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A hypersonic viscous shock layer  was investigated in [1, 2]. The present  paper  gives the resul ts  of 
calculation of a flow of viscous gas at moderate  and low supersonic f r e e - s t r e a m  velocit ies (Moo -< 10), when 
the specific heat of the gas can be regarded  as constant.  The formulation of the problem is s imi lar  to that 
used in [1, 2]. The solution of the "shortened" Nav ie r -S tokes  equations is obtained by the method of finite 
differences in accordance with an implicit  nine-point scheme.  The number of points on the calculation net 
(up to 30) was chosen to secure  the required accuracy of the calculations.  The nonlinear sys tem of di f fer-  
ence equations was solved by an i terative method. For  cases  of a thermal ly  insulated and cooled surface 
the shape and position of the shock wave were determined,  the s t ream lines and sonic lines were con-  
structed,  the profiles of the gasdynamic pa ramete r s  in the shock layer  were obtained, and the distribution 
of heat flux and friction over  the surface of the sphere in different flow regimes  was investigated. A wide 
range of Reynolds numbers  (Roo) was considered.  

A numerical  solution of the Nav ie r -S tokes  equations for viscous flow at low Reynolds numbers was 
given in [3-6]. Magomedov [7] used asymptotic expansions and es t imates  to investigate a viscous hyper -  
sonic layer .  

1. The calculations were made for  a diatomic gas (y = 1.4) with Prandt l  number  0.72, in the range of 
Mach numbers  1.4 - M -< 10 and Reynolds numbers 102 - 1~ <- 105 (Rco = ~/2McoR). It was assumed that 
the coefficient of dynamic viscosi ty  was related to the tempera ture  by a power law with an index of 0.5. In 
the investigation of flow past  a cooled sphere the dimensionless tempera ture  of the surface was taken as 
0.05. In the following account the symbols of [2] will be used. Some of the obtained resul ts  are given below. 

2. Figure 1 shows the profiles of the gasdynamic pa ramete r s  ac ross  the shock layer  for the case of 
flow past  a thermal ly  insulated sphere at M~o = 10, R = 26.7265. The c i rc les  are Tols tykh 's  resul ts  [3]. 
The calculations showed that the standoff distance and shape of the shock wave differed by not more  than 
5%. The compar ison indicates that the employed model of the viscous layer ,  formal ly  valid for Roo ~ 103, 
can be used for lower Reynolds numbers .  It should be noted that the profiles of T and v are almost  l inear in 
a wide range of Reynolds numbers .  
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F i g u r e  2 shows  the v a r i a t i o n  of  the  g a s d y n a m i c  p a r a m e t e r s  in the  shock  l a y e r  fo r  Moo = 6 and d i f f e r -  
en t  R e y n o l d s  n u m b e r s  in the  c a s e  of a c o o l e d  s p h e r e .  The  f i gu re  shows  tha t  at  l a r g e  R the  m a i n  change  in  
the  t a n g e n t i a l  v e l o c i t y  c o m p o n e n t  u and in the  t e m p e r a t u r e  and d e n s i t y  o c c u r s  in a n a r r o w  r e g i o n  n e a r  the  
body  s u r f a c e .  The  s i z e  of t h i s  r e g i o n  d e c r e a s e s  wi th  i n c r e a s e  in R. The  v a l u e s  of the g a s d y n a m i c  funct ions  
ou t s ide  th i s  r e g i o n  d e p e n d  w e a k l y  on the  R e y n o l d s  n u m b e r .  

The  c a l c u l a t i o n s  showed  tha t  a t  d i f f e r e n t  R the  p r e s s u r e  a c r o s s  the  shock  l a y e r  v a r i e s  i n s i g n i f i c a n t l y  
for  both  c o o l e d  and t h e r m a l l y  i n s u l a t e d  s p h e r e s .  

F i g u r e  3 shows  the  c a l c u l a t e d  p r e s s u r e  d i s t r i b u t i o n  o v e r  the  s p h e r e  fo r  Moo = 2, R = 104 (cont inuous 
c u r v e ) ,  and the r e s u l t s  of  R y a b i n k o v ' s  m e a s u r e m e n t s  [3] (points) .  A c o m p a r i s o n  shows  tha t  the  t h e o r e t i c a l  
d a t a  a r e  in  good a g r e e m e n t  wi th  the  e x p e r i m e n t a l  r e s u l t s .  

As  an e x a m p l e  of the  v a r i a t i o n  of the  hea t  t r a n s f e r  and f r i c t i o n  p a r a m e t e r s ,  F i g .  4 shows the hea t  f lux 
d i s t r i b u t i o n  o v e r  the  s u r f a c e  of a c o o l e d  s p h e r e  fo r  Moo = 6 and v a r i o u s  va lue s  of R e y n o l d s  n u m b e r  and the 
f r i c t i o n  c o e f f i c i e n t  on the  s u r f a c e  of a t h e r m a l l y  i n s u l a t e d  s p h e r e  fo r  R = 104 and v a r i o u s  Mach  n u m b e r s .  
The  b r o k e n  c u r v e  d e n o t e s  the  r e s u l t s  of b o u n d a r y  l a y e r  c a l c u l a t i o n s  f r o m  the da t a  of [9]. 

F i g u r e  5 shows  the  s h o c k  s t andof f  d i s t a n c e  e 0 on the  ax i s  of s y m m e t r y  as  a funct ion of the  R e y n o l d s  
n u m b e r  fo r  Moo = 6 in the  c a s e  of a t h e r m a l l y  i n s u l a t e d  s u r f a c e  (cont inuous  c u r v e ) ,  a coo l ed  s u r f a c e  (broken 
c u r v e ) ,  and n o n v i s c o u s  f low ( d o t - d a s h  c u r v e  p lo t t ed  f r o m  the  da t a  of [8]). In the  f i r s t  c a s e  an i n c r e a s e  in  
R has  l i t t l e  e f fec t  on e0.  The  s t andof f  d i s t a n c e  in the  c a s e  of a c o o l e d  s u r f a c e  i s  s m a l l e r  than fo r  a t h e r -  
m a l l y  i n s u l a t e d  s u r f a c e ,  wh ichcan .be  a t t r i b u t e d  to  r e m o v a l  of the  hea t  e n e r g y  f r o m  the  shock  l a y e r  due to 
coo l i ng  of  the  body s u r f a c e , a n d ,  beg inn ing  at R ~ 20, v a r i e s  i n s i g n i f i c a n t l y .  In both  c a s e s  the  s t andof f  d i s -  
t a n c e  i s  g r e a t e r  t han  i t s  va lue  in  an i d e a l  g a s .  

F i g u r e  6 shows  the d i s t r i b u t i o n  of  p r e s s u r e ,  r e l a t i v e  to  the  p r e s s u r e  at the  s t a g n a t i o n  point ,  o v e r  the 
s u r f a c e  of a t h e r m a l l y  i n s u l a t e d  s p h e r e  fo r  Moo = 4 and v a r i o u s  R e y n o l d s  n u m b e r s .  The  b r o k e n  c u r v e  shows  
the  da t a  fo r  an idea l  g a s  [8], the  d o t - d a s h  c u r v e s  show the  r e s u l t s  of [4], and the cont inuous  c u r v e  the  r e -  
s u l t s  of the  p r e s e n t  w o r k .  I t  should  be no ted  tha t  wi th  i n c r e a s e  in R ~ t h e  d i s t r i b u t i o n  of r e d u c e d  p r e s s u r e  
d i f f e r s  l e s s  and l e s s  f r o m  the p r e s s u r e  d i s t r i b u t i o n  fo r  an i d e a l  g a s .  
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