
INFLUENCE OF PHYSICOCHEMICAL PROCESSES ON 

SURFACE FRICTION IN HYPERSONIC FLOW 

AROUND BLUNT BODIES 

Yu. P. Golovachev and F. D. Popov UDC 533.6.011.55 

The effect on surface  fr ic t ion of the physicochemical  p rocess  occurr ing  in a shock layer  
is studied on the basis  of an analysis  of numer ica l  solutions.  

An important  role in the motion of blunt bodies with hypersonic velocit ies is played by p rocesses  in-  
volving the excitation of the internal  degrees  of f reedom of the par t i c les ,  by chemical  reac t ions ,  and by rad ia -  
tion. The influence of these p roces se s  on the depar ture  of a shock wave, on the heat flux to the surface  of the 
body, on the p r e s s u r e  distr ibution,  on the profile of the gasdynamic p a r a m e t e r s ,  and on the concentrat ion of 
the components in the shock layer  has been studied in a whole strix~g of papers .  The resul ts  of these invest i -  
gations a re  cited,  for  example,  in [1, 2]. The influence of these p rocesses  on surface  fr ict ion has been stud- 
ied to a l e s se r  extent. Here the resul ts  obtained to data re la te  in the main to the frontal  par t  of the body. 
In the work repor ted  here  we use our  previously obtained numer ica l  solutions [3] for  a viscous shock layer  
in equilibrium radiating a i r  and calculations pe r fo rmed  for  a nonradiating gas with constant specific heat to 
invest igate the effect of physicochemical  p rocesses  on surface fr ict ion on the entire front and side surfaces  of 
blunt bodies.  By way of example we show in Fig.  1 plots of the coefficient of fr ict ion over the surface of a 
spher ical ly  blunted cone of apex half-angle 30 ~ for  V~ = 12.2 k m / s e c ,  poo = 0.2744.10 -6 g / c m  3, r = 20 cm,  
T w = 2500~ The coefficient of f r ic t ion is defined as the ra t io  of the fr ict ion s t r e s s  to the velocity head 
p~V 2 .  The solid curve shows the resul ts  of the calculation for  equilibrium air ;  the dashed curve re la tes  to 
the case  T = 1.4, P r  = 0.72, ~ ~ ~ - .  For  s / r  -< 0.5 the values of C /  for both var iants  of the calculation a l -  
most  coincide.  In the region 0.5 <- s / r  < 1.8, including the point where the sphere contacts the cone, allow- 
ance for  the rea l  proper t ies  of the gas resul ts  in a cer ta in  diminution of the coefficient of friction, which 
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Fig.  1. Variat ion of coefficient  along surface of body. Solid curve) equilibrium 
ai r ;  dashed curve) the case T = 1.4, P r  = 0.72, ~ ~ ~ - .  

Fig.  2. Tangential  velocity prof i les :  1) s / r  = 1.047; 2) s / r  = 5.061; solid curves) 
equilibrium ai r ;  dashed curves) the case  ~/ = 1.4, P r  = 0.72, /~ ~ VT-. 
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agrees with known results for a spherically blunted region [4, 5]. The opposite effect occurs on the conical 
part of the body for s/r > 1.8. Here, allowing for physicochemical processes results in an increase in the 
coefficient of friction. The nonmonotonic variation of Cf on the conical part of the body comes about because 
for equilibrium air the singularity arising at the point where the sphere contacts the cone has a much stronger 
effect than in the case T =i .4, Pr = 0.72, tt ~ ~/T-. The clmnge in the departure of the shock wave and in the 

pressure on the surface of the body also become appreciably nonmonotonic [3]. We note that for hypersonic 
flow around bodies with a surface of continuous curvature the coefficient of friction on the corresponding part 
decreases monotonically [6, 7]. 

In Fig~ 2 we show profiles of the velocity component u tangential to the surface of the body. It can be 
seen that on different parts of the surface ofthebody, allowing for physieochemieal processes can cause either 
an increase or a decrease in the velocity gradient in the region near the wall. These results demonstrate the 
need to allow for physieochemical processes when determining friction stresses on the surfaces of blunt bodies 
in hypersonic flows. 

N O T A T I O N  

s ,  d is tance m e a s u r e d  f rom front  c r i t i ca l  point along su r face  of body; n, dis tance along no rma l  d i rec ted  
away f r o m  sur face  of body; Cf ,  coeff icient  of f r ic t ion;  u, component  of veloci ty tangential  to sur face  of body; 
V~,  p ~ ,  veloci ty  and densi ty  of unper turbed  flow; r ,  radius of spher ica l ly  blunted portSon; Tw, su r face  tern-  
pe r a tu r e  of body; 7, ra t io  of specif ic  heats ;  P r ,  Prandt l  number;  p,  v i scos i ty .  

1. 

2. 

3e 

4. 
5. 
6. 
7. 

LITERATURE CITED 

O. M. Be lo t se rkovsk i i ,  A. Bulekbaev,  M. M. Golomazov,  V. G. Grudni tski i ,  V. K. Dushin, V. F.  
Ivanov,  Yu. P. Lun'kin,  F .  D. Popov,  G. M. Ryabnikov,  T.  Ya. T imofeeva ,  A. I. Tols tykh,  V. N. 
Fomin ,  and F.  V. Shugaev, Hypersonic  Gas Flow around Blunt Bodies; Theore t i ca l  and Exper imenta l  
Invest igat ion [in Russian] ,  Vychisl .  Tsent .  Akad. Nauk SSSR, Moscow (1967). 
V. P. Agafonov, V. K. Vertushkin,  A. A. Gladkov, and O. Yu. Polyanski i ,  Nonequil ibrium Phys ico-  
chemica l  P r o c e s s  in Aerodynamics  [in Russian] ,  Izd. Mashinos t roenie ,  Mosco~v (1972). 
Yu. P. Golovachev and F.  D. Popov,  I n z h . - F i z .  Z h . ,  29, No. 5 (1975). 
U. S. L. Shi and R. S. Krupp,  Raketn.  Tekh.  K o s m o n a v t . ,  7,  No. 9 (1969)o 
J. D. Anderson,  Raketn. Tekh.  Kosmonavt . ,  7 No. 9 (1969). 

m y  

R. T. Davis ,  AIAA P a p e r ,  No. 70-805 (1970). 
C. H. Lewis ,  AIAA Pape r ,  No. 70-808 (1970). 

H E A T  L I B E R A T I O N  F R O M  A S P H E R E  

IN A V I S C O U S  L I Q U I D  

Yu. I .  B a b e n k o  

MOVING 

UDC 536.24.01:517.4 

The method of [i] is used to solve the problem of heat liberation from a sphere moving in a 
viscous liquid, where the velocity field is given by the Stokes solution [2]. 

t .  Method of Solution. A method p roposed  prev ious ly  [1] makes  it  poss ib le  to de te rmine  the nonstat ion-  
a ry  t e m p e r a t u r e  g rad ien t  on the boundary of a semiinf in i te  one-d imens iona l  region without previous  d e t e r m i n a -  
t ion of the t e m p e r a t u r e  field.  In the p r e s en t  sect ion we will desc r ibe  the appl icat ion of this method to nonsta-  
t ionary  p rob l ems  for  a two-d imens iona l  region.  

We will cons ide r  the s imp le s t  case  --  the p roce s s  of heating a sercdinfinite lamina f r o m  i ts  face:  
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