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Volume IV - Communication and Power; 

Volume V - Technica l  A n a l y s i s  of a 200- lb  BVS; 

Volume V I  - Techn ica l  A n a l y s i s  of  a 2000- and 5000- lb  
BVS . 

iii 



CONTENTS 

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . .  
CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . .  

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . .  
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  
SYMBOLS . . . . . . . . . . . . . . . . . . . . . . . . .  
MODE MOBILITY STUDY (TASK 4.1)  . . . . . . . . . . . . . .  
INSTRUMENTATION STUDIES (TASK 4 . 2 )  . . . . . . . . . . . .  
COMMUNICATIONS STUDIES (TASK 4.3)  . . . . . . . . . . . .  
POWER SYSTEM STUDIES (TASK 4 .4)  . . . . . . . . . . . . .  
MISSION MODE TRADEOFF STUDY (TASK 4.5)  . . . . . . . . . .  

2 0 0 - l b  S t a t i o n  . . . . . . . . . . . . . . . . . .  
2 0 0 0 / 5 0 0 0 - l b  S t a t i o n  . . . . . . . . . . . . . . .  

PROBLEM AREA IDENTIFICATION (TASK 4 .6)  . . . . . . . . . .  
G e n e r a l  P r o b l e m  Areas . . . . . . . . . . . . . .  
S p e c i f i c  D e v e l o p m e n t  A r e a s  . . . . . . . . . . . .  

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . .  
TABLES 
1 . .  ALTITUDE CYCLE METHOD SUMMARY . . . . . . . . . .  
2 . . 
3 . . 
4 . . 
5 . . 
6 . . 
7 . . 
8 . . 
9 . . 
10 . . 
11 . . 
1 2  . . 
13 . . 
14 . . 
15 . . 
16  . . 

MATERIALS SELECTION SUMMARY . . . . . . . . . . .  
BALLOON INFLATION GASES . . . . . . . . . . . . .  
PRESENT KNOWLEDGE OF VENUS . . . . . . . . . . . .  
EXPERIMENT PRIORITY . . . . . . . . . . . . . . .  
EXPERIMENTS FOR 200-LB BVS . . . . . . . . . . . .  
2000-LB BVS EXPERIMENTS . . . . . . . . . . . . .  
DROP SONDE EXPERIMENTS . . . . . . . . . . . . . .  
5-LB DROP SONDE WEIGHT AND POWER ALLOCATIONS . . .  
LARGE SONDE EXPERIMENT COMPLEMENT . . . . . . . .  
AVAILABLE COMMUNICATIONS PERIODS. STATION TO 

ORBITER . . . . . . . . . . . . . . . . . . . .  
FACTORS I N  SELECTION OF FREQUENCY BAND . . . . . .  
TELECOMMUNICATIONS SYSTEM SUMMARY . . . . . . . .  
POTENTIAL MISSION FEATURES . . . . . . . . . . . .  
2000-LB BVS EXPERIMENTS . . . . . . . . . . . . .  
2000-LB BUOYANT VENUS STATION COMMUNICATIONS 

LINKS SUMMARY . . . . . . . . . . . . . . . . .  
FIGURES 
1 . .  Mode M o b i l i t y  F low Diagram . . . . . . . . . . . .  
2 . .  C y c l i c  Mode E f f i c i e n c i e s  . . . . . . . . . . . . .  
3 . .  I n s t r u m e n t a t i o n  S t u d i e s  Flow Char t  . . . . . . . .  

Page 

iii 
i v  

and 

1 
5 
5 
6 
7 

10 
13  
14 
14 
1 6  
1 9  
1 9  
2 1  
2 5  

V 

2 7  
2 7  
2 8  
2 8  
2 9  
2 9  
30 
30 
30 
31 

3 2  
3 2  
33 
33 
34 

34 

35 
35 
36 

0 

8 
i v  



4 . . 
5 . . 
6 . . 
7 . . 
8 . . 
9 . . 
10 . . 
11 . . 
1 2  . . 
13 . . 
14 . . 
15 . . 
16  . . 
17 . . 
18 . . 
19 . . 
20 . . 

Drop Sonde D e c e l e r a t o r  Concepts  . . . . . . . .  
Schematic o f  Small  Sonde . . . . . . . . . . . .  
Loca t ing  t h e  S t a t i o n  by Ranging from t h e  O r b i t e r  
200-lb S t a t i o n  Mission . . . . . . . . . . . . .  
Nominal 200-lb S t a t i o n  . . . . . . . . . . . . .  
Bal loon  Deployment Sequence . . . . . . . . . .  
Buoyant Venus S t a t i o n  i n  A t l a s I C e n t a u r  Shroud . 
Miss ion  w i t h o u t  A l t i t u d e  C y c l i n g  C a p a b i l i t y  . . 
Noncycl ic  2 000 -1b S t a t i o n  . . . . . . . . . . .  
2000-lb Buoyant Venus S t a t i o n  Deployment . . . .  
Miss ion  w i t h  A l t i t u d e  C y c l i n g  C a p a b i l i t y  

Large Sonde Suspended from P a r a c h u t e  . . . . . .  
Power System Block Diagram . . . . . . . . . . .  
2000-lb Buoyant Venus S t a t i o n  . . . . . . . . .  
5000-lb Noncycl ic  Buoyant Venus S t a t i o n  . . . .  

. . . .  
2000-lb C y c l i c  S t a t i o n  . . . . . . . . . . . . .  
Data Management Block Diagram. 2000-lb S t a t i o n  . 

37 
37 
38 
38 
39 
39 
40 
4 1  
4 1  
42 
43  
43 
44  
45 
46 
47 
48 

V 



FINAL REPORT 

BUOYANT VENUS STATION FEASIBILITY STUDY 

VOLUME I - SUMMARY AND PROBLEM IDENTIFICATION 

By J. F. Bax te r  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  

SUMMARY 

F u t u r e  NASA p l a n e t a r y  e x p l o r a t i o n  may r e q u i r e  a n  unmanned 
c a p s u l e  t o  probe t h e  Venusian atmosphere.  T h i s  c a p s u l e  could 
be  r e l e a s e d  from a s p a c e c r a f t  o r b i t i n g  Venus i n  a manner t o  
e n t e r  t h e  atmosphere.  The  o r b i t i n g  s p a c e c r a f t  cou ld  then  s e r v e  
as a communication l i n k  w i t h  E a r t h .  The h i g h  t e m p e r a t u r e s  of 
Venus tend t o  make d i f f i c u l t  t h e  d i r e c t  e x p l o r a t i o n  o f  t h i s  
p l a n e t  by s t a n d a r d  p robes .  However, t h e  concep t  of  a buoyant 
s t a t i o n  p l aced  i n  t h e  atmosphere i n  a c o n d i t i o n  o f  e q u i l i b r i u m  
(wi th  a d e g r e e  of  m o b i l i t y )  a t  t h e  h i g h e r  and c o o l e r  a l t i t u d e s  
could l ead  t o  t h e  a c q u i s i t i o n  o f  d e t a i l e d  s c i e n t i f i c  i n fo rma-  
t i o n  about t h e  Venusian atmosphere.  I n  a d d i t i o n ,  from such a 
s t a t i o n ,  d e s c e n t  and impact  probes may be  r e l e a s e d  t o  o b t a i n  i n -  
fo rma t ion  on lower atmosphere and s u r f a c e  c o n d i t i o n s .  

The a c q u i s i t i o n  of  t h i s  i n f o r m a t i o n  cou ld  l e a d  t o  t h e  fo rmula -  
t i o n  of subsequen t  experiments o f  a more d e f i n i t i v e  n a t u r e  and 
would a s s i s t  i n  f u r n i s h i n g  environmental  d e s i g n  c r i t e r i a  f o r  sub-  
sequen t  more s o p h i s t i c a t e d  mission sys t ems .  

The o b j e c t i v e  o f  t h i s  study was t o  d e t e r m i n e  t h e  f e a s i b i l i t y  
of u s i n g  i n f l a t a b l e  buoyant  d e v i c e s  as mob i l e  Venus a tmosphe r i c  
s t a t i o n s .  The f e a s i b i l i t y  was i n v e s t i g a t e d  by e s t a b l i s h i n g  t h e  
s c i e n t i f i c  o b j e c t i v e s ,  and i d e n t i f y i n g  and comparing a l t e r n a t i v e  
s t a t i o n  modes t o g e t h e r  w i t h  a s s o c i a t e d  o p e r a t i o n a l  and system 
d e s i g n  c h a r a c t e r i s t i c s .  

The t e c h n i c a l  g u i d e l i n e s  under which t h e  s t u d y  w a s  performed 
a r e  as fo l lows :  

1) The o r b i t e r  s p a c e c r a f t  s h a l l  s e r v e  as a r e l a y  s t a t i o n  
f o r  t r a n s m i t t a l  of d a t a  t o  E a r t h ,  and s h a l l  be  assumed 
t o  p o s s e s s  a l l  r equ i r ed  r e c e i v i n g ,  s t o r a g e ,  and t r a n s -  
m i  t t i n g  c a p a b i l i t i e s ;  



The nominal orbit shall be assumed to have a peri- 
apsis altitude of 1000 km and apoapsis altitude of 
10 000 km; 

The three NASA Venus model atmospheres as delineated 
in NASA SP-3016 shall be used; 

The initial conditions at inflation of the buoyant 
device(s) shall be assumed to be consistent with a 
subsonic velocity above the visible cloud layer for 
the three Venus model atmospheres; 

Consideration shall only be given to mission modes 
using the buoyant station concept; 

The mission modes investigated shall be consistent 
with the sampling times and coverage required for 
the experiments; the communication time required to 
transmit data; and the limitations of instruments, 
materials, and systems; 

No consideration shall be given to survivable landing 
of the buoyant station on the Venusian surface; 

The buoyant station may serve as a mobile platform 
for the release of probes to investigate the lower 
atmosphere and surface conditions; 

Total station(s) weight at the inflation initial 
conditions shall not exceed 5000 lb; 

The station shall include engineering instrumenta- 
tion to monitor all significant events and the op- 
erational status throughout the mission; 

The station measurements to be considered shall in- 
clude as a minimum the following classes and quanti- 
ties: 



C l a s s  of  measurement 

P o s i t  i on  

Ambient environment  

Below s t a t i o n  

Measurement q u a n t i t y  

A l t i t u d e  above t e r r a i n  
Abso lu te  a l t i t u d e  
H o r i z o n t a l  p o s i t i o n  

P r e s  s u r e  
Temp e r a  t u r  e 
D e n s i t y  
Compo s i t i o n  
P a r t i c l e s  
E l e c t r o m a g n e t i c  f i e l d s  
G r a v i t a t i o n  
R a d i a t i o n  
Winds 

R a d i a t i o n  from s u r f a c e  
S u r f a c e  c h a r a c t e r i s t i c s  
Cloud top  h e i g h t ( s )  
Cloud pa r t i c l e s  

1 2 )  The s t a t i o n  t o  o r b i t e r  communications system s h a l l  
be assumed n o t  t o  r e q u i r e  d i r e c t i o n a l  o r i e n t a t i o n  
o f  an tennas  o r  h igh-ga in  a n t e n n a s .  

The above t e c h n i c a l  g u i d e l i n e s  s e r v e d  t o  f o c u s  t h e  e f f o r t  on t h e  
fundamenta l  problem -- t h e  f e a s i b i l i t y  of  t h e  buoyant  s t a t i o n  
concept  as deployed  i n  t h e  atmosphere -- w i t h o u t  c o n s i d e r i n g  t h e  
o v e r a l l  m i s s i o n  problem. 

Although a l l  of t h e s e  c o n s t r a i n t s  were observed  d u r i n g  t h e  
s t u d y ,  t h e  emphasis  was modified p a r t  way th rough  t h e  program t o  
i n c l u d e  a t t s m a l l t t  s t a t i o n  cons ide red  t o  be compa t ib l e  w i t h  a n  
e a r l y  (1972 and 1973)  m i s s i o n  employing an  A t l a s I C e n t a u r  a s  a 
launch  v e h i c l e .  

3 



The m i l e s t o n e  s c h e d u l e  under which t h e  program was c o n t r o l l e d  
i s  as f o l l o w s .  

I n f o r m a l  l e t t e r  r e p o r t s  

F i n a l  r e p o r t  ( approva l  c o p i e s )  

F i n a l  r e p o r t  (approved) 

A A A /\ h A A 
A 

/I 
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A s  p a r t  of t h e  midterm o r a l  p r e s e n t a t i o n  recommendations were made 
t o  c o n c e n t r a t e  t h e  remainder  of  t h e  e f f o r t  on two c o n f i g u r a t i o n s  
of approx ima te ly  200 and 2000 lb, r e s p e c t i v e l y .  T h i s  c o u r s e  w a s  
fo l lowed  f o r  t h e  remainder  of t h e  program. 

The complete f i n a l  r e p o r t  i s  p r e s e n t e d  i n  s i x  volumes as 
f o l l o w s  : 

Volume I - Summary and Problem I d e n t i f i c a t i o n ;  

Volume I1 - Mode M o b i l i t y ;  

Volume I11 - I n s t r u m e n t a t i o n ;  

Volume I V  - Communication and Power; 

Volume V - T e c h n i c a l  A n a l y s i s  o f  a 2 0 0 - l b  BVS; 

Volume V I  - T e c h n i c a l  A n a l y s i s  of a 2000- and 5000-lb 
BVS . 



INTRODUCTION 

A t  t h i s  w r i t i n g ,  t he  g e n e r a l l y  a c c e p t e d  models of  Venus d e -  
s c r i b e  a s u r f a c e  too  ho t  € o r  a l a n d e r  t o  s u r v i v e  ( f o r  a s i g n i f i -  
c a n t  t ime)  and a cloud cover  too dense  t o  "see1 '  t h rough .  Above 
t h e  s u r f a c e ,  however, t h e  environment i s  moderate  o v e r  a wide 
range of  a l t i t u d e s  and t h e  atmosphere i s  dense  enough t o  s u p p o r t  
a b a l l o o n  w i t h  a generous payload.  T h i s  i s  t h e  buoyant  Venus 
s t a t i o n  (BVS) concep t .  

The main f e a t u r e s  of  t h i s  approach a r e :  

1) The environment for t h e  s t a t i o n  i s  moderate;  

2 )  The d u r a t i o n  o f  the m i s s i o n  i s  n o t  l i m i t e d ;  

3) There i s  a n  inhe ren t  m o b i l i t y  ove r  t h e  s u r f a c e ;  

4 )  Means can  be  devised t o  probe toward t h e  s u r f a c e  as 
d e s i r e d .  

I n  many ways, t h i s  concept i s  more a t t r a c t i v e  t h a n  t h a t  o f  a 
s u r v i v a b l e  l a n d e r .  Aside from t h e  l a c k  o f  m o b i l i t y ,  t h e  l a n d e r  
w i l l  have t o  cope w i t h  ( a t  t h i s  p o i n t )  a n  u n d e f i n a b l e  s u r f a c e .  
For e a r l i e r  m i s s i o n s ,  t h e  buoyant s t a t i o n  a p p e a r s  t o  be a v e r y  
d e s i r a b l e  a d j u n c t ,  o r  l a t e r  a l t e r n a t i v e  t o ,  t h e  b a s i c  n o n s u r v i v -  
i n g  probe.  

T h i s  r e p o r t  i s  i n t e n d e d  t o  summarize t h e  r e s u l t s  of t h i s  
s t u d y  and p a r t i c u l a r l y  t o  l i s t  t h e  problem a r e a s ,  o r  a r e a s  r e -  
q u i r i n g  a c c e l e r a t e d  development, t h a t  have been i d e n t i f i e d .  

SYMBOLS 

B PS b i t s l s e c o n d  

BVS buoyant Venus s t a t i o n  

F SK frequency s h i f t  key 

LRC Langley Research Center 

PBI  polybenzimidazole  

PSK phase s h i f t  key 

RTG r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r  

5 



MODE MOBILITY STUDY (TASK 4.1) 

The f i r s t  t a s k  of t h i s  s t u d y  was t o  de t e rmine  t h e  f e a s i b i l i t y  
of a ba l loon  system t o  o p e r a t e  i n  t h e  atmosphere of  Venus. For 
t h i s  purpose t h e  m i s s i o n  was c o n s i d e r e d  t o  s t a r t  w i t h  t h e  b a l l o o n  
undeployed, bu t  s e p a r a t e d  from t h e  a e r o s h e l l ,  i n  a s u b s o n i c  con- 
d i t i o n  above t h e  c loud  t o p s .  (Whether t h i s  c o n d i t i o n  cou ld  be 
ach ieved  w i t h  t h e  e x i s t i n g  a tmosphe r i c  models was n o t  i n v e s t i g a t e d . )  
A f t e r  t h i s ,  t h e  s t a g e s  of o p e r a t i o n  can  be rough ly  d i v i d e d  i n t o  
(1) chute  deployment , ( 2 )  b a l l o o n  deployment/ inf  l a t i o n ,  ( 3 )  a c h i e v e -  
ment of e q u i l i b r i u m  c o n d i t i o n ,  and ( 4 )  a l t i t u d e  c y c l i n g .  The a p -  
proach t o  t h e  s t u d y  i s  i n d i c a t e d  i n  f i g u r e  1. S e v e r a l  s t a t i o n  de- 
ployment methods were c o n s i d e r e d  based on e x p e r i e n c e  t o  d a t e  w i t h  
a i r -dep loyed  b a l l o o n  sys t ems .  T h i s  i s  i d e n t i f i e d  as a fundamental  
a r e a  where a c c e l e r a t e d  development w i l l  be r e q u i r e d .  I n  p a r t i c u l a r ,  
i t  i s  recognized t h a t  t h e  deployment m u s t  be r e s t r i c t e d  t o  a r e l a -  
t i v e l y  narrow range of a l t i t u d e  ( p r e s s u r e )  . 

Four methods of a l t i t u d e  c y c l i n g  a b a l l o o n  were i n i t i a l l y  i d e n -  
t i f i e d  ( t a b l e  1 -- g a s  dump and makeup, g a s  dump and b a l l a s t  d rop ,  
pump and dump atmospheric  g a s e s ,  and h e a t  c y c l i n g ) .  The f i r s t  t h r e e  
methods proved f e a s i b l e  and p e r m i t t e d  c y c l i n g  t o  a s e l e c t e d  min i -  
mum a l t i t u d e ,  Gas dump and makeup and g a s  dump and b a l l a s t  drop 
a l low f o r  t h r e e  o r  f o u r  c y c l e s  f o r  t h e  nominal 2000-lb s t a t i o n .  
Atmospheric pump and dump a l lows  f o r  an u n l i m i t e d  number of c y c l e s  
and permits  dwe l l ing  a t  a l t i t u d e s  below t h e  s t a t i o n  e q u i l i b r i u m  
a l t i t u d e ,  Heat c y c l i n g  was found t o  r e q u i r e  a p r o h i b i t i v e  h e a t i n g  
r a t e  o r  ba l loon  i n s u l a t i o n  t h i c k n e s s  and was d i s c a r d e d .  The com- 
p a r a t i v e  e f f i c i e n c i e s  of t h e  t h r e e  methods a r e  shown i n  f i g u r e  2 .  

A survey of government a g e n c i e s  and i n d u s t r i a l  s u p p l i e r s  by 
Raven I n d u s t r i e s ,  I n c . ,  determined t h a t  m a t e r i a l s  e x i s t  o r  a r e  i n  
development t h a t  can  be c o n s i d e r e d  f o r  b a l l o o n  and d e c e l e r a t o r  u s e  
f o r  t h i s  t y p e  m i s s i o n .  The s u r v e y  was made u s i n g  t h e  m a t e r i a l  r e -  
quirements g e n e r a t e d  f o r  t h i s  m i s s i o n  from f a b r i c a t i o n  and t e s t  
th rough  the launch and t r a n s i t  phases ,  Venus a tmosphe r i c  e n t r y ,  
deployment, and m i s s i o n  i n  t h e  atmosphere.  The m a t e r i a l s  i n v e s t i -  
g a t e d  are shown i n  t a b l e  2.  Of t h e s e ,  t h e  t h r e e  ma te r i a l s  s e l e c t e d  
as most promising a r e  Mylar ( a c c e p t a b l e  f o r  t h e  n o n c y c l i c  s t a t i o n ) ,  
Kapton (Polyimide) ,  and PBI  (po lybenz imidazo le )  f i l m  and f i b e r .  

F i v e  i n f l a t i o n  g a s e s  were i n v e s t i g a t e d  as summarized i n  t a b l e  
3 .  F o r  the small  s t a t i o n ,  hydrogen t r a n s p o r t e d  as a h i g h - p r e s s u r e  
g a s  i s  the l i g h t e s t  system p r o v i d i n g  t h e  maximum gondola  weight  
of 70 l b  f o r  t h e  200-lb s t a t i o n .  It i s  fo l lowed  by h y d r a z i n e ,  
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decomposed w i t h  t h e  spontaneous c a t a l y s t ,  and he l ium t r a n s p o r t e d  
as a h i g h - p r e s s u r e  g a s .  F o r  t h e  l a r g e  s t a t i o n s  (2000 t o  5000 l b ) ,  
c ryogen ic  hydrogen becomes the most e f f i c i e n t  g a s  system r e s u l t -  
i n g  i n  gondo la  w e i g h t s  of 800 t o  2800 l b ,  r e s p e c t i v e l y .  For t h e  
c y c l i c  s t a t i o n  u s i n g  t h e  g a s  dump and makeup mode, t h e  c r y o g e n i c  
hydrogen i n i t i a l  i n f l a t i o n  with t h e  c y c l e  g a s  of decomposed hydra -  
z i n e  i s  t h e  most e f f i c i e n t  system, r e s u l t i n g  i n  t h e  maximum gondo- 
l a  we igh t  of 545 t o  2000 l b  f o r  t h e  2000- and 5000-lb s t a t i o n s ,  re-  
s p e c t i v e l y .  

It i s  t h e  c o n c l u s i o n  of t h i s  t a s k  t h a t  t h e  b a s i c  approach of 
a b a l l o o n b o r n e  Venus s t a t i o n  i s  f e a s i b l e ,  i n c l u d i n g  t h e  concept  
of a l t i t u d e  c y c l i n g .  
ment a r e  i d e n t i f i e d  l a t e r  i n  t h i s  r e p o r t ,  

S p e c i f i c  areas r e q u i r i n g  a c c e l e r a t e d  deve lop -  

Mode m o b i l i t y  i s  r e p o r t e d  i n  d e t a i l  i n  Volume I1 of t h i s  re-  
p o r t .  

INSTRUMENTATION STUDIES (TASK 4.2) 

P a r t  of t h e  o v e r a l l  q u e s t i o n  of f e a s i b i l i t y  of t h e  BVS i s  
whe the r  t h e  s c i e n t i f i c  m i s s i o n  i s  s i g n i f i c a n t l y  enhanced by t h e  
b a l l o o n  approach.  For t h i s  reason,  one of t h e  f i r s t  t a s k s  of t h e  
program w a s  t o  i n v e s t i g a t e  the i n s t r u m e n t a t i o n  t h a t  might be c a r -  
r i e d .  The o b j e c t i v e s  of t h i s  s t u d y  a r e  summarized as f o l l o w s :  

1) E s t a b l i s h  s c i e n t i f i c  o b j e c t i v e s ;  

2)  I n v e s t i g a t e  experiments  f o r  p o s s i b l e  u s e  on BVS, 

a )  Compile l i s t  of expe r imen t s  and i n s t r u m e n t s  f o r  
BVS, 

b) E s t a b l i s h  p r i o r i t i e s  on b a s i s  of  s c i e n t i f i c  m e r i t  
and c o m p a t i b i l i t y  w i t h  BVS, 

c )  I n v e s t i g a t e  d e t a i l e d  c h a r a c t e r i s t i c s  of e x p e r i -  
ments ;  

3 )  E s t a b l i s h  a r e f e r e n c e  c o o r d i n a t e  system; 

4 )  I n v e s t i g a t e  i n s t r u m e n t a t i o n  f o r  p o s i t i o n  de te rmina -  
t i o n ;  

5) E s t a b l i s h  eng inee r ing  measurements and i n s t r u m e n t a -  
t i o n ,  
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The approach ( f i g .  3)  was t o  f i r s t  a p p r a i s e  t h e  p r e s e n t  knowledge 
of Venus (and what i s  l i k e l y  t o  be known i n  t h e  n e a r  f u t u r e ) ,  t o  
compi le  a l i s t  of d e s i r a b l e  measurements t h a t  would answer t h e  
p r e s e n t  ques t ions  concern ing  Venus, and t o  a r r a n g e  t h i s  l i s t  i n  
o r d e r  of p r i o r i t y .  Experiments  t o  per form t h e s e  measurements 
which were compa t ib l e  w i t h  t h e  BVS concep t  were t h e n  a r r a n g e d  
i n t o  s u i t a b l e  complements f o r  each  of t h e  v a r i o u s  s i z e d  s t a t i o n s .  

The p resen t  knowledge of Venus i s  summarized i n  t a b l e  4 .  I n  
t h i s  l i s t  t h e r e  i s  a deg ree  of c o n t r o v e r s y  on many i tems,  which 
s u g g e s t s  t h a t  even a v e r y  s i m p l e  s c i e n t i f i c  m i s s i o n  i n t o  t h e  a t -  
mosphere would g r e a t l y  i n c r e a s e  ou r  unde r s t and ing  of t h e  p l a n e t .  

The f a c t o r s  l e a d i n g  t o  t h e  s e l e c t i o n  of expe r imen t s  f o r  t h e  
buoyant  s t a t i o n  mis s ion  a r e  a s  f o l l o w s :  

1) SSB/NAS-recommended space  program o b j e c t i v e s ,  

a) O r i g i n  and e v o l u t i o n  of l i f e ,  

b) O r i g i n  and e v o l u t i o n  of  s o l a r  system, 

C) Dynamic p r o c e s s e s  t h a t  shape  p l a n e t a r y  env i ron -  
ment ;  

2 )  Venus o b j e c t i v e s ,  i n i t i a l  e x p l o r a t i o n ,  

a) I n v e s t i g a t i o n  of a tmosphere and c o n s t r a i n t s  on 
l i f e ,  

b) S u r f a c e  and body c h a r a c t e r i s t i c s ,  

c )  D i r e c t  s e a r c h  f o r  l i f e ;  

3) Experiment s e l e c t i o n  c r i t e r i a ,  

a)  Relevant  t o  g e n e r a l  o b j e c t i v e s  above, 

b) T e s t  v a l i d i t y  of models ,  

c )  Compatible  w i t h  BVS concep t ;  

4 )  Ground r u l e s ,  

a) Measurements t o  be made i n  e a r l y  s t a g e s  of ex-  
p l o r a t  i o n ,  

b) Emphasis on BVS ambient environment  and below, 

c )  I n c l u d e  measurements of q u e s t i o n a b l e  f e a s i b i l i t y .  

The e m p h a s i s  on e a r l y  s t a g e s  of  e x p l o r a t i o n  shou ld  be no ted .  Th i s  
was done p a r t l y  t o  conform t o  t h e  mid-1970s c o n s t r a i n t  of t h e  s t u d y ,  
b u t  more s p e c i f i c a l l y  t o  avoid  s p e c u l a t i o n  on t h e  n a t u r e  of second 
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g e n e r a t i o n  expe r imen t s .  (Note t h a t  t h e  l a r g e r  2000- and 5000-lb 
s t a t i o n s  have generous c a p a b i l i t y  t o  s u p p o r t  t h e s e  a s  y e t  undefined 
experiments  .) 

An o b j e c t i v e  of t h e  s t u d y  was t o  c r e a t e  a p r i o r i t y  l i s t  of ex- 
per iments  and i n s t r u m e n t s ,  A breakdown i n t o  t h r e e  o r  f o u r  g e n e r a l  
c a t e g o r i e s  i n t o  which a l l  measurements might be a r r anged  was f e a s i -  
b l e .  A s  a r e s u l t  of d i s c u s s i o n s  w i t h  D r .  G .  Ohring of GCA, i t  was 
dec ided  t h a t  bo th  Mar t in  M a r i e t t a  and GCA would make p a r a l l e l  a t -  
t e m p t s  a t  such a grouping and t o  make t h e  f i n a l  o r d e r i n g  a f t e r  a n  
a n a l y s i s  of both l i s t s .  A l i s t  of p r i o r i t i e s  was a l s o  compiled 
by M r .  R. Henry of LRC. I n  gene ra l  a l l  t h r e e  g roup ings  were s i m i -  
l a r  t o  w i t h i n  21 c a t e g o r y .  

The p r i o r i t i e s ,  t a b l e  5,  are  based ma in ly  on t h e  c o n t r i b u t i o n  
t o  i n c r e a s e d  knowledge t h a t  the measurement of a p a r t i c u l a r  pa ram-  
e t e r  would make. I n  o u r  approach t o  t h e  assignment  of r a t i n g s  w e  
have  assumed t h a t  t h e  most important p a r t s  of t h e  Venus e n v i r o n -  
ment a r e  t h e  c l o u d s  and lower atmosphere.  By d e f i n i n g  t h e s e  p a r t s  
of t h e  environment,  o t h e r  p a r t s ,  such as t h e  upper atmosphere and 
h a r d  body of t h e  p l a n e t  cou ld  be i n f e r r e d .  The r e v e r s e  i s  n o t  nec- 
e s s a r i l y  t r u e .  Thus, emphasis h a s  been p l aced  on lower atmosphere 
pa rame te r s ,  and such parameters g e n e r a l l y  r e c e i v e d  h i g h  r a t i n g s .  

Tab le  5 a l s o  i n d i c a t e s  the experiment  complements used f o r  t h e  
two b a s e l i n e  s t a t i o n s  of t h i s  s t u d y .  The s m a l l e r  payload ( f o r  t h e  
200-lb s t a t i o n )  cove r s  a l l  of t h e  P r i o r i t y  1 and some of t h e  P r i -  
o r i t y  2 .  Th i s  complement would weigh abou t  23.5 l b  i n c l u d i n g  two 
drop sondes ,  

The l a r g e r  payload ( f o r  the 2000-lb s t a t i o n )  would weigh about  
137 l b  and c o v e r s  a l l  of t h e  i n s t r u m e n t a t i o n  t h a t  c o u l d  r e a s o n a b l y  
be i d e n t i f i e d  a t  t h i s  t ime.  Recognizing t h a t  such i d e n t i f i c a t i o n  
i s  d i f f i c u l t  and l i k e l y  t o  prove incomplete ,  an a d d i t i o n a l  58 l b  
was added f o r  "undefined" experiments .  To t h i s  was added 105 l b  
o f  drop sondes t o  make a t o t a l  b a s e l i n e  payload of 300 l b .  Note 
t h a t  t h i s  does n o t  use t h e  t o t a l  c a p a b i l i t y  of t h e  2000-lb s t a t i o n  
d e s c r i b e d  i n  t h i s  s t u d y .  

The payloads f o r  t h e  two s t a t i o n s  a r e  shown i n  t a b l e s  6 and 7 .  
Typ ica l  drop sondes a r e  desc r ibed  i n  f i g u r e s  4 and 5 and t a b l e s  8 
t h r u  10. 

Because of t h e  d e s i r a b i l i t y  of knowing t h e  p o s i t i o n  of t h e  
s t a t i o n  o v e r  t h e  s u r f a c e ,  both t o  i d e n t i f y  t h e  l o c a t i o n  a t  which 
measurements a r e  made and a s  a b a s i c  d e t e r m i n a t i o n  of wind p a t t e r n ,  
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a method of  l o c a t i n g  t h e  s t a t i o n  by r a n g i n g  from t h e  o r b i t e r  i s  
suggested ( f i g .  6 ) .  F u r t h e r  c o n s i d e r a t i o n  of t h i s  approach m u s t  
be made when i n t e g r a t i o n  of t h e  o r b i t e r  i n t o  t h e  o v e r a l l  m i s s i o n  
i s  undertaken.  

Table 5 compares t h e  two experiment  payloads on t h e  b a s i s  of 
t h e i r  c o n t r i b u t i n g  t o  t h e  d e s i r e d  o b j e c t i v e s .  A s  can  be s e e n ,  bo th  
payloads c o n t r i b u t e  t o  a l l  of t h e  P r i o r i t y  1 measurements ( w i t h  the 
excep t ion  of c loud  composi t ion i n  t h e  small  BVS) and many of t h e  
P r i o r i t y  2 measurements,  Thus, t h e  s m a l l  s t a t i o n  answers t h e  most 
u r g e n t  q u e s t i o n s  about  t h e  Venus atmosphere w h i l e  t h e  l a r g e  s t a -  
t i o n  answers t h o s e  and most of t h e  o t h e r  q u e s t i o n s  we can  i n t e l l i -  
g e n t l y  ask about Venus. I n  f a c t ,  s i n c e  s o  l i t t l e  i s  known a t  pres- 
e n t  about Venus, i t  becomes d i f f i c u l t  t o  u se  t h e  f u l l  c a p a b i l i t y  
of t h e  l a r g e r  s t a t i o n  i n  an optimum manner and t h e  s e l e c t i o n  of 
one experiment ove r  a n o t h e r  becomes somewhat f a n c i f u l  f o r  t h e  e a r l y  
mis s ions .  

We conclude t h a t  an e a r l y  BVS m i s s i o n  of t h e  A t l a s I C e n t a u r  
launch v e h i c l e  c l a s s  can answer t h e  most impor t an t  s c i e n t i f i c  ques-  
t i o n s  we have about Venus w h i l e  t h e  l a r g e r ,  Voyager-class  BVS (cy- 
c l i c  o r  w i t h  drop sondes)  appea r s  t o  have t h e  c a p a b i l i t y  f o r  answer- 
i n g  a l l  of t h e  q u e s t i o n s  t h a t  might be  asked about  t h e  Venus a t -  
mosphere and g e n e r a l  s u r f a c e  c h a r a c t e r i s t i c s .  The i n v e s t i g a t i o n  
of t h e  body and d e t a i l e d  s u r f a c e  c h a r a c t e r i s t i c s  w i l l ,  of c o u r s e ,  
r e q u i r e  a v e h i c l e  t o  be landed on t h e  s u r f a c e .  The d e s i g n  of such 
a v e h i c l e ,  however, w i l l  r equ i r e  a d e t a i l e d  i n v e s t i g a t i o n  of t h e  
s u r f a c e  and n e a r  s u r f a c e  c o n d i t i o n s  t h a t  o n l y  a l a r g e  BVS can con- 
d u c t .  

The d rop  sondes a r e  a n e c e s s a r y  a d j u n c t  t o  any BVS, c y c l i c  o r  
noncyc l i c .  Indeed,  t h e i r  v e r s a t i l i t y  makes t h e  concept  of c y c l i n g  
t h e  s t a t i o n  somewhat q u e s t i o n a b l e  from t h e  s c i e n t i f i c  p o i n t  of view. 

The i n s t r u m e n t a t i o n  s t u d y  i s  d i s c u s s e d  i n  more d e t a i l  i n  Vol- 
ume I11 of t h i s  r e p o r t .  

COMMUNICATIONS STUDIES (TASK 4 . 3 )  

Communication t o  and from t h e  s . t a t i o n  i s  an impor t an t  p a r t  of 
t h e  f e a s i b i l i t y  of t h e  buoyant s t a t i o n  c o n c e p t .  The problem i s  
unique i n  t h a t ,  because of t h e  d r i f t  of t h e  s t a t i o n  ove r  t h e  s u r -  
f a c e ,  the s t a t i o n l o r b i t e r  geometry i s  v a r i a b l e  and t o  some e x t e n t  
unknown f o r  an extended m i s s i o n .  T h i s  ra ises  t h e  problem of a d a p t -  
i ng  t h e  system t o  a v a r i a b l e  s i t u a t i o n  and a l s o  c r e a t e s  t h e  need 



f o r  a p o s i t i o n  d e t e r m i n a t i o n  a s  a v a l u a b l e  a d d i t i o n  t o  t h e  s c i e n -  
t i f i c  i n f o r m a t i o n  t o  be ob ta ined .  (For  t h i s  s t u d y  a concep t  of 
r a n g i n g  from t h e  o r b i t e r  i s  suggested,  s e e  Volume 111.) 

The communications t a s k  r e q u i r e d  t h e  c o n s i d e r a t i o n  of f o u r  
separa te  f u n c t i o n s  i n  a d d i t i o n  t o  d e f i n i n g  d a t a  s t o r a g e  and han- 
d l i n g  c o n c e p t s .  These are t e l e m e t r y  l i n k ,  command, r a n g i n g ,  and 
communication w i t h  t h e  drop sondes,  

The t e c h n i c a l  g u i d e l i n e s  e s t a b l i s h e d  by t h e  c o n t r a c t  s t a t e m e n t  
of work t h a t  have a d i r e c t  bea r ing  on t h e  communications s t u d y  a r e :  

1) An o r b i t e r  s h a l l  s e r v e  a s  a r e l a y  s t a t i o n  f o r  t r a n s -  
m i t t a l  of d a t a  t o  e a r t h ,  and s h a l l  be assumed t o  pos- 
s e s s  a l l  r e q u i r e d  r e c e i v i n g ,  s t o r a g e  and t r a n s m i t t i n g  
c a p a b i l i t i e s  ; 

2) The nominal o r b i t  s h a l l  be assumed t o  have a p e r i a p s i s  
a l t i t u d e  of 1000 km and a p o a p s i s  a l t i t u d e  of 10 000 km; 

3) The s t a t i o n - t o - o r b i t e r  communications system s h a l l  
be  assumed n o t  t o  r e q u i r e  d i r e c t i o n a l  o r i e n t a t i o n  of 
a n t e n n a s  o r  h i g h - g a i n  a n t e n n a s .  

P a r a m e t r i c  bounds on t h e  communications v a r i a b l e s  were e s t a b -  
l i s h e d  as an i n i t i a l  s t e p  i n  t h e  s t u d y  and mod i f i ed  as r e q u i r e d  
a s  i n f o r m a t i o n  on s t a t i o n  data  a c q u i s i t i o n  r a t e s  became a v a i l a b l e .  
These bounds a r e :  

Communications range, 1000 t o  14 000 km; 

Communications period a v a i l a b l e ,  5 t o  105 min; 

Radio f r equency  range,  200 t o  400 MHz; 

Antenna g a i n  product ,  3 dB minimum; 

Antenna look  angles  ( s t a t i o n  t o  o r b i t e r ) ,  20' above 
h o r i z o n  (minimum d e s i r e d  e l e v a t i o n )  ; 

Modulation t echn iques ,  FSK o r  PSK/PM; 

T r a n s m i t t e r  power, 40 W (maximum) ; 

Data r a t e s  ( s t a t i o n  t o  o r b i t e r ) ,  30 t o  1000 BPS. 

T y p i c a l  v a r i a t i o n s  i n  communications p e r i o d  as f u n c t i o n s  of 
t h e  s t a t i o n  l o c a t i o n  i n  t h e  o r b i t a l  p l ane  and s t a t i o n  a n t e n n a  h a l f  
power beamwidth a r e  shown i n  t a b l e  11. From t h i s ,  i t  was e s t a b -  
l i s h e d  t h a t  t h e  t ime t h a t  could be al lowed f o r  b o t h  communication 
and r a n g i n g  would have t o  be r e s t r i c t e d  t o  t h e  o r d e r  of 5 min f o r  
c e r t a i n  s t a t i o n  l o c a t i o n s .  

11 



Fac to r s  i n  s e l e c t i o n  of t h e  f r e q u e n c y  band are  shown i n  t a b l e  
LL. 

The f i n a l  s e l e c t i o n  w i l l ,  of c o u r s e ,  r e q u i r e  c o n s i d e r a t i o n  of 
minimum m o d i f i c a t i o n  t o  t h e  o r b i t e r .  

Two modu la t ion  t e c h n i q u e s  were c o n s i d e r e d  f o r  t h e  s t a t i o n - t o -  
o r b i t e r  t e l e m e t r y  l i n k  - -  f r equency  s h i f t  key (FSK) of t h e  c a r r i e r  
and phase s h i f t  key (PSK) u s i n g  a d a t a  and a sync s u b c a r r i e r  t o  
phase-modulate a c a r r i e r .  The l a t t e r  method r e q u i r e s  a f r e q u e n c y  
s e a r c h  mode t o  a c q u i r e  and t r a c k  t h e  c a r r i e r ;  hence  a pseudorandom 
sync code was n o t  used t o  o b t a i n  sync d a t a  f o r  t e l e m e t r y  because  
t h e  sync s i g n a l  energy would f a l l  i n  t h e  s e a r c h  f r e q u e n c y  band. 

A comparison of e f f e c t i v e  r a d i a t e d  power r e q u i r e d  f o r  t h e  two 
methods shows t h e  c o h e r e n t  system w i t h  a c a r r i e r  s e a r c h  mode t o  
have a d i s t i n c t  advantage o v e r  t h e  FSK approach.  T h i s  i s  p a r t i c -  
u l a r l y  t r u e  when one a t t e m p t s  t o  i n t e g r a t e  t h e  command, t e l e m e t r y ,  
and turnaround r a n g i n g  system because an FSK l i n k  does n o t  l e n d  
i t s e l f  t o  use i n  t h e  r a n g i n g  mode. F u r t h e r ,  u s e  of FSK f o r  t h e  
l a r g e r  s t a t i o n  unduly r e s t r i c t e d  t h e  d a t a  r a t e .  

Frequency s h i f t  key was t h e  o n l y  modu la t ion  approach c o n s i d -  
e r e d  f o r  t h e  drop s o n d e - t o - s t a t i o n  l i n k  - -  drop sonde t r a n s m i t t e r  
power r equ i r emen t s  n e v e r  exceeded 1 2  mW f o r  t h e  maximum d a t a  r a t e  
requirement  of 25 BPS. 

The command c o n t r o l  t e c h n i q u e  chosen f o r  t h e  s t a t i o n  i s  as 
f 01 lows : 

1) E a r t h  commands s t o r e d  i n  o r b i t e r  and updated as re- 
q u i r e d ;  

2 )  S t a t i o n  commanded from o r b i t e r ' s  command s t o r a g e  p ro -  
gramer;  

3)  S t a t i o n  h a n d l e s  r e a l - t i m e  commands o n l y ;  

4 )  S t a t i o n  t r a n s m i t t e r  t u r n e d  on when r e c e i v e r  l o c k s  on- 
t o  o r b i t e r  command c a r r i e r ;  

5) S t a t i o n  t r a n s m i t t e r  t u r n e d  o f f  by s t a t i o n  programer 

6)  Two-way c a r r i e r  l o c k  ( o r b i t e r / s t a t i o n )  b e f o r e  com- 

( a f t e r  f i x e d  t r a n s m i s s i o n  p e r i o d ) ;  

mand ing  ; 

7) T r a n s m i t t e r  can  be commanded o f f .  



S t a t i o n  d a t a  s t o r a g e  c a p a c i t y  r equ i r emen t s  f o r  t h e  200-lb s t a -  
t i o n  amounted t o  approximately 4000 b i t s .  For  t h e  2000-lb s t a t i o n ,  
t h e  r e q u i r e d  s t o r a g e  c a p a c i t y  was h e l d  t o  approx ima te ly  160 000 
b i t s  by t h e  use  of an assumed d a t a  compression r a t i o  of 5 t o  1 on 
p i c t u r e  and scann ing- type  instrument  d a t a .  Without d a t a  compres- 
s i o n ,  e i t h e r  a t a p e  r e c o r d e r  m u s t  be used o r  t h e  d a t a  a c q u i r e d  p e r  
o r b i t  by t h e  s t a t i o n  s c i e n c e  i n s t r u m e n t a t i o n  m u s t  be reduced.  The 
c a p a c i t i e s  c i t e d  above a r e  based on communicating on each o r b i t  
f o r  p e r i o d s  of a t  l e a s t  5 m i n .  

Fo r  l ong  m i s s i o n s  ( s e v e r a l  weeks) ,  t h e  p o s s i b i l i t y  of t h e  s t a -  
t i o n  d r i f t i n g  o u t  of communications r ange  i s  appa ren t  e s p e c i a l l y  
i f  t h e  i n i t i a l  s t a t i o n  l o c a t i o n  w i t h  r e s p e c t  t o  bo th  t h e  o r b i t e r ' s  
o r b i t  and t h e  a n t i c i p a t e d  wind p a t t e r n  i s  n o t  c a r e f u l l y  s e l e c t e d .  

See Volume I V  f o r  a more d e t a i l e d  d e s c r i p t i o n  of t h e  s t u d y  ap- 
proach and r e s u l t s .  D e t a i l s  of t h e  200-lb s t a t i o n  and t h e  l a r g e r  
s t a t i o n s  a r e  g iven  i n  Volumes V and V I .  

POWER SYSTEM STUDIES (TASK 4 .4 )  

The m i s s i o n s  f o r  t h e  buoyant s t a t i o n  d i c t a t e d  t h a t  t h e  capa- 
b i l i t y  of s e v e r a l  t y p e s  o f  power systems be i n v e s t i g a t e d  t o  m e e t  
t h e s e  needs.  For t h e  buoyant s t a t i o n  i t s e l f ,  b a t t e r i e s ,  r a d i o i s o -  
t o p e  t h e r m o e l e c t r i c  g e n e r a t o r s  (RTGs) and s o l a r  c e l l s  were exam- 
i n e d .  S u b s t a n t i a l  s t e r i l i z a t i o n  e f f o r t s  are underway on o n l y  t h e  
nickel-cadmium and t h e  s i l v e r - z i n c  b a t t e r i e s .  These e f f o r t s  have  
g iven  an energy d e n s i t y  of 1 0  Wh/lb f o r  t h e  nickel-cadmium b a t t e r y  
and promise t o  g i v e , i n  t h e  near f u t u r e ,  an energy d e n s i t y  of 25 
Wh/lb f o r  t h e  s i l v e r - z i n c  b a t t e r y .  

The nickel-cadmium b a t t e r y  i s  w e l l - s u i t e d  f o r  u se  as a n  ene rgy  
s t o r a g e  d e v i c e  t o  p rov ide  f o r  power peaks when used i n  c o n j u n c t i o n  
w i t h  a prime power s o u r c e  such as an RTG, w h i l e  t h e  s i l v e r - z i n c  
b a t t e r y  w i t h  i t s  h igh -ene rgy  d e n s i t y  i s  p r e f e r r e d  when a b a t t e r y  
i s  s e l e c t e d  f o r  t h e  pr imary source .  

Fo r  powering, t h e  drop sonde b a t t e r i e s  and wind-d r iven  t u r b i n e s  
were c o n s i d e r e d .  Two b a t t e r i e s  appea r  t o  be c a n d i d a t e s  -- t h e  
s i l v e r - z i n c ,  when s t e r i l i z a t i o n  i s  accomplished,  and t h e  r e s e r v e  
magnesium p e r c h l o r a t e  b a t t e r y .  The l a t t e r  is  c u r r e n t l y  b e i n g  de -  
veloped f o r  ground communications and h a s  an e n e r g y  d e n s i t y  of 38 
Wh/lb. It appea r s  amenable t o  s t e r i l i z a t i o n ,  a l t h o u g h  no e f f o r t  
i s  p r e s e n t l y  underway. 
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S t u d i e s  f o r  t h e  wind-driven t u r b i n e  i n d i c a t e  t h a t  t o  o b t a i n  
5 W f o r  t h e  s m a l l  sonde, 67.6 W m u s t  be a v a i l a b l e  i n  t h e  i n t e r -  
c e p t e d  a i r s t r e a m .  Th i s  compares w i t h  t h e  l i m i t s  of 80 and 1360 
W being expended t o  t h e  atmosphere a t  t e r m i n a l  v e l o c i t y  f o r  l i m i t -  

i n g  b a l l a s t i c  c o e f f i c i e n t s  of 0 . 1  and 5 s l u g / f t  . S i n c e  t h e  e n e r -  
gy e x t r a c t e d  by t h e  t u r b i n e  shou ld  be o n l y  a f r a c t i o n  of t h a t  a v a i l -  
a b l e ,  b a l l i s t i c  c o e f f i c i e n t s  lower t h a n  0.5 shou ld  be  avoided f o r  
a sonde equipped w i t h  a wind-d r iven  g e n e r a t o r .  

2 

S t u d i e s  f o r  t h e  two buoyant s t a t i o n s ,  t h e  200 and t h e  2000 l b ,  
showed t h a t  a b a t t e r y  system i s  l i g h t e r  i n  we igh t  t h a n  an RTG f o r  
p e r i o d s  u p  t o  5 days ,  when o n l y  e l e c t r i c  power aspects  are c o n s i d -  
e r e d .  

For  extended p e r i o d s  of o p e r a t i o n ,  a n  RTG i s  advantageous be- 
c a u s e  i t s  was te  h e a t  can  be used f o r  t he rma l  c o n t r o l .  S i n c e  b a t -  
t e r y  temperature  needs t o  be m a i n t a i n e d  a t  a minimum of 278'K 
(40'F), even  though a minimum a t m o s p h e r i c  t e m p e r a t u r e  of  195°K 
( - l l 0 ' F )  may be encoun te red ,  a u x i l i a r y  h e a t  i s  n e c e s s a r y .  For a 
b a t t e r y  system, a chemical  system employing d i s s o c i a t i o n  of a mon- 
o p r o p e l l a n t ,  combinat ion of two r e a c t a n t s ,  o r  b u r n i n g  of a f u e l  
such as b e r y l l i u m  m e t a l  powder i n  t h e  Venusian atmosphere shou ld  
be cons ide red ,  
g. This a r e a  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n  on p r o t o t y p e  b u r n e r s  
and s e l e c t i o n  of r e a c t a n t s  whose p roduc t s  would n o t  con tamina te  
t h e  s c i e n t  i f  i c  s a m p l e s  b e i n g  a n a l y z e d .  

These r e l e a s e  energy r a n g i n g  from 0.4 t o  7 .5  k c a l l  

M I S S I O N  MODE TRADEOFF STUDY (TASK 4 .5 )  

200-lb S t a t i o n  

One of  t h e  recommendations f o r  f u r t h e r  c o n s i d e r a t i o n  d u r i n g  
t h e  mis s ion  mode t r a d e o f f  s t u d i e s  was a minimum s i z e  (200-lb)  buoy- 
a n t  s t a t i o n .  Th i s  v e h i c l e  i s  i n t e n d e d  t o  be compa t ib l e  w i t h  an 
At l a s ICen tau r  launch i n  1972 o r  1973. 

The m i s s i o n  d e f i n e d  f o r  t h i s  s t a t i o n  i s  summarized i n  f i g u r e  
7 .  A d u r a t i o n  of seven days w a s  s e l e c t e d ,  d u r i n g  which f o u r  se t s  
of measurements of t h e  atmosphere t o  t h e  s u r f a c e  w i l l  b e  accom- 
p l i s h e d ,  i n i t i a l l y  by t h e  descending a e r o s h e l l ,  tw ice  by drop son- 
d e s ,  and f i n a l l y  by a l lowing  t h e  e n t i r e  s t a t i o n  t o  descend.  
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The buoyant s t a t i o n  i t s e l f  i s  shown i n  f i g u r e  8. The 2 5 - f t -  
d i a m e t e r  b a l l o o n  i s  i n f l a t e d  t o  a 6 mb s u p e r p r e s s u r e  w i t h  hydro-  
gen t o  f l o a t  a t  57 km above the s u r f a c e  (assuming t h e  mean atmos- 
p h e r e ) .  S i n c e  t h e  t empera tu re  a t  t h i s  a l t i t u d e  i s  moderate  (-225 
O K ) ,  t h e  b a l l o o n  i s  c o n s t r u c t e d  of Mylar,  which i s  w i d e l y  used i n  
t h e  b a l l o o n  i n d u s t r y .  F i g u r e  9 i n d i c a t e s  t h e  s u b s o n i c  deployment 
sequence f o r  t h e  s t a t i o n  t o  the p o i n t  of i n f l a t i o n  t a n k  s e p a r a t i o n .  

The c o n s t r a i n t s  and performance r e q u i r e m e n t s  t o  which t h i s  con- 
f i g u r a t i o n  w a s  c r e a t e d  a r e  a s  f o l l o w s :  

1) 225-1b l aunch  v e h i c l e  c o m p a t i b i l i t y ;  

2 )  S t e r i l i z a t i o n  c o n s i d e r a t  i o n s  ; 

3) NASA SP-3016 atmospheres;  

4 )  F l o a t  a t  c loud  tops;  

5) Relay communications, no d i r e c t i o n a l  a n t e n n a s ;  

6) 1000 by 10 000 km o r b i t ;  

7) Probe t o  s u r f a c e  with two sondes and f i n a l  d e s c e n t ;  

8) Sc ience  measurements , 
a) Temperature ,  

b) P r e s s u r e ,  

c )  Dens i ty ,  

d) Compos it  i o n ,  

e) H o r i z o n t a l  p o s i t i o n ;  

9) Onboard sequencing w i t h  command as backup; 

10) 7-day m i s s i o n ;  

11) Transmiss ion  during deployment;  

12) A d a p t a b i l i t y  t o  environment.  

The s c i e n c e  payload,  weighing 1 3 . 5  l b ,  c o v e r s  t h e  fundamental  p a -  
r a m e t e r s  d e s i r e d  t o  be measured. The i n c l u s i o n  of a small  r a d a r  
a l t i m e t e r  would a l s o  be d e s i r a b l e  i f  a v a i l a b l e  a t  a low w e i g h t .  

Tab le  1 3  summarizes t h e  te lecommunicat ions system. T h i s  i s  
based on t h e  1000 by 10 000 km o r b i t  s p e c i f i e d  f o r  t h e  s t u d y ,  
which h a s  a p e r i o d  of 3.86 h r .  Approximately 10 000 b i t s  of d a t a  
a r e  t r a n s m i t t e d  d u r i n g  each o r b i t  i n  a d d i t i o n  t o  performing t h e  
r a n g i n g  f u n c t i o n  (from t h e  o r b i t e r )  f o r  p o s i t i o n  d e t e r m i n a t i o n .  
T h i s  o r b i t  and t h e  ground t r a c k  of t h e  s t a t i o n  d r i f t i n g  i n  t h e  
p r e d i c t e d  wind p a t t e r n  a r e  i n d i c a t e d  i n  f i g u r e  6 .  

1 5  
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Figure  10 shows t h e  200-lb s t a t i o n  i n s i d e  t h e  c o n t o u r  o f  t h e  
I n t e r -  s p a c e c r a f t  dynamic envelope  of t h e  A t l a s I C e n t a u r  shroud.  

f a c i n g  wi th  an o r b i t e r  was n o t  w i t h i n  t h e  scope  of t h i s  s t u d y .  

P o t e n t i a l  f e a t u r e s  of t h i s  m i s s i o n  compared w i t h  a h y p o t h e t i -  
c a l  s imple probe t o  t h e  s u r f a c e  a l o n e  a r e  sugges t ed  i n  t a b l e  14. 
Based on t h i s  s t u d y ,  it i s  concluded  t h a t  a s m a l l  s t a t i o n  of  t h i s  
s i z e  c l a s s  i s  f e a s i b l e  and shou ld  be c o n s i d e r e d  f u r t h e r  a s  a de -  
s i r a b l e  a d j u n c t  t o  t h e  e a r l y  m i s s i o n s  t o  Venus. 

This  c o n f i g u r a t i o n  i s  d e s c r i b e d  more f u l l y  i n  Volume V of t h i s  
r e p o r t .  

2000/5000-lb S t a t i o n  

The l a r g e  c l a s s  s t a t i o n s  s e l e c t e d  f o r  f u r t h e r  s t u d y  i n  Task 
4.5  a r e  compa t ib l e  w i t h  a Voyager -c lass  s p a c e c r a f t  i n  t h e  mid-1970s. 
Two gene ra l  t y p e s  of m i s s i o n s  were i n v e s t i g a t e d  f o r  t h e s e  s t a t i o n s :  
c y c l i c  and noncyc l i c .  Emphasis was g i v e n  t o  t h e  2000-lb s t a t i o n  
whereas t h e  5000-lb s t a t i o n  was s t u d i e d  o n l y  t o  t h e  e x t e n t  of a s -  
s i g n i n g  weight  a l l o c a t i o n s  t o  subsys tems.  

The m i s s i o n  d e f i n e d  f o r  t h e  n o n c y c l i c  s t a t i o n  i s  summarized 
i n  f i g u r e  11. A m i s s i o n  d u r a t i o n  of  100 days was s e l e c t e d  d u r i n g  
which s i x  s e t s  of a tmospher ic  p r o f i l e  measurements t o  t h e  s u r f a c e  
a r e  made - -  t h e  a e r o s h e l l ,  f o u r  drop  sondes and t h e  f i n a l  d e s c e n t  
of t h e  s t a t i o n ,  Based on t h e  wind model cons t ruc . t ed  i n  t h i s  s t u d y ,  
100 days a l lows  t h e  s t a t i o n  t o  f l o a t  from n e a r  s b b s o l a r  t o  t h e  v i -  
c i n i t y  of a n t i s o l a r  p o i n t  by way of t h e  p o l e .  

The s t a t i o n  i s  shown i n  f i g u r e  12. The 5 6 . 6 - f t - d i a m e t e r  b a l -  
loon  i s  i n f l a t e d  t o  a 6-mb s u p e r p r e s s u r e  w i t h  hydrogen t o  f l o a t  
a t  57 km i n  t h e  mean atmosphere (40 and 79 km i n  t h e  lower and up-  
p e r  a tmospheres ,  r e s p e c t i v e l y ) .  The modera te  ambient  t e m p e r a t u r e  
range ,  195 t o  287"K, a l lows  f o r  u se  of  Mylar ,  which i s  w e l l - d e f i n e d  
and used e x t e n s i v e l y  throughout  t h e  b a l l o o n  i n d u s t r y .  F i g u r e  13  
shows the  subson ic  deployment sequence  f o r  t h e  s t a t i o n s ,  which i s  
i d e n t i c a l  f o r  bo th  t h e  c y c l i c  and n o n c y c l i c  m i s s i o n s .  

The m i s s i o n  f o r  t h e  c y c l i c  s t a t i o n  i s  summarized i n  f i g u r e  14. 
Again a m i s s i o n  d u r a t i o n  of 100 days  was s e l e c t e d  d u r i n g  which 
f i v e  drop sondes a r e  r e l e a s e d  and a minimum of  t h r e e  a l t i t u d e  cy-  
c l e s  are  accompl ished .  The method of  c y c l i n g  can  be any of t h r e e :  
gas  dump and makeup, gas  dump and b a l l a s t  ( s c i e n c e  packages)  drop ,  
and pump and dump a tmospher ic  g a s e s .  The f i r s t  two l i m i t  t h e  num- 
b e r  of p o s s i b l e  c y c l e s  t o  low a l t i t u d e s  t o  t h r e e :  pump and dump 



of atmosphere a l lows  f o r  a l a r g e  number of c y c l e s ,  l i m i t e d  by com- 
p r e s s o r  power a v a i l a b l e  and allows f o r  d w e l l i n g  a t  i n t e r m e d i a t e  
a l t i t u d e s .  Cyc l ing  t o  10 km appears f e a s i b l e  f o r  t h e  c y c l i c  s t a -  
t i o n .  

The s t a t i o n ,  f l o a t i n g  a t  e q u i l i b r i u m  a l t i t u d e  of 57 km i n  t h e  
mean atmosphere i s  shown i n  f i g u r e  15.  The b a l l o o n  i s  i n f l a t e d  
w i t h  hydrogen gas  t o  6 mb s u p e r p r e s s u r e  and i s  c o n s t r u c t e d  of a 
h igh - t empera tu re  polymer, PBI  (polybenzimidazole)  f i l m .  A hydra -  
z i n e  g a s  makeup c y c l e  system i s  shown f o r  t h r e e  c y c l e s .  Each cy-  
c l e  t a n k  i s  dropped a f t e r  t h e  h y d r a z i n e ,  decomposed by a s p o n t a -  
neous c a t a l y s t  i n t o  hydrogen, n i t r o g e n ,  and t race amounts of  ammo- 
n i a ,  i s  exhaus ted  i n t o  t h e  ba l loon .  Cycle  t i m e s  of a p p r o x i m a t e l y  
4 h r  a r e  r e q u i r e d  t o  descend t o  10 km and r e t u r n  t o  approx ima te ly  
57 lrm i n  t h e  mean atmosphere.  

The c o n s t r a i n t s  and performance r e q u i r e m e n t s  t o  which t h e  l a r g e  
s t a t i o n  w a s  c r e a t e d  a r e  as fo l lows :  

1) 5000-lb BVS l i m i t ;  

2 )  S t e r i l i z a t i o n  c o n s i d e r a t i o n s ;  

3) NASA SP-3016  atmospheres;  

4 )  1000 by 10 000 km o r b i t ;  

5) Relay communications, no d i r e c t i o n a l  a n t e n n a s .  

The s c i e n c e  payload of 300 l b ,  shown i n  t a b l e  15,  i n c l u d e s  a l l  of 
t h e  s c i e n c e  i d e n t i f i e d  w i t h  experiments  i n  t h e  i n s t r u m e n t a t i o n  
s t u d y  (Task 4 . 2 )  p l u s  f i v e  drop sondes and an a l l o c a t i o n  of  58 l b  
f o r  undefined s c i e n c e .  Four of t h e  drop sondes a r e  approx ima te ly  
25 l b  each and are shown i n  f i g u r e  1 6 .  A 5 - l b  drop sonde i s  a l s o  
i n c l u d e d  . 

Tab le  1 6  summarizes t h e  te lecommunicat ions system, which i s  
shown as a b lock  diagram i n  f i g u r e  1 7 .  For  t h e  1000 by 10 000 km 
o r b i t  s p e c i f i e d  f o r  t h i s  s t u d y ,  app rox ima te ly  3 0 0  000 b i t s  of d a t a  
a r e  t r a n s m i t t e d  f o r  each o r b i t  i n  a d d i t i o n  t o  performing t h e  r ang-  
i n g  f u n c t i o n  from t h e  o r b i t e r  f o r  d e t e r m i n i n g  s t a t i o n  l o c a t i o n .  
The command system i n c l u d e d  36 commands f o r  t h e  c y c l i c  s t a t i o n  
and 31 commands f o r  t h e  noncycl ic  s t a t i o n .  Approximately 65  en-  
g i n e e r i n g  measurements were i d e n t i f i e d .  

The power subsystem i s  shown i n  schemat i c  form i n  f i g u r e  18. 
A 40 W ( e l e c t r i c a l )  RTG is r e q u i r e d  f o r  t h i s  m i s s i o n  d u r a t i o n  and 
power r equ i r emen t .  A b a t t e r y  i s  provided f o r  peak l o a d s  and i s  
charged from t h e  RTG. 

1 7  



Figure 19 i n d i c a t e s  a s i n g l e  2000-lb s t a t i o n  i n  t h e  Voyager 
c a p s u l e  envelope and Mars a e r o s h e l l .  F i g u r e  20 i l l u s t r a t e s  a 
5000-lb s t a t i o n  l o c a t e d  w i t h i n  t h e  Voyager enve lope .  The use  of 
c ryogen ic  hydrogen t r a n s p o r t  i s  shown, which produces t h e  l a r g e s t  
payload of t h e  g a s e s  i n v e s t i g a t e d .  
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PROBLEM AREA IDENTIFICATION (TASK 4 . 6 )  

An i m p o r t a n t  t a s k  of  t h e  s t u d y  was t o  i d e n t i f y  i t e m s  o r  t e c h -  
n i c a l  a r e a s  t h a t  r e q u i r e  a c c e l e r a t e d  development and t o  d e t e r m i n e  
t h e i r  i m p a c t  on t h e  f e a s i b i l i t y  o f  t h e  buoyant Venus s t a t i o n .  

It w a s  r ecogn ized  e a r l y  i n  t h e  s t u d y  t h a t  w i t h  a lmos t  no ex -  
c e p t i o n s ,  s p e c i f i c  hardware developed and t e s t e d  f o r  t h e  e n v i r o n -  
ment and o t h e r  r e q u i r e m e n t s  o f  t h i s  m i s s i o n  was n o t  a v a i l a b l e .  
Examples o f  such r equ i r emen t s  a r e  s t e r i l i z a t i o n  and t h e  e n t r y  
d e c e l e r a t i o n  i n t o  t h e  atmosphere o f  Venus. 

G e n e r a l  Problem Areas 

Four g e n e r a l  problem a r e a s  were pursued i n  t h i s  s t u d y  o n l y  
as  f a r  as a unique s i g n i f i c a n c e  t o  t h e  f e a s i b i l i t y  could be e s -  
t a b l i s h e d .  

1) 

4 )  

These f o u r  a r e a s  a re :  

Atmospheric u n c e r t a i n t i e s ,  

a )  Cloud t o p  h e i g h t s ,  

b )  Temperature ,  p r e s s u r e ,  d e n s i t y ,  

c )  Wind s h e a r s ,  s torm,  v e r t i c a l  d r a f t s ;  

O r b i t e r  i n t e r f a c e ,  

a )  Communication systems i n t e r f a c e ,  

b )  Communication systems geometry; 

S t e r i l i z a t i o n ,  

a )  Tankage, 

b )  Bcllloon m a t e r i a l s ,  

c ) B a t t e r i e s /  RTGs ; 

Genera l  development,  

a )  E n t r y  d e c e l e r a t i o n ,  

b )  S t e r i l i z a t i o n ,  

Atmospheric u n c e r t a i n t i e s .  - NASA SP-3016,  which was used as 
a model f o r  t h i s  s t u d y ,  p r e s e n t s  a wide s p r e a d  of  c o n d i t i o n s  f o r  
t h e  Venus atmospheres .  ( I n  o t h e r  l i t e r a t u r e  even f u r t h e r  ex -  
t r emes  have been s u g g e s t e d . )  I n  t h i s  s t u d y ,  t h e  approach was 
t a k e n  t o  d e s i g n  t o  be  adap tab le  t o  t h e  ex t r emes  of  t h i s  s p e c i f i e d  
atmosphere.  
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For e a r l y  m i s s i o n s  i n  p a r t i c u l a r )  i t  i s  d e s i r a b l e  t o  d e p l o y  
t h e  s t a t i o n  a t  o r  n e a r  t h e  c loud  top  where t h e  a tmosphere  i s  b e s t  
d e f i n e d .  I n  the  model used f o r  t h i s  s t u d y ,  t h e  c loud  t o p s  a r e  
v e r y  broadly  d e f i n e d  r e f e r e n c e d  t o  t h e  s u r f a c e .  
u n c e r t a i n t y  as t o  whether  t h e  b a l l o o n  would f l o a t  above o r  i n  
t h e  c louds .  

T h i s  c r e a t e s  a n  

To be c o n s e r v a t i v e ,  i n  t h e s e  d e s i g n s ,  t h e  b a l l o o n  was assumed 
t o  be  below t h e  c loud  t o p s ,  p r e c l u d i n g  t h e  u s e  o f  sun o r  s t a r  
s e n s o r s .  S o l a r  c e l l s  were n o t  c o n s i d e r e d  as a s o u r c e  o f  power 
f o r  the  same r e a s o n ,  and t h e  g a s  i n f l a t i o n  system and the rma l  
c o n t r o l  were des igned  t o  o p e r a t e  w i t h o u t  b e n e f i t  of  s o l a r  r a d i a -  
t i o n .  These c o n s e r v a t i o n s  r e p r e s e n t e d  a s i g n i f i c a n t  p e n a l t y  t o  
t h e  s e v e r a l  d e s i g n  concep t s  c o n s i d e r e d .  

The r ange  of t he  a tmosphe res )  and t h e  method of  d e f i n i t i o n  
i n  terms o f  a l t i t u d e  above an  unknown s u r f a c e ,  a l s o  c r e a t e s  a 
s i t u a t i o n  where subson ic  deployment above t h e  c l o u d s  may b e  
imposs ib le  t o  ach ieve  i n  a l l  c a s e s .  T h i s  d i f f i c u l t y  might  be  
avoided by a r e d e f i n i t i o n  of  t h e  a tmospheres  from t h e  c loud  t o p s  
down, 

The s u b j e c t s  of  wind s h e a r s ,  v e r t i c a l  d r a f t s  and s torms  i n  
g e n e r a l  can  on ly  be s u b j e c t s  f o r  s p e c u l a t i o n  a t  t h i s  t ime .  

Orbiter i n t e r f a c e .  - The scope o f  t h e  s t u d y  d i d  n o t  p e r m i t  
d e f i n i t i o n  of  t h e  p h y s i c a l  o r  f u n c t i o n a l  i n t e r f a c e s  between t h e  
buoyant s t a t i o n  and t h e  o r b i t e r l b u s .  T h i s  i s  p a r t i c u l a r l y  s i g n i f -  
i c a n t  i n  t h e  communication system a r e a s .  No a t t e m p t  h a s  been made 
t o  d e f i n e  "mod i f i ca t ion"  t o  t h e  o r b i t e r  t h a t  might  be r e q u i r e d .  

I n  a d d i t i o n ,  i t  i s  a p p a r e n t  t h a t  t h e  s e l e c t i o n  of  t h e  o r b i t  
i n  r e l a t i o n  t o  t h e  a n t i c i p a t e d  p a t h  (due t o  winds )  o f  t h e  BVS 
o v e r  the s u r f a c e  i s  c r i t i c a l  t o  t h e  m i s s i o n .  

S t e r i l i z a t i o n .  - S t e r i l i z a t i o n  problems unique  t o  t h e  buoyant  
s t a t i o n  have been i d e n t i f i e d  i n  t h e  a r e a s  o f  tankage and b a l l o o n  
m a t e r i a l s .  The tankage we igh t  would be  i n c r e a s e d  s i g n i f i c a n t l y  i f  
s t e r i l i z a t i o n  i n  t h e  f i l l e d  c o n d i t i o n  were r e q u i r e d .  For  t h i s  
r e a s o n  t h e  approach  of  s t e r i l i z i n g  t h e  empty tankage  was assumed. 
Mylar i s  l i k e w i s e  assumed t o  be s t e r i l i z a b l e .  

I n  a d d i t i o n )  i n f o r m a t i o n  on t h e  s t e r i l i z a b i l i t y  o f  t h e  o t h e r  
equipment,  where a v a i l a b l e ,  was c o n s i d e r e d ,  p a r t i c u l a r l y  i n  t h e  
a r e a s  of b a t t e r i e s  and RTGs,  where a p p r o p r i a t e  w e i g h t s  were used .  



I n  o t h e r  a r e a s ,  however, the problem i s  one t h a t  t h e  buoyant 
s t a t i o n  has  i n  common w i t h  o t h e r  p l a n e t a r y  v e h i c l e s  and w a s  con-  
s i d e r e d  t o  be beyond t h e  scope of t h i s  s t u d y .  

Gene ra l  development.  - It i s  r ecogn ized  t h a t  few of t h e  s y s -  
tems o r  components r e q u i r e d  e x i s t  as o f f - t h e - s h e l f  hardware.  
S p e c i f i c a l l y ,  t h i s  i s  t r u e  w i t h  r e g a r d  t o  s t e r i l i z a t i o n  and t h e  
a n t i c i p a t e d  e n t r y  d e c l e r a t i o n  r equ i r emen t s .  The approach h a s  
been t aken  t o  avoid requirements  f a r  beyond t h e  s t a t e  o f  t h e  a r t ,  
and,  i n  g e n e r a l ,  t h i s  was p o s s i b l e .  

S p e c i f i c  Development Areas 

Problem a r e a s  s p e c i f i c a l l y  i d e n t i f i e d  w i t h i n  t h e  scope of  t h i s  
s t u d y  a r e  as f o l l o w s :  

1) R e l i e f  v a l v e ;  

2 )  Sensing f o r  ba l loon  deployment;  

3 )  Bal loon deployment; 

4 )  Kapton o r  PBI  f a b r i c a t i o n ;  

5 )  V a p o r i z a t i o n  o f  cryogenic  hydrogen; 

6 )  I n f l a t i o n  gas  temperature  c o n t r o l ;  

7 )  Gas t r a n s p o r t ;  

8 )  Heat sou rce  f o r  thermal c o n t r o l ;  

9 )  V a r i a b l e  communication pa rame te r s ;  

10) Lightweight  antenna d e s i g n ;  

11) S t a t i o n  p o s i t i o n  d e t e r m i n a t i o n ;  

1 2 )  Wind p a t t e r n  u n c e r t a i n t i e s ;  

13)  Cloud sampling;  

1 4 )  Gas sampling;  

15) Atmospheric con tamina t ion ;  

1 6 )  I n s t r u m e n t a t i o n  view a n g l e s ;  

1 7 )  Drop sondes .  

I n  each c a s e ,  a need was demonstrated t h a t  appeared t o  be unique 
t o  t h e  buoyant s t a t i o n  concept and t h a t  a p p e a r s  t o  be beyond t h e  
scope o f  " r o u t i n e "  d e s i g n  and development .  
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Re l i e f  v a l v e .  - I n i t i a l l y  f o r  t h e  s m a l l  s t a t i o n ,  a d e s i g n  was 
ttempted where in  t h e  b a l l o o n  was i n f l a t e d  i n  one s t e p  by opening 
va lve  f r o m  t h e  h i g h - p r e s s u r e  t ank  a f t e r  which t h e  b a l l o o n  was 

s e a l e d  permanent ly  and t h e  tankage d ropped .  T h i s  s imple  approach 
r e q u i r e d  no s e n s i n g  of  b a l l o o n  p r e s s u r e ,  e t c . ,  and r e q u i r e d  o n l y  
one opening i n t o  t h e  g a s  bag.  A n a l y s i s ,  however, i n d i c a t e d  t h a t  
t h e  p e n a l t i e s  i n  b a l l o o n  we igh t  t o  s u r v i v e  p o s s i b l e  o v e r p r e s s u r e  
c o n d i t i o n s  were p r o h i b i t i v e ,  and a method of  r e l e a s i n g  p r e s s u r e  
was r e q u i r e d .  

Sensing f o r  b a l l o o n  deployment.  - On e n t e r i n g  t h e  atmosphere,  
i t  i s  necessa ry  t o  dep loy  t h e  b a l l o o n  under p r e c i s e  c o n d i t i o n s .  
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Too e a r l y  deployment (low ambient p r e s s u r e )  w i l l  r e s u l t  i n  e x -  
c e s s i v e  s u p e r p r e s s u r e  o r  l o s s  (by v e n t i n g )  of g a s .  Deployment 
below e q u i l i b r i u m  a l t i t u d e  w i l l  r e q u i r e  a n  e x c e s s  o f  g a s  t o  produce 
s u f f i c i e n t  buoyancy t o  r e v e r s e  t h e  s t a t i o n  v e l o c i t y  i n  t h e  pres -  
ence of h i g h e r  a tmosphe r i c  p r e s s u r e .  T h i s  s t u d y  concluded t h a t  
t h e  m o s t  l i k e l y  approach was t o  s e n s e  d i r e c t l y  t h e  ambient p r e s s u r e .  

Balloon deployment .  - Few a p p l i c a b l e  d a t a  a r e  a v a i l a b l e  on 
t h e  r e l i a b l e  deployment o r  mechanics of  f a i l u r e  of a b a l l o o n  under 
t h e s e  c o n d i t i o n s .  T h i s  g r a y  a r e a  i s  t h e  s o u r c e  of  t h e  most s e r i o u s  
of u n c e r t a i n t i e s  of t h e  BVS f e a s i b i l i t y  uncovered d u r i n g  t h i s  s t u d y .  

Kapton o r  P B I  b a l l o o n  f a b r i c a t i o n .  - High-temperature  m a t e r i a l s  
must be used f o r  t h e  c y c l i c  s t a t i o n .  Both Kapton and P B I  have a 
d e s i r a b l e  o p e r a t i n g  t empera tu re  r ange  w i t h  good p h y s i c a l  p r o p e r t i e s .  
However, n e i t h e r  h a s  been a p p l i e d  t o  b a l l o o n  d e s i g n  o r  f a b r i c a t i o n .  
The p e r t i n e n t  p r o p e r t i e s  of t h e s e  m a t e r i a l s  must be e s t a b l i s h e d ,  
and then d e s i g n s  must be t e s t e d  by f a b r i c a t i n g  t e s t  specimens.  

Vapor i za t ion  of c ryogen ic  hydrogen. - Bal loon  i n f l a t i o n  r a t e s  
of  approximately 1 l b / s e c  a r e  d e s i r e d  f o r  t h e  l a r g e  s t a t i o n s .  
T h i s  r e q u i r e s  t h a t  a h i g h  r a t e  of  h e a t i n g  f o r  a s h o r t  p e r i o d  be  
a v a i l a b l e  f o r  v a p o r i z i n g  and s u p e r h e a t i n g  t h e  cryogen.  S e v e r a l  
methods a r e  a v a i l a b l e  such as oxygen o r  f l u r o i n e  use  as o x i d i z e r  
f o r  the h e a t  s o u r c e .  The method must be e f f i c i e n t ,  l i g h t w e i g h t ,  
and r e l i a b l e .  

I n f l a t i o n  gas  t empera tu re  c o n t r o l .  - It i s  h i g h l y  d e s i r a b l e  
t o  i n f l a t e  t h e  b a l l o o n  and d r o p  t h e  tankage w i t h  no a d d i t i o n a l  
g a s  r e q u i r e d  o r  l o s t  a f t e r  e s t a b l i s h i n g  s t a t i o n  e q u i l i b r i u m .  
T h i s  r e q u i r e s  t h a t  t h e  bu lk  t empera tu re  of  t h e  i n f l a t i o n  g a s  be 
c o n t r o l l e d  t o  n e a r  t h e  l o c a l  ambient t e m p e r a t u r e .  



Gas t r a n s p o r t .  - Tankage weight i s  one o f  t h e  c r i t i c a l  i t e m s  
f o r  t h e  samll s t a t i o n .  P ro jec t ed  t echno logy  f o r  t h e  1970 t ime 
p e r i o d  s u g g e s t s  a r a t i o  t o  11 l b / l b  based on a fi lament-wound 
( g l a s s  o r  bo ron)  n i c k e l - l i n e d  c o n c e p t .  However, t h i s  h a s  n o t  
y e t  been ach ieved .  

Heat s o u r c e  f o r  thermal  c o n t r o l .  - The s t a t i o n  m u s t  be d e -  
s i g n e d  t o  s u r v i v e  t h e  extreme t e m p e r a t u r e  of 195'K i n  t h e  upper 
d e n s i t y  model. T h i s  r e q u i r e s  t h a t  a h e a t  s o u r c e  be provided t o  
m a i n t a i n  b a t t e r i e s  and o t h e r  equipment a t  a minimum t e m p e r a t u r e  
o f  2 7 8 ' K .  For t h e  sma l l  s t a t i o n ,  t h i s  must be h i g h l y  e f f i c i e n t ,  
c o n t r o l l a b l e  , l i g h t w e i g h t ,  and r e l i a b l e .  

V a r i a b l e  communications parameters .  - The v a r i a b l e  communica- 
t i o n s  pe r iod  which i s  a f u n c t i o n  o f  s t a t i o n  l o c a t i o n  w i t h  r e s p e c t  
t o  t h e  o r b i t  c r e a t e s  an o p e r a t i o n a l  problem i n  programing t h e  
second r a n g i n g  measurement. 

I d e a l l y  t h e  second r ang ing  measurement should be made immedi- 
a t e l y  p reced ing  l o s s  of c o n t a c t  w i t h  t h e  s t a t i o n  t o  p r o v i d e  r ange  
measurements from 2 p o i n t s  (on t h e  o r b i t )  as f a r  apa r t  as p o s s i b l e ;  
however,  t h e  c o n t a c t  t ime can  v a r y  from 5 t o  106 min depend ing  on 
whe the r  t h e  s t a t i o n  i s  under the p e r i a p s i s  o r  under t h e  a p o a p s i s .  

The problem i s  i n  p r e d i c t i n g  t h e  c o r r e c t  i n t e r v a l  and main- 
t a i n i n g  an u p - t o - d a t e  program i n  t h e  o r b i t e r .  

L igh twe igh t  an tenna  des ign .  - An i n t e g r a t e d  d e s i g n  i s  r e q u i r e d  
f o r  t h e  main communications antenna f o r  t h e  samll (200- lb )  concep t  
t h a t  p r o v i d e s  n e a r l y  hemisphe r i ca l  cove rage ,  p a r t i c u l a r l y  f o r  com- 
m u n i c a t i o n  d u r i n g  deployment ,  w i t h  a minimum w e i g h t  p e n a l t y .  

S t a t i o n  p o s i t i o n  d e t e r m i n a t i o n .  - Accura t e  d e t e r m i n a t i o n  of  
p o s i t i o n  by r a n g i n g  from t h e  o r b i t e r  w i l l  r e q u i r e  f u r t h e r  i n -  
t e g r a t i o n  w i t h  t h e  o r b i t e r  systems, p a r t i c u l a r l y  i n  t h e  a r e a  of 
r e s o l v i n g  t h e  ambigui ty  of p o s i t i o n  t o  t h e  r i g h t  o r  l e f t  of t h e  
o r b i t .  F u r t h e r  c o n s i d e r a t i o n  of d e v i c e s  such  a s  sun s e n s o r s  
shou ld  be g i v e n  a f t e r  t h e  cloud l e v e l  q u e s t i o n  h a s  been r e s o l v e d .  
I n  a d d i t i o n ,  a n  i n e r t i a l  platform may prove f e a s i b l e  f o r  t h e  
l a r g e r  s t a t i o n  c o n c e p t s .  

Wind p a t t e r n  u n c e r t a i n t i e s .  - While a t h e o r e t i c a l  model has  
been  assumed f o r  c a l c u l a t i n g  the BVS t r a j e c t o r i e s  and f l i g h t  
t i m e s ,  v e r y  few e x p e r i m e n t a l  d a t a  e x i s t  t o  s u b s t a n t i a t e  e i t h e r  
t h e  g e n e r a l  p a t t e r n  o r  t he  magnitude of  t h e  wind v e l o c i t i e s  used.  
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Cloud sampling.  - There a r e  two ma jo r  problem a r e a s  i n  d e s i g n -  
i n g  a system t o  p r e s e n t  c loud samples  t o  an a n a l y z i n g  i n s t r u m e n t ,  
The f i r s t  i s  t h e  s e p a r a t i o n  of t h e  sample i n  t h e  form of p a r t i c u l a t e s  
( e - g . ,  s o l i d i f i e d  g a s e s ,  d u s t )  o r  l i q u i d  d r o p l e t s  from t h e  atmos- 
p h e r e ,  The second i s  t h e  c o n c e n t r a t i o n  and c o n v e r s i o n  of  t h e  
sample i n t o  a form s u i t a b l e  f o r  a n a l y s i s .  

The c o l l e c t i o n  of  s o l i d  p a r t i c u l a t e s  can be accomplished w i t h  
f i l t e r s  and blowers  o r  e l e c t r o s t a t i c  p r e c i p i t a t o r s .  The c o l l e c -  
t i o n  of l i q u i d  d r o p l e t s  i s  somewhat more d i f f i c u l t  and may r e q u i r e  
a f i l t e r  s i m i l a r  t o  a chromatograph column. 

After  t h e  sample i s  c o l l e c t e d ,  i t  m u s t  be p r e s e n t e d  t o  t h e  
ana lyz ing  i n s t r u m e n t  i n  a s u i t a b l e  form and c o n c e n t r a t i o n .  The 
s o l i d i f i e d  g a s  p a r t i c l e s  and l i q u i d  d r o p l e t s  can  be v a p o r i z e d  
e a s i l y  and p r e s e n t e d  t o  a g a s  chromatograph o r  mass s p e c t r o m e t e r  
f o r  a n a l y s i s .  The d u s t  p a r t i c l e s  ( e . g . ,  q u a r t z )  may r e q u i r e  "wet" 
chemical a n a l y s i s .  

Gas sampl ing .  - A g a s  sampling system i s  r e q u i r e d  t o  r e d u c e  
t h e  high p r e s s u r e  of t h e  ambient a tmosphere ( w i t h o u t  a f f e c t i n g  
t h e  composi t ion)  t o  a v a l u e  compa t ib l e  w i t h  t h e  i n l e t  system of 
a mass s p e c t r o m e t e r  ( t o  p r e v e n t  t h e  vacuum pumps from becoming 
s a t u r a t e d ) .  Even w i t h  a s u i t a b l e  g a s  sampling system t o  p r e v e n t  
immediate s a t u r a t i o n  of t h e  pumps ,  a h i g h  c a p a c i t y  e l e c t r o n i c  
vacuum pump ( e . g . ,  a s p u t t e r  i o n  pump) must be developed i f  t h e  
mass spectrometer  i s  t o  f u n c t i o n  ove r  l ong  p e r i o d s .  

Atmospheric c o n t a m i n a t i o n .  - The c o n t a m i n a t i o n  o f  t h e  atmos-  
phe re  in  t h e  v i c i n i t y  of t h e  gondola  by g a s e s  l e a k i n g  from t h e  
b a l l o o n  i s  an a p p a r e n t  problem. 

I n s t r u m e n t a t i o n  view a n g l e s .  - The p r o x i m i t y  of t h e  gondola  
t o  t h e  b a l l o o n  p r e v e n t s  expe r imen t s  from viewing i n  d i r e c t i o n s  
above the b a l l o o n .  T h i s  may n e c e s s i t a t e  p l a c i n g  a n  a u x i l i a r y  
experiment package a t  t h e  apex of  t h e  b a l l o o n  i n t r o d u c i n g  p rob-  
lems i n  b a l l o o n  deployment and o f  s u p p l y i n g  power t o  t h e  e x p e r i -  
men t s .  

D r o p  sondes .  - The d e s i g n  and development of  small d r o p  sondes 
t o  s u r v i v e  and c o l l e c t  d a t a  i n  t h e  h i g h  t e m p e r a t u r e s  and p r e s s u r e s  
o f  t h e  lower atmosphere p r e s e n t s  a problem t h a t  must be s o l v e d .  
The sensing o f  some a tmospher i c  c o n s t i t u e n t s  ( e . g . ,  w a t e r  v a p o r )  
and s u r f a c e  compos i t ion  i s  compl i ca t ed  by t h e  h i g h  t e m p e r a t u r e s  
and p r e s s u r e s  t o  which t h e  expe r imen t s  themselves  must be exposed.  



CONCLUSIONS 

Th i s  s t u d y  o r i g i n a l l y  posed two fundamental  problems w i t h  r e -  
gard t o  t h e  buoyant s t a t i o n  concept :  

1) Do a n t i c i p a t e d  s c i e n t i f i c  m i s s i o n s  e x i s t  t h a t  would 
be s i g n i f i c a n t l y  enhanced by t h e  buoyant s t a t i o n  
approach? 

I s  a b a l l o o n  system f e a s i b l e  w i t h  r e g a r d  t o  payload ca -  
p a b i l i t y  and most p a r t i c u l a r l y  w i t h  r e g a r d  t o  p o t e n -  
t i a l  r e l i a b i l i t y ?  

2 )  

The f i r s t  of t h e s e  q u e s t i o n s  was answered i n  t h e  f i r s t  phase 
of  t h e  s t u d y .  It i s  v e r y  ev iden t  t h a t  t h e  a b i l i t y  t o  s u r v i v e  f o r  
( r e l a t i v e l y )  long p e r i o d s  i n  the atmosphere,  t o  sample ove r  v e r t i -  
c a l  p r o f i l e s  (more t h a n  one)  i n  t h e  atmosphere and t o  move ( d r i f t )  
over  t h e  s u r f a c e  i s  almost  a n e c e s s i t y  f o r  a l l  b u t  t h e  e a r l i e s t  
s c i e n t i f i c  m i s s i o n s  and t h a t  even t h e  s i m p l e s t  m i s s i o n s  a r e  e n -  
hanced s u f f i c i e n t l y  t o  j u s t i f y  f u r t h e r  c o n s i d e r a t i o n  of  t h i s  a p -  
proach.  P r i o r i t i e s  of experiments  and i n s t r u m e n t a t i o n  a r e  sug -  
g e s t e d  i n  Volume I11 o f  t h i s  r e p o r t  as w e l l  as s p e c i f i c  pay- 
l o a d s .  

The second q u e s t i o n  r e l a t i n g  t o  b a l l o o n  system f e a s i b i l i t y  
could be  answered on ly  i n  p a r t .  
s t u d y  t h a t  above a c e r t a i n  s i z e  system ( i n  t h e  r ange  of  200 pound 
we igh t  a t  deployment) a s i g n i f i c a n t  u s a b l e  payload could be sup -  
p o r t e d .  Larger  s i z e s  permit ted c o n s i d e r a t i o n  of  more s o p h i s t i c a t e d  
m i s s i o n s  such a s  c y c l i n g  t h e  e n t i r e  s t a t i o n  up and down th rough  
t h e  atmosphere.  The fundamental t echno logy  - -  m a t e r i a l s ,  t a n k  d e -  
s i g n ,  e t c .  - -  i s  a v a i l a b l e ,  and d e s i g n s  were conce ived .  A gap 
e x i s t s ,  however, i n  a c t u a l  experience w i t h i n  t h e  i n d u s t r y  i n  d e -  
p loy ing  and c o n t r o l l i n g  buoyant v e h i c l e s  of  t h i s  n a t u r e  and d e -  
v e l o p i n g  t h e  background i n  design and t e s t  n e c e s s a r y  t o  a c h i e v e  
and demons t r a t e  t h e  necessa ry  r e l i a b i l i t y .  The c o n c l u s i o n  was 
reached t h a t  t h e  approach i s  f e a s i b l e ,  b u t  t h a t  a s i g n i f i c a n t  
development program w i l l  b e  r e q u i r e d .  

It became a p p a r e n t  e a r l y  i n  t h e  

Communication ( i n c l u d i n g  r ang ing  f o r  p o s i t i o n  d e t e r m i n a t i o n  
pu rposes )  p r e s e n t s  o n l y  one fundamental problem, t h a t  of  l o s i n g  
l i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  o r b i t e r  as t h e  s t a t i o n  d r i f t s  
over t h e  s u r f a c e  w i t h  t h e  p r e v a i l i n g  wind p a t t e r n s .  I n  t h i s  r e -  
p o r t ,  m i s s i o n s  of  from 7 t o  100 ( E a r t h )  days  a r e  s u g g e s t e d .  The 
problem i s ,  of c o u r s e ,  aggravated by t h e  longe r  m i s s i o n s .  Ad- 
d i t i o n a l  s t u d y  w i t h  more optimum o r b i t s  w i l l  be r e q u i r e d .  
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Energy r equ i r emen t s  f o r  e l e c t r i c  power and the rma l  c o n t r o l  
( i . e . ,  h e a t i n g  t h e  s t a t i o n  i n  ambient environments  as low as 
195 'K)  a r e  l i k e w i s e  i n c r e a s e d  f o r  l o n g e r  m i s s i o n s .  Chemical 
s t o r a g e  o f  energy becomes d i f f i c u l t  f o r  m i s s i o n s  of  more t h a n  4 
o r  5 days, The most a p p r o p r i a t e  s o l u t i o n ,  p a r t i c u l a r l y  f o r  t h e  
l a r g e  (2000-lb)  s t a t i o n  i s  t h e  r a d i o i s o t o p e  t h e r m o e l e c t r i c  gen-  
e r a t o r  t h a t  h a s  an o u t p u t  o f  b o t h  h e a t  and e l e c t r i c a l  energy i n  
u s a b l e  p r o p o r t i o n s  and a modest we igh t  o v e r  an i n d e f i n i t e  l i f e .  

The o u t p u t  of  t h i s  s t u d y  h a s  been t h e  development of  d e s i g n  
concepts  f o r  t h e  use  of  t h e  buoyant s t a t i o n  approach i n  two d i s -  
t i n c t l y  d i f f e r e n t  s i t u a t i o n s .  

The 200-lb s t a t i o n  concep t  i s  a p p r o p r i a t e  f o r  a n  e a r l y  m i s -  
s i o n  i n t o  t h e  atmosphere of  Venus. Without t h i s  t e c h n i q u e ,  such 
a mission would be l i m i t e d  t o  a s i n g l e  p r o f i l e  of  measurements 
t o  t h e  s u r f a c e  w i t h  no c h o i c e  of l o c a t i o n  and a l i f e  l i m i t e d  t o  
a few h o u r s  a t  most .  

The s t a t i o n ,  as p r e s e n t e d  h e r e i n ,  h a s  a complement of  1 6  l b  
of  experiments/instruments, a l i f e  o f  seven d a y s ,  a p o t e n t i a l  ove r  
t h e  ground range of  5400 km, and t h e  p o t e n t i a l  o f  making p r o f i l e  
measurements t o  t h e  s u r f a c e  a t  t h e  beg inn ing  and end of  t h i s  
t r a c k  and a t  two d i s c r e t i o n a r y  p o i n t s  i n  between. Tab le  14 com- 
p a r e s  t h i s  c a p a b i l i t y  w i t h  t h a t  of  a s i m p l e  probe a l o n e .  

The 2000-lb s t a t i o n  conceived i n  t h i s  s t u d y  i s  r e p r e s e n t a t i v e  
of  t h e  t y p e  o f  v e h i c l e  t h a t  w i l l  be  r e q u i r e d  f o r  l a t e r  m i s s i o n s  t o  
Venus. I n  t h i s  r e g a r d  i t  w i l l  f i l l  t h e  c o r r e s p o n d i n g  s l o t  t o  t h e  
(Mars) Voyager l a n d e r .  For Venus e x p l o r a t i o n ,  a c t u a l  l a n d i n g  w i t h  
t h e  i n t e n t  of  s u r v i v i n g  f o r  a s i g n i f i c a n t  p e r i o d  w i l l  b e  ex t r eme ly  
d i f f i c u l t ,  i f  a t  a l l  p o s s i b l e .  A p r o p e r l y  mobile  b a l l o o n ,  however, 
can  f i l l  t h e  gap and a c t u a l l y  exceed t h e  l a n d e r  i n  d e s i r a b i l i t y  i n  
many r e s p e c t s .  For example, r e l a t i v e l y  s imple  d rop  sondes w i t h  
l i m i t e d  o n - t h e - s u r f a c e  s u r v i v a l  a b i l i t y  c a n  c o l l e c t  d a t a  a t  many 
l o c a t i o n s  w i t h  a much reduced communication problem. 

The 2000-lb s i z e  was s e l e c t e d  o r i g i n a l l y  t o  pe rmi t  c o n s i d e r a -  
t i o n  of two such  v e h i c l e s  w i t h  each Voyager bus .  
demonstrated,  however, t h a t  t h e r e  a r e  no unique l i m i t a t i o n s  as -  
s o c i a t e d  w i t h  s i z e  above the  few hundred pound v e h i c l e .  

T h i s  s t u d y  has  

M a r t i n  M a r i e t t a  C o r p o r a t i o n  
Denver , Colorado 

May 15 ,  1 9 6 7  



TABLE 1. ALTITUDE C :LE METHOD SUMMARY 

Number of 
c y c l e s  

f e a s i b l e  

Number of 
f unc t i o n s  
r e q u i r e d  

Sens i t  i v i  t y 
t o  extreme 
atmospheres  

P r a c t i c a l  
l i m i t a t i o n s  Method 

Gas dump and 
makeup 

Amoun t of  
makeup g a s  
c a r r i e d  as 
payload 

3 6 I n s e n s i t i v e  e x c e p t  
f o r  a s c e n t  and de- 
s c e n t  rates 

Gas dump and 
b a l l a s t  d r o p  

Bal las t  shou ld  
be  u s a b l e  I n -  
s t rumen ta t i o n  

3 6 I n s  en t i t  i v e  e x c e p t  
f o r  a s c e n t  and de- 
s c e n t  ra tes  

Pump and 
dump atmos- 
p h e r e  gases 

B a l l o o n e t t e  
volume and 
compressor  
r a t i o  

Limited by 
a v a i l a b l e  
power 

9 S e n s i t i v e  t o  molec - 
u l a r  we igh t  and t e m -  
p e r a t u r e ;  d e t e r m i n e  
b a l l a s t  added;  h a s  
d w e l l  c a p a b i l i t y  

TABLE 2. - MATERIALS SELECTION SUMMARY 

Material 
t r a d e  name a n d / o r  

g e n e r i c  name Usable  Needs s t u d y  Not u s a b l e  

P o l y e s t e r  f i l m  

V i t o n  @ e l a s t o m e r  
P e r f l u o r o n a t e d  e l a s tomer  

P y r  e-M . L @ po ly imide  

Kap ton  @ polyimide 

P a r y l e n e  8 po 1 y - p a r  axy  1 y 1 en e 
Po 1 y s u l  f one 
P e r f l u o r o a l k y l  t r i a z i n e  
e 1 as tomer 

PP 0 @ polyphenylene o x i d e  
S i l i c o n e  r u b b e r  
PBI f i l m  
Carbon and g r a p h i t e  
Glass 
Ti tanium w i r e  
304 s t a i n l e s s  w i r e  
Po ly imide  
BBB 
PBI f i b e r  

2 7  



TABLE 3 .  - BALLOON INFLATION GASES 
~~ 

Gas 

Helium 

Hydrogen 

Methane 

Hydraz ine  

Ammonia 

Method o f  
t r a n s p o r t  

Gas 

Gas 

2r yo geni c 

Cryogenic 

Liquid 

Liquid 

Adva n t a  ges 

Low molecular  we igh t ,  i n e r t ,  
expe r i ence ,  no f i r e  hazard  

Lowest molecular we igh t ,  l e s s  
leakage  problem 

Minimizes t anka  ge volume 

Minimizes tankage  volume 

Minimum tankage weight  and 
volume, uses  a spontaneous  
c a t a l y s t  

Minimum tankage weight  and 
volume, low molecular  weight  
i s  d i s a s s o c i a t e d  

TABU 4 .  - PRESENT KNOWLEDGE OF VENUS 

Sur  f a c e  tempera ture  

Atmospheric t empera tu re  

A tmos pher i c  p r e s s u r e  

Atmospheric compos i t  i o n  

Cloud compos it ion 

Winds 

P a r t i c l e s  and haze  above 
c louds  

Cloud t o p  h e i g h t s  

S u r f a c e  c h a r a c t e r i s t i c s  

R o t a t i o n  r a t e  

Magnetic f i e l d s  

Mass 

Disadvantages  

Leakage problems, h i g h  t a n k  
weight  

Tankage volume, tankage  we igh t ,  
e x p l o s i o n  hazard  

Thermal i s o l a t i o n  d u r i n g  t r a n s i t  
( b o i l o f f  l o s s e s )  and v a p o r i z a t i o n  
requi rement  

High molecular  we igh t ,  b o i l o f f  
l o s s e s ,  and energy r e q u i r e d  f o r  
v a p o r i z a t i o n  

High t empera tu re  d i s s o c i a t i o n  

Extreme energy  r e q u i r e d  t o  d i s -  
s o c i a t e  

500 t o  800°K b r i g h t  s i d e  ave rage  
430  t o  600°K d a r k  s i d e  average  
260 t o  470°K po les  

234'K a t  cloud tops  

2 t o  200 atm a t  s u r f a c e  
-3 

2.6 x 10 mb a t  60 km above c louds  

CQ 5 t o  20% 
b o ,  H C I ,  HF ,  v e r y  l i t t l e  
Major c o n s t i t u e n t :  Nz, N e ,  H e  
Other  gases :  A ,  CO, Nz, 02 ,  N 2 0 4 ,  "3, CH4, 

C 2 H 4 ,  Nz0, N 0 2 ,  HCHO 

I c e  c r y s t a l s  10  p diam 
Othe r s :  qua r t z  d u s t ,  formaldehyde, carbon 

U p p e r  c louds  t u r b u l e n t  
Genera l  f low from s u b s o l a r  t o  a n t i s o l a r  
v = 1 cm/sec t o  33 m/sec (-5 mlsec ave rage )  

Thin  l a y e r s  conf ined  t o  5 km above c loud  tops  

suboxide  polymers 

From 30  t o  90 km above s u r f a c e  
V i s i b l e  d i ame te r :  12 400 t o  1 2  300 km 
Radio d i ame te r :  120 km smaller t h a n  v i s i b l e  
d i ame te r  

Genera l ly  smoother t h a n  t h e  moon 
Five  rough a r e a s  l o c a t e d  by r a d a r  

-243 days r e t r o g r a d e  

Dipo le  moment less t h a n  1/10 t o  1 / 2 0  E a r t h ' s  

.81485 mass of E a r t h  5 .015% 
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TABLE 5 .  - EXPERIMENT PRIORITY 

200-lb BVS 2000-lb BVS Measurement 

P r i o r i t y  1 

Pressure  
Temperature 
Composition 
Surface temperature  
Cloud composi t ion 
C i r c u l a t i o n  

P r i o r i t y  2 

Cloud s t r u c t u r e  
Temperature v a r i a t i o n s  
Pressure  v a r i a t i o n  
Microwave emission 
Trace c o n s t i t u e n t s  
Nature of s u r f a c e  
P a r t i c u l a t e s  
Surface i n s o l a t i o n  

X 
X 

X 

P r i o r i t y  3 

Albedo 
Outgoing thermal  r a d i a t i o n  
Atmospheric inso la t ion  
Atmospheric thermal r a d i a t i o n  
Magnetic f i e l d s  
Gravi ty  
Winds - small  s c a l e  
P r e c i p i t a t i o n  
Topography X 

P r i o r i t y  4 

Seismic a c t i v i t y  
Volcanic a c t i v i t y  
Surface  r a d i o a c t i v i t y  
L i f e  d e t e c t i o n  
I o n i z i n g  r a d i a t i o n  

X 
X 

TABLE 6 .  - EXPERIMENTS FOR 200-LB BVS 

Data p e r  
measurement, 

b i t s  

Data 
a c q u i s i t i o n  

Range of 
measurement 

200 t o  500°K 
450 t o  800°K 

Power, W Weight, l b  

1 . 0  

3 . 0  

1 .5  

1.0 

1.5 

1 . 5  

1 . 0  

3.0 

4 plat inum r e s i s t a n c e  tem- 
p e r a t u r e  sensors  

.a Three times per  o r -  
b i t ;  every 1.25 h r  
except  dur ing  ac-  
q u i s i t i o n  of drop 
sonde d a t a  
Measure every  13.3 
sec  dur ing  descent  

14 

14 

7 

6 p r e s s u r e  s e n s o r s  6 ranges :  
4 10-1 t o  10 

.6 

1.0 

1.0 

1.0 

1.0 

1.0 

4.0 

Composition : 

H.20 

N 2  

0 2  

co2 
A 

Acoust ic  t ransmiss ion  l i n e  

.01% 

1% 

. O l %  

.01% 

1 % 

to 28 

Drop sondes (2)  10 
(5 each)  

5 S t a t i o n  t o  
s u r f a c e  

On command 

Tota l  weight :  23.5 ( including two 5- lb  drop sondes)  
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TABLE 11. - AVAILABLE COMMIJNICATION PERIODS, STATION TO ORBITER 

Maximum communications p e r i o d s  f o r  v a r i o u s  
s t a t i o n  an tenna  ha l f -power  beam w i d t h s  

T r u e  anomaly from 
p e r i a p s i s ,  8, deg  go",  min 

0 3 .1  

45 8 .0  

90 22 

13 5 29 

180 69 

loo",  min 

3.2 

13 

23 

55 

78 

140" ,  min 

5 . 3  

20  

40  

84 

106 

TABLE 12.  - FACTORS I N  SELECTION OF FREQUENCY BAND 

C r i t i c a l  f requency - i onosphe re  

A t t  enua t ion (modera te  r a i n )  

A t t e n u a t i o n  ( s l e e t ,  snow) 

T h e r e f o r  e: 

Doppler  and f r equency  i n s t a b i l i t y  
p lus  d e s i r e  f o r  s o l i d  s t a t e  

T r a n s m i t t e r  weight  and e f f i c i e n c y  

Es t ima ted  t o  be  2 t o  20 MHz 

A t  3000 MHz 1 x dB/km 
( n e g a t i v e  s l o p e  w i t h  f r equency)  

Less t h a n  r a i n  

200 MHz t o  3000 MHz; good from 
s t a n d p o i n t  of  above 

Reduce above t o  200 MHz t o  400 
M H Z  

High e f f i c i e n c y  and low weight  
des  i r e d  

0 



TABLE 13. - TELECOMMUNICATIONS SYSTEM SUMMARY 

~ Number of p r o b e s  t o  s u r f a c e  

~ C ommunic a t  i o n s  o ppor  t un i t i e  s 

T e l e m e t r y  l i n k  - s t a t i o n  t o  o r b i t e r  

F requency  . . . . . . . . . . . .  
Mo du 1 a t  i o n  . . . . . . . . . . .  
T r a n s m i t t e r  power . . . . . . . .  
Data  r a t e  . . . . . . . . . . . .  
Maximum r a n g e  . . . . . . . . . .  

Command l i n k  

F requency  . . . . . . . . . . . .  
Modula t ion  . . . . . . . . . . .  
T r a n s m i t t e r  power . . . . . . . .  
Data r a t e  . . . . . . . . . . . .  

Turnaround r a n g i n g  

Modu la t ion  . . . . . . . . . . .  

1 L o c a t i o n  

O r b i t e r  t r a n s m i t t e r  power . . . .  
S t a t i o n  t r a n s m i t t e r  power . . . .  

Drop sonde l i n k  

Frequency . . . . . . . . . . . .  
Data r a t e  . . . . . . . . . . . .  
T r a n s m i t t e r  power . . . . . . . .  

200 MHZ 

2 s u b c a r r i e r  PSK/PM 

5 W (3 dB a n t e n n a  g a i n  p r o d u c t )  

30 BPS 

10 000 km 

230 MHz 

2 s u b c a r r i e r  PSK/PM 

10 W (3 dB a n t e n n a  g a i n  p r o d u c t )  

30 BPS 

Pseudono i se  r a n g i n g  code ( u s e  
subcode e l e m e n t s )  

10 W a t  230 MHz 

5 W (3 dB a n t e n n a  g a i n  p r o d u c t )  

300 MHz 

1 BPS 

9 MW (minus 6 dB a n t e n n a  g a i n  
p r o d u c t )  

TABLE 1 4 .  - POTENTIAL MISSION FEATURES 

Time s p a n  o v e r  which measure 
ments  may be t a k e n  

M i s s i o n  f l e x i b i l i t y  

Wind p a t t e r n  measurements  

D i r e c t  probe a l o n e  

1 

1 (% t o  2 h r )  on 
e n t r y  

1 - d i c t a t e d  by 
e n t r y  c o n d i t i o n s  

t o  2 h r  

L i m i t e d  

L i m i t e d  

Di rec t  p robe  w i t h  BVS 

4 

1 (% t o  2 h r  on e n t r y )  
+ 40 (10 min t o  % h r )  
t o  o r b i t e r  

Cover s  a ground t r a c k  
o f  1800 m i l e s  o v e r  s u r -  
f ace 

-7 days 

E s s e n t i a l l y  u n l i m i t e d  
p o s s i b i l i t i e s  t o  com- 
mand m i s s i o n  modif i ca -  
t i o n s  o v e r  s e v e r a l  days  

By t r a c k i n g  from o r b i t e r  

33 



TABLE 15. - 2000-LB BVS EXPERIMENPS 

2 

3 

Measurement 
Experiment group 

1 Temperature sensors (4) I, IV 

No. 

Pressure sensors (10) I, IV 

Acoustic transmission I, IV 

Experiment 

Temperature sensors (4) 

I 10 I Ion chamber and Geiger tube I I, IV I 

4 

5 

pictures/sample = 5.1 x 10 
bits 

100 hr/analysis, 13 500 bits/ 
analysis 

Status only 

6 

Mass spectrometer 
(atmospheric gases) 

Pyrolysis/gas chromato- 
graph/mass spectrometer 
(cloud, dust composition) 

Dust/cloud particle 
collector for 5 

Vidicon microscope (dust 
and biota) 

Minimum bio lab 

Dust collector for experi- 
ments 7 and 8 

11, IV 

I1 

11, IIA 

IIB 

_ _  

11 

12 

13 

14 

15 

Ultraviolet radiation flux 

Visible/near-IR flux 

Altimeter/radar scatterometer 

Microwave scanner /spec t rom- 
eter 

IR scanner/spectrmeter 

I, IV 
I, IV 

I/III, IV 

111 

111, IV 

I IV I 1 16 I Light backscatter f r o m  
aerosols 

Data acquisition I 
Two 7-bit words/measurement 
(range switched electronically) 

Four 7-bit words/measurement 
(2 ranges - 2 sensors/range) 
Four 7-bit words/reading, three 
readings/sample = 84 bits 

4000 bits/analysis, 60 sec/ 
analysis 

10 000 bits/analysis, 1 hr/ 
analysis 

14 bits - ion chamber 
21 bits - GM tube every 10 sec 
for 60 sec 

Six 7-bit words/measurement 

25 7-bit words/measurement 

10 000 bits/lO-sec scan, 14 bits 
- altitude 
100 000 bits/image, 10 000 bits/ 
scan, 4 wavelengths 
2 5 5  000 bits/image, 10 000 bits/ 
scan, 4 wavelengths 
10 7-bit words/sec 

TABLE 16. - 2000-LB BUOYANT VENUS STATION, COMMUNICATIONS LINKS SUMMARY 

Telemetry Link - station to orbiter 

Frequency . . . . . . . . . . . . . .  
Modulation . . . . . . . . . . . . .  
Transmitter Power . . . . . . . . . .  
Data rate . . . . . . . . . . . . . .  
Maximum range . . . . . . . . . . . .  

Command link 

Frequency . . . . . . . . . . . . . .  
Modulation . . . . . . . . . . . . .  
Transmitter power . . . . . . . . . .  
Data rate . . . . . . . . . . . . . .  

Turnaround ranging 

Modulation . . . . . . . . . . . . .  
Orbiter transmitter power . . . . . .  
Station transmitter power . . . . . .  

Drop sonde link 

Frequency . . . . . . . . . . . . . .  
Datarate . . . . . . . . . . . . . .  
Transmitter power . . . . . . . . . .  

400 MHz 

2 subcarrier PSK/PM 

40 W (3 dB antenna gain product) 

1000 BPS 

14 000 km 

370 MHz 

2 subcarrier PSK/PM 

20 W (3 dB antenna gain product) 

50 BPS 

Pseudonoise ranging code 
(use of subcode elements) 

40 W at 370 MHz 
40 W at 400 MHz 

300 MHz 
25 BPS 

12 MW at 100 km range 
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1 i 

S t a t  i on  S t a t i o n  S t a t i o n  

deployment deployment 
methods computer a n a l y s i s  

Material 
survey 

F i n a l  
r e p o r t  

Balloon 

m e t  hods 

Balloon Ba 11 oon 
c y c l e  c y c l e  
a n a l y s i s  computer - programs 

I n f l a t i o n  I n f l a t i o n  
gas t r anspor t  
and s torage a n a l y s i s  

Figure 1. - Mode Mobi l i t y  Flow Diagram 

I 

I 
I 
I 

2000-lb s t a t i o n .  
Hydrogen gas.  
Mean d e n s i t y  atmosphere 
cycl ing between 57 and 
10 km. 

V I  

Suspended weight ( l e s s  
c y c l e  system),  l b  

Figure 2 .  - Cyc l i c  Mode E f f i c i e n c i e s  
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Present knowledge 

Anticipated know ledge 

SSB/NAS recommendations 

Desired 
measurements 
and priorities 

Scient if ic 
objectives 
for early 
missions 

L 

instrumentation ! 

Experiment Detailed 
complements 4 characteristics - 

Drop sonde 

Experiment 
tabulations 

Posit ion 
determination 

Wind pattern 
model 

Figure 3. - Instrumentation Studies Flow Chart 
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Figure 6. - Locating the Station by Ranging from 
the Orbiter 

To orbiter 

& Aeroshell 

Aeroshell acts 
1 s  2 direct 
probe and trans- 
mits data t o  
buoyant station 

/J 

9 Sonde 

Horizontal mobility 

Collect and transmit data 
ar PcllJil-ibrium altitlJ.le 

Location determination 
from orbit 
Wind 
Earth-based data analysis 

Sonde 

Drop sonde 1 

On command drop 
sonde at q p l p r t p d  
locations 

Earth-based data 
analysis 
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Figure 7.  - 200-lb Station Mission 

Drop sonde 2 

On command at 
selected location 

Earth based data 
analysis 

Descent of 
buoyant station 
By natural loss 
of gas 
By command 



Weighted lofted 1 Balloon 19.2 lb 

Ba 1 loon Release 
inflation tankage 

canister cover cover 

Separation 

Cont ro 1 
superpressure 

b-25.4 ft . 
Volume, 8630 cu ft 

Figure 8. - Nominal 200-lb Station 

Inflate 

Mylar construction 
Bilaminate, 0.5 mil 
Hydrogen gas 

6-mb superpressure 
57 km in mean model 
a tmo s vhere 

Drop 
tanks 

Figure 9. - Balloon Deployment Sequence 
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Q 
Separation and 
deployment 

\ 

Mission at  
equilibrium 

- Inflation Tankage - - 
drop 

- 

1 

Aero she 11 
descent 

I I 1 

Descent Drop sonde - - mission miss ion 
'U 

Figure 11. - Mission without Altitude Cycling Capability 

miss ion 

Weight, Subsystem 

Mylar construction 
Bilaminate, 1.25 mil 
Hydrogen gas 

6-mb superpressure 
57 km in mean model 

Total deployed 
weight of 1040 lb 

Figure 12. - Noncyclic 2000-lb Station 
41 



c 
4 
U 
m 
U 
rA 



' \  

Separation and 
deployment 

\ 

Mission at cycle Des cent 
mission 

Inflation Tankage and - equilibrium - mission - - of balloon - parachute 
release 

\ I 

descent 
mission 

Gas dump and makeup 
3 cycles 
Hydrogen inflated 
Decomposed hydrazine 
cycle gas system 

Figure 14. - Mission with Altitude Cycling Capability 

Balloon 

Cycle 

Gondola 

56.6 ft 

Figure 15. - 2000-lb Cyclic Station 

PBI film 
Bilaminate, 1.25 mil 
6-mb superpressure 
57 km in mean model 
atmosphere 

Total deployed 
weight of 1040 lb 
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44 

Quartz diffusing 
hemisphere f o r  
phot met e rs 

Whip a n t e n n a  

- P i t o t  tube/impactaeter 

F i g u r e  1 6 .  - L a r g e  S o n d e  S u s p e n d e d  f r o m  P a r a c h u t e  
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