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GEORGE c. MARSHALL SPACE'FLIGHT, CENTER 

FROM Contract  Technica 1 Supervisor 
NAS8 - 1 1053 

SUBJECT Prel iminary Performance Stu'dy, Nuclear Pulse  Propelled Vehicle ( d )  

1. The enclosed d a t a  represent  some p re l imina ry  r e s u l t s  of an  in-house 
e f f o r t  t o  compile,  extend,  and eva lua te  informat ion  dea l ing  wi th  nuc lear  pu lse  
propuls ion .  The enc losures  a r e  p r imar i ly  in tended ,  a s  a d e s c r i p t i v e  compilat ion,  
t o  s e rve  a s  background ma te r i a l  f o r  t h e  c u r r e n t  s tudy  being c a r r i e d  out  by the  
General Atomic Divis ion of General Dynamics. 

2 .  The concept a s  developed by GA t o  t h i s  t i m e  i s  considered p r o p r i e t a r y  
information,  and thus  t h e  enclosures should be so  considered. This i s  due 
t o  t h e  des ign  inferences  t h a t  may be obta ined  i n  t h e  da t a ;  t he  2 x 106 pound 
v e h i c l e  approximates one of s eve ra l  ' p o i n t  c a s e  des igns '  t h a t  GA has  inves t iga t ed .  

3 .  The f i g u r e s  included a r e  preceded by a d e s c r i p t i v e  wri te-up.  A l l  d a t a  
r e l a t e  t o  a 2 x lo6 pound gross  weight v e h i c l e ,  which i s  the  des ign  assumed f o r  
t h e  in-house e f f o r t .  A meeting i s  c u r r e n t l y  being planned f o r  a d a t e  p r i o r  t o  
the meeting wi th  GA i n  September a t  which t i m e  t h e  Pulse Vehicle Study Panel 
members w i l l  be b r i e fed  on s tudy progress t o  d a t e ,  recent  developments i n  the  
program, f u t u r e  p l a n s ,  and a l s o  the s t a t u s  of t h e  in-house e f f o r t  a t  t h a t  time. 
Comments and/or  suggest ions a r e  hereby s o l i c i t e d  f o r  development of an agenda 
t h a t  w i l l  prove a maximum b e n e f i t ,  

J. C. Whiton 
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Figures  I and I1 

Basic 2-Mil l ion Pound Gross Weight Vehicle 

m e  curves of Wp, WL,, and N summarize t h e  d a t a  p e r t i n e n t  t o  t h i s  
veh ic l e  i n  the  Martin Company Comparison Study (Chemical Rocket Vehicles 
v s .  ORION Vehicles ,  by H. E. Mueller, 20 March 1963). Bas i ca l ly ,  a 
2-mil l ion pound g ross  weight veh ic l e  of 4000 s e c  e f f e c t i v e  Isv is  
descr ibed .  Assuming p r o p e l l a n t ,  payload, and number of pu l se s  suppl ied  
f o r  va r ious  c h a r a c t e r i s t i c  v e l o c i t i e s ,  t h e  t o t a l  pu ls ing  time i s  obtained 
simply by e s t a b l i s h i n g  an average a l lowable  a c c e l e r a t i o n ,  8 ,  and c a l -  
c u l a t i n g  t 

b ’  

- bV 
t b  - (see f i g u r e  I) 

This i s  i l l u s t r a t e d  f o r  two average a c c e l e r a t i o n s ,  1 .5  g and 3.0 g.  
The t i m e  between pu l ses  i s  then 

($\+ tc 
N 

(see f i g u r e  I )  

and i s  a l s o  shown f o r  both of t he  a c c e l e r a t i o n s .  An equiva len t  f l owra te  
i s  c a l c u l a t e d  by 

(see  f i g u r e  11) 

An a d d i t i o n a l  i n t e r e s t i n g  d e t a i l  which i s  r e a d i l y  obtained from 
these  d a t a  i s  t h e  inc rease  i n  veh ic l e  length  wi th  p rope l l an t  i nc rease ,  
Under t h e  assumption t h a t  high dens i ty  s to rage  w i l l  a l low up t o  300 
pulse-packages per l a y e r ,  the  p rope l l an t  compartment length  i n  f e e t  
i s  found by tak ing  t h e  next  in teger  g r e a t e r  than (Wp/300), i f  t h i s  
number i s  not  an i n t e g e r ,  and mul t ip ly ing  by f i v e  f e e t ,  t h e  length  requi red  
per  charge.  This i s  shown i n  f i g u r e  11, Propel lan t  Layers. 

Under t h e  assumption of a 2-KT y i e l d  pu l se  fo r  t h i s  v e h i c l e ,  t h e  
e f f i c i e n c y , C  , i s  c a l c u l a t e d  from 

where E i s  t h e  energy conversion f a c t o r ,  Kilotons of TNT t o  s tandard  
u n i t s .  
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Figure I11 

Two-Million Pound Vehicle,  Modified Pulse  

The d a t a  presented i n  f i g u r e  111 a r e  c a l c u l a t e d  assuming the  
i d e n t i c a l  s t r u c t u r a l  f r a c t i o n ,  42%, of f i g u r e s  I and 11, but  assuming 
an e f f e c t i v e  impulse of 2500 seconds. 
weight of 1000 pounds is  assumed; t h e  r e s u l t a n t  energy conversion 
e f f i c i e n c y  i s  1.6%, e s s e n t i a l l y  one-half t h a t  of t h e  prev ious  case.  

An e f f e c t i v e - p u l s e  p rope l l an t  

The p r i n c i p a l  d i f f e r e n c e  between the  1.6% e f f i c i e n c y  case  and f i g u r e  I 
i s  t h a t  t h e  energy l i m i t  is f e l t , s o  t h a t  a c h a r a c t e r i s t i c  v e l o c i t y  of 
70 kfps  r ep resen t s  the  maximum a t t a i n a b l e  (zero  payload).  

Figure I V  

0.35) C h a r a c t e r i s t i c  Veloci ty  and Payload Frac t ion  (y i e ld  2-KT, - = 
w s 
WO 

Two d i s t i n c t  sets of da t a  a re  presented.  In a l l  ca ses ,  a 2-mil l ion 
pound v e h i c l e  wi th  charges  of 752 pounds each i s  assumed. The s t r u c t u r a l  
f r a c t i o n  i s  35% f o r  the  2-KT pulse .  The f i r s t  set  of d a t a  ( four  curves ,  
A V  vs .  %/ao , cons tan t r ' s )  shows the  range of performance f o r  cu r ren t  
concepts  ( c  L, 0.05) t o  'growth' cases  (€90.10). 
from the  fol lowing:  

These d a t a  a r e  ca l cu la t ed  

The second set of information shows t h e  payload t rade-of f  wi th  - -  

vz. W ' / w  
Wr/\,Je 0 

pr  ope1 l a n  t loading , 

These d a t a  a l low observa t ion  of changes i n  p r o p e l l a n t  f r a c t i o n ,  
e f f i c i e n c y ,  and payload f r a c t i o n  f o r  t h e  y i e l d  and pu l se  weight assumed. 

Figure V 

C h a r a c t e r i s t i c  Velocity and Payload Frac t ion  ( y i e l d  0. 5-KT, !k = 0.24) 
WO 

The d a t a  presented here  a r e  s imi l a r  t o  f i g u r e  I V ;  however, t h e  
y i e l d  i s  reduced wi th  an appropr ia te  reduct ion  i n  Ws/Wo. 
i s  made t h a t  t h e r e  i s  a s t r u c t u r a l  f r a c t i o n  which i s  p ropor t iona l  t o  
t h e  energy r e l eased  i n  t h e  b u r s t ;  This i s  expressed a s  

The assumption 



( F  $)2 = 0 . 3 0  

Thus, t he  r educ t ion  i n  y i e l d  from 2-KT t o  0.5-KT r e s u l t s  i n  a modified 

The d a t a  presented are ,  i n  form, i d e n t i c a l  t o  f i g u r e  I V .  

Figures V I  and V I 1  

Velocity Increase With Expel lant  Release 

The d a t a  presented i n  t h e s e  two f i g u r e s  i n d i c a t e s  t he  inc rease  in  
v e l o c i t y  wi th  e x p e l l a n t  f r a c t i o n ,  which i s  simply 

A v  
Figure V I  r e p r e s e n t s  a v a r i e t y  of “off-design’’ c a s e s ,  but  a l l  d a t a  
included were f o r  a 2-mil l ion pound v e h i c l e  w i th  a c h a r a c t e r i s t i c  AU 
of 33 kfps .  
A V  = 66 k f p s .  The s p e c i f i c  d e t a i l s  of each s e t  of d a t a  i n v e s t i g a t e d  
a r e  no t  s p e c i f i e d  he re ,  a s  numerous o f f -des ign  d a t a  were included. 

Figure V I 1  i s  f o r  the same v e h i c l e ,  c h a r a c t e r i s t i c  

Figure VI11 

Accelerat ion Increase With Expellant Release,  33 kfps  

The d a t a  presented he re  f o r  a v a r i e t y  of c a s e s ,  and i n d i c a t e  
t h e  a c c e l e r a t i o n  b u i l d  up wi th  decreasing v e h i c l e  weight.  The d a t a  a r e  
p l o t s  of 
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f o r  v a r i o u s  N and a d s .  

Curve # N 

1 1250 

2 1000 

3 7 5 0  

4 5 00 

5 745 
+ 

The v a l u e s  a r e  a s  follows: 

wg (1bs 

225 

250 

400 

6 50 

7 52 

h r v e  # N 

1000 

1 2 5 0  

7 50 

500 

745 

u p  
I 

250 

225 

4 00 

6 5 0  

7 52 

The average a c c e l e r a t i o n s  of f i g u r e s  I - I11 a r e  average va lues  
of t hese  d a t a ;  t h e  maximum i s  r e a d i l y  e s t ima ted  by numerical averaging. 

Figure I X  

Acce le ra t ion  Increase With Expellant Release,  66 k f p s  

The d a t a  i n  f i g u r e  I X  include t h e  same cases  a s  f i g u r e  V I I I ;  however, 
t he  f i n a l  A V  = 66 kfps .  Therefore, t h e  e x p e l l a n t  r e l eased  i s  considerably 
increased and t h e  f i n a l  v e h i c l e  weight ( inc lud ing  payload) thus  decreased.  
The a c c e l e r a t i o n  inc reases  a s  much as  a f a c t o r  of two f o r  t he  'worst '  
c a s e ,  
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Figures X, XI, and X I 1  

The data presented in figure'X are propellant fraction versus 
the ratio of characteristic to "exhaust equivalent" velocity, for 
constant payload fraction of 0 to 100%. 
of 40% is assumed; superimposed on the data is that for a 2 x 106 
pound gross weight nominal vehicle with Ws/Wo of - 0.4.  

A constant structural fraction 

Figures XI and X I 1  are similar, with the exception that structural 
fraction of 50% and 30%, respectively, are assumed. 

NOTE: The data in Figures I - X I 1  is intended only to establish some 
feeling for basic performance of this class of vehicle. Future 
data will further define and clarify details of vehicle design 
and performance. 

- 
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LIST OF SYMBOLS 

Wo = Total  Take-Off Weight 

W, = S t r u c t u r a l  Weight 

Wp = Prope l l an t  Weight 

WL = Payload Weight 

Y = Pulse Yield 

€ = Eff i c i ency  

Isv - - Vacuum S p e c i f i c  Impulse 

A V  = Velocity Increment 

Wp = Prope l l an t  Weight Per Charge 

N = Number of Pulses  

b T / P  = Time Between Pulses 

t b  = Tota l  Puls ing Time 

a = Average Allowable Acceleration 

n 
= Expel lant  F r a c t i o n  , n = 1,. .. , N 

= Prope l l an t  Weight /Total Pulsing Time 
P 
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