i e d  i n  more d e t a i l .  
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Entry  Environment 

The e n t r y  t r a j e c t o r y  i s  t h a t  p o r t i o n  o f  t he  miss ion  p r o f i l e  
from e n t r y  a l t i t u d e  ( s p e c i f i e d  as 200 km above the  mean p l a n e t  
s u r f a c e )  down t o  the  a l t i t u d e  a t  which the  a e r o s h e l l  i s  s t aged  
from the  BVS (def ined  as Mach 0.5).  
s is  i s  based on a b lun ted  55' ha l f - ang le  cone a e r o s h e l l  con f igu ra -  
t i o n .  Entry cond i t ion  v a r i a b l e s  s t u d i e d  a r e  e n t r y  v e l o c i t y ,  
e n t r y  f l i g h t  pa th  angle ,  b a l l i s t i c  c o e f f i c i e n t ,  and atmosphere 
model. Entry t r a j e c t o r y  environment parameters t h a t  are of p r i -  
mary i n t e r e s t  t o  t he  BVS system a r e  drag  d e c e l e r a t i o n ,  t i m e  h i s -  
t o r y  t o  s t a g i n g  c o n d i t i o n ,  and downrange ang le  t r a v e l e d  du r ing  
e n t r y .  Descent time dur ing  f r e e  f a l l  f o r  the  subsonic  probe and 
drop sondes,  which are dropped a f t e r  s t a g i n g ,  is p resen ted  i n  add i -  
t i o n  t o  t h e  e n t r y  t r a j e c t o r y .  

The e n t r y  t r a j e c t o r y  ana ly -  

Paramet r ic  e n t r y  t r a j e c t o r y  d a t a  are presented  i n  the  form of  
c a r p e t  p l o t s  w i th  the  dependent v a r i a b l e  a f u n c t i o n  o f  e n t r y  ve -  
l o c i t y ,  e n t r y  f l i g h t  pa th  ang le ,  and atmosphere model. For the  
parameters presented  ( t ime sequence f u n c t i o n s ,  peak drag  d e c e l e r a -  
t i o n s ,  a l t i t u d e  f o r  s t a g i n g ,  and downrange ang le )  b a l l i s t i c  c o e f -  
f i c i e n t  i s  n o t  a s i g n i f i c a n t  f o r c i n g  parameter over  t he  range 
s t u d i e d  (0.20 t o  0 . 6 0  s l u g / f t 2 ) .  The range of e n t r y  v e l o c i t i e s  
i nc ludes  e n t r y  from a Venus o r b i t  (32 000 f p s )  t o  d i r e c t  e n t r y  
from a Venus/Mercury swingby mission (44 000 f p s ) .  

The pa rame t r i c  summary p l o t s  p re sen ted  he re  are de r ived  from a 
ma t r ix  of  e n t r y  t r a j e c t o r y  c a l c u l a t i o n s  performed on a CDC 6400 
computer. The s imula t ion  i s  a p o i n t  mass program, and t h e r e f o r e  
does not  inc lude  the  e f f e c t s  of  v e h i c l e  dynamics. For the  small 
ang le s  of  a t t a c k  (< 20") a s s o c i a t e d  wi th  the  missions s t u d i e d  
h e r e ,  a p o i n t  mass s imula t ion  provides  s a t i s f a c t o r y  e n t r y  env i ron -  
ment d a t a .  

Entry v e h i c l e  drag  c o e f f i c i e n t  used i n  the  t r a j e c t o r y  c a l c u -  
l a t i o n  i s  a f u n c t i o n  of Mach number. The normalized drag  c o e f -  
f i c i e n t  as a f u n c t i o n  of  Mach number i s  shown i n  f i g u r e  42 .  B a l -  
l i s t i c  c o e f f i c i e n t s  r e fe renced  i n  t h i s  r e p o r t  a r e  based on the  * 

hypersonic  drag  c o e f f i c i e n t  f o r  t h e  e n t r y  t r a j e c t o r i e s  and on the  
Mach = 0.0 l e v e l  f o r  the  drop probe and sondes.  

The fo l lowing  symbols a r e  used i n  the  t e x t  and curves  of 
t h i s  s e c t i o n :  

V e n t r y  v e l o c i t y  a t  e n t r y  a l t i t u d e  (200  km) 

y e n t r y  f l i g h t  pa th  ang le  a t  e n t r y  a l t i t u d e  (nega t ive  

E 

e downward ) 

B e n t r y  v e h i c l e  b a l l i s t i c  c o e f f i c i e n t ,  M/CDA, s l u g / f t 2  E 
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B subsonic  probe and drop sonde b a l l i s t i c  c o e g f i c i e n t  

CD drag  c o e f f i c i e n t ,  hypersonic  level f o r  BE, Mach 0.0 

A r e f e r e n c e  area, maximum body c r o s s  s e c t i o n a l  area. 

P 

f o r  Bp 

The r o t a t i o n  r a t e  of Venus i s  so l o w  as t o  be i n s i g n i f i c a n t  
i n  i t s  e f f e c t  on t r a j e c t o r y  c h a r a c t e r i s t i c s .  Ro ta t ion  r a t e  i s  
t h e r e f o r e  taken  as ze ro  i n  t h e  t r a j e c t o r y  c a l c u l a t i o n .  

The fo l lowing  p l ane ta ry  c h a r a c t e r i s t i c s  are used i n  the  t r a -  
j e c t o r y  c a l c u l a t i o n s :  

P l a n e t  r a d i u s ,  6050 km (19  850 050 f t ) ;  

G r a v i t a t i o n a l  c o n s t a n t  , p., 324 859.61 km3/sec2 (1 .1472092 x 

Rota t ion  r a t e ,  0 .0  r a d / s e c ;  

Atmosphere models, Lower and Upper (de f ined  i n  Vol 111, 
Appendix A ) .  

f t 3 / s e c 2 )  ; 

The atmosphere models have the c h a r a c t e r i s t i c s  l i s t e d  i n  the  
fo l lowing  t a b u l a  t i o n .  

Model 

Surface  p r e s s u r e ,  p s i  

Sur face  d e n s i t y ,  s l u g / f t 3  

Surface temperature ,  OR 

S t r a tosphe re  temperature ,  O R  

Composition, % by volume 

co2 
N 2  

Molecular weight  

Spec i f  i c  h e a t  r a t  i o  

Lower 

1481 .  

0 .13009 

1372 

396 

8 5  

15 

41.61 

1.34 

1580.  

0 .14084 

1404 

446 

95 

5 

43 - 2 1  

1.33 

Densi ty  ve r sus  a l t i t u d e  and temperature  versus  a l t i t u d e  f o r  
the  upper and lower model atmospheres are shown i n  f i g u r e  43 and 
4 4 .  The r e l a t i v e l y  s m a l l  d i f f e r e n c e  i n  d e n s i t y  between the  two 
models i s  r e f l e c t e d  i n  the  r e l a t i v e  i n s e n s i t i v i t y  of the e n t r y  
environment c h a r a c t e r  i s  t i cs  t o  atmosphere model. 
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Figure 4 4 . -  Venus Atmosphere Models,Ambient Temperature vs A l t i t u d e  
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Entry t r a j e c t o r i e s  were computed f o r  t he  fo l lowing  t a b u l a t e d  
paramet r ic  ranges  du r ing  the  course  of t he  BVS s tudy .  

0 . 2 ,  0 . 3 ,  0 .4  

0 . 3 ,  0 . 4 ,  0 . 5  

0 . 2 ,  0 . 3 ,  0 . 4 ,  0 .5  

0 . 3 ,  0 . 4 ,  0 . 5 ,  0 . 6  

10, 2 0 ,  3 0 ,  40 

2 0 ,  3 0 ,  4 0 ,  50 

2 0 ,  3 0 ,  4 0 ,  50 

2 0 ,  3 0 ,  40 

Atmosphere model 

Upper and lower 

Upper and lower 

Upper and lower 

Upper and lower . 
Analys is  of  the  above paramet r ic  d a t a  i n d i c a t e s  t h a t  over  the  

range s t u d i e d ,  b a l l i s t i c  c o e f f i c i e n t  has  a very  minor e f f e c t  on 
e n t r y  envrionment.  For t h i s  r eason ,  d a t a  i n  the fo l lowing  summary 
curves  a r e  no t  presented  as a f u n c t i o n  of e n t r y  b a l l i s t i c  c o e f -  
f i c i e n t .  One excep t ion  t o  the  i n s e n s i t i v i t y  t o  b a l l i s t i c  coe f -  
f i c i e n t  i s  dynamic p res su re  q experienced dur ing  e n t r y .  Peak 
dynamic p res su re  (not  shown i n  p l o t s )  i s  r e l a t e d  t o  max drag  de-  
c e l e r a t i o n  by the  fo l lowing  expres s ion :  

BE 
= (32 .174  g 

@(peak) 
'ma, 

Maximum dynamic p res su re  as a f u n c t i o n  of  B can thus  be ca l -  
c u l a t e d  from the  d a t a  of f i g u r e  4 7 .  E 

T ime  from e n t r y  a l t i t u d e  t o  a e r o s h e l l  s t a g i n g  c o n d i t i o n  (Mach 
0.5) as a f u n c t i o n  of e n t r y  v e l o c i t y  and i n i t i a l  e n t r y  f l i g h t  
pa th  angle  i s  shown f o r  the  upper and lower atmosphere models on 
f i g u r e  4 5 .  It i s  seen  t h a t  e n t r y  t i m e  i s  a weak f u n c t i o n  of e n t r y  
v e l o c i t y  and atmosphere model, b u t  i s  q u i t e  s e n s i t i v e  t o  i n i t i a l  
e n t r y  f l i g h t  pa th  a n g l e .  Entry t i m e  f o r  a nominal e n t r y  condi -  
t i o n  i s  q u i t e  s h o r t ,  of the o r d e r  of  60 s e c .  

The time a t  which the  e n t r y  d e c e l e r a t i o n  b u i l d s  up t o  a l e v e l  
of  1 . 0  g i s  taken as the  i n i t i a t i o n  p o i n t  f o r  a time sequencer 
c o n t r o l l i n g  subsequent  system even t s .  The t i m e  between 1.0 g 
d e c e l e r a t i o n  and s t a g i n g  i s  shown i n  f i g u r e  4 6 .  

Peak drag  d e c e l e r a t i o n  i n  e a r t h  gs as a f u n c t i o n  of e n t r y  ve- 
l o c i t y  and i n i t i a l  e n t r y  f l i g h t  pa th  angle  f o r  the  upper and lower 
atmosphere models i s  shown i n  f i g u r e  4 7 .  Peak drag  a c c e l e r a t i o n  
i s  seen  t o  be s t r o n g l y  a f f e c t e d  by both e n t r y  v e l o c i t y  and e n t r y  
f l i g h t  pa th  ang le .  Densi ty  s c a l e  h e i g h t  i s  n e a r l y  the  same i n  
both  model atmospheres,  so  t h a t  peak g i s  r e l a t i v e l y  una f fec t ed  
by atmosphere model. The lower atmosphere shows a s l i g h t l y  h igher  
peak a t  a l l  e n t r y  cond i t ions  s t u d i e d .  
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The a l t i t u d e  above the p l a n e t  mean s u r f a c e  l e v e l  a t  which 
a e r o s h e l l  s t a g i n g  occurs  i s  shown as a f u n c t i o n  of  e n t r y  ve loc -  
i t y  and e n t r y  f l i g h t  pa th  angle  f o r  t he  atmosphere model i n  
f i g u r e  48 and f o r  t he  upper model i n  f i g u r e  49. The i n s e n s i t i v -  
i t y  of s t a g i n g  a l t i t u d e  wi th  e n t r y  v e l o c i t y  i s  noted .  

The c e n t r a l  angle  through which the  e n t r y  v e h i c l e  moves du r ing  
the  e n t r y  p o r t i o n  of t he  mission p r o f i l e  is  of importance i n  d e -  
t e rmina t ion  of  ba l loon  deployment l o c a t i o n  r e l a t i v e  t o  the  p l a n e t  
coord ina te  system and f o r  eva lua t ion  of communication geometry. 
The down range angle  from e n t r y  t o  a e r o s h e l l  s t a g i n g  is  shown i n  
f i g u r e  50. 

T h i r t y  seconds a f t e r  the  a e r o s h e l l  s t a g i n g  sequence begins ,  
a subsonic  probe i s  dropped. The descen t  t i m e  from the  s t a g i n g  
a l t i t u d e  t o  mean su r face  l e v e l  i s  shown on f i g u r e  51 (a ) .  The 
nominal subsonic  probe has  a b a l l i s t i c  c o e f f i c i e n t  of 6 .0  s l u g / f t 2 ,  
r e s u l t i n g  i n  a drop time of 34.5 min i n  the  upper atmosphere and 
32.5 min i n  the  lower atmosphere.  

Drop sondes a r e  j e t t i s o n e d  a t  the BVS nominal f l o a t  a l t i t u d e  
of 190 000 f t .  These sondes have a b a l l i s t i c  c o e f f i c i e n t  a t  5 .0  
s l u g / f t 2 .  
shown on f i g u r e  51 (b j  a s  a func t ion  of sonde b a l l i s t i c  c o e f f i c i e n t .  
A drop time of  33.5 min i n  the  upper atmosphere model and 32.0 
min i n  the  lower atmosphere i s  shown. 

Drop time from f l o a t  a l t i t u d e - t o  mean s u r f a c e  l e v e l  i s  

Aerodynamic h 8 a t i n g . -  Sphe r i ca l ly  b lun ted  cones are considered 
t o  be the  most r e a l i s t i c  conf igu ra t ion  f o r  these  missions on the  
b a s i s  of previous p l a n e t a r y  e n t r y  s t u d i e s .  The s i g n i f i c a n t  con- 
f i g u r a t i o n  v a r i a b l e s  a r e  the  r a d i u s  of t he  s p h e r i c a l  nose and 
the  cone ang le .  Examination of  the  h e a t i n g  a t  the  s t a g n a t i o n  
p o i n t  and a t  the  edge of the  cone w i l l  a l low adequate d e f i n a t i o n  
of  optimum conf igu ra t ions  and of t h e i r  t o t a l  h e a t  l oads .  

S t agna t ion  po in t  convec t ive  h e a t i n g  e s t i m a t e s  are based on 
the  d a t a  of Marvin and Pope+: which account  f o r  the  e f f e c t s  of  a t -  
mospheric composi t ion.  Convective h e a t i n g  d i s t r i b u t i o n s  over  the  
v e h i c l e  are obta ined  by use of the r e fe rence  en tha lpy  technique .  
Major u n c e r t a i n t i e s  a s s o c i a t e d  wi th  the  convec t ive  d i s t r i b u t i o n s  
are the  e f f e c t s  of f low t r a n s i t i o n  and of  v o r t i c i t y  i n t e r a c t i o n .  

*Marvin, J.  G.  and Pope, R .  B . :  Laminar Convective Heating 
and a b l a t i o n  i n  the  Mars Atmosphere. AIAA, v o l .  5, no.  2 ,  Feb. 
1967. 
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(a) Subsonic Probe, S tag ing  A l t i t u d e  t o  Surface  

(b)  Drop Sonde BVS F l o a t  A l t i t u d e ,  58 km, t o  Surface  

F igu re  51.- Subsonic Probe and Drop Sonde Descent T i m e s  

79 



T r a n s i t i o n  from laminar  t o  t u r b u l e n t  flow (Hearne e t  ale*) was 
assumed t o  occur  a t  a momentum th i ckness  Reynolds number of 250. 
This c r i t e r i o n  p r e d i c t s  t r a n s i t i o n  a t  the  cone edge s l i g h t l y  be -  
f o r e  the maximum convect ive  h e a t i n g  time f o r  most of the t r a j e c -  
t o r i e s  s t u d i e d .  I n t e r a c t i o n  of the  t u r b u l e n t  boundary l a y e r  w i th  
the  en t ropy  l a y e r  can g ive  r i se  t o  convect ive h e a t i n g  r a t e s  ap-  
proaching sha rp  cone va lues  on the  cone s u r f a c e .  Ca lcu la t ions  
show t h a t  f o r  a nominal c o n f i g u r a t i o n  (ec = 55', R = 1.0,  R = N B 
4.25) the  t u r b u l e n t  boundary l a y e r  th ickness  i s  much t h i c k e r  than 
the  en t ropy  l a y e r  a t  the  cone edge.  Therefore ,  the  t u r b u l e n t  
boundary l a y e r  w i l l  be expected t o  engulf  the  en t ropy  l a y e r  a t  
the  cone edge and extend i n t o  the  high v e l o c i t y  cone flow. This  
phenomenon i s  a f u n c t i o n  of t he  nose r a d i u s  and thus the convec- 
t i v e  h e a t i n g  a t  the  cone edge i s  s i g n i f i c a n t l y  a f f e c t e d  by both 
nose b lun tness  and cone a n g l e .  

Rad ia t ive  h e a t i n g  w a s  computed as s e p a r a t e  components of equi -  
l i b r ium and non-equi l ibr ium h e a t i n g  f o r  t h e  s p e c t r a l  regime 0.125 
CI < A  < 6.0 p and of h e a t i n g  f o r  the  s p e c t r a l  regime A < 0.125 
p a t  the  temperature  a s s o c i a t e d  wi th  the  equ i l ib r ium chemistry 
behind the shock wave. Primary r a d i a t o r s  f o r  t h e  model atmos- 
phere a r e  CN (red and v i o l e t ) ,  C0(4+), and the  continuum from 
r a d i a t i v e  recombinat ion of  carbon and n i t r o g e n .  There is  con- 
s i d e r a b l e  u n c e r t a i n t y  a s s o c i a t e d  wi th  the  r a d i a t i v e  h e a t i n g  e s t i -  
mates.  
t h e r e  i s  only  a smal l  amount of  d a t a  on non-equi l ibr ium r a d i a t i o n  
a s s o c i a t e d  wi th  the  CN overshoot ;  and the  f a r  u l t r a - v i o l e t  r a d i a -  
t i o n  (h < 0.125 cl) i s  very dependent upon the  temperature  behind 
the  shock -- a v a r i a b l e  which i s  n o t  a c c u r a t e l y  known f o r  the gas 
compositions and f l i g h t  v e l o c i t i e s  encountered i n  the  Venus m i s -  
s i o n  s t u d i e s .  The u n c e r t a i n t i e s  i n  the shock-densi ty  r e l a t i o n s  
can cause l a r g e  v a r i a t i o n s  i n  the  r a d i a t i o n .  For i n s t a n c e ,  an 
e r r o r  of 10% i n  the  temperature  i n  the r eg ion  of  10 000°K r e s u l t s  
i n  a f a c t o r  of  t h r e e  change i n  the  h e a t  t r a n s f e r .  The lower C02  
con ten t  atmosphere i s  c r i t i c a l  f o r  r a d i a t i o n  h e a t i n g .  

The r eg ion  of CO(4f) has  n o t  been exper imenta l ly  v e r i f i e d ;  

Analys is  of aerodynamic h e a t i n g  i n  the  Venusian atmosphere i s  
s u b j e c t  t o  u n c e r t a i n t i e s  a s s o c i a t e d  wi th  the  l a c k  of exper imenta l  
d a t a  f o r  C02 /N2  mix tures .  It i s  necessary  t o  cons ide r  t he  uncer -  
t a i n t i e s  a s s o c i a t e d  wi th  c u r r e n t  e s t i m a t e s  of h e a t i n g  i n  t h i s  m i s  - 
s i o n  e v a l u a t i o n .  The u n c e r t a i n t i e s  are n o t  the same f o r  a l l  t he  

*Hearne, L .  F . ,  Chine,  J .  H . ,  and Woodruff, L .  W . :  Study of 
Aerothermodynamic Phenomena Associated wi th  Reentry of  Manned 
S p a c e c r a f t .  Lockheed Missles and Space Co. (Cont rac t  NASA 9 -  
3531), May 1966. 
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components of h e a t i n g  and d i f f e r e n t  components of  h e a t i n g  a r e  p r e -  
dominant f o r  d i f f e r e n t  mi s s ions .  Uncer ta in ty  f a c t o r s  were assigned 
t o  each of t h e  i d e n t i f i e d  components of  h e a t i n g  t o  account  f o r  t he  
l a c k  of confidence i n  c u r r e n t  p r e d i c t i o n  techniques .  Both nominal 
ae rohea t ing  e s t i m a t e s  and the  u n c e r t a i n t i e s  were used i n  the s tudy .  
Nominal e s t i m a t e s  are shown i n  t h i s  p a r t  of t h e  r e p o r t .  The un- 
c e r t a i n t y  f a c t o r s  used a r e  shown as fo l lows :  

O r b i t a l  

D i r e c t  f l yby  

V/M swingby 

1) Convective h e a t i n g ,  laminar and t u r b u l e n t  = 1 .5 ;  

2 )  Rad ia t ive  h e a t i n g ,  equ i l ib r ium = 1 . 5 ;  

3 )  Rad ia t ive  h e a t i n g ,  U.V.  e q u i l i b r i u m  = 3.0; 

4 )  Radia t ive  h e a t i n g ,  non-equi l ibr ium = 3 . O .  

32 000 -30 0.33 

37 400 -30 0.375 

44 000 -3 5 0.58 

Much r e s e a r c h  i s  r e q u i r e d  t o  reduce the  u n c e r t a i n t y  a s s o c i a t e d  
wi th  the p r e d i c t i o n  of  the  aerodynamic h e a t i n g  f o r  the Venus m i -  
m i s s  i o n s .  

'E ' The miss ion  a s s o c i a t e d  v a r i a b l e s  a r e  e n t r y  v e l o c i t y  

e n t r y  f l i g h t  pa th  angle  YE and b a l l i s t i c  c o e f f i c i e n t  B These 

parameters  a r e  t a b u l a t e d  below f o r  the  t h r e e  missions cons idered  
h e r e .  

E '  
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F i g u r e  52 .- Stagna t ion  P o i n t  R a d i a t i o n  Hea t ing  
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F i g u r e  53 .- S t a g n a t i o n  P o i n t  Convect ion Hea t ing  
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Figure 54,- Cone Edge Radiation Heating 
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The e f f e c t s  of conf igu ra t ion  v a r i a t i o n s  on aerodynamic hea t -  
i ng  are shown i n  f i g u r e  57. This  example i s  based on the  d i r e c t  
e n t r y  f lyby  miss ion  w i t h  an  e n t r y  v e l o c i t y  of 38 000 f p s ,  e n t r y  
weight  (WE) of 885 l b  and a v e h i c l e  diameter  of  8 . 5  f t .  Maxi- 

mum h e a t i n g  ra tes ,  aerodynamic s h e a r ,  and t o t a l  h e a t i n g  loads  a r e  
presented  as func t ions  of  cone h a l f  ang le .  These d a t a  i n  f i g u r e  
57 r e f l e c t  t he  in f luence  of  cone h a l f  angle  on d rag  c o e f f i c i e n t  
and thus  on b a l l i s t i c  c o e f f i c i e n t .  The h e a t i n g  parameters shown 
f o r  the  cone edge r e f l e c t  both the  d i r e c t  e f f e c t  of cone angle  on 
the  flow f i e l d  and of  the  b a l l i s t i c  c o e f f i c i e n t  on the  t r a j e c t o r y .  
The cone edge d a t a  show t h a t  convec t ive  h e a t i n g  and shea r  s t r e s s  
decrease  wi th  i n c r e a s i n g  cone ang le ,  whi le  r a d i a t i v e  h e a t i n g  i n -  
c r e a s e s  wi th  i n c r e a s i n g  cone angle .  Both sha rp  and b l u n t  cone 
s o l u t i o n s  a r e  presented  f o r  the convect ive h e a t i n g  and shear  s t r e s s  
The b l u n t  cone s o l u t i o n  r e s u l t s  i n  s i g n i f i c a n t l y  reduced h e a t i n g  
and shea r  s t r e s s  compared t o  the s h a r p  cone s o l u t i o n .  The d i f -  
f e r ence  between the  sha rp  and b l u n t  cone s o l u t i o n s  i s  the  v o r t i c i t y  
i n t e r a c t i o n ,  i . e . ,  t h e  i n t e r a c t i o n  of  t he  boundary l a y e r  and the 
en t ropy  l a y e r .  Analysis  i n d i c a t e s  t h a t  the  h e a t i n g  on a cone wi th  
wi th  a o n e - f t  nose r a d i u s  approaches t h a t  of t he  sha rp  cone. A 
t h r e e - f t  nose r a d i u s  i s  r equ i r ed  t o  e l i m i n a t e  the  v o r t i c i t y  i n t e r -  
a c t i o n  e f f e c t .  The h e a t i n g  a t  the  cone edge f o r  i n t e rmed ia t e  nose 
r a d i i  i s  n o t  w e l l  d e f i n e d .  
e f f e c t  on the  r a d i a t i v e  h e a t i n g  a t  the  cone edge.  The s i g n i f i c a n t  
p o i n t  i s  the  i n t e r a c t i o n  between the  e f f e c t s  of nose r a d i u s  and 
cone angle  wi th  the r e s u l t  t h a t  t hese  two geometr ic  parameters  
cannot  be opt imized independent ly .  

The nose r a d i u s  has no s i g n i f i c a n t  

The e n t r y  c o n f i g u r a t i o n  f o r  t he  f l y b y  d i r e c t  e n t r y  mission 
has  been s e l e c t e d  p r i m a r i l y  on the  b a s i s  of maximizing confidence 
i n  t h e  des ign  r a t h e r  than minimizing a e r o s h e l l  s t r u c t u r e  and h e a t  
s h i e l d  weight .  For t h i s  miss ion  a c o n f i g u r a t i o n  wi th  a o n e - f t  
nose r a d i u s ,  55" h a l f  ang le  cone and a base r a d i u s  of 8 .5  f t  w i l l  
encounter  h e a t i n g  ra tes  (with a l l  u n c e r t a i n t y  f a c t o r s  a p p l i e d )  
t h a t  are w i t h i n  t h e  c a p a b i l i t y  of materials t e s t  f a c i l i t i e s  (see 
Vol 111 Appendix B ) .  However, t h i s  r e q u i r e s  t h a t  t h e  nose r a d i u s  
be n o t  g r e a t e r  than one f t  t o  keep t h e  r a d i a t i v e  h e a t i n g  w i t h i n  
t h e  test  c a p a b i l i t y .  This  r e q u i r e s  t h a t  t h e  h igher  convec t ive  
h e a t i n g  and shea r  a s s o c i a t e d  wi th  t h e  sha rp  cone s o l u t i o n  must be 
accepted  on t h e  cone s u r f a c e .  Thus a h e a t  s h i e l d  weight  pena l ty  
i s  accep ted  i n  o rde r  t o  ga in  inc reased  conf idence  i n  t h e  des ign .  

The same a e r o s h e l l  c o n f i g u r a t i o n  has  been used f o r  the  o r b i t a l  
e n t r y  miss ion .  A l l  t h e  h e a t i n g  r a t e s  and loads  a r e  low enough f o r  
t h i s  mission t h a t  a complete weight o p t i m i z a t i o n  could be performed 
w i t h i n  the  t es t  f a c i l i t y  c o n s t r a i n t s .  However, such an opt imiza-  
t i o n  i s  cons idered  t o  be unnecessary a t  the  p r e s e n t  t i m e  due t o  the  
u n c e r t a i n t i e s  i n  the  h e a t i n g  e s t i m a t e s  and the  r e l a t i v e l y  small 
weight  g a i n  due t o  such op t imiza t ion .  
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Figure 57.- Configuration Effects on Aerodynamic Heating 
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The h e a t i n g  rates f o r  t h e  Venus/Mercury swingby miss ion  ex- 
ceed t h e  test  f a c i l i t y  c o n s t r a i n t s  due t o  t h e  i n c r e a s e  i n  h e a t i n g  
wi th  v e l o c i t y  i n d i c a t e d  by f i g u r e  52 t h r u  56. 
f i g u r a t i o n  op t imiza t ion  i s  no t  j u s t i f i e d  due t o  t h e  even l a r g e r  
i n f l u e n c e  of t h e  u n c e r t a i n t i e s  i n  h e a t i n g  estimates f o r  t h e  m i s -  
s i o n .  Therefore  t h e  same c o n f i g u r a t i o n  i s  used f o r  t h i s  miss ion  
as f o r  t h e  o the r  missions.  The l a r g e s t  weight i n f l u e n c e  i s  the 
r e l a t i o n s h i p  between a e r o s h e l l  diameter and b a l l i s t i c  c o e f f i c i e n t ,  
Reducing t h e  a e r o s h e l l  t o  i t s  minimum p r a c t i c a l  diameter  of seven 
f t  reduces t h e  t o t a l  h e a t  s h i e l d  weight a l though t h e  b a l l i s t i c  
c o e f f i c i e n t  and u n i t  t o t a l  h e a t i n g  load  are inc reased .  

A d e t a i l e d  con- 

Bal loon Deployment and Sonde T r a j e c t o r y  

Bal loon deployment on a l l  of the  BVS missions i s  i n i t i a t e d  by 
a barometr ic  p re s su re  device  se t  a t  612.4  mb. This  p re s su re  c o r -  
responds t o  190 288 f t  (58 km) above the  mean p l a n e t  r a d i u s  of 
6050 km i n  the mean atmosphere, 191 624 f t  i n  the  upper atmosphere,  
and 188 643 f t  i n  the lower atmosphere.  The parachute  descen t  
t r a j e c t o r i e s  be fo re  ba l loon  deployment a r e  shown i n  f i g u r e  58. 
Note t h a t  t h e  h e a t  s h i e l d  i s  j e t t i s o n e d  15 s e c  a f t e r  main chute  
deployment (M = 0.5) ;  the  subsonic  probe i s  dropped 30 s e c  a f t e r  
t h a t .  A s  seen  below, t r a j e c t o r y  cond i t ions  a t  ba l loon  deployment 
i n  the  upper and lower atmospheres are remarkably s i m i l a r  f o r  the  
o r b i t a l  mission:  

T r a j e c t o r y  parameters  

A1 t i t u d e  , f t 

Ve loc i ty ,  f p s  

F l i g h t  pa th  angle  

Dynamic p res su re ,  psf  

Mach no.  

Time from chute  deploy,  s e c  

Upper 

1 9 1  624 

29.6 

90" 

.955 

,0319 

1130.7 

The ba l loon  t r a j e c t o r i e s  i n  upper,  lower,  and mean atmospheres 
are presented  i n  f i g u r e  59. The ba l loon  reaches  an equ i l ib r ium 
f l o a t  c o n d i t i o n  approximately 800 sec  a f t e r  beginning i n f l a t i o n .  
The f l o a t  a l t i t u d e  v a r i e s  from 58.22 t o  57.68 km based on a common 
f l o a t  d e n s i t y  of 0.0659 l b / f t 3 .  
loon,  the  e x t e n t  of ven t ing ,  t he  atmosphere temperature ,  and the  
p re s su re  in f luence  the  f l o a t  a l t i t u d e  of the  b a l l o o n .  

The super tempera ture  i n  the  b a l -  
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A t  some t i m e  dur ing  the  BVS miss ion ,  t h e  system is  capable  of  
dropping 5 lb sondes on command. 
sonde i s  shown i n  f i g u r e  59 a t  1600 s e c .  The l i g h t e r  gondola i m -  
mediately seeks a new f l o a t  a l t i t u d e  approximately 0.2 km higher  
than  be fo re  t h e  drop.  

The e f f e c t  of dropping a 5 lb 

The drop sonde fo l lows  a descen t  t i m e  - h i s t o r y  shown i n  
f i g u r e  60, a r r i v i n g  a t  the  p l a n e t  s u r f a c e  i n 2 0 0 0 s e c  i n  the upper 
atmosphere.  
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M I S S I O N  PROFILE SUMMARIES 

This  s e c t i o n  p r e s e n t s  miss ion  p r o f i l e  summaries f o r  t h r e e  
r e f e r e n c e  BVS miss ions .  These summaries d e f i n e  t h e  impor tan t  
elements of t h e  m i s s i o n  from launch through ba l loon  i n f l a t i o n .  
The t h r e e  r e f e r e n c e  mis s ions ,  d i scussed  i n  o r d e r ,  are (1) a 1972 
f l y b y ,  ( 2 )  a 1973 o r b i t a l  miss ion  wi th  e n t r y  from approach  and 
e n t r y  from o r b i t ,  and (3) a 1973 Venus/Mercury swingby. 

To develop an  i n t e r p l a n e t a r y  miss ion  p r o f i l e ,  a number of 
d i v e r s e ,  and i n  some c a s e s  c o n f l i c t i n g  requi rements ,  must b e  i n -  
t e g r a t e d  i n t o  a workable and a c c e p t a b l e  miss ion .  Some of t h e  
f a c t o r s  t h a t  must be  cons ide red  are launch oppor tun i ty ,  launch 
pe r iod ,  c a n d i d a t e  launch v e h i c l e  performance, i n t e r p l a n e t a r y  
t r a n s i t  t i m e ,  e a r t h - s p a c e c r a f t  communication geometry ( d i s t a n c e s  
and a n g l e s ) ,  p l a n e t  approach geometry, miss ion  s c i e n c e  o b j e c t i v e s  
a t  t h e  p l a n e t ,  e n t r y  environment, and miss ion  t e r m i n a l  phase con- 
d i t i o n s .  

Because the BVS c o n t r a c t  d i r e c t e d  t h a t  on ly  t h e  1972 and 1973 
launch o p p o r t u n i t i e s  b e  cons ide red ,  d a t a  i n  t h i s  r e p o r t ,  cons id -  
e;red on ly  t h e s e  two yea r s .  The r e q u i r e d  l e n g t h  of t h e  launch  
pe r iod ,  de f ined  as t h e  number of consecu t ive  days du r ing  which a 
launch window i s  a v a i l a b l e ,  depends on t h e  a b i l i t i e s  t o  launch  
t h e  s p a c e c r a f t  on schedule  and t o  r ecove r  from launch a b o r t .  
Based on e x t e n s i v e  launch expe r i ence ,  t h e  launch pe r iod  f o r  bo th  
t h e  SLV3C/C and T i t a n  IIIC vehicle i s  20 days. 

The launch and p l a n e t  a r r i v a l  d a t e s  are s e l e c t e d  p r i m a r i l y  
on t h e  bases  of launch energy requi rements  and p l a n e t  approach 
v e l o c i t y .  The launch energy  requi rements  must be  w i t h i n  t h e  
c a p a b i l i t y  of t h e  c a n d i d a t e  launch v e h i c l e s ;  fur thermore ,  t h e r e  
must be  c o n s t r a i n t s  on t h e  approach v e l o c i t y  because t h e  e n t r y  
v e l o c i t y  f o r  t h e  d i r e c t  e j e c t i o n  i s  a f u n c t i o n  of t h e  approach 
v e l o c i t y .  For a f l y b y  miss ion ,  t h e  maximum launch energy  re- 
q u i r e d  i s  u s u a l l y  t h e  governing f a c t o r ,  b u t  f o r  an  o r b i t a l  m i s -  
s i o n ,  t h e  o r b i t  i n s e r t i o n  requi rements  b i a s  t h e  launch and a r -  
r i v a l  d a t e s  toward those  on which t h e  p l a n e t  a r r i v a l  energy i s  
lowest.  
from the C3 and Vm con tour s  p re sen ted  i n  f i g u r e s  2 and 3. 

These launch  vs arrival energy t r a d e - o f f s  are made 
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I n t e r p l a n e t a r y  t r a n s i t  t i m e  and communication geometry de- 
pend on t h e  t y p e  of t r a n s f e r  t r a j e c t o r y .  I n  a Type I t r a j e c t o r y ,  
t h e  s p a c e c r a f t  t ravels  through a h e l i o c e n t r i c  a n g l e  <180°, In a 
Type I1 t r a j e c t o r y ,  t h e  h e l i o c e n t r i c  a n g l e  i s  >180°. The launch 
and a r r i v a l  d a t e s  and energy c h a r a c t e r i s t i c s  f o r  b o t h  trajectories 
types  a r e  presented  i n  f i g u r e s  2 and 3. 

I n  t a r g e t i n g  f o r  s p e c i f i c  e n t r y  p o i n t s  on t h e  p l a n e t ,  t h e  
fundamental  c o n s i d e r a t i o n  i s  t h e  l o c a t i o n  of  t h e  hyperbol ic  ex- 
cess v e l o c i t y  (Vm vector) a t  a r r i v a l .  The locus  of n a t u r a l  

p e r i a p s i s  i s  determined by t h e  v e c t o r  and by t h e  p e r i a p s i s  

a l t i t u d e .  The d e s i r e d  i n c l i n a t i o n  a n g l e  f o r  a f l y b y  miss ion  c a n  
b e  chosen d u r i n g  t h e  f i n a l  midcourse c o r r e c t i o n  t o  g i v e  t h e  a o s t  
d e s i r a b l e  of t h e  a v a i l a b l e  e n t r y  l o c a t i o n s .  The t a r g e t i n g  a n g l e  

@ measured re la t ive  t o  p e r i a p s i s  i s  determined by t w o  f a c t o r s  
- - the  d e f l e c t i o n  propuls ive  impulse given t h e  e n t r y  v e h i c l e  a f t e r  
s e p a r a t i o n  from t h e  s p a c e c r a f t ,  and t h e  d i s t a n c e  from the p l a n e t  
when t h e  impulse i s  a p p l i e d .  The major c o n s t r a i n t s  on t h e  t a r g e t -  
i n g  a n g l e  @ are  t h e  e n t r y  f l i g h t p a t h  a n g l e  and communication 
geometry. The a v a i l a b l e  e n t r y  s i t e s ,  t h e  d e f l e c t i o n  propuls ion  
r e q u i r e d ,  t h e  communications geometries and times, and t h e  e n t r y  
v e h i c l e  e n t r y  environment must b e  t r a d e d  o f f  w i t h i n  t h e  subsystems 
c h a r a c t e r i s t i c s  and weight and s i z e  c o n s t r a i n t s .  

Vm 

The e n t r y  environment (aerodynamic h e a t i n g ,  dynamic p r e s s u r e  
and drag  d e c e l e r a t i o n )  i s  determined by e n t r y  v e l o c i t y ,  f l i g h t  
pa th  a n g l e ,  v e h i c l e  b a l l i s t i c  c o e f f i c i e n t  a t  e n t r y ,  and atmospheric  
model c h a r a c t e r i s t i c s .  C o n s t r a i n t s  a r e  imposed on t h e  maximum 
v a l u e s  o f  e n t r y  v e l o c i t y  and e n t r y  f l i g h t  p a t h  ang le ,  mainly t o m i n -  
imize aerodynamic h e a t i n g .  An e n t r y  v e l o c i t y  upper l i m i t  o f  38 000 
f p s  was imposed on t h e  BVS system -- b o t h  f o r  t h e  1972 f l y b y  m i s -  
s i o n  and f o r  t h e  e n t r y  from approach mode i n  t h e  1973 o r b i t a l  m i s -  
s i o n .  This  l i m i t a t i o n  cannot  be imposed on t h e  VenuslMercury 
swingby miss ion  because of  fundamental f l i g h t  mechanics r e s t r i c -  
t i o n s  d iscussed  i n  t h a t  s e c t i o n .  

1972 Flyby Mission 

The 1972 f l y b y  mission i s  descr ibed  i n  Tables  3 and 4 and i n  
f i g u r e s  61  t h r u  67 .  A Type I t r a n s f e r  t r a j e c t o r y  w a s  s e l e c t e d  
because i t  shor tened  t h e  t r a n s i t  t i m e  t o  120 days (as compared 
t o  180 days f o r  a Type 11) and t h e  e a r t h - s p a c e c r a f t  communica- 
t i o n  d i s t a n c e  a t  a r r i v a l .  The launch and a r r iva l  d a t e s  are  se- 
l e c t e d  such t h a t  (1) t h e  maximum d e p a r t u r e  energy C, i s  w i t h i n  
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t h e  payload c a p a b i l i t y  of the T i t a n  111-6 launch vehicle and (2) 
t h e  e n t r y  v e l o c i t y  is less t h a n  38,000 fps .  
arrival energy con tour s  o f  f i g u r e  2 were used to  select the launch  
d a t e s ;  the primary c o n s i d e r a t i o n  w a s  t o  minimize 63 and, t h e r e -  
fo re ,  maximize the l aunch  vehicle payload. 
and the e n t r y  v e l o c i t y .  

The l aunch  and 

F igure  4 relates Vm 

Targe t ing  c o n s t r a i n t s  f o r  t h i s  mission d i c t a t e  t h a t  t h e  e n t r y  
s i t e  (1) be  on the s u n l i t e  s i d e  of t h e  p l a n e t ,  (2) a t  least 20" 
from t h e  t e rmina to r  ( t o  a l low s u f f i c i e n t  d r i f t  t i m e  i n  t h e  sun- 
l i g h t  t o  complete t h e  mis s ion ) ,  and (3) be  less than 60" from 
t h e  s u b e a r t h  p o i n t  ( f o r  d i r e c t  e a r t h - l i n k  communication cons id -  
e r a t i o n s ) .  T a r g e t i n g  d a t a  are i n  Table 3. 

Figures  6 1  t h r u  64 show t a r g e t i n g  informat ion  r e l a t e d  t o  t h e  
miss ion  a r r i v a l  d a t e .  The e n t r y  p o i n t  f o r  t h e  f i r s t  day of t h e  
launch pe r iod ,  A p r i l  1, 1972, i s  shown i n  f i g u r e  61. The r i g h t  
a scens ion  i s  measured from t h e  ascending  mode of t h e  Venus o r b i t -  
a l  p lane  on t h e  e c l i p t i c .  The l o c i  of p o s s i b l e  e n t r y  l o c a t i o n  
f o r  y of -30 and -40" are shown. The e n t r y  p o i n t  i s  an ang le  E 

back from t h e  V as d i scussed  p r e v i o u s l y  under d i r e c t  (PL HE 
mode t a r g e t i n g .  The ground trace of t h e  approach t r a j e c t o r y  is  
shown f o r  an  i n c l i n a t i o n  of about  15" and is  22" w e s t  of t h e  
morning te rmina tor .  Due t o  t h e  r e t r o g r a d e  motion of Venus about  
i t s  a x i s ,  t h e  morning t e rmina to r  i s  east of t h e  subso la r  po in t .  
The e n t r y  p o i n t  i s  about  40" from t h e  s u b e a r t h  p o i n t ,  and thus  
a l lows  f o r  a d i r e c t  communication l i n k .  A s imilar  t a r g e t i n g  
p l o t  ( f i g u r e  62) i s  shown f o r  t h e  las t  day of t h e  launch pe r iod ,  
A p r i l  2 1 ,  1972. The i n c l i n a t i o n  of t h e  r e f e r e n c e  approach tra- 
j e c t o r y  i s  48". The d e c l i n a t i o n  needed t o  keep t h e  e n t r y  p o i n t  
22"  w e s t  of t h e  morning t e rmina to r  i s  34". The e n t r y  p o i n t  i s  
50" from t h e  s u b e a r t h  p o i n t .  This  i s  s t i l l  adequate  f o r  a d i r e c t  
l i n k .  

The t i m e  h i s t o r y  of t h e  E a r t h - t o - s p a c e c r a f t  communication 
d i s t a n c e  i s  shown i n  f i g u r e  63 f o r  t h e  f i r s t ,  middle, and l a s t  
day of t h e  launch per iod .  The f l i g h t  t i m e s  v a r y  between 102 
and 122 days. The a r r i v a l  d a t e  i s  c o n s t a n t ,  August 1, 1972, and 
thus  t h e  d i s t a n c e  a t  a r r iva l ,  0.51 AU, i s  independent of launch 
da te .  The sun- to - spacec ra f t  d i s t a n c e  is  a l s o  shown as a f u n c t i o n  
of t i m e .  A s  i s  t y p i c a l  of Type I t r a j e c t o r i e s  t h e  a r r iva l  occurs  
be fo re  p e r i h e l i o n .  The c l o s e s t  approach t o  t h e  sun i s  0.715 AU. 
The v a r i a t i o n  of t h e  cone and c l o c k  a n g l e s  of t h e  E a r t h  (as viewed 
from t h e  s p a c e c r a f t )  i s  shown i n  f i g u r e  64 f o r  t h e  c r u i s e  phase. 
These a n g l e s  are impor tan t  i n  t h e  mounting of an tennas  on t h e  
s p a c e c r a f t .  
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The 8 .5 - f t  diameter  e n t r y  v e h i c l e  has  a hypersonic  b a l l i s t i c  
c o e f f i c i e n t  of 0.38 s l u g / f t 2 .  
i s  w i t h i n  h e a t  s h i e l d  des ign  cri teria l i m i t a t i o n s  and a l s o  meets 
connnunications geometry and leadt ime requi rements .  The h e a t i n g  
rates and h e a t  loads  shown i n  Table 3 were used t o  des ign  t h e  
h e a t  s h i e l d  f o r  t h e  d i r e c t  e n t r y  mission.  The t i m e  h i s t o r y  of 
t h e  d rag  d e c e l e r a t i o n  dur ing  e n t r y  and t h e  t i m e  h i s t o r y  from 
e n t r y  t o  ba l loon  i n f l a t i o n  are shown on f i g u r e s  65 t h r u  67. 

The nominal e n t r y  a n g l e  of -30" 

97 



TABLE 3.- 1972 FLYBY MISSION PROFILE,  TYPE I TRANSFER TRAJECTORY 

20 Launch period; days . . . . . . . . . .  
Launch dates . . . . . . . . . . . . . .  April 1 thru April 21 ,  

19 72 

Arrival date . . . . . . . . . . . . . .  
Departure energy, (max. during period) 
c3, 
Venus arrival energy, 'HE J km/sec . . 
Payload in transfer trajectory 
(TIIIC after midcourse correction), lb . 

km2/sec2 . . . . . . . . . . . . . .  

Periapsis, km . . . . . . . . . . . . .  
Targeting 

Radius at deflection, km . . . . . .  
AV deflection, m/sec . . . . . . . .  

Nominal latitude, deg . . . . . . . .  
Coast time (deflection to entry), hr . 

20.0  

5 .!I 

2360 

2 000 

1 000 000 

50 

52.8 

13O-30' 
Angle from terminator, deg . . . . . .  2 2  

Angle from sub-earth point, deg . . .  
Angle from sub-solar point, deg . . .  

Ballistic coefficient, slug/ft2 . . .  

Flight path angle, deg . . . . . . . .  
Angle of attack, deg . . . . . . . . .  
figure 65 for  time history). 

Entry environment (hE = 200 km) . . . .  

Velocity, fps 

Peak drag deceleration, g (see . . . . .  

42 

68.5 

0 .380  

37 400 

-30" 

-2 .o 

250.0 

245 000 b237 000 a Altitude for staging from aeroshell, 
f t . . . . . . . . . . . . . . . . . .  

a 

b 

Upper atmosphere 

Lower atmosphere 
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TABLE 3 .  - 1972 BLYW MISSION PROFILE, TYPE 'f TRANSFER 
TRAJECTORY - Concluded 

Time h i s t o r y  (see f i g u r e s  66 and 67) . 
Downrange ang le ,  degC . . . . . . . 2.0 

Heat ing environment 

b 2  .06 
a 

9 convect ive ,  B tu / f t2 - sec  . . . . . d1405 e1600 

4 r a d i a t i v e ,  B tu / f t2 - sec  , . . . . d620 e525 

Q, convec t ive ,  B t u / f t 2  . . . . . . . d5390 e4000 

1185 e 
Q, r a d i a t i v e ,  B t u / f t 2  . . . . . . d2430 

aUpper atmosphere 

bLower atmosphere 

C 
Based on 55' ha l f - ang le  cone, .8.5 f t  diam, wi th  1 f t  nose r ad .  

dStagnat ion  p o i n t  

e Cone edge 
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TABLE 4. -  1972 FLYBY MISSION SEQUENCE 

Event 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10.  

11. 

1 2 .  

1 3 .  

14 .  

1 5 .  

1 7 .  

18 * 

1 9 .  

2 0 .  

2 1 .  

2 2 .  

2 3 .  

2 4 .  

2 5 .  

2 6 .  

2 7 .  

2 8 .  

2 9 .  

L i f t o f f ;  begin  v e r t i c a l  r i s e  

S t a r t  r o l l  i n  azimuth 

S t a r t  p i tchover  

S t a r t  a n g l e  of a t t a c k  a t t i t u d e  c o n t r o l  

Begin z e r o - l i f t  f l i g h t  

Terminate z e r o - l i f t  f l i g h t  

Stage I i g n i t i o n  

Sold r o c k e t  motor burnout and j e t t i s o n  

I n i t i a t e  Stage I shutdown 

J e t t i s o n  Stage I,  Stage 11 i g n i t i o n  

J e t t i s o n  payload f a i r i n g  

I n i t i a t e  S tage  I1 t a i l o f f  

J e t t i s o n  Stage I1 

S t a r t  Trans tage  1st main propuls ion  burn 

Shutdown 1st main t r a n s t a g e  burn;  , i n i -  
t i a t e  o r b i t  o r i e n t a t i o n ;  c o a s t  

Shutdown 2nd main burn and o r i e n t  f o r  
payload r e l e a s e  

Separa te  s p a c e c r a f t  

Deploy s o l a r  pane ls  

Turn on a t t i t u d e  c o n t r o l  

Sun acqui red  

S t a r t  magnetometer c a l i b r a t i o n  

Begin Canopus a c q u i s i t i o n  

Canopus acqui red  

Begin midcourse (M/C) c o r r e c t i o n  

End M/C c o r r e c t i o n  

Sun acqui red  

Canopus acqui red  

Second c o r r e c t i o n  maneuver i f  r e q u i r e d  

Time 

0 

7 s e c  

10 s e c  

20 s e c  

30 s e c  

80 sec 

111 s e c  

122 s e c  

254  sec  

255 s e c  

2 8 0  sec  

457 sec 

468 s e c  

470  sec 

476 s e c  

1745 s e c  ( 2 9 . 1  min) 

30  min 

53 min 

57 min 

6 0  min (1 h r )  

4 h r  

16 .6  h r  

17 h r  

2 t o  10 days 

M/C + 1 h r  45 min 

M/C + 2 .10  h r  

M/C + 3 .10  h r  

10 days 
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TABLE 4. -  1972 FLYBY MISSION SEQUENCE - Concluded 

3 0 .  

3 1 .  

3 2 .  

3 3 .  

3 4 .  

3 5 .  

3 6 .  

3 7 .  

3 8 .  

3 9 .  

40.  

41 .  

42 .  

4 3 .  

44 .  

4 5 .  

4 6 .  

4 7 .  

Switch to low bit rate transmission 36 days 

Begin Venus encounter sequence 

Venus encountered 

Initiate capsule system and turn on 
aeroshell sequencer 

Fire capsule separation pyro 

Spinup entry capsule 

Fire deflection propulsion 

Power down capsule for cruise 

Power up capsule for entry 

Turn on truss sequence, aeroshell 
science, and accelerometer 

Sense 1 g, increasing 
Fire afterbody chute deployment pyro 

Fire BVS chute deployment pyro 

Stage aeroshell from BVS; initiate bus 
sequencer 

Fire balloon inflation pyro; BVS 
deployment 

Fire inflation termination pyro; 
science warmup initiation; BVS flotation 

Initiate science experiments 

Transmit stored data 

120 days 

121 days 
S (Capsule separation) 
-5 min 

S (Capsule separation) 
= 0.0 

S + 1 sec 
S + 20 min 
S + 22 min 
S + 52 hr 48 min 

S + 52 hr 49 min 

E (Entry time) = 0.0 

E + 56 sec 

E + 57 sec 

E + 1 min 26 sec 

E i- 15 rnin 5 sec 

E 4- 16 min 
E + 19 min 3 0  sec 

E + 8 hr and every 8 hr 
from then until mission 
termination 
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F l i g h t  t i m e ,  days 

Figure 64 . -  Cone-Clock Angle Time His to ry ,  1972 Flyby 
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Figure 65.- Drag Deceleration Time History, 1972 Flyby 
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Figure  66.-  En t ry  Time His to ry ,  1972 Flyby 
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1973 O r b i t e r  Miss ion  

The o r b i t e r  miss ion  f o r  1973 i s  desc r ibed  i n  t a b l e s  5 t h r u  7 
and f i g u r e s  68 t h r u  77. Two e n t r y  modes, e n t r y  from approach and 
e n t r y  from o r b i t ,  are  shown. A Type I1 Earth-Venus t r a n s f e r  t ra -  
j e c t o r y  was chosen because i t  permi ts  a h e a v i e r  payload.  The 
launch and a r r i v a l  contour  p l o t s  from f i g u r e  3 ,  were used t o  se- 
l e c t  t h e  launch and a r r i v a l  d a t e s  shown i n  t a b l e s  5 and 6. The 
launch and a r r i v a l  d a t e s  minimize the  a r r i v a l  V over  the  

launch per iod  t o  reduce the  AV r e q u i r e d  f o r  o r b i t a l  i n s e r t i o n .  
For t h e  e n t r y  from approach mode, the e n t r y  v e l o c i t y  i s  less  than  
t h e  38 000 f p s  c r i t e r i a  l i m i t .  

HE 

Ta rge t ing  c o n s t r a i n t s  f o r  t h e  1973 o r b i t a l  miss ion  s p e c i f y  
e n t r y  on the  s u n l i t  s i d e  of t he  p l a n e t  a minimum of  20" from t h e  
t e rmina to r .  Communication i s  v i a  a r e l a y  system t h a t  uses t h e  
o r b i t e r  f o r  t h e  Venus-Earth l i n k .  An a d d i t i o n a l  c o n s t r a i n t  i s  
t h a t  t he  o r b i t i n g  v e h i c l e  m u s t  have an  o r b i t  l i f e t i m e  of  a t  l e a s t  
50 y r .  Th i s  requirement  stems from p l a n e t a r y  contaminat ion  c r i -  
t e r i a  and t h e  f a c t  t h a t  t h e  o r b i t e r  i s  not  s t e r i l i z e d .  So la r  
g r a v i t a t i o n a l  p e r t u r b a t i o n s  on the  o r b i t i n g  s p a c e c r a f t  lower t h e  
o r b i t  p e r i a p s i s  f o r  a l l  o r b i t  i n c l i n a t i o n s  except  those  between 
132.7 and 143.2' and those  between 35.6 and 60" t o  such a n  ex- 
t e n t  t h a t  t h e  l i f e t i m e  i s  l e s s  than 50 y r ,  For a l i g h t  s i d e  
e n t r y ,  on ly  i n c l i n a t i o n  a n g l e s  between 132.7 and 143.2" produce 
s a t i s f a c t o r y  o r b i t s .  These h i g h l y  e c c e n t r i c  o r b i t s  r e s u l t  from 
adhe r ing  t o  t h e  o r b i t  i n s e r t i o n  propuls ion  requi rements .  O r b i t  
s e l e c t i o n  c r i t e r i a  are  d i scussed  i n  d e t a i l  i n  a p rev ious  s e c t i o n .  

The e n t r y  p o i n t  f o r  t h e  f i r s t  day o f  t he  launch pe r iod ,  
November 1, 1973, i s  shown i n  f i g u r e  68 ,  The nominal yE i s  

-30°, and t h e  e n t r y  l o c a t i o n  paramter ,  @, i s  65", a s  desc r ibed  
i n  o r b i t  mode t a r g e t i n g .  The l o c a t i o n  o f  o r b i t e r  p e r i a p s i s  shown 
cor responds  t o  o r b i t  i n s e r t i o n  a t  p e r i a p s i s  o f  the  approach t ra -  
j e c t o r y  and,  t hus ,  t o  t he  minimum o r b i t  i n s e r t i o n  AV. The r e f -  
e rence  e n t r y  p o i n t  i s  about  15" wes t  o f  t h e  subso la r  p o i n t  and 
h a s  a d e c l i n a t i o n  o f  8".  The s p e c i f i c  o r b i t e r  i n c l i n a t i o n  was 
chosen t o  s a t i s f y  the  o r b i t  l i f e t i m e  c r i t e r i a  of 50 y r .  The 
r e f e r e n c e  e n t r y  p o i n t  f o r  t h e  l a s t  day of  t h e  launch pe r iod ,  
November 21 ,  1973, i s  shown i n  f i g u r e  69. The d e c l i n a t i o n  o f  
t h e  e n t r y  p o i n t  i s  18'. 

The E a r t h - t o - s p a c e c r a f t  communication d i s t a n c e  i s  shown i n  
f i g u r e  70, and i s  a maximum, 0.79 AU, a t  a r r i v a l  on t h e  f i r s t  
launch day .  The s p a c e c r a f t  pas ses  through p e r i h e l i o n  be fo re  
a r r i v a l  a t  Venus. The p e r i h e l i o n  i s  0.71 AU, 
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The t i m e  h i s t o r y  o f  t h e  E a r t h  cone and c l o c k  a n g l e s  i s  given 
i n  f i g u r e  71 .  

The e n t r y  v e l o c i t y  ( e n t r y  from o r b i t )  o f  32 000 f p s  ( t a b l e  5) 
r e s u l t s  from a d e o r b i t  maneuver t h a t  occurs  near  apoaps is .  The 
f l i g h t  p a t h  angle  a t  e n t r y ,  and communication geometry and t i m e s  
a r e  s a t i s f a c t o r y  f o r  t h i s  d e o r b i t  maneuver. 

The e n t r y  v e l o c i t y  ( e n t r y  from approach) i s  36 400 f p s .  The 
h e a t i n g  r a t e s  and h e a t  loads  a s s o c i a t e d  w i t h  t h i s  h igher  e n t r y  
v e l o c i t y  r e q u i r e  a h e a v i e r  h e a t  s h i e l d .  The d i f f e r e n c e  i n  e n t r y  
b a l l i s t i c  c o e f f i c i e n t s  f o r  t h e  two e n t r y  modes ( 0 . 3 3  and 0.35 
s l u g s / f t 2  r e s p e c t i v e l y ,  shown i n  t a b l e s  5 and 6 )  r e s u l t  from t h i s  
h e a t  s h i e l d  weight d i f f e r e n c e .  
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TABLE 5.- 1973 ORBITER M I S S I O N  PROFILE, ENTRY FROM ORBIT 

Launch period, days . . . . . . . . . . .  20 

Launch dates . . . . . . . . . . . . . . .  Nov. 1 thru Nov. 2 1 ,  

Arrival dates . . . . . . . . . . . . . .  April 1 3  thru April 

1973 

19, 1974 

Departure energy (max. during period), C,, 

Venus arrival energy (max. during period), 

Payload in transfer orbit 

Orbit characteristics . . . . . . . . . .  
Periapsis a l t i tude ,  km - - - 
Apoapsis altitude, km. . . . . . . . . .  
Eccentricity . . . . . . . . . . . . . .  
Period,hr. . . . . . . . . . . . . . .  

Ejection from orbit . . . . . . . . . . .  

km2/sec2 . . . . . . . . . . . . . . . . .  
Vm, km/sec . . . . . . . . . . . . . . .  

(TIIIC after 
M/C correction), l b  . . . . . . . . . . .  

AV deflection, m/sec . . . . . . . . .  
Coast time, (deflection to entry), hr . 

8 . 3 6  

4 . 3 2  

3700 

2 000 

6 6  450 

.80 

25 

2 5 0  

10 

8 ,  deg 65 . . . . . . . . . . . . . . . .  
A, deg . . . . . . . . . . . . . . . .  
Nominal entry latitude, deg . . . . . .  
Angle from subsolar point, deg . . . . .  

Entry environment . . . . . . . . . . . .  
Ballistic coefficient, slug/ft2 . . . .  
Velocity, fps . . . . . . . . . . . . .  
Flight path angle, deg . . . . . . . . .  
Angle of attack, deg . . . . . . . . . .  
Peak drag deceleration, g (see figure 
72 for time history) . . . . . . . . .  

-55 

9' N 
15 

.33 

32 000 

-30 

-5 

172 
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TABLE 5.- 1973 ORBITER MISSION PROFILE, ENTRY FROM ORBIT - 
Concluded 

Altitude for staging from aeroshell, 

Time history (see figures 73 and 74)  . . 
Downrange angle, deg 

b239 000 
a 

f t . .  . . . . . . . . . . . . . . . . .  2 . 4 3 0 0 0  

. . . . . . . . . .  1.98 b2 .04 
a 

Heating environment. . . . . . . . . . . .  
4 convective, Btu/ft2-sec . . . . . . .  760 

C d805 

. . . . . . .  215 d160 C 4 radiation, Btu/ft2-sec 

Q, convective, Btu/ft2 . . . . . . . .  3900 d3625  
C 

. . . . . . . . .  82 0 d540 Q, radiative, Btu/ft2 
C 

a Upper atmosphere 

bLower atmosphere 

C Stagnation point 

dCone edge 
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TABLE 6 .  - 1973 ORBITER M I S S I O N  PROFILE, ENTRY FROM APPROACHa 

E j e c t i o n  from approach . . . . . . . . . . .  
Radius a t  e j e c t i o n ,  km . . . . . . . . . .  1 000 000 

AV d e f l e c t i o n ,  m/sec . . . . . . . . . . .  50 

Coas t  t i m e  ( d e f l e c t i o n  t o  e n t r y ) ,  h r s  . . .  60 

Nominal e n t r y  l a t i t u d e ,  deg . . . . . . . .  30' N 

Angle from s u b s o l a r  p o i n t ,  deg . . . . . .  37 

8 ,  d e g . .  . . . . . . . . . . . . . . . .  
Entry  environment (hE = 200 km) . . . . . .  

B a l l i s t i c  c o e f f i c i e n t ,  s 1 u g / f t 2  . . . . . .  
Veloc i ty ,  f p s  . . . . . . . . . . . . . . .  
F l i g h t  p a t h  a n g l e ,  deg . . . . . . . . . .  
Acgle of a t t a c k ,  deg . . . . . . . . . . .  
Peak d r a g  d e c e l e r a t i o n ,  
f o r  time h i s t o r y )  . . . . . . . . . . . . .  
A t t i t u d e  f o r  s t a g i n g  from a e r o s h e l l  . . . .  b245 000 

Time h i s t o r y  (see f i g u r e s  76 and 77) . . .  

( see  f i g .  75 
g$ 

Downrange a n g l e ,  deg . . . . . . . . . . .  b2 .o 

42.5 

.35 

36 400 

-30 

-2 0 

220 

235 000 C 

2.05 C 

Heat ing environment . . . . . . . . . . . . .  
1280 e 4 convect ive ,  Btu / f t2-sec  . . . . . . . .  d1190 

;1 r a d i a t i v e ,  Btu / f t2-sec  . . . . . . . .  d440 e340 

QT r a d i a t i v e ,  B t u / f t 2  . . . . . . . . . .  d1850 

Q, convec t ive ,  B t u / f t 2  . . . . . . . . . .  d5380 e3880 

940 e 

a Same c o n s t r a i n t s  on i n c l i n a t i o n  a n g l e  as entry from o r b i t  

U p p e r  atmosphere 

Lower atmosphere 

S tagnat ion  p o i n t  

b 

C 

d 

e Cone edge 



TABLE 7. - 1973 ORBITER MISSION SEQUENCE 

Time  Event 

1, L i f t o f f ;  begin  v e r t i c a l  r i s e  

2 .  Star t  r o l l  i n  azimuth 

3. S t a r t  p i tchover  

0 

7 s e c  

10 sec 

4 .  S t a r t  a n g l e  o f  a t t a c k  a t t i t u d e  c o n t r o l  20 sec 

5. Begin z e r o - l i f t  f l i g h t  30 s e c  

6.  Terminate z e r o - l i f t  f l i g h t  8 0  sec 

7 .  S tage  I i g n i t i o n  111 s e c  

8 .  Sold r o c k e t  motor burnout and j e t t i s o n  122 sec 

9 .  I n i t i a t e  Stage I shutdown 254 s e c  

10. J e t t i s o n  Stage I, Stage I1 i g n i t i o n  255 s e c  

11, J e t t i s o n  payload f a i r i n g  280 sec 

1 2 .  I n i t i a t e  Stage I1 t a i l o f f  457 sec 

13. J e t t i s o n  Stage 11 468 s e c  

14.  S t a r t  t r a n s t a g e  1 s t  main propuls ion  burn 470 sec 

15. Shutdown 1st main t r a n s t a g e  burn; i n i -  
t i a t e  o r b i t  o r i e n t a t i o n ;  c o a s t  476 sec 

16. S t a r t  2nd t r a n s t a g e  burn 1336 sec 

1 7 .  Shutdown 2nd main burn and o r i e n t  f o r  pay- 
load r e l e a s e  1745 sec (29.1 min) 

18. Separa te  s p a c e c r a f t  

19.  Deploy s o l a r  pane ls  

20. Turn on a t t i t u d e  c o n t r o l  

21. Sun acqui red  

30 min 

53 min 

57 min 

60 min (1 h r )  

22. S t a r t  magnetometer c a l i b r a t i o n  4 h r  

23. Begin Canopus a c q u i s i t i o n  16.6 

24. Canopus acqui red  

25. Begin midcourse (M/C) c o r r e c t i o n  

26. End M/C c o r r e c t i o n  

27. Sun acqui red  

28. Canopus acqui red  

1 7  h r  

2 t o  10 days 

M/C + 1 h r  45 min 

M/C + 2.10 h r  

M/C + 3.10 h r  
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TABLE 7 .  - 1973 ORBITER MISSION SEQUENCE - Concluded 

2 9 .  Second c o r r e c t i v e  maneuver, i f  r e q u i r e d  10 days 

30 .  

3 1 .  

3 2 .  

3 3 .  

3 4 .  

3 5 .  

3 6 .  

37 

3 8 .  

3 9 .  

40.  

4 1 .  

4 2 .  

4 3 .  

44.  

45 .  

46.  

47.  

4 8 .  

4 9 .  

50. 

51. 

5 2 .  

5 3 .  

Switch t o  low b i t  r a t e  t r a n s m i s s i o n  

Begin Venus encounter  sequence 

Venus encountered 

Or ien t  f o r  o r b i t  i n s e r t i o n  (01) 

O r b i t  i n s e r t i o n  

Determine o r b i t  ephemeris;  i n i t i a t e  
o r i b t a l  s c i e n c e  experiments 

Update capsule  s e p a r a t i o n  (s)  o r i e n t a -  
t i o n  d a t a  

Re-or ien t  s p a c e c r a f t  f o r  c a p s u l e  separa- 
t i o n  

Capsule s e p a r a t i o n  

Spin up c a p s u l e  

I n i t i a t e  r e t r o  propuls ion  

Shut down r e t r o  propuls ion  

Separa te  propuls ion  module 

Power down c a p s u l e ;  c o a s t  

Power up f o r  e n t r y ;  t u r n  on a e r o s h e l l  
s c i e n c e  

P a r t i a l  d e - s p i n  

Sense 1 g, i n c r e a s i n g  

F i r e  a f t e r b o d y  chute  deployment pyro 

F i r e  BVS c h u t e  deployment 

Stage a e r o s h e l l  from BVS; i n i t i a t e  bus 
sequencer 

F i r e  b a l l o o n  i n f l a t i o n  pyro; BVS deploy 
ment 

F i r e  i n f l a t i o n  t e r m i n a t i o n  pyro; s c i e n c e  
warmup; BVS f l o t a t i o n  

I n i t i a t e  s c i e n c e  experiments  

Transmit s t o r e d  d a t a  

36 days 

163 days 

164 days 

01 - 2.0 h r  

01 = 0.0 

Nominal o r b i t  per iod ,  
25 h r s  

S - 3.0 h r  

S - 1.0 h r  

s + 0.0 

S + 1.0 sec 

S + 20 m i n  

S + 24 min 1 7  s e c  

S + 24 min 30 sec 

S + 24 min 32 s e c  

S + 10 h r  19 min 37 s e c  

S + 10 h r  19 min 40 s e c  

E (Entry t ime) = 0.0 

E + 58 s e c  

E + 1 min 10 s e c  

E + 1 min 26 s e c  

E + 15 min 5 sec 

E + 16 rnin 

E + 19 min 30 sec 

E + 25 h r  every 25  h r  
from then  u n t i l  miss ion  
t e r m i n a t i o n  
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F i g u r e  73,- E n t r y  Time His tory ,  1973 O r b i t e r ,  En t ry  from O r b i t  
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Figure 74.- Descent Trajectory on Chute, 1973 Orbiter 
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Figure  75.- Drag Dece le ra t ion  T ime  H i s t o r y ,  1973 O r b i t e r ,  Ent ry  from Approach 
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Figure 76.- Entry Time History,  1973 O r b i t e r ,  Entry from Approach 
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Figure 77.- Descent Trajectory on Chute, 1973 Orbiter, Entry from Approach 
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1973 VenusIMercury Swingby Mission 

The 1973 Venus/Mercury swingby miss ion ,  desc r ibed  i n  t a b l e s  8 
and 9 and i n  f i g u r e s  78 through 81, i s  complex. The miss ion  con- 
s i d e r s  on ly  t h e  b a l l i s t i c  t r a n s f e r  t r a j e c t o r y  mode, i n  which t h e  
e n t i r e  t u r n  maneuver a t  Venus is accomplished by g r a v i t y .  
on ly  a Type I b a l l i s t i c  swingby miss ion  i s  poss ib l e .  
because o f  t h e  l a r g e  rates-of-change i n  depa r tu re  and a r r i v a l  
e n e r g i e s  a t  t h e  r e q u i r e d  a r r i v a l  d a t e ,  t h e  launch pe r iod  i s  re- 
duced from 20 t o  14 days. The C 3  du r ing  t h e  launch pe r iod  i s  
w i t h i n  t h e  c a p a b i z i t y  of t h e  TIIXC launch v e h i c l e .  F i n a l l y ,  t h e  
Vm 
43 500 f p s  thus  v i o l a t i n g  t h e  e n t r y  v e l o c i t y  c r i t e r i a  which com- 
p l i c a t e s  t h e  des ign  o f  t h e  h e a t  s h i e l d .  

I n  1973, 
Furthermore,  

of 8.5 km/sec a t  a r r i v a l  r e s u l t s  i n  an e n t r y  v e l o c i t y  o f  

Venus p e r i a p s i s  a l t i t u d e s  between 5505 and 5575 km (depending 
on launch da te)  a r e  r e q u i r e d  t o  p rope r ly  d e f l e c t  t h e  s p a c e c r a f t  
f o r  t h e  Mercury p o r t i o n  of  t h e  mission.  

A b a s i c  t a r g e t i n g  c r i t e r i o n  of t he  BVS study,  t h a t  t h e  e n t r y  
p o i n t  be on t h e  s u n l i t  s i d e  of  t h e  p l a n e t ,  i s  a l s o  v i o l a t e d  by t h e  
Venus/Mercury swingby miss ion ,  s i n c e  only dark  s i d e  e n t r y  p o i n t s  
a r e  p o s s i b l e .  During e n t r y  the  s p a c e c r a f t  cannot be used as a 
r e l a y  communication l i n k ,  D i r e c t  Ea r th  communication r e q u i r e s  
t h a t  t h e  s p a c e c r a f t  be d e f l e c t e d  out -of -p lane  t o  e n t e r  w i t h i n  60" 
o f  t he  subea r th  p o i n t ,  and t o  keep the  d e f l e c t i o n  p ropu l s ion  re- 
quirements  t o l e r a b l e ,  t h e  d e f l e c t i o n  p o i n t  i s  r e l a t i v e l y  f a r  o u t  
(2  000 000 km) and the  c o a s t  t i m e  (68 h r )  i s  r e l a t i v e l y  long.  

The swingby t r a j e c t o r y  ground t r a c e  f o r  t he  f i r s t  launch day 
o f  t h e  r e f e r e n c e  launch pe r iod ,  October 25, 1973, i s  shown i n  
f i g u r e  7 8 .  The locus  of p o s s i b l e  e n t r y  p o i n t s  f o r  a g iven  e n t r y  
f l i g h t  pa th  ang le ,  yE, 

a s  desc r ibed  under d i r e c t  mode t a r g e t i n g .  Loci  of e n t r y  f o r  yE 

o f  730, -35, and -40" are  shown. The sha l lower  t h e  yE, t h e  

f u r t h e r  t h e  e n t r y  p o i n t  i s  from t h e  approach d i r e c t o n .  Loci  30 
and 40" from t h e  subea r th  p o i n t  a r e  shown. To minimize t h e  d i s -  
t ance  between t h e  e n t r y  p o i n t  and t h e  subea r th  p o i n t ,  a n  out -of  
p l ane  e j e c t i o n  maneuver i s  made t o  p l ace  t h e  BVS/entry v e h i c l e  
on a t r a j e c t o r y  t h a t  pas ses  ove r  t h e  subea r th  p o i n t  and e n t e r s  
abou t  30" east  of t h e  morning t e rmina to r ,  i n  darkness ,  w i t h  a 
d e c l i n a t i o n  of  -40".  
145". The r e q u i r e d  AV,, i s  93 m/sec f o r  a n  e j e c t i o n  d i s t a n c e  

of  2 m i l l i o n  km. 

i s  a c i r c l e  abou t  t h e  approach d i r e c t i o n  

The out-of-plane e j e c t i o n  a n g l e  r e q u i r e d  i s  
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The h igh  e n t r y  v e l o c i t y  a s s o c i a t e d  wi th  t h e  Venus/Mercury 
swingby miss ion  r e s u l t s  i n  h e a t  r a t e s ,  h e a t  l oads ,  and aerodynamic 
shear  loads  t h a t  complicate  h e a t  s h i e l d  des ign .  
s h i e l d  weight  w i t h i n  mission c a p a b i l i t y ,  the e n t r y  v e h i c l e  diam- 
e t e r  was reduced from 8.5 t o  7.0 f t ,  t hus  making the  e n t r y  b a l -  
l i s t i c  c o e f f i c i e n t  0.58 s l u g / f t 2 .  

To keep t h e  h e a t  
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TABLE 8 .- 1973 VENUS /MERCURY SWINGBY MISSION PROFILE 

Launch p e r i o d ,  days . . . . . . . . . . .  1 4  

Launch d a t e  . . . . . . . . . . . . . . .  O c t .  25 t h r u  Nov. 7, 
1973 

A r r i v a l  d a t e  . . . . . . . . . . . . . .  Feb. 5 ,  1974 

Departure  energy (max. d u r i n g  per iod) ,  
C s ,  km2/sec2 . . . . . . . . . . . . . .  
Venus a r r i v a l  energy (max. dur ing  per iod) ,  

km/sec . . . . . . . . . . . . . .  
19 .o  

8.5 

Payload i n  t r a n s f e r  t r a j e c t o r y  
( a f t e r  midcourse c o r r e c t i o n ) ,  l b  . . . .  2 460 

P e r i a p s i s ,  km 5505 t o  5575 

T a r g e t i n g  (Venus e n t r y  v e h i c l e )  . . . . .  
Radius a t  d e f l e c t i o n ,  km . . . . . . .  
AV d e f l e c t i o n ,  rn/sec . . . . . . . . .  
Coast  t ime ,  d e f l e c t i o n  t o  e n t r y ,  h r  . . 
Nominal e n t r y  l a t i t u d e .  . . . . . . . .  
Angle from t e r m i n a t o r ,  deg . . . . . .  
Angle from sub-ear th  p o i n t ,  deg . . . .  
Angle from s u b s o l a r  p o i n t ,  deg . . . .  

B a l l i s t i c  c o e f f i c i e n t ,  s l u g / f t 2  . . .  
E n t r y  environment 

Veloc i ty ,  f p s  . . . . . . . . . . . . .  

Angle of a t t a c k ,  deg . . . . . . . . .  
F l i g h t  p a t h  a n g l e ,  deg . . a . a . . 

(see f i g u r e  
ge Peak d r a g  d e c e l e r a t i o n ,  

79 f o r  t ime h i s t o r y )  

2 000 000 

93 

68 

41 

30 

41  

120 

a 

0.58 

43 500 

-35 

5 

360 

Dark s i d e  a 
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TABLE 8.- 1973 VEWS/MERCURY SWINGBY MISSION PROFILE - Concluded 
228 000 

C 
Altitude for staging aeroshell . . , . b235 000 

Time history (see figures 80 and 81). . 
bl .6 Downrange angle, deg . . , . . . . . . 1.73 C d 

Heating environment 

9 convective, Btu/ft2-sec - 

Q, convective, Btu/ftL 
2 '  

Q, radiative, Btu/ft 

e3000 3750 

e7800 f3700 

e10 200 f7800 

e13 200 f5800 

a 

bUpper atmosphere 

Lower atmosphere 

Dark side 

C 

dBased on 55" half cone angle, 7 ft in diam with 1 ft nose rad. 

e 

fCone edge 

Stagnation point 
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TABLE 9.- 1973 VENUS/MERCURY SWINGBY MISSION SEQU'ENCE 

Event 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10. 

11. 
1 2 .  

13. 

14 .  

1 5 .  

1 6 .  

1 7 .  

1 8 .  

1 9 .  

2 1 .  

2 2 :  

2 3 .  

2 4 .  

2 5 .  

2 6 .  

2 7 .  

2 8 .  

2 9 .  

L i f t o f f ;  begin v e r t i c a l  r ise 

S t a r t  r o l l  i n  azimuth 

S t a r t  p i t  chover 

S t a r t  a n g l e  of  a t t a c k  a t t i t u d e  c o n t r o l  

Begin z e r o - l i f t  f l i g h t  

Terminate z e r o - l i f t  f l i g h t  

Stage I i g n i t i o n  

Sold r o c k e t  motor bunrout and j e t t i s o n  

I n i t i a t e  S tage  I shutdown 

J e t t i s o n  Stage I, Stage 11 i g n i t i o n  

J e t t i s o n  payload f a i r i n g  

I n i t i a g e  Stage I1 t a i l o f f  

J e t t i s o n  Stage I1 

S t a r t  t r a n s t a g e  1st main propuls ion  burn 

Shutdown 1st main t r a n s t a g e  burn; i n i -  
t i a t e  o r b i t  o r i e n t a t i o n ;  c o a s t  

S t a r t  2nd t r a n s t a g e  burn 

Shutdown 2nd main burn and o r i e n t  f o r  pay- 
load release 

Separa te  s p a c e c r a f t  

Turn on a t t i t u d e  c o n t r o l  

Sun acqui red  

S t a r t  magnetometer c a l i b r a t i o n  

Begin Canopus a c q u i s i t i o n  

Canopus acqui red  

Begin midcourse (M/C) c o r r e c t i o n  

End M/C c o r r e c t i o n  

Sun acqui red  

Canopus acqui red  

Second c o r r e c t i o n  maneuver, i f  r e q u i r e d  
J 

Time 

0 

7 sec 

10 sec 

2 0  sec 

30 sec 

8 0  sec 

111 sec 

122 sec 

2 5 4  sec 

255 sec 

280  sec 

457 sec 

468 s e c  

4 7 0  sec 

476  sec 

1336 s e c  

1745 sec ( 2 9 . 1  min) 

30 min 

57 min 

6 0  min (1 hr)  

4 h r  

16.6 h r  

17 h r  

2 t o  10 days 

M/C + 1 h r  45  min 

M/C + 2 .10  h r  

M/C + 3.10 h r  

10 days 

c 

13 0 



3 0 .  

3 1 .  

3 2 .  

3 3 .  

3 4 .  

3 5 .  

3 6 .  

3 7 .  

3 8 .  

3 9 .  

40 * 

41. 

42. 

4 3 .  

44. 

45. 

46. 
47 

TABLE 9 . -  1973  VENUS/MERCURY SWINGBY MISSION SEQUENCE - Concluded 

Switch to low bit rate transmission 36  days 

Begin Venus encounter sequence 100 days 

Venus encountered 101 days 

Initiate capsule system and turn on aero- S (Capsule separation) -5 
shell sequencer min 

Fire capsule separation pyro s = 0.0 

Spinup entry capsule S + 1 sec 
Fire deflection propulsion S + 2 0  min 

Power down capsule for cruise S + 22 min 

Power up capsule for entry S + 68 hr 

Turn on truss sequence, aeroshell science, 
and accelerometer 

(total transit time-104 days) 

Sense 1 g ,  increasing 

Fire afterbody chute deployment pyro 

Fire BVS chute deployment 

Stage aeroshell from BVS; initiate 
bus sequencer 

Fire balloon inflation pyro; BVS deploy- 
ment 

Fire inflation termination pyro; science 
warmup; BVS flotation 

Initiate science experiments 

Transmi t stored data 

S + 68 hr 1 rnin 

E (Entry time) = 0.0 

E f 45 sec 

E f 46  sec 

E + 1 min 1 sec 

E f 15 min 15 sec 

E + 16 min 
E -k 19 rnin 30 sec 

E + 8 hr and every 8 hr 
from then until mission 
termination 

13  1 
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Time from en t ry ,  sec 

Figure  80.- 1973 Venus/Mercury Swingby, Ent ry  Time His tory  
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VE = 43 500 f p s  - 

I -Constant q descent I 

0 200 

Time from chute deployment, sec 

I00 

Figure 81.- 1973 Venus/Mercury Swingby, Descent Trajectory on Chute 
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CONCLUSIONS 

Adequate launch per iods  and d a i l y  launch windows e x i s t  f o r  
bo th  t h e  1972 and 1973 BVS launch o p p o r t u n i t i e s .  Both t h e  SLV3C/C 
and T i t a n  I I I C  cand ida te  launch v e h i c l e s  have adequate  payload 
c a p a b i l i t y  f o r  t h e  1972 f l y b y  miss ion  and f o r  t h e  1973 e n t r y  from 
approach mode. F o r  t h e  1973 e n t r y  from o r b i t  mode, however, o n l y  
t h e  T i t a n  I I I C  has  adequate  launch performance c a p a b i l i t y  wi th  
t h e  s p e c i f i e d  o r b i t i n g  spacec ra f t .  For t h e  1973 Venus/Mercury 
swingby, t h e  launch  per iod  i s  reduced from 20 t o  14 days. 

S a t i s f a c t o r y  t a r g e t i n g  c a p a b i l i t y  exis ts  f o r  t h e  1972 f l y b y  
and 1973 o r b i t a l  miss ions  f o r  s u n l i g h t  e n t r y  i n  a r e a s  o f  sc ien-  
t i f i c  i n t e r e s t ;  however, f o r  t h e  1973 Venus/Mercury swingby m i s -  
s i o n ,  t a r g e t i n g  i s  r e s t r i c t e d  t o  dark-s ide  e n t r y .  

For t h e  f l y b y  and o r b i t a l  miss ions ,  communication geometry i s  
s a t i s f a c t o r y  from launch through ba l loon  f l o t a t i o n .  The primary 
c o m u n i c a t i o n  mode i s  d i r e c t - t o - E a r t h  f o r  t h e  1972 f lyby  miss ion  
and relay-link-via-the-orbiting-spacecraft f o r  t h e  1973 o r b i t e r  
mission. 
maneuver is r e q u i r e d  t o  p o s i t i o n  the  BVS f o r  t h e  r e q u i r e d  d i r e c t  
E a r t h  communication l i n k .  

For t h e  Venus/Mercury miss ion ,  an out -of -p lane  d e f l e c t i o n  

Mar t in  M a r i e t t a  Corpora t ion  
Denver, Colorado, January 8, 1969 
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