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A solution is given to the problem of  the unsteady temperature  field in an infini te anisotropic prism of  
rectangular  cross section with an internal  hea t  source. The solution may  be used to ca lcu la te  the t emper -  
atures of magnet ic  circuits in e lec t r ica l  equipment.  

We wish to find the unsteady temperature  field in an anisotropic prism of rectangular  cross section with an internal 
heat  source qv of  uniform density. The thermal  conductivi t ies  Xx and ky and the heat  transfer coefficients cx x and a y  
are constant. The in i t ia l  tempera ture  and the temperature  of the surrounding medium are zero. 

Under these conditions, the equations of hea t  conduction are 

pc a,~(x, y, ~) = xxa~#(x' Y' ~) + x~ a~#(x' g' + go, 
O r Ox 2 093 

0 < ~ < ~ ,  - - R x ~ x . ~ R . ,  - - R U < y < R  u, ~ ( x ,  y, 0)=0 ,  

a # (o, y, ~)lax = o, o e (x, o, ~)1@ = o, 

zx O~(R~,  y, ,~) + ~ ( R ~ ,  y, ~ ) = 0 ,  
Ox 

Xy O ~ (x, R~, z) + %~ (x, Ru ,  "~) -- O. 
Oy 

Making the substitution y =- ~ ]/-~,u/kx and representing the solution for ~(x, ~, r )  as if(x, 71, T) = T(x, ~) + 0(x, 

71, r) ,  we obtain the two systems of equations: 

O2T (x, ut)lOx z + O2T (x, "q)lO ,q2 + q~t),~ = O, 

-R~ 4 x ~ ,  - - R ~ V ~  < ~<  R ~ V ~ ,  
aT (0, .q)/ax = o, aT (x, 0)/0 ~ = O, 

x~ aT (R~. ~) + ~T (R., ~) = O, 
ax 

aT (x, R~ Vx./xy) + % T ( x ,  Ru V x./xy) = 0; (4) 

(1) 

(2) 

(3) 

0 ~ < ~ ,  

0 0 (x, "q, "c) [O20 (x, "q, 'c) O20 (x, % "O] 
a.c - ax Ox 2 + O'q~ ' (5) 

0 (x,  % 0) = - -  T (x, ~q), (6) 

xx O O(Rx, ~, ,~) + ~o (R~, ~q, "0=0, (7) 
Ox 

k u 
V ),y 0 (8) 

Here a x is the thermal  diffusivity in the x direction.  

Solving (1)-(4), we find 
ao 

T (x, "q) -- )'x m=l 
s in  l~m [ 

~ (1 + R ~ ~ / 2  ~.~) 1 - 
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-- RxK%I~'*%IXY~., ( th  ~., ~ R u / _ ~ _ y  q_),x 

Rx ]/-Xulkxpm %lku .)-i ch Pm ~ l  .X + 

- t 
X chpm R/,, ] / k y / - - 1 e o s ~ m _ _  ' 

R. F 7,./  R. 

where l*m are the roots of the transcendental equation cig ~m -- Dm 

The integral of the system (5)-(8) has the form 

given in [I]. 

0(x, N, ~)-- 4qoR~ ~ sinDm 
~,x Pare ( 1 + sin 2 ~m/2 ~rn) m--1 n=l 

X 

X 
] . X sin ~n % ~n ctg ~n - -  1 cos Pm X 

2 2 ~n (I -~ g~ ~,j2 p,.) XxR u ~2m/R2 + p.).JRy).x s 

)<costa ~q exp --% ~m + ~.Xy 
Ru Zx Ry g)vx/ky 2 ' 

where gn are the roots of the equation ctgu n = ~nXy/Ryay. 

Then, finally 

22~_j (x, y, ~) = gvRx sin~m • 
Xx p~ (1 +s in  2~m/2 ~m) m=l 

X{[1--RxV"%/Xx%/XY (th~., Ru l/ /" x* 
Ixm Rx V % + 

+ ] 

- -  2 E sin I*. '1 - -  
. = 1  P.(1-~s~n2~n/2~n) (~mRy)'kx q- (PnRx)=kv X 

(9) 

[ ( =)]  ~ ~.x~ s~.  ~, .  Xexp - - a .  --~ + ~  �9 co Y c o s ~  x 
R. Ry ~. 

Putting r = co in (9) (this corresponds to a steady temperature distribution), we obtain the solution given in [2]. 
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