
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) 

A. V. Lykov Institute of Heat and Mass Exchange, Academy of Sciences of the Belorussian SSR, Mlnsk. 
Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 33, No. 6 ,  pp. 1015-1018, December,  1977. Original 
art icle submitted April 5, 1977. 
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The f o r m u l a t i o n o f t h e  Stefan- type  heat p r ob l em d e s e r i b i n g t h e p r o c e s s  of heat  and m a s s  t r a n s f e r  dur l rg  
evapora t ion  (sublimation) f rom a model  porous  body, consis t ing of pa ra l l e l  cap i l l a r i e s  filled w i t h e v a p o r a t -  
ing m a t e r i a l ,  in which f r e e - m o l e c u l a r  r eg i m e  of vapor  flow occu r s ,  is na tura l .  

Let us cons ider  a semi inf in i te  porous  body (x > 0) heated by a constant  heat flux %. The m a t h e m a t -  
ical  formula t ion  of the Stefan-type p r o b l e m  mentioned above has the fo rm 

azTj OT1 - a  1 - ,  O < x < ~ ,  (3) 
Ot Ox z 

OT z OZTo 
- -  = a z ------ , ~ <  x < o o .  (4)  

Ot Ox ~ 

OT1 ~=o (5) - -  ~,~ ~ = qo, 

OT~ x-=r OT2 I = iipz L d~ (6) 

d~ a exp { - - L A / R T , }  (7) 

dt 1 + ~ / 2 r  

aT2 I = O, (8) 
ax ~ | 

T (x, O) = T o . (9) 

It is  easy  to note that  the p rob lem (3)-(9) essen t ia l ly  d i f fers  f rom the p r o b l e m  of subl imat ion of a 
semi inf in i te  solid [2] by the p r e s ence  of two zones and expres s ion  (7) for  v, as well as f rom the two-phase  
p rob l ems  of mel t ing (solidification) of a body by the absence  of a constant  t e m p e r a t u r e  of the phase  t r a n s i -  
tion at the in te r face  of the phases  x = ~. F u r t h e r m o r e ,  the veloci ty  v at the ini t ial  t ime  {t = 0) is f ini te,  
s ince (7) takes  into considera t ion  the kinet ics  of m a s s  t r a n s f e r  during evapora t ion  f rom the cap i l l a ry .  In 
this s ense  there  is an analogy with the c rys ta l l i za t ion  p rob lem descr ibed  in [3]. 

For  obtaining the asympto t ic  exp res s ion  fo r  v and T ,  = T I x =  ~ for  la rge  values of t we shal l  make  use 
of the in tegra l  methods of solution of heat and m a s s  t r a n s f e r  p rob l ems  in the p r e s e n c e  of phase  t r a n s f o r m a -  
t ions  [4]. Since the ve loc i ty  d~/dt  is sma l l  in this p r o b l e m ,  we shall  a s s u m e  that the t e m p e r a t u r e  d i s t r ibu-  
tion d i f fe rs  l i t t le f rom the cor responding  dis t r ibut ion for  d~/dt = 0. T h e r e f o r e ,  a f t e r  in tegra t ion of the 
le f t -  and r ight-hand s ides  of Eqs .  (3) and (4) ove r  x and using boundary conditions (5), (6), (8), in the r e -  
maining in tegra l  t e r m s  we subst i tute  the app rox ima te  expres s ions  

/ x) 
As a resul t ,  we obtain the d i f ferent ia l  equation 

~ qo , 
r 

dt a I 
d~ [ilpzL + C~~ ( T , -  To)I + ~ dT ,  
dl " dt c~p~ 

dt - -  = qo. (10) 

Equations (10) and (7) pe rm i t  a de te rmina t ion  the des i red  quant i t ies  ~ (t) and T , ( t ) .  

If  i t  is a s sum ed  that for la rge  t imes  T .  changes with t ime  s l ower  than ~, then f rom (10) we eas i ly  
obtain the equation 

qo .[z = iip2L[ + c2p2[(T, _ To) + 2c292 V f ~  (T, - -  To) V'-f = qot. (11) 
2a 1 ' 

F u r t h e r m o r e ,  under  the s a m e  assumpt ions  we can a p p r o ~ m a t e l y  in tegra te  (7):  

( |  ) ~  | / /  a e x p { _ L A / R T . } .  = 2r //~I + t aexp{--LA/RT.}r - -  I 2r t 7 (12) 
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Substituting (12) into (11) we obtain 

qo --  2 qo ra exp {-- LA/RT,} = 
al 

[np=L + cap, ( r  , -  To)lVraexp{--LA/RT,} § c2p z VY~-(T,--To) 
= 2 Vt: 

At la rge  t imes  the method of succes s ive  approx imat ions  can be used for  solving (13). 
approximat ion  we have 

2 1 - -  - -  ra exp {-- LA/RT,} = 0 
at 

or  

In the z e r o - o r d e r  

(13) 

T , _  __LA 1 , (14) 
R In ( 2r____~a ) 

\ at 
- C , .  

dt -- l / - ~  (15) 

We note that the asympto t ic  value of the t e m p e r a t u r e  T ,  (14) depends on the t h e r m a l  diffusivtty of  only the 
dry  zone, s ince fo r  suff icient ly l a rge  t the l a r g e r  par t  of the heat goes  into heating this zone. 

The f i r s t  approximat ion  g ives  

LA 1 

c~ / '  al Bar 
-cf = - 2 { -  t a/-~-' 

B ---- a, IIp=L + qPz To 
qora R In (2ra/a,) I 2 ' 

_.._c2pz V ~ _  ( LA I To). 
R In (2ra/al) 

(16) 

(17) 

F o r  sma l l  values  of t the th ickness  of the dry zone is s m a l l e r  than the d i a m e t e r  of the capi l la ry  and 
the heat spent  in heating the l a y e r  is negligibly smal l ;  we can make  use  of the  solut tonof[3]  for  the p ro b l em 
of subl imat ion f rom the su r face  of a semiinf in i te  solid body: 

d~, . .§  (18) d~dl -- Vn--~ V- }~ dt 

LA - I n  a 1 vt , (19) 
RT, v n V~z Vn 

where 

vnlnZ(a/vn) ( qo L ) 2 
- Pn  I." t', 

v 1 (t) = LA/R QPz Cz - ~  

~,(t) vnlnZ (a/Vn) ( q~ L ) 4 t3,, 2 
T . / n  - 

LAIR c2p 2 cz ~ 7 ~  

Thus it  follows f r o m  exp re s s ions  (14)-(19) that  the veloci ty  of the t rans i t ion  front  f i r s t  i n c r e a s e s  with t ime  
and then a f t e r  a ce r t a in  t r eaches  i ts  m a x i m u m  value,  and finally at sufficiently la rge  t imes  it d e c r e a s e s  
p ropor t iona l  to 1/~fY. The t e m p e r a t u r e  at the evapora t ion  front  T,  i n c r e a s e s  with t i m e  and at l a rge  values 
of t it tends to a ce r ta in  constant  value (14). However ,  actual ly  this asympto t ic  value of T ,  is not at tained 
a f t e r  a ce r t a in  finite t ime  in te rva l  during which the t e m p e r a t u r e  of the su r face  of the body does not exceed 
the mel t ing  t e m p e r a t u r e  of the bas ic  m a t e r i a l  of the porous  body; i . e . ,  T ,  is  the function of t ime .  
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N O T A T I O N  

r,  the radius of the capil lary;  L, evaporat ion heat; A, atomic weight; T,  tempera ture ;  R, gas constant; 
, coordinate of the evaporation front; ~, speed of sound; II, porosi ty;  )~, thermal  conductivity; @*(y) = (2 / ' f v )  �9 

cO 

] exp(--z2)dz; v n = v(0). The indices 1 and 2 pertain,  respect ively ,  to the pa ramete r s  of the dry zone and of 
g 

the initial body, 

1 .  

2. 

3. 
4. 
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A P P L I C A T I O N  O F  T H E  T I K H O N O V  M E T H O D  TO S O L V E  

T H E  I N V E R S E  H E A T - C O N D U C T I O N  P R O B L E M  F O R  A 

M E L T I N G  P L A T E  W I T H  M E L T  E N T R A I N M E N T  

V.  V. L e b e d e v  UDC 526.24.02 

An algori thm is proposed for the solution of the inverse  heat-conduction problem for  a 
melting plate with instantaneous removal  of the liquid phase. 

The inverse  heat-conduction problem for  a domain (plate) with moving boundary reduces to finding the 
law of motion of the melting solid body and two heat fluxes on the plate boundaries on the basis of the known 
tempera tu re  change in two in ter ior  points. The method of solving such a problem,  proposed in one of the 
au thor ' s  papers  [1], is extended in this paper  to the case when the method of success ive  intervals  is inappli-  
cable,  i . e . ,  when ei ther  the depth of the points x 1 and x 2 does not correspond to the magnitude of the t ime in-  
terval  during which the tempe.ratures are  measured  (x~/2/2 > a A T / l  2 or  (l --x2)2/2l 2 > a A r / l  2) or  the mea-  
surement  e r r o r s  are  large It(x1, r) --t(xl,  r)[. Underlying the method proposed is the more  genera l  approach 
to the solution of incor rec t  problems of mathemat ical  physics proposed by Academician A. N. Tikhonov [2, 3]. 

Let us consider  the t empera tu re  field in a plate heated by a heat flux of density ql (T), where the flux den- 
sity q2 (T) emerges  through the opposite face of the plate. 

P r io r  to the beginning of melting (T < Tm) this t empera tu re  field is subject to the heat-conduction equa- 
ti on 

with the boundary conditions 

02t Ot 
~.-Ox 2 = c p - ~ - - -  T , O<~x<~l, O < ' : < T m  (1) 

and the initial condition 

ot I 
- 0 ;  Ix=o = q' 

- -  ~" a atx x=~ = - -  q~ ('0 

(2) 

(3) 

t (x, 0) = ~ ( x )  (4) 
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