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A hea t  source  ac t s  on one side of  a s t ra igh t  wedge  wi th  a d i a b a t i c  

boundar ies .  The  t e m p e r a t u r e  stresses are  d e t e r m i n e d  in t e rms  of the  

d i s p l a c e m e n t  po t en t i a l  and  Airy  stress func t ion ,  

We will cons ide r  the quas i - s t a t i c  p l a n e - s t r e s s  p r o -  
b l e m  of the t e m p e r a t u r e  s t r e s s  d is t r ibut ion  in a 
s t r a igh t  infinite wedge x - 0, y -> 0 with adiabat ic  
boundar ie s .  We a s s u m e  that  the t he rmophys i ca l  p r o p -  
e r t i e s  of the m a t e r i a l  do not go beyond the l imi t s  of 
e l a s t i c i ty  and do not depend on t e m p e r a t u r e .  We fu r -  
t h e r  a s s u m e  that  ex te rna l  f o r c e s  a r e  not applied to the 
wedge;  consequent ly ,  

%=~r,~=O at ~ = 0 ,  ~ = I I / 2 .  

We will find the t e m p e r a t u r e  s t r e s s e s  in the f o r m  of 
s u m s  

o 02 

+ % OP 
e~ = o r = - -  ( f - -  2G 09), (1) 

= ~ -  --~r + - -  - -  ~ ) (F--26 ~), (2) 

Vr~ = x ~  + r  e = 0 | ~2_ 0 (F_26~) |  F t  q (3)  
~ "~ - -  0-~ Lr  j ~  

where  ~ ,  F a r e  the d i sp l acemen t  potent ia l  and A i ry  
function,  sa t i s fy ing  the equations 

h @ = ( 1  + ~ ) ~ T ,  A A F = 0 .  

The e x p r e s s i o n  fo r  the d i sp l acemen t  potent ia l  is w r i t -  
ten in the f o r m  [1] 

t 

0 ) = ( l + ~ x ) a a  f Tdt+toP~+q)~ (4) 
o 

Here @i is an arbitrary harmonic function and @o is the 
displacement potential corresponding to the initial 
temperature. These functions are selected so that the 
stresses are finite at zero and disappear at infinity. 

If the initial temperature of the wedge is equal to 

zero, then after a time t the temperature due to an 

instantaneous linear heat source located at the point 

(x0, 0) is equal to 

T =  q - [exp(--p~) +exp(--p~)]. 
2Hs 

The d i s p l a c e m e n t  potent ia l  is  de t e rmined  f r o m  (4) and 
has  the f o r m  

m = A [Ei ( - -  to~) + Ei ( - - ~ ) -  lnp~ p~]. 
2 

F r o m  (1)-(3) it fol lows that  

l -+- o~ = - -  A~ {exp ( - -  p~) + exp ( - -  022)] , (5)  

%~-- o~ = A~lf2(to~)(p~--m ~) + ):~ (to~) (p~-- m~)l, (6) 

I = __ A1 too sin qo [[~ (Px) • "~mp 

• - -  Po cos 9) - -  f~ (P2) (to + too cos 9)1, (7) 

where  

[2 (P) = 1-- exp (-- 92) (1 + to 2) = 
9~ 

~ ]  ( - -1?  (k +1) 
= 18~to% [Sk -- (k +2)! 

k~0 

The s t r e s s e s  a t  the wedge boundary  ~ = 0 a r e  

1 ~ 0 ,  Tr(p 

(~1 = A1 {fi (p + too) + - -  

A, { ~  %[(p+po)2,~ +(p__too)~])= A~ ~ o~ktfk" 
~ 0  k=0 

The s t r e s s e s  at  the wedge boundary  ~ = I I /2  a r e  

- -  Z~P  �9 - -  A~ X (% --29~ ( f  + 9~)~ = A, 2k 
k=0 k~O 

Here  

~ r k  _ 2to02pm), ~k ~ ~ m  ,~2m--2Ie[., O I~u, m 

m ~ k  

~ ,r~2k ~2m--2k U. 
(Ok ~ ta2m ~'0 m 

m=k 

f~ (p) = ~ (p) to ~ - -  exp ( - -  to ~) = X a~,oa, 
k=0 

( - -1p  +~ (2k + 1) 
a k =  ( k +  1)! 

The A i ry  s t r e s s  function F is found in the f o r m  [2] 

F = ~ p~*~ [B~U~ (~) + D~Yk (9)1, 
k=0 

where  the funct ions 

Uk (~) ( _  n./k [cos 2k q, - -  cos (2k +2) ~l, 
2 

Vk (9)---- + [cos 2k tp + cos (2k +2) ~] 
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sat isfy  the conditions 

Uk(0) = U; (0)=  U~(n/2) =0, Uk (n/2) = I ,  

Vk (0) = 1, V~. ( H / 2 ) -  V~ (0) = V~ (11/2) =0 .  

- -  ' at ( p = 0 ,  F r o m  the boundary  conditions 6v = ~ 

q) = 1I/2 we de te rmine  the coeff ic ients  B k and Dk, 

Dk = - -  A~ r +2) (2k + 1), 

Bk = - -  A, Xff(2k + 2) (2k + 1). 

It is m o r e  convenient to cons ider  the calculat ion 
fo rmulas  in the f o r m  of a sum and a d i f ference  of 
s t r e s s e s ,  

e ~ + g r = o $ + e ~ r - - A ,  a~ p~k COS 2k ~, (8) 
h=o 

0 " ~ - -  " i i  1 ar-,- % --o~ - -  A~ X _ _ _ _  

X ~ p~ { kak cos 2k r + Ok (k + 1) cos (2k + 2) tp }, (9) 
/~=0 

~'r~ r~ 2 pZk X 
~=0 

x {kaksin2kop+b~+xsin(2k+2)cp}. (i0) 

Here  the s t r e s s e s  with s u p e r s c r i p t  1 a re  de te rmined  
f r o m  

( 5 ) - -  (7), a~ = ["k + (--17 xkl/(k + 1), 
b ~ . =  [r + (--t)k+~Zkg(~ + 0 .  

The p rob lem o f  the s t r e s s  d is t r ibut ion  if the heat  
source  acts  during t ime t is s im i l a r l y  solved.  The 
t empera tu re  dis t r ibut ion function,  the d i sp lacement  
potential  and the Ai ry  function have,  r e spec t ive ly ,  the 
f o r m s  .- : 

T = q tel ( - -  p~ + Ei (-- p22), 
2113, 

�9 ---- A t  [Ei ( --  p~) (I + p~) + Ei ( - -  p~) (1 + p~) + 
2 

+ exp (-- p~) + exp (--  p~) - -  (1 + p~) In p~-- (1 + p~) In P~l, 

, p~+~ 
F - -  - -Ao k=o (2k +2)(2k-{-1) [Z-k Uk (qa) + ~ Vk ((p)], 

where  

~ = y c ~ o~m-2k,:  2po'L), rn PO I.~ra - -  

m ~ k  

~-~ r.a . m - a -  - (--1) k (2k + l )  
.. ~ k  ~ , ~  ~-'2tn PO O'm. ' O'm ~ ' 

,,,=k (/~ + 1)! 
o 

~m= (--1)k+l/(k+2)L k =  l, 2 .... =~=7--2,  g = - - l / 2 .  

The s t r e s s  equations (8)-(10) r ema in  valid for  this 
case  too,  if we se t  A1 =Ao, 

i__ z Ao J 1 - -exp( - -p~  1--exp(--p~) 

�9 ;} 
- -  2 - -  m ~ [ ,~  (03 + , ~  (o~ ] , 

o' + - '  = Ao {El (-- p~) + ni (-- @ - -  In O~p~--4 }, ~p r 

x~ = - -  A o Po sin ~ { ~  (Pl) (p --  Po cos ~) - -  

_ , ,  (p~) (O~+ po Cos ~) }, 

i _ exp (-- o ~) - -  # 
,1,~ (o) = # , 

a ~ =  , ~ + 1  .. , b ~ =  k + i  

In these  p rob lems  the s t r e s s e s  a r e  expressed  in 
t e r m s  of un i formly  convergent  s e r i e s  in powers  of the 
r ec ip roca l  of the Froude  number ,  The solutions ob-  
tained can also be extended to the ease  of plane s t ra in .  
F o r  this purpose  it is n e c e s s a r y  to change the c o r r e s -  
ponding constants  and add the s t r e s s  (r z. 

NOTATION 

T is t h e t e m p e r a t u r e ;  t is the t ime; a, 4, ~ a re  the 
t he rma l  diffusivity,  t he rma l  conductivity and coeffi-  
cient of l inea r  expansion; (x, y), {r, cp) a re  the c o o r -  
d ina t e s  of point in polar  and rec tangula r  coordinate  
s y s t e m s ,  fo r  which the polar  axis and cen te r  coincide 
with the x axis  and origin;  {x0, 0) a re  the coordinates  
of sou rce  of in tensi ty  q; n 2 = 1/4at ;  p2 = n~r2; p~ = 
= n2x02;  m 2 = 2 p  2 s i n  2 (p; /9~ = ( r  2 + X o  2 - 2rxocos  (p)n2; 
p2 = (r 2 + x~ + 2rxo cos ~)nZ; ~(p, ~r, Try0 a re  the 
s t r e s s e s  in polar  coordinate  sy s t em;  ~ ,  F a re  the d i s -  
p lacement  potential and Airy  s t r e s s  function; G, p a re  
the modulus of e las t ic i ty  and P o i s s o n ' s  ra t io;  Ei(--x) 

= y exp (--t_._____~) dt is the in tegro-exponent iaI  function; C~ a 
t 

~o 
is  the number  of combinat ions  of  k e lements  taken m 
at a t ime;  A=l--q(l-q,',-~)aa/IIX; Al=q(l+e.)aG/ID~t; Ao=A~t; 

o~ 1 o + ! ~ 
A=-~-r~ + - r - :  ~ ' r' o~' ; 7=o'577'" Euler  constant,  
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