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The influence of apparatus parameters on gasdynamlc processes in the working gas is studied. 
The possibility is shown of reducing the maximal pressure without noticeable loss of kinetic 
energy of the body being hurled. 

The operation of multistage, multichamber, gasdynamic apparatus used to accelerate bodies has been 
studied sufficiently completely relative to the possibility of raising the hurling velocity [1, 2]. Two-stage 
units, particularly light-gas units, in which the hurling is accomplished by a light gas compressed by a pis- 
ton set in motion by the working gas [1-3], havebeen studied in greatest detail. Two-stage units are of in- 
terest also from the viewpoint of the possibility of controlling the gasdynamic parameters of the working 
gas during the hurling. The influence of its parameters on the time dependence of the pressure in the work- 
Ing gas is investigated in the present paper for one of the possible versions of such an apparatus. The unit 
to be studied is shown schematically in Fig. 1. Here 2 is the domain occupied by the working gas, the hurling 
body of mass M2, while the space 1 is filled with a neutral gas being compressed because of the motion of the 
piston of mass Mt subjected to pressure in the working gas. The presence of chamber 1 permits diminishing 
the peak value of the pressure in chamber 2 under definite conditions, and then increasing it during the re- 
verse motion of the piston M I as compared to the case in which the piston M I is replaced by a blind wall. 
Since the oscillating motions of the piston M I can damp out slowly, rises in the working gas entropy caused 
by the shocks being generated by this piston can occur during the whole working process. Consequently, the 
time dependence of the pressure at the bottom of the body being hurled takes a form shown qualitatively by curve 2 
in Fig. 2, in contrast to curve 1, which corresponds to the case of no chamber 1 (the classical Lagrange prob- 
lem [4]). Therefore, by varying the relationship between the volumes of the working and buffer chambers, and 
the masses of the bodies being hurled and acting as buffer, we obtain the possibility of controlling the depen- 
dence P(t) within definite limits. Computations of the appropriate gasdynamic problem were performed for a 
quantitative study of the process described. 

The system of equations governing the problem is written in dimensionless form as follows: 

Ou OP OR OR 
- -  - - ,  U ~ -  , ~ ) ~ - -  , 

at Om at Om 

+ p  Ov = oO_z, ' d u _  M p,  

at at at dt AI2 

du M 
AP, e = P v ( y - - 1 ) .  

dt 3,It 

(i) 

I 2 

Fig .  1. D i a g r a m  of the a p p a -  
r a t u s  be ing  computed .  
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TABLE 1. Compar i son  of P e a k  Values of P r e s s u r e ,  Final  Kine-  
t ic  Energy  of the Body Being Hur led ,  Eff iciency of the Hurl ing 
P r o c e s s  fo r  Different  Var i an t s  of the Computat ion for  Y2 = 1.2; 
5/3 

, N O .  ?2 PN/P EKN/EI~ ~N/rl R,/R2 Mt/Mz 

1 
2 
3 
4 
5 

11 
t2 
13 
14 
15 

1,2 

5/3 

1 ( p = o ,  153) 
0,736 
0,780 
0,827 
0,874 
1 (P=O, 133) 
O, 692 
0,741 
0,815 
0,865 

l(Eu=1,03) 
0,670 
0,772 
0,924 
0.981 
1 (E,r 70) 
0,823 
O, 909 
1,000 
1,029 

1(n=0,240) 
0,639 
0,737 
0,8g0 
O, 953 
1(,1=0,547) 
0 ~c0 
0,862 
0,941 
0,968 

0 
0,6 
1,0 
1,6 
2,5 
0 
0,4 
0,6 
1,0 
1,6 

Fig. 2. Qual i ta t ive t ime  depen-  
dence of the p r e s s u r e  on the 
body being hur led.  1) without 
additional e l emen t s ;  2) fo r  the 
unit p re sen ted  in Fig. 1. 

We give the law of ene rgy  r e l ea s e  by the exp re s s ion  

aq = at exp (--  t / t , ) .  
at 

(2) 

The actual  d imens ional  gasdynamic  quant i t ies  of the p rob l em a re  re la ted  to the d imens ion less  quant i t ies  
thus:  Up = uou, Vp = vov, Pp = PoP, ep = e # ,  mp = mona , tp = tot, Rp =RoR,  where  the c h a r a c t e r i s t i c  quant i -  
t ies  sa t i s fy  the re la t ionsh ips  :~ 

Uo Po Re Re 
- , U o -  , r e =  , (3)  

to m0 to mo 

eo =Povo, ,no = M/So. 

Let  us p r e sen t  the boundary and initial conditions for  the s y s t e m  of equations (1)-(2): 

t = 0 ,  u ( R ) = 0 ,  v ( R ) = v , ,  P ( R ) = P i ,  

e(R) = el, O<~R<~Rt,  

u (R) = 0, v (R) = v2, P (R) = P2, (4) 

e(R) = ez, R i < R < ~ R 2 ,  

P (R) = O, v (R) = O, R~. < R < R3, 

t>O, u(R)=O, au(R)/at--o, R=O. 
System (1)-(2) with the boundary conditions (4) was  approx imated  by a f in i te -d i f fe rence  scheme of f i r s t -  

o r d e r  a c c u r a c y  [5] with pseudoviscos i ty .  Since the scheme  is centered  re la t ive  to the dens i ty ,  p r e s s u r e ,  and 
in ternal  ene rgy ,  then a f ic t i t ious  p r e s s u r e  point was introduced to give the boundary condition on the piston 
M 2 being hur led ,  and this p e r m i t s  e x p r e s s i n g  the p r e s s u r e  at the point of pis ton locat ion by in terpola t ion,  by 
us ing  the pis ton M 2 m o m e n t u m  and motion equat ions wr i t ten  fo r  that  point of the Lagrangian  mesh  where  the 
posi t ion i s :  
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Fig. 3. Dependence of the pressure on the body being hurled on 
its location for different versions of the computation for 72 = 1.2 

(a )  and "/2 = 5 /3  (b). ,  
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F i g .  4.  R a t i o  T / T L  of the  t e m p e r -  

a t u r e  on the body  b e i n g  h u r l e d  to  
the  t e m p e r a t u r e  on the body  in the 
c a s e  of the  L a g r a n g e  p r o b l e m  f o r  
d i f f e r e n t  v e r s i o n s  of the  c o m p u t a t i o n .  

2P ~ j 
/+ T n 

Pi+I = 
2 + M h / M z  

T h e  e x p r e s s i o n  o b t a i n e d  c o n t a i n s  the  p i s t o n  m a s s  a s  a p a r a m e t e r  wh ich  goes  o v e r  in to  the  cond i t ion  on the 
g a s - v a c u u m  i n t e r f a c e  in  the l i m i t  e a s e  of  e q u a l i t y  to  z e r o ,  and  into the cond i t ion  on a f ixed  wa l l  a s  M 2 ~ ~. 
A n  a n a l o g o u s  cond i t i on  i s  u s e d  on the  l e f t  p i s t on .  T h e  a c c u r a c y  of  the  c o m p u t a t i o n  w a s  v e r i f i e d  by the a g r e e -  
m e n t  of the  m a g n i t u d e  of  the  t o t a l  s y s t e m  e n e r g y  wi th  the  quan t i t y  of e n e r g y  i n t r o d u c e d  f r o m  the s o u r c e  a t  a 
g iven  t i m e .  The  p r o b l e m  f o r m u l a t e d  in d i f f e r e n c e  f o r m  w a s  p r o g r a m m e d  f o r  FO RT RA N  f o r  the  M i n s k - 3 2  
e l e c t r o n i c  c o m p u t e r ,  and  the m e a n  t i m e  of  c o m p u t a t i o n  of any v a r i a n t  w a s  a r o u n d  40 m i n u t e s  of m a c h i n e  t i m e .  

T h e  c o m p u t a t i o n s  of the  p r o b l e m  w e r e  p e r f o r m e d  f o r  K 2 = M/M 2 = 0.295; R 2 = 1; I t  3 = 15; P2 = 0.0001; 
v2 = 1; ~'2 = 1 .2;  5 /3 ;  P l  = 0.01;  71 = 5/3;  the  quan t i t y  K1 = M1/M2 v a r i e d  be tw e e n  the  l i m i t s  I~ = (0.01-10)K2, and  
I t  t b e t w e e n  the  l i m i t s  R 1 = f l - 6 ) R  2. The  m o d e  of e n e r g y  i n s e r t i o n  w a s  g iven  by the c o n s t a n t  of the  s o u r c e  (2), 
t, =I0. 

The results of computing certain variants are presented in Table 1. All the quantities here are referred 
to their values corresponding to the solution of the Lag-range problem [41, where their maximum values are 

taken for P. 

It is seen that a noticeable effect of reducing the peak pressure in a system with relatively small losses 
in the kinetic energy of the piston being hurled occurs for variants with masses M i and M 2 of similar magni- 
tude. This strongest interaction of pistons is similar to that observed in traditional light-gas two-stage ballis- 
tic apparatus [3]. Losses in the hurling velocity increase substantially in the range of heavier masses M I 

since the buffer piston does not succeed in returning the working-gas energy during the process. When MI/M 2 
is considerably less than 1, the peak pressure in the channel rises abruptly because of the formation and 
multiple reflection of shocks, exactly as in standard two-stage systems with a light piston [2]. It should be 
noted that sufficiently high pulse pressures occur in the buffer chamber I during the hurling; however, their 
acting time is small, and the total gas energy in the chamber 1 is hence around 2-13% of the working gas 

energy. 

Values of the pressure on the piston being hurled are displayed in Fig. 3a and b for its different loca- 
tions in the tube. The numbers on the graphs correspond to the numbers of the version in the table. In 
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con t ras t  to the usual  behavior  of the p r e s s u r e  curve in the Lagrange  p rob l em 1 the curves  2-5 and 12-15 
have two quite definite peaks  in the cases  p r e sen t ed ,  which are  lower  in ampli tude.  Exact ly  as in cases  1 
and 11, the f o r m e r  co r respond  to an i nc rea se  in p r e s s u r e  dur ing heat ing of the working gas (piston motion to 
the opposi te  s ide) ,  and the l a t t e r  to a c o m p r e s s i o n  wave being f o r m e d  dur ing r e tu rn  motion of the buffer  p i s -  
ton. The behavior  of the p r e s s u r e  on the body being hur led  is shown by the number  6 in Fig. 3a for the va r i an t  
of a light buffer  piston KI = Mi/M2 = 0.16, which f o r m s  a sufficiently s t rong  shock and a number  of waves  
o f~ubs tan t i a l ly  lower ampli tude.  The ra t ios  T /T  L of the t e m p e r a t u r e  on the piston being hurled~to the t e m -  
p e r a t u r e  on thep i s ton  fo r  the c l a s s i c a l  Lagrange  p r o b l e m  a re  shown in Fig. 4 fo r  the ve r s ions  2~5 and 12215. It 
can be seen that the p r e s e n c e  of the shocks in the working gas causes  a ~ o f o l d  r i se  in the t empe ra tu r e .  

It should be noted that  despi te  the action of the compres s ion  wave on the piston being hur led ,  the t ime 
dependence of its coordinate  has  the f o r m  of a smooth curve  in the whole range invest igated for  the m a s s  M1 
and the length of the chamber  1. 

In conclusion,  let  us note that  the use of s e v e r a l  buffer  chambe r s  and pis tons can significantly extend the 
poss ib i l i t i es  of control l ing the gasdynamic  p r o c e s s e s  in the working chamber ;  however ,  sys t ema t i c  inves t iga -  
t ions here  requi re  p e r f o r m i n g  extensive  computat ions because of the abrupt  r i se  in the number  of governing 
p a r a m e t e r s .  

N O T A T I O N  

u is the gas flow r a t e ;  
P is the p r e s s u r e ;  
e is the speci f ic  in ternal  energy;  
v is the spec i f ic  volume;  
t is the t ime;  
R is the coordinate;  
m =fdR/v is the Lagrange  coordinate ;  
M is the m a s s  of working  gas;  
7 is the adiabat ic  index; 
AP is the p r e s s u r e  d i f ference  on the buffer  pis ton;  
q is the source  function; 
a is the normal i z ing  constant;  
t ,  

R! 
R2 
So 

is the c h a r a c t e r i s t i c  t ime of energy  inse r t ion  cor responding  to the m a x i m u m  of the source  
function; 
is the spac ing  on the m a s s  mesh ;  
is the eff ic iency,  the ra t io  between the final kinetic energy  of the body being hur led  E k to the 
total  s y s t e m  energy;  
is the length of chamber  1; 
is the length of chamber  2; 
is the tube section.  

The subsc r ip t s  a r e :  
0 c h a r a c t e r i s t i c  quant i t ies  of the p rob l em;  

P 
1 
2 
n 

J 
N 

dimens iona l  quant i t ies ;  
quant i t ies  in cham be r  1; 
quant i t ies  in chamber  2; 
number  of the t ime spacing;  
number  of the mesh  mode;  
number  of the var iant .  

1o 

2. 

3. 
4. 
5. 
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