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Heat and water transfer are considered for an unbounded isotropic rock body 
exposed to a ventilation jet of constant temperature. Formulas are derived 
that describe the distributions of the temperature and the water-transport po- 
tential in the rock. Equations are presented for the fluxes of heat and water 
from the rock into the air. 

Calculations on the temperatures in closed-end mineworkings have been performed by 
reference to the heat transfer from the rock in a cavity of spherical form ventilated by air 
at constant or variable temperatures [1,2]. However, many studies have shown that mines also 
increase the humidity of the air because the rock dries out, and that the heat and mass trans- 
fer processes have their highest rates in freshly cut rock, when most of the water enters the 
air by evaporation from the walls. 

In that case one can assume that the criterion for phase transformation in the rock is 
close to zero (c ~0), and the differential equations for heat and mass transfer from the 
rock to the air will take the following form [3]: 

aT (r, x) OZT 2 aT = - - +  --, ( i )  
O Foq Or z r Or 

aV (r, x) _ a2v 2 o r  t d - - t e  ( a2T 2 0T ) 
aFom Or ~ + + 6 - -  ~ - -  , l < r r Or O d - -  Oe ~ + r Or 

w i t h  the  b o u n d a r y  c o n d i t i o n s  

T (r, 0) = 0, V (r, 0) = 0, 

for 

where 

r-~-oo: T(r, ~)-+0, V(r, x)-~O, 
aT (1, x) Or + B i q [ 1 - - T ( 1 ,  z)]-- DR----2"~ [V(1, x ) - -  11 = 0 ,  

aV(1, x) + 6  td--te OT(I, x) + B i m [ 1 - - V ( 1 ,  r)]----0, 
Or 0 d -- 0 e Or 

T(r, 1:)=: t(r,  x ) - - /d  ; V(r ,  T) O(r, ~ ) - - 0  d 
to-- td Oe-- Od 

D = [~p(O d -  Oe)/(t d - -  to); r ----- R/Ro; Foq ---- aqx/RZo ; 

Fo~ = am'~lR2o; Bi~ = ~xRolX; Bi m = [JRol~,,,. 

The following are the reduced heat-transfer coefficient and Biot number 

~=O~re--Oc [1 + D g/(l' x) ] ,  t3iq=$.Ro/%, 
47'(1, "0 

after which boundary condition (5) is converted to 

aT (1, ~) ~iqT (1, ~) + Biq + DRo/~. O. 
ar 
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We apply a Laplace-Carson transformation [4] to (I) and (2): 

We get the System 

7(r, p ) = p  j" e x p ( - - p ~ ) f ( r ,  x) dT. 
0 

d2~ 2 dT Ro p~, 
dr z + ~ -  d ~  - a~ 

dZl] 2 dV .~ 8 t d -  te ( d2T 2 d--T 
dr z + ~ -  dr 0 d - 0  e \ ~  -+ r dr 

with the boundary condition for 

= R_J_~ p~/ 
am 

r ~ = :  Y(r, p)--+o, ~(r, p)--o,  

dT(1, p) _ B i q T ( 1 ,  p ) + B i , z + D R o / k = 0 ,  
dr 

t d - - t e  d-T(1, p) dg (1, p) + ~ 
dr 0 d -- 0 e dr 

From (ii) with(13) and (14) we get 

T(r ,  p) = (Biq + RoD~X) bq 
(1 + Igiq) (b,z + I f  p )r 

where 

+ Bim [1 - -  -17 (1, p)] = 0. 

exp [-- (r - -  1) R0 V'p-~q], 

]/" aq  (1 -t- Biq). 
bq = Ro 

Substitution of (16) into (12) and (15) gives an equation whose solution is as follows 
for the conditions of (13) and (15): 

where 

Nbm 
V(r, p) = exp[ - -  ( r - -  1) Ro ]/p/aM + 

r(bm+ V-P-3 

+ Mbq 
r (bq -6 I / -P  --) exp [-- (r - -  1) Ro V-P/am] -l- 

Ebq exp [-- ( r - -  1) Ro Vp-~q], 
+ ([3iq + 1) (aq/ara - -  1) r(bq+ | / p - )  

N = _ _ _ _  

bin-- ] f ~  (1 + Bim); 
R0 

E = 8 td - -  t~e (Biq + RoD~X); 
0 d -- 0 e 

1 { E [Bim + aq/a,,, - -  (Bi~ + 1) V%/a~  ] 
Bim + 1 Bim -1- (aq/am - -  1) [(Bi~ -t- 1) ]/-a~a-q - -  (Biq -I- 1)] 

M = E (T3iqaq/am - -  Bim) 
(1 + Bi 0 (aq/a~ - -  1) [1 + Bim - -  (1 + giq) ]/-aq/am] 

(11) 

(12) 

(13) 

(14)  

(15) 

(16) 

(17) 

(18) 

(19) 

(2o) 

Equations (16) and (17) are the transforms of the dimensionless temperature and water- 
transport potential in the rock. A standard formula is [5] 

k " k 
bexp(--k]fP-)b+V~_p - ~+e r fc2~_- -  exp(bk+b2x) erfc ( b ] f - ~ - +  2 V-~- ) - (21) 

We a p p l y  t h i s  to  (16) and (17) to  g e t  an a n a l y t i c  e x p r e s s i o n  f o r  t he  d i m e n s i o n l e s s  t e m p e r a -  
t u r e  and water-transport potential: 

T(r, ~) = . t(r, T)--t d _-- Biq + DRo/X I erfc r-- I 
t c - -  t d (1 + 13iq) r ~ 2 l f F ~  
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r l ]} 
- -  exp [(r-- 1)(1 + giq) + Foq(1 -I- T3iq)=l erfc [(1 + giq)VFo~ + 2 VFoq ' (22) 

r - - 1  V(r, x ) =  0(r, T ) - - 0  d = _fiN erfc exp [(r - - 1 )  ( B i m + l ) +  
0 e -- 0 d r 2 ] fFo~  

+ Fore (1 § Bi~)21 erfc (1 § Bim) I/FT~ -t- 2 "v~FT~ + 

+___M {erfc r 1 r _ 2 l/F--ore exp [(r - -  1) (Biq + 1) l /adam -1- Foq (1 + 

+giq)Zlerfe[(1 + giq)VFoq+ 2 V'Fd-r~ + (l+giq)(aq/a,~--l)r x 

[ r - -  1 [(1 Biq)VF--0-gq r - - 1  ]} X lerfc 2 ~#~q exp[(r--l)(l+Bia)+Foq(1-~Biq) 2] erfc + ~- 2~#F-~q �9 (23) 

We further have the coefficients for the nonstationary heat and mass transfer [2]: 

% OT(I, ~) %m OV(I, T) 
---- , ra~ (24) k~ Ro Or Ro Or 

Simple  s t e p s  ( 6 ) ,  ( 1 0 ) ,  ( 2 2 ) ,  and (23) w i t h  (24) g i v e  

~ B i q + R o D  [1 Biq ] (25) 

Ro 1 i(z ) , 

Ro /~o t 1 q-Biq Bin, M ~ .  (Biq-[-1)(aq/a,n-- 1) [ ( zq)  - - R o  Nf(zm), (26) 

where 

Zq ---- (Biq -]- 1) V ~ ,  zm == (Bim -~- 1) I/Fore, f(z) : 1 --exp(ze)erfcz. (27) 

E q u a t i o n s  (25) and (26) g i v e  us the  h e a t  and w a t e r  f l u x e s  f rom 

q = k ~ ( t  d -  re), m = m z ( 0 d - - 0  ~, (28) 

which  a r e  used  i n  c a l c u l a t i n g  the  p a r a m e t e r s  o f  the  a i r  f l ow  in  the  c l o s e d  end of  the  work-  
i n g s .  We show t h a t  one can o b t a i n  e x p r e s s i o n s  f o r  k T and m T f o r  bounda ry  c o n d i t i o n s  of  the  
f i r s t  k i n d ,  i . e . ,  t ( R o ,  T) = t c ;  f o r  t h i s  p u r p o s e  we pas s  to  the  l i m i t  i n  (10) and (25) and 
(26 ) ,  where  Biq + ~ i s  Biq  + co, which  g i v e s  

k,---- ~- ~ 1 q- (29) 

%mBim [ 5(td--tc) j 
m~---- - -  1 + 

Ro (0 d -  0e)(1 § |/~aq/a,~) 

)~m5 (~t - -  to) )~mBim { 6 (t d - -  to) >f 

- -  /~0(0a-%~ga--~q + R 0 ( g i ~ §  (0d- -0e~(aq/am--1)  

• [Bim -t- aq/am - -  (gi m -+- 1) ]/-a./a.d - -  Bim} f (Zr~), (30) 
2 

where  t h e  f o r m u l a s  have  b e e n  d e r i v e d  on the  a s s u m p t i o n  t h a t  

F o q ~  [ 5 ( td - -  to) j2 1 
0,t - -  0e ~Bi,,2~ (31 ) 

These  e q u a t i o n s  a l l o w  us to  c a l c u l a t e  the  h e a t  and mass f l u x e s  f rom the  rock  i n t o  the  
a i r  i n  the  v e n t i l a t i o n  o f  a c l o s e d - e n d  work ing  w i t h  r a p i d  e v a p o r a t i o n  from the  w a l l s .  

NOTATION 

R, spherical coordinate; Ro, radius of spherical end; t(r, T), 0(r, T), temperature and 
water-transfer potential; td, tc, temperature of the uncooled rocks and cooling jet, respec- 
tively; 0d, 8e, water-transfer potential and equilibrium value; Cq, CT, specific heat and 
water capacity, respectively; aq, thermal diffusivity; am, water transport coefficient; %, 
%m, thermal conductivity and water conductivity, respectively; 6, thermogradient coefficient; 
erf x, probability integral. 
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THERMOELASTICITY OF NONHOMOGENEOUS MEDIA 

Yu. M. Kolyano and E. I. Shter UDC 539.3 

A system of equations is derived for the coupled thermoelasticity of an aniso- 
tropic nonhomogeneous body, taking into account the generalized law of heat con- 
duction, by the method of systems identification and with the aid of the 
Clausius--Duhem inequality. 

In view of the extensive use of composite materials in various branches of technology, 
it becomes very important to study the properties of nonhomogeneous media. 

The process of heat propagation through a nonhomogeneous medium will be simulated as 
follows: A system with the transfer function Gij(Xs), representing an anisotropic nonhomo- 
geneous medium, receives a temperature gradient Vt at the input and transmits a thermal flux 
+ 
q as its output signal. The output ~ of a linear process with the input Vt is determined as 
the convolution integral 

qi = .i Vt (xs' T - -  ~) Oij (xs, Ti) d~l ( 1 ) 
0 

o r  

q~ = .f v t  (x., ~) O~j (x~, �9 -- ~)  d'v~. 
0 

(2) 

We introduce the notation Z = qi and Y = Vt. We then define the correlation function q~zy 
which describes the coupling between quantities Z and Y 

T3 

lira 1--!-- ~Z(xs ,  ~)r(xs,  ~--~Od~c, (3)  %v---- 
~-~ |  2-c s J 

We analogously define the autocorrelation function ~yy as the average product of the value of 
signal Y(xs, T) and its value at time (T -- T2) 

T3 

- - T  s 

We will consider an input function Y of the "white noise" kind, whose autocorrelation func- 
tion is a delta function. A preliminary transformation of function (3) with relation (I) 
taken into account yields 

q%v (xs, "~2) = G~j (xs, 1:2). (5)  

With the aid of relation (5), relation (2) transforms to 
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