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Fig.  3. T e m p e r a t u r e  prof i le  in conjugate p rob lem 
(gas--body): a) accu ra t e  solution; b) approx imate  
solution.  T,  ~ 

N O T A T I O N  

x,  y ,  coordinates ;  u, v,  veloci ty  components;  p ,  densi ty;  p, p r e s s u r e ;  c r, e lement  concentra t ions;  ci ,  
m a s s  concentra t ions  of components ;  x i ,  m o l a r  concent ra t ions  of components;  K T, diffusional m a s s  flows of 
e lements ;  K i ,  diffusional m a s s  flows of components ;  T ,  t e m p e r a t u r e ;  Cpeff, to ta l  specif ic  heat of mixture ;  
1VIr, m o l e c u l a r  weights of e lements ;  M i ,  mo lecu l a r  weights of components ;  M, molecu la r  weight of mix ture ;  
R,  un ive r sa l  gas  constant;  Dij {1), diffusion coefficient  of binary mixture ;  Di, genera l ized  diffusion coeff ic ients ;  

~, v i scos i ty ;  ~, heat conduction. 
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O F  A S T R E A M  O F  D I S S O C I A T E D  A I R  O V E R  A B L U N T  

A X I S Y M M E T R I  C B O D Y  

E .  A .  A r t y u k h i n  UDC 536.244 

An a lgor i thm is  cons t ruc ted  and the r e su l t s  of a n u m e r i c a l  solution a r e  p resen ted  for  the 
conjugate p rob l em  of nonsteady heat exchange in the vicini ty of the c r i t i ca l  point of a blunt 
a x i s y m m e t r i c  body during i ts  in te rac t ion  with a hypersonic  a i r s t r e a m .  

The nonsteady t h e r m a l  in te rac t ion  of an oncoming s t r e a m  of liquid or  gas  with a solid body is  c h a r a c -  
t e r i z e d  by the fact  that  the t h e r m a l  boundary conditions at  the su r face  over  which the flow occurs  va ry  with 
t i m e .  And these  conditions a r e  not known in advance but mus t  be found in the cour se  of the solution of the 

p r o b l e m  of nonsteady heat exchange.  

The mos t  ge ne ra l  approach  to the solution of p rob l ems  of nonsteady convect ive heat exchange in a 
g a s - - s o l i d  body s y s t e m  cons i s t s  in t r ea t i ng  them as conjugate [1, 2]. A s y s t e m  of equations consis t ing of the 
equations fo r  the nonsteady boundary l a y e r  for  the gaseous  zone and the heat-conduct ion equation for  the solid 

T rans l a t ed  f r o m  Inzhenerno-F iz iches ld i  Zhurnal ,  Vol.  33, No. 6, pp. 1007-1014, D e c e m b e r ,  1977. 
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body is analyzed in this case .  Boundary conditions of the fourth kind, equality of the t empera tu res  and 
heat fluxes for  the gaseous and solid zones at the in ter face ,  are  set up at the surface  over  which the flow 
occurs .  Such a statement of the problem allows one to est imate  the thermal  interaction of the gas and the 
solid body. 

The numer ica l  solution of the conjugate problem of nonsteady heat exchange in the vicinity of the c r i t -  
ical point of a blunt ax i symmetr ic  body over which a s t r eam of dissociated a i r  flows is discussed in the 
present  report .  The problem was solved under the following assumptions:  1) The boundary layer  is a s -  
sumed to be laminar ;  2) the flow of a "frozen" s t r eam of a gas mixture with a constant heat capacity Cp  
over  a body is analyzed; 3) the h igh- tempera ture  a i r  consists  of five components:  N2, 02, NO, N, and O; 4) 
all the coefficients of binary diffusion are  equal to each other; 5) the condition 5 << R is valid for the enve :  
lopeof the  sol idbody (5 is the thickness and R is the blunting radius).  The lat ter  assumption allows one to 
use a one-dimensional  heat-conduction equation [3]. 

The assumptions adopted allow acons iderable  simplification of the mathematical  side of the problem 
and at the same t ime they make is possible to analyze sufficiently fully the proper t ies  of the nonsteady 
heat exchange in the gas--sol id  body sys tem.  

For  the case under consideration the sys tem of equations for  the nonsteady gaseous boundary layer ,  
without allowance for  ba ro-  or  thermodiffusion,  has the form [4] 

0 0 +• 
a---/- (pr) + ~ (pur) • (por) = O, (1) 

p ~-~+u ~x + v  ~t , (2) 

aP 
. = 0, (3) 

ay 

ac~ , ac k ac k ack + u  ~ v --D~2 - 0 ,  k = l ,  2, 3, 4, (4) 
Ot ax Oy Oy 

( aT aT aT ) 0 ( OT ) OP (5) 
pcp- 7"-" o--V +voy  + o-V' 

5 

Ch = I, (6) 
k~l 

p = __I p~V. (7) 
hi 

The boundary conditions are  written as follows: 

y - - 0 :  u = v - - O ,  Ck=Ckw(t), k = l ,  2 . . . . .  5, T=Tt~(t ) !" 

y-+ ~: u -+ ue (t), v-~O, C~-+Ck e (t), k = l, 2 . . . . .  5, T-~Te (t) J 
(8) 

The process of heat transfer in the solid body is described by the heat-conduction equation 

PrCr aT 0 ~'r , - - 6 < x < 0 ,  t > 0 ,  
0t 0y 

with the following condition at the inner walh 

(9) 

;~r aT(--6, t) qin(t) or T(--6,  t )=  Tin(t ) . 
Oy 

(10) 

The following conditions, of the fourth kind are  analyzed at the surface over which the flow occurs :  

Tw r (t) = T~T (t) 

(11) 
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In the  v ic in i ty  of the  c r i t i c a l  point  we i n t r o d u c e  the  d i m e n s i o n l e s s  v a r i a b l e s  [5, 6] 

i t  

v p.,o, . T ~,p,l~(t) x'  
0 

t 

Of u(y, t) , 0 = T(y, l) . . . .  , T ---- ~ ( t )  dr, 
O'q u e (t) T e (t) 

0 

02) 

w h e r e  u ,  and p ,  a r e  the v i s c o s i t y  and dens i ty  of the  gas  m i x t u r e  a t  s o m e  f ixed va lues  o f t h e  t e m p e r a t u r e  
T ,  and p r e s s u r e  P , .  

In E q s .  ( 12 ) i t i s  a s s u m e d  tha t  in the v ic in i ty  of the c r i t i c a l  point  t h e r e  i s  a l i nea r  law of ve loc i ty  d i s -  
t r i b u t i o n  a t  the  l imi t  of the  boundary  l a y e r :  

Ou.(x, 0 ] 
u~ (x, t) = p (t) x, ~ (t) = Ox ~=o" 

In the  n u m e r i c a l  d e t e r m i n a t i o n  of the  h e a t - e x c h a n g e  p a r a m e t e r s  it  i s  n e c e s s a r y  to  ca lcu la te  r a t h e r  
e xa c t l y  the  g r a d i e n t s  of the  t e m p e r a t u r e  and of the c o n c e n t r a t i o n s  of the c o m p o n e n t s  of the  gas  m i x t u r e  at  
the  s u r f a c e  being hea ted .  In the p r e s e n t  rel~ort th is  i s  ach ieved  th rough  the  use  of an i n t eg ra t i on  s t ep  which 
i s  v a r i a b l e  o v e r  the  s p a t i a l  c o o r d i n a t e .  Such an a p p r o a c h  p e r m i t s  a c o n s i d e r a b l e  i n c r e a s e  in the a c c u r a c y  
of the  ca l cu l a t i ons  fo r  the  s a m e  v o l u m e  of c o m p u t a t i o n s .  We x~ll use  the fol lowing t r a n s f o r m a t i o n  of co -  
o r d i n a t e s :  

y �9 v = - - s  In l "- (exp (s) - -  l) - -  , z . . . . .  r In l - ~ - ( e x p ( r ) - - l ) - T j  (13) 

w h e r e  s > 0 and r > 0 a r e  the c rowding  p a r a m e t e r s  and ~e(t) i s  the  convent iona l  t h i c k n e s s  of the d y n a m i c  
bounda ry  l a y e r .  At e a c h  t i m e  the  quant i ty  ~e (1;) i s  d e t e r m i n e d  f r o m  the condit ion 

Ov 

of s m o o t h  con juga t ion  of the  d i m e n s i o n l e s s  ve loc i t y  p ro f i l e  with the  i nv i sc id  s t r e a m  [7], w h e r e  e > 0 i s  a 
s m a l l  f ixed  quan t i ty .  

With a f ixed n u m b e r  of s t e p s  a c r o s s  the  d y n a m i c  boundary  l a y e r  the  t r a n s f o r m a t i o n  (13), t h rough  the 
cho ice  of  the  p a r a m e t e r s  s and r ,  a l lows  one to  a c h i e v e t h e  r e q u i r e d  bunching of the  d i f f e r e n c e  g r i d  a long  
the  p h y s i c a l  c o o r d i n a t e  ~/in the  r eg ion  n e a r  the  wal l .  

Us ing  E q s .  (12) and (13), we can  r e p r e s e n t  the  s y s t e m  of equat ions  (1)-(11) in the fol lowing way: 
O[ s~le exp (sv) 

W ,  
oh, exp (s) - -  1 

Ow 2 ( e x p ( s ) - - l )  2 0 ( l Ow ) . 
01: = ---~Zq~ exp (sv) " -0v- exp (sv) " -0v- 

exp(sv)-- I (2 exp(s)-- I f 1 dB~ ) 
-k (a + w) w ~ sq~ exp (sv) exp (sv) - -  1 -~- aq~ + --~-T 

•  + (1  ,4-a) Me O, 
Ov M 

O C h  2 (exp (s) - -  l) 2 0 ( ILel2 OCh) 
0-~ sh]~ exp (sv) 0v Pr exp (sv) 0v 

OCk~ , exp( sv ) - - I  
R 

T w ~ -I- s ~  exp (sv) 

(14) 

exp (s ) - -  1 1 . _d~ b ] 0Cu 
• 2 exp ( sv ) - - I  [ - - - - ~  a ' % +  d'~ ] - ~ '  k-= 1, 2 . . . . .  5, (15) 

00 2 (exp (s) - -  l) ~ 0 ( l 0 0 )  
Ox s ~  exp (sv) " ~ v  "Pr ex-p (sv) 
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exp( sv ) - - I  ( e x p ( s ) - - I  1 d ~  ~ O0 
+ s ~  exp (sv) 2 f - -  aq~ + exp(sv)- -  1 2- aT ] 

+ M~Pe'OT --w,----~ .& O--w) O, 

PrCr 00 exp (r) - -  1 0 kr . - -  PrCr O, 
o~ rZ6~ exp (rz) Oz exp (rz) - - ~  

- - l < z < O ,  ~>0,  
- -  T ~ r  exp ( r ) - -  1 0O ' ,=-I  Tin (x) 

r6 Oz =qin(X) or O(- -1 ,  ~)--  T~(z) ' 

v = O : f = w = O ,  Ch=Ci, w(x), k =  1, 2 . . . .  5, O -  Tie(x) 
' r~ ('0 

v = l : w - ~ l ,  C~=C~e(r) ,  k = l ,  2 . . . . .  5, 0 = 1  

~ . r iePrw(exp(r ) - - l )  ( O 0 )  _. exp (s) - - 1  ( 0 0 ) ~  r 

Cplwr6 exp (r) ]/2[$ (x) ~t,p, -~z ie s'% 

(OC~ "~ Pr~e ~o'T~ (Len)w(exp(s)-- 1) ~ I. 0~7, 

+ s~CvV e ~ -~-v ] lieC~ U2~ (~) ~,9, 

where  l = p p / p . p . ,  a = (1/32) (dfl/dt) i s  a coef f ic ien t  a l lowing f o r  the t i m e  v a r i a t i o n  of the p a r a m e t e r s  of 
the e x t e r n a l  s t r e a m  (Ue, Pe ,  Te) ,  P r  =pCp/)~ i s  the P r and t l  n u m b e r ,  and Lel2 = pD12Cp/)~ i s  the Lewis  
n u m b e r .  

F o r m a l l y ,  E q s .  (14)-(16) have  the  s a m e  f o r m  

(16) 

(17) 

(18) 

(! 9 ) 

(20) 

where  the coe f f i c i en t s  depend on the funct ions  sought .  In o p e r a t o r  f o r m  (21) can be r e p r e s e n t e d  as  

~  t=b 2_ a +e -o~--'-~. Oz Ov (22) 

We in t roduce  the  d i f f e r ence  g r id  

/ 

? , -  / : o ,  1 . . . .  ,h ,  i : o ,  1 . . . .  ; 1 . . . .  } ,  
k = l  

where  h 1 : l / m ,  h : l / n ,  m and n a r e  the  n u m b e r s  of pa r t i t ion  i n t e r v a l s  in the so l id  body and a c r o s s  the 
d y n a m i c  boundary  l a y e r ,  r e s p e c t i v e l y ,  while the  s t ep  Arj  in d i m e n s i o n l e s s  t i m e  is  ca lcu la ted  f r o m  the 
equat i  on 

ATj = 2 At. 

To  r e p r e s e n t  Eq.  (21) in f i n i t e - d i f f e r e n c e  f o r m  we use  the i m p l i c i t  monoton ic  s c h e m e  of a p p r o x i m a -  
t ion [8]. In th is  ca se  ins t ead  of the o p e r a t o r  L in (22) we c o n s i d e r  the  o p e r a t o r  

~ = x b O ( d  0 ) 0 ~ +g ~ +~, 

where  >t = 1/(1 + R) and R = h [ g l / 2 d  is  the d i f f e r e n c e  Reynolds  n u m b e r .  

To a p p r o x i m a t e  the convec t ive  t e r m  in Eq.  (21) we use  the r e l a t i on  

! - . 

g ~ t = 2di 2 h 

gi -- [gi[ di -i- di_t ~ --  0i-1 
. -  

2di 2 h (23) 
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The advantage of such an approach  is  that  " r ipp les"  in the solution along the spa t ia l  coordinate  do 
not a r i s e  fo r  any values of the coefficient  g. Despi te  the use  of one-s ided  d i f fe rences  in (23), the ent i re  
scheme  fo rma l ly  has the o r d e r  of approximat ion  o(h 2) [8]. 

As a resu l t  of the t rans i t ion  to finite d i f fe rences ,  Eqs .  (14)-(16) a r e  reduced,  at each  step in t ime ,  
to s y s t e m s  of nonl inear  a lgeb ra i c  equations with th ree -d iagona l  m a t r i c e s ,  which have the fo rm 

i i  i i  i i  A i d e - ,  + Bit}i + F{, i 1 2, D i O i + l  : == , . . . .  (24) 

The i t e ra t iona l  p r o c e s s  of solving Eqs.  (24) w~ll be se t  up using the method of asympto t ic  e s t ab l i sh -  
ment  [9]. We r e p r e s e n t  (24) in the m a t r i x  f o r m  

Ni{}l - -  Oi, (25) 

where  NJ is  a t h ree -d iagona l  ma t r ix .  

The solution of Eq.  (25) with fixed values of the unknown function at the boundary nodes is de te rmined  
as the asympto t i c  solution of the nonsteady p roces s  

. . . . .  N i ~ t  - -  Oi, (26) 
Oa 

where a is  the "f ic t i t ious"  t ime .  

Equation (26) can be r e p r e s e n t e d  in the di f ference fo rm,  using the impl ic i t  scheme of approximat ion:  

Aa 

o r  

? 
i ( p - - I )  /(P) [ ) A~ O~ + Bi  (p- '  - - - -  1 ~ .~,i(p ) , D~ip_ , )a i (p  ) # ( , ~ - I )  1 o { (p_ ,  ) 

Ao ] -'c "~ = -~" A a  ' 
(27) 

where  p is  the number  of the i t e ra t ion  and Aa is  the s tep in "f ict i t ious" t ime .  

An impl ic i t  d ivergent  s cheme  of approximat ion  [8] is used fo r  the heat-conduction equation (17). As 
a r e su l t ,  we obtain a s y s t e m  of nonl inear  a lgebra ic  equations of the type of (24). 

The d i f ference  ana.log of the equation of t h e r m a l  balance (20) is  r ep re sen ted  in the following way: 

f . i  
hs~ld:r~v I)r~ (exp (r) -- 1) (0"2- 4o;, + 306) 

C p l ~ r 8  exp (r) (exp (s) - -  1) h 1 V213iu,p, 

0~'-  40{ i . ( L e ~  X Ik ( - - C ~ , +  4C~, . i ' : - -  3C~w) = - -  --30w , CpT~ k=, 

PrJuTe~ (T~)3 2hsrl~ (O~v) 4. (28) 

- -  ~[vCp (cxp (s) - -  1) |,r2~/[z*p* 

Using the difference approximation of the energy equation (16) and the heat-conduction equation (17), 
to eliminate the quantities e J_ 2 and oJ 2 from (28) this equation is reduced to the form 

i i B ~ O ~ '  D(vOi F ~  (29) AwO_,  i -  -~- = . 

The s y s t e m  of a lgebra ic  equations (27) and (24) a r e  solved using the t r i a l - r u n  method.  In doing this 
the heat-conduct ion equation and the energy  equation a r e  t r ea ted  as one equation and the t r i a l  run is c a r r i e d  
s t ra igh t  through,  s t a r t ing  f r o m  the inner  su r face  of the solid body to the outer  l imi t  of the boundary l aye r .  

The boundary conditions for  the diffusion equations were  de te rmined  on the assumpt ion  that an equi l ib-  
r ium compos i t ion  of the a i r - g a s  mix tu re  is rea l ized  at the extcr~,al l imi t  of the boundary l aye r  on the 
su r face  ove r  which the flow occurs .  The physica l  p rope r t i e s  of the d issoc ia ted  a i r  were  calculated with 
al lowance fo r  t he i r  dependence on the t e m p e r a t u r e  and p r e s s u r e .  Approximate  functions,  approximat ing  
the r e su l t s  of [10], were  used for  the calculat ion.  
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F i g .  1. V a r i a t i o n  of convec t i ve  h e a t - f l u x  d e n s i t y  d u r i n g  n o n s t e a d y  
hea t ing  of bod i e s  of the  s a m e  t h i c k n e s s  (5 = 25 m m ) :  1) fused  q u a r t z ,  

= 6 .12 .10  -3 k W / m  �9 *K, 0 C =3094 k J / m  3 ;2) g r a p h i t e ,  X =0.047 k W / m  �9 :K, 
p C  = 3225 k J / m 3 ;  3) c o p p e r ,  h = 0.392 k W / m .  ~ pC = 3368 k J / m 3 ;  4) 
baked  q u a r t z ,  h = 7 .21 .10  -4 k W / m - ~ K ,  pC = 2060 k J / m  3. q w ,  kW/m2;  

T W, ~ 

The  s t e a d y - s t a t e  so lu t i on  of the  p r o b l e m  d e s c r i b e d  above  at  the  t i m e  r 0 = 0 was  used  as  the  i n i t i a l  
c ond i t i on .  

The  i t e r a t i o n  p r o c e s s  i s  ended when a g iven  l e v e l  of a c c u r a c y  i s  r e a c h e d .  S ince  the  i n i t i a l  quan t i t i e s  
of the  p r o b l e m  a r e  t h e r m a l  p a r a m e t e r s ,  i t  i s  d e s i r a b l e  to  c o n s t r u c t  the  c r i t e r i o n  f o r  ending  the i t e r a t i o n s  
on t h e i r  b a s i s .  In the  p r e s e n t  work  th i s  cond i t ion  i s  the  i n e q u a l i t y  

Q(P)-- n(.--l) <:'/ ~, [q~)l (30) 

fo r  the  hea t  f l u x e s ,  w h e r e  q w  i s  the  c o n v e c t i v e  hea t  f lux and ~ > 0 i s  a g iven  s m a l l  quan t i ty .  

The  va lue  of the  funct ion  ~e (r) a t  the  j - t h  t i m e  i s  r e f i n e d  in e a c h  i t e r a t i o n  us ing  the d i f f e r e n c e  a n a -  
log  of Eq .  (14) with the  cond i t ion  of the  e q u a l i t y  

- -  e. (31) 
0v 

The d e r i v a t i v e  Ow/Ov i s  c a l c u l a t e d  at  the  nodes  of the  d i f f e r e n c e  g r i d  

( a ~ )  = w . _ 2 -  4~)n-i ,A-3~)a ( O ~ )  [PJl~,l--Wl-I i , ~ n  
. 2h  ~ 2h 

and i s  a p p r o x i m a t e d  by a p i e c e w i s e  l i n e a r  func t ion .  

8 

If (8w/av) n > e,  then  r~eJ i s  i n c r e a s e d  by an amoun t  

1 ] ,  where Aqn = "qu - -  vl._l. 

In the  z e r o t h  a p p r o x i m a t i o n  we s e t  ~e j = 7?eJ-1. 

The  a l g o r i t h m  d e s c r i b e d  f o r  t he  n u m e r i c a l  so lu t i on  of the  con juga te  p r o b l e m  of hea t  e x c h a n g e  was  
r e a l i z e d  in the  f o r m  of an A L G O L  p r o g r a m  f o r  a B/~SM-6 c o m p u t e r ,  on which  a n u m b e r  of c a l c u l a t i o n s  
w e r e  m a d e .  In p a r t i c u l a r ,  the  e f fec t  of the  t i m e  r a t e  of  change  dTw/dT  of the  t e m p e r a t u r e  of the  s u r f a c e  
be ing  hea ted  on the convec t i ve  hea t  f lux d e l i v e r e d  to  the  body was s t u d i e d  n u m e r i c a l l y .  The  hea t ing  of 
m o d e l s  hav ing  the s a m e  t h i c k n e s s  6 = 25 m m  but m a d e  of d i f f e r e n t  m a t e r i a l s  was a n a l y z e d .  The  p a r a m -  
e t e r s  of  the  o n c o m i n g  s t r e a m  r e m a i n e d  c o n s t a n t  in t i m e  and w e r e  Pe = 2 k g / c m  2, T e = 6000~ u e = 
3000 m / s e c ,  and  T o = 273~ 

The r e s u l t s  of the  c a l c u l a t i o n s  a r e  p r e s e n t e d  in F i g .  1. D i f f e r e n t  func t ions  of the  t e m p e r a t u r e  of 
the  s u r f a c e  be ing  h e a t e d ,  and c o n s e q u e n t l y  d i f f e r e n t  t i m e  func t ions  of the  c o n v e c t i v e  hea t  f lux,  a r e  r e a l i z e d  
in  the  p r o c e s s  of hea t ing  f o r  the  d i f f e r e n t  m o d e l s  (F ig .  l a ) .  H o w e v e r ,  the  funct ion  q w ( T w ) ,  which i s  
c o m m o n  to  the  d i f f e r e n t  m a t e r i a l s ,  has  a r e c t i l i n e a r  c h a r a c t e r  (Fig .  l b ) .  Th is  fac t  i n d i c a t e s  tha t  t he  h e a t -  
t r a n s f e r  coe f f i c i en t  in  the  v i c i n i t y  of the  c r i t i c a l  po in t  of a b lunt  a x i s y m m e t r i c  body o v e r  which a h y p e r -  
s o n i c  a t r s t r e a m  f lows i s  p r a e t l e a l l y  i n d e p e n d e n t  of the  va lue  of the  d e r i v a t i v e  d T w / d r .  
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We note that analogous results also occurred for other model thicknesses and values of the parameters  
of the oncomisr~ s t ream. Here the maximum value of the derivative dTw/dr  reached in the numerical experi-  
ments was 10 *K/sec. 

N O T A T I O N  

t,  T, t ime; x, y,  coordinates; ~,~, dimensionless coordinates; u, v, components of the velocity vector; 
p, density; P,  pressure;  Ck, concentration by weight of k-th component; D12 , coefficient of binary diffusion; 
T, temperature;  k, coefficient of thermal  conductivity; M, molecular weight; q, heat flux; e, emissivity; h, hi, 
integration step along the spatial coordinate; At, A t ,  integration step in time; 5, thickness of solid body; p, 
viscosity; I, total enthalpy; RB, blunting radius of solid body; s,  r ,  bunching parameters  Of difference grid; 
e, index of external limit of boundary layer; W, index of surface over which flow occurs: 
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S T E F A N - T Y P E  P R O B L E M  F O R  S U B L I M A T I O N  

IN A P O R O U S  BODY 

G.  E .  G o r e l i k ,  V.  V.  L e v d a n s k i i ,  
N.  V.  P a v l y u k e v i c h ,  and  S.  I .  S h a b u n y a  

UDC 536.423.16 

The mathematical formulation of the problem of heat and mass t ransfer  during evaporation 
from a semilnfinite porous body consisting of parallel  capillaries is given. The asymptotic 
solution of the problem is obtained for large and small time periods. 

It was shown ear l i e r  [1] that the velocity of passage of the evaporation front v from capillaries (in the 
case of f ree-molecular  regime of vapor flow) depends substantially on the depth of the evaporation zone in the 
porous body: 

where [21 

d~ v o 
v = - - ,  ( 1 )  

dt 1 + ~]2r 

Vo ~ a exp { - -  LA/RT}. (2) 
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