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The t e m p e r a t u r e  d is t r ibut ion  has been  de te rmined  for  a rod bear ing  a local ized m a s s ;  the 
solut ion has been  obtained as rapidly  convergent  s e r i e s  for  sma l l  and la rge  t i m e s .  Exper i -  
menta l  r e su l t s  a r e  given.  

Cons ider  the t e m p e r a t u r e  d is t r ibut ion  in a panel  with re in forc ing  e lements  ( s t r ingers ,  r ibs ,  c o r r u g a -  
t ions ,  and so on), which is subject  to a shock heat  load. We neglect  any contact t h e r m a l  r e s i s t a n c e  be -  
tween  the panel  and the re in forc ing  e lements .  We a l so  a s s u m e  that  the s ize  of the a r e a  of contact is sma l l  
b y  c o m p a r i s o n  with the s ize  of the panel.  In that  case ,  the de te rmina t ion  of the t e m p e r a t u r e  d is t r ibut ion 
can be reduced to  the  heat ing of a rod of length l bea r ing  a local ized m a s s  m at the end (Fig. 1). 

The solut ion will be der ived  for  the case  where  the heat  pulse is approx imated  by b i l inea r  dependence 
of q on r (Fig. 2): 

q (~) = KIT -- ~I (~ -- TI) (KI -- K~) (T -- ~i) + ~I (~ -- z2) (-- K2) (T -- T2), (1) 

where ~?(T --T i) is a Heaviside function. 

We make the following assumptions which simplify the problem but which do not introduce substan- 
tial errors into the final results: 

1) the rod is thin (we neglect the nonuniform temperature distribution in the thickness of the plate); 

2) the temperature of a reinforcing element is dependent only on time; and 

3) the thermophysical characteristics of the plate and reinforcing-element materials are independent 
of temperature. 

We have to determine the temperature of the red tl(x, T) and of the reinforcing element t2(T) to satisfy 
the equation 

c? a t ,_  = ~, o~q -~.- q--(~) , (2) 
O'~ " ax* h 

i o'-t 
e r a - -  , (3) 

and the following init ial  conditions (T = 0): 

the boundary conditions (x = l ) 

and the l inkage conditions (x = 0): 

q - -  to = O, t, - -  t o = O, (4) 

Ot 1 (I, x) _ 0 (5) 
Ox 

tl(O, ~) =t2(~). ( 6 )  
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Fig .  1. T h e  pane l .  
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Fig .  2. The  q(T) c u r v e .  

150 x 

Fig.  3. T e m p e r a t u r e  d i s t r i -  
bu t ion  in pane l ;  so l id  l ines  
f r o m  ca lcu la t ion ,  b r o k e n  
l ines  f r o m  m e a s u r e m e n t s :  
1) r = 3 s e e ;  2) 1 s e c ;  t i s  
i n ~  x i s i n m m .  

T h e  b o u n d a r y - v a l u e  p r o b l e m  of (2)-(6) is  so lved  by  Lap l ace  t r a n s -  
the  o r ig ina l  for  the  t e m p e r a t u r e  d i s t r i b u t  ion is  in the f o r m a t i o n ;  

f o r m  

w h e r e  

,r 

I I cTht (x, x) = q ('0 1 + IT, , q ('~ - -  ~) d~ - -  

0 

"=~ ~ + 2 -  + 2~ 

H = H  , x = - / - ,  H = - -  

and #n a r e  the  r o o t s  of the  c h a r a c t e r i s t i c  equa t ion  

~t 
ig ~ - =  - -  - - -  �9 

H 

cmV'-a-' a =  c v  ' 

In a r ap id  p r o c e s s ,  such  a s  t h e r m a l  shock ,  the  m a x i m a l  t h e r m a l  s t r e s s e s  a r i s e  a t  s m a l l  t i m e s  T; 
the  fol lowing is  the  a s y m p t o t i c  so lu t ion  to  (2)- (6) fo r  s m a l l  r on the  b a s i s  of (1): 

,~  i 4+" = (,)' qx (x) d~ --  K, ( - -  H) (4r) t cyt  (% x) n r ~ .(4+n) • 

0 n~O 

4+n 4+n 

~ _ . x  _ _ %  [4 (x - -  ~1)] T i 4+" erfc x ~ xx [4 (x - -  x~)] 2 t4+n erfc x 1 el'It - • 
2 Va~ ~ - -  ~1 2 V a ( ~ -  ~,) n -  ~ 2 V a (~ - -  T~) J 

(7) 

(8) 

(9) 

Ca l cu l a t i ons  show tha t  su f f i c ien t  a c c u r a c y  is  ob ta ined  by  r e t a i n i n g  the  f i r s t  two t e r m s  in the  l a t t e r  
e x p r e s s i o n .  

T h e  t e m p e r a t u r e  d i s t r i b u t i o n  in a r e i n f o r c i n g  e l e m e n t  is  r e a d i l y  d e r i v e d  f r o m  (9) as  

hc212('U = ~ ' q l ( ' O d T  - - K I  ( - -  1 )n i l  n (4x) 2 1 
3 

4 -}-n ,4 + n  

% [4(x__~i) ] 2 ~ I ( T - - ~ I )  _~ ~I [4(x--T~)] 2 ~](~--~) } (10) 
x2--~I 2 4+n F ( 1 - i - ~ )  %--xt 2 4+n P ( t  +4-2- -a  ) " 

T h e  r e s u l t s  a r e  g iven  be low fo r  a s t e e l  p la te  with the  fol lowing da t a :  ;~ = 0.068 k W / m  .deg ,  b = 0.003 
m;  e = 0.445 k W . s e e / k g . d e g ,  m = 2.73 kg /~ ,  K 2 = 17.5 k W / m 2 . s e c ,  a = 0 . 2 1 5 . 1 0  -4 m 2 / s e c ,  H = ~ /  
e m  ~ = 0 . 3 7 5  I / s e e  1/2, K l = 1 0 0 k W / m  2 . s e e ,  r I = 1  s e e ,  r = 1  s e e ,  3 s e e .  

We r e t a i n e d  four  t e r m s  in  the  s e r i e s  us ing  (9); F ig .  3 shows the  r e s u l t s  fo r  the  t e m p e r a t u r e  of  the  
p l a t e  a s  a func t ion  of c o o r d i n a t e s  and t i m e .  

T h e s e  work ing  f o r m u l a s  w e r e  c h e c k e d  by  c o m p a r i n g  the  ca l cu la t ions  wi th  m e a s u r e m e n t s  on shock  
hea t ing  fo r  a r e i n f o r c e d  p l a t e ;  we u s e d  an  i n f r a r e d - h e a t i n g  s y s t e m  fi t ted with q u a r t z - l a m p  h e a t e r s  KG • 
220 • 2500-3,  which  p r o v i d e d  a hea t  f lux a t  the  s p e c i m e n  of 700 k W / m  2. A t h e r m a l  pu l se  was  p r o v i d e d  by  
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a fas t  shu t te r  which cut  off the heat  flux while the lamps  were  heating up, and i ts  opening t i m e  thus con- 
t ro l l ed  the r i s e  t i m e  of the pulse .  The t ra i l ing  edge of the pulse was provided by a t h y r i s t o r  r egu la to r ,  
which r a n  the vol tage  on the l amps  down to zero  in a set  fashion.  

The  s p e c i m e n  was a s t ee l  plate  600 • 600 m m  of th ickness  1 m m  with re in forc ing  e lements  welded 
around the edge.  

F igure  3 shows the r e s u l t s .  

N O T A T I O N  

q, heat  flux; T, t ime ;  t ,  t e m p e r a t u r e ;  c, spec i f ic  heat  of p la te  m a t e r i a l  and re inforc ing  e lement ;  
7,  densi ty  of panel  m a t e r i a l ;  m,  l inear  densi ty  of r e in forc ing  ma te r i a l ;  s t h e r m a l  conductivity of plate 
ma te r i a l .  
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