
s 

UCRL-ID- 125505 

Reactor Thrust During Boost in a High 
Altitude Trajectory 

J. H. Moyer 

~ E C E I V E D  
JAN 2 1 1997 

S T I  

V U  

November 12,1%2 

c 

This is an informal report intended primarily for inte.rnal or limited external 
distribution. The opinions and conclusions stated are those of the author and may 
or may not be those of the Laboratory. 
Work performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under Contract W-7405-ENG-48. 

" I  



This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or nsponsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mcnd;ltion. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



NAVAL APPLICATIONS MEMO NO. 12. 

To: Distribution 

FROM: J, E, Moyer 

SUBJECT: Reactor Thrust During Boost i n  a High Altitude Trajectory. 

I 
Reactor startup of a submarine based missile must be accomplished 

during boost, so tha t  at  burnout the reactor maximum w a l l  temperature i s  a t  
or near the design vaJ.ue. Because cooling air must be supplied during t h i s  

period, there  ex i s t s  the possibi l i ty  of obtaining some thrust t o  augment the 

booster. 
To f ind how much reactor thrust  m i g h t  be available, a representative 

high a l t i tude  boost trajectory w a s  selected. This is shown i n  Fig. 1 together 
with an estimated pressure recovery curve for  the inlet. It has been assumed 

at by some appropriate means the flow rate passe y the inlet exactly 
Hot day conditions are matches t h a t  demanded by the reactor and nozzle. 

assumed, 
The missile parer plant W ~ S  ~ 

point-optimized nozzle throat area OF 7 
The reactor m a x i m u m  w a l l  temperature 
( 2500°F) from time zero. Thus the 

possible w i t h i n  the  reactor design 

guide t o  a desirable startup time. 
Available thrust  and reactor 

obtained with the d ig i ta l  codes D 
..state codes is  jus t i f ied  fo r  two reasons: (1) The assumption of constant 

means t h a t  the only e m  oing in to  core heat capacity is that T”max 
associated with changing the tempera& dis t r ibut ion a.nd bringing the 
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st ructural  components up i n  %e hort  residence t h e  of a 
parcel of air i n  the reactor permits the change i n  w a l l  temperature distribution 
during t h i s  time t o  be neglected. 
obtained from the performance maps of Tory 1 1 - C  Memo 4.07, pp. 69-70. 
points represent specif ic  Dash N problems. 

I 

The point i n  Fig. 2 at  t = 46.2 sec w a s  
The other 

The machine-computed values of Fj,net and c 
by7.3$to account fo r  effects  not analyzed i n  the code (see 11-C Memo 407, p. 73). 
It is  important t o  real ize  that the thrust-mlues of Fig. 2 are those obtainable 
if the nozzle exhaust were unobstructed. This w i l l  not be the case i f  a tandem 
booster is  used, and the thrust  curves of Fig. 2 must be lowered accordingly. 

have been reduced f,net 

coIvnusIoMs 
1. For t h i s  par t icular  boost trajectory, it is not usef'ul from the thrus t  

standpoint t o  bring the reactor t o  design w a l l  temperature i n  less than 30 sec. 

2, The total impulse available f r o m  t h6&pc to r  f'rm t = 30 sec. t o  t = 46.2 sec, 
without taking account of the exhaust me necessary fo r  a tandem booster, is 
about 1b ,ooO lbf-sec. A reasonable booster will need four or f ive million 
l b  see. of impulse. Thus it appears t h a t  no significant reduction i n  booster 
weight o r  length can be achfeved through %his means 

The t h r u s t  coefficient of Fig. 2 is based upon the  f rontal  area of a 51 in. 
diameter missile, and hence is direct ly  comparable t o  tha t  quoted in  Tory 11-C  
Memo 407 fo r  the design condition. 
the conditions of th i s  study Cf,net at 66 sec. i s  36$ higher than the 1000 ft .  

Mach 2.8 design vdue .  One cannot draw conclusions about takeover without 
drag data for  a particular missfie, but it would seem l ike ly  t h a t  cruise stage 
flight might be possible at about t h i s  time, 

f- 

3 .  

The latter value is Cf,net = 0.174. For 

. .  
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