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Approx imate  f o r m u l a s  a r e  given for  de te rmin ing  the ideal va lues  of the specif ic  impulses  in a 
vacuum,  the c h a r a c t e r i s t i c  ve loc i ty ,  and the geomet r i c  expansion ra t io  of a supersonic  nozzle.  

Fue l s  whose combust ion p roduc t s  a r e  h i g h - t e m p e r a t u r e ,  mul t icomponent ,  chemica l ly  r e a c t i n g m i x t u r e s  
have found applicat ion in p r e s e n t - d a y  hea t  technology. Resul t s  a re  published i n t h e  handbook [1] on the n u m e r i -  
cal  in tegra t ion of the p r o b l e m  of de te rmin ing  the ideal va lues  of the t he rmodynamic  c h a r a c t e r i s t i c s  of fuel 
combust ion p roduc t s ,  based  on oxygen,  f luor ine ,  and other  oxidants and fuels  containing hydrogen,  carbon,  
light m e t a l s ,  and o ther  chemica l  e lements .  In the p rac t i ca l  applicat ion of these data ,  it is n e c e s s a r y  to r e s o r t  
to the interpolat ion of functions of two a rgumen t s  - the stagnation flow p r e s s u r e  and the expansion ra t io  of the 
gas in the nozzle .  

F o r  the purpose  of fac i l i ta t ing the p rob lem of de te rmin ing  the opt imum p a r a m e t e r s  of engines opera t ing  
on the above-ment ioned  fue l s ,  approx imate  analyt ical  r e la t ions  which desc r ibe  the r e su l t s  of a numer i ca l  de -  
t e rmina t ion  of the ideal  va lues  of the spec i f ic  impu l ses  in a vacuum,  the c h a r a c t e r i s t i c  ve loc i ty ,  and the geo-  
m e t r i c  expansion ra t io  of the nozzle  a re  obtained in the p r e s e n t  paper .  By specif ic  impulse ,  we unders tand 
the ra t io  of the engine th rus t  to the m a s s  fuel consumption;  by the c h a r a c t e r i s t i c  veloci ty  we unders tand  the 
product  of the s tagnat ion flow p r e s s u r e  and the a r e a  of the min imum c r o s s  sect ion of the nozzle ,  r e f e r r e d  to 
the m a s s  fuel consumption;  and by the geome t r i c  expansion ra t io  of the nozzle  we unders tand the ra t io  of the 
a r ea  of the outlet  sec t ion  of the nozzle  to the a rea  of i ts  min imum c r o s s  section. 

The following quant i t ies  will  be taken as  the defining d imens ion less  c r i t e r i a :  the expansion ra t io  of the 
gas in the nozzle  e,  equal to the ra t io  of the stagnation flow p r e s s u r e  to the s ta t ic  p r e s s u r e  in the outlet  sect ion 
of the nozzle;  the r e l a t ive  p r e s s u r e  % equal to the r a t io  of the stagnation flow p r e s s u r e  to the no rma l  p r e s s u r e  
Pn = 101,325 N / m  2. 

F o r  e = 50-5000 and ~ = 5-500,  the r e s u l t s  of the calculat ions given in the handbook [1] can be descr ibed  
by the following e m p i r i c a l  r e la t ions :  

spec i f ic  impulse  in a vacuum,  

where  

I = Io[1 + a~n -~ + (a~ + a~n-~ -1, 

[ = s + a4 e -~  __ e-1.25 : 

c h a r a c t e r i s t i c  ve loc i ty ,  

[3 -~ [~0[1 - -blexp (--  wla ~ + b2 exp ( - -  w2n~ ; 

g e o m e t r i c  expansion ra t io  of the nozz le ,  

F = c 1 + (c2 + c3n -c') s n, 
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T A B L E  1. A p p r o x i m a t i o n  C o e f f i c i e n t s  f o r  an  O x y g e n -  
H y d r o g e n  F u e l  

Designation and 
dimension 

Ir m/see 
a l  
a2 
a3 
Q4 

~ m/see 
bl 
Wl 

Cl 
C2 
C8 
C4 
C5 
C~ 

0,4 

4756 
0 
0,402 
0,002 
1,83 
2439 
0,107 
4,0 
0,2 
0,375 
0 
0 
0,710 
0 

Excess oxidant coefficient 

0,6 0,8 

4975 5091 
0 --0,015 
0,512 0,626 
0,046 0,179 
l, 36 0,89 
2404 2359 
0,316 0,259 
2,2 1,2 
0,1 0 
0,369 0,328 
0,040 O, 113 
0,250 O, 125 
0,736 O, 760 
0 0 

1,0 

5161 
0,020 
0,805 
0.220 
0,67 
2250 
0,278 
1,1 

--0,1 
o, 378 

--0,062 
0,500 
O, 778 
0,056 

w h e r e  

?~ ----- c~ -~- c ~  -~ �9 

H e r e  I 0 i s  the  s p e c i f i c  i m p u l s e  in a v a c u u m  a s  e and  ~ -* ~o and/30 i s  the  c h a r a c t e r i s t i c  v e l o c i t y  a s  ~ -* ~ f o r  
the  a s s u m e d  m a t h e m a t i c a l  m o d e l  of the  p r o b l e m .  The  o t h e r  c o e f f i c i e n t s  in t h e s e  f o r m u l a s  a r e  d i m e n s i o n l e s s  
q u a n t i t i e s .  

The  n u m e r i c a l  v a l u e s  of the  q u a n t i t i e s  I 0 and/3o and a l l  the  d i m e n s i o n l e s s  c o e f f i c i e n t s  o c c u r r i n g  in the 
p r o p o s e d  r e l a t i o n s  have  b e e n  d e t e r m i n e d  f o r  e a c h  s p e c i f i c  fue l  c o m p o s i t i o n  f r o m  the r e s u l t s  of the  :numer i ca l  
v a l u e s  of I ,  /3, and F f o r  a n u m b e r  of v a l u e s  of the  de f in ing  c r i t e r i a .  A s  an e x a m p l e ,  T a b l e  1 shows  the r e s u l t s  
of  a d e t e r m i n a t i o n  of  t h e s e  c o e f f i c i e n t s  f o r  the  c o m b u s t i o n  p r o d u c t s  of  a l i qu id  o x y g e n - l i q u i d  h y d r o g e n  f u e l . .  In  
the  e x a m p l e  c o n s i d e r e d ,  the  q u a n t i t i e s  b 2 and w 2 a r e  e q u a l  to  z e r o .  

The  p r o p o s e d  r e l a t i o n s  have  been  v e r i f i e d  a c c o r d i n g  to  the  d a t a  p u b l i s h e d  in  [1] and  show tha t  in the  
r a n g e  of v a r i a t i o n  of the  c r i t e r i a  e and ~ c o n s i d e r e d ,  the  e r r o r  in d e t e r m i n i n g  the  q u a n t i t i e s  I and ~ does  not  
e x c e e d  0.1% and  f o r  the  quan t i t y  F ,  1%. 

I 

B 
F 
8 
7[ 

Pn 
a, b, 
c, and w 

is  the  s p e c i f i c  i m p u l s e  in a v a c u u m ;  
i s  the  c h a r a c t e r i s t i c  v e l o c i t y ;  
i s  the  g e o m e t r i c  e x p a n s i o n  r a t i o ;  
i s  the  e x p a n s i o n  r a t i o  of gas  in n o z z l e ;  
i s  the  r e l a t i v e  p r e s s u r e ;  
i s  the  n o r m a l  p r e s s u r e ;  

a r e  the  d i m e n s i o n l e s s  c o e f f i c i e n t s .  

NOTATION 
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