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The internal heat transfer associated with the cooling of heated 
porous specimens by cold air has been investigated experimentally. 

In expe r imen ta l  and theore t ica l  inves t iga t ions  of 
cooling sy s t ems  based on the in jec t ion  of coolants  into 
the boundary  l ayer  it is  usua l ly  a s sumed  that the t e m -  
p e r a t u r e  of the coolant  as i t  leaves  the porous  wall is  
equal to the wall  t e m p e r a t u r e .  The publ ished e x p e r i -  
menta l  data on heat  t r a n s f e r  in porous  m a t e r i a l s  under  
s t a t ionary  condi t ions  [1,2] indicate  that,  in r ea l i ty ,  the 
coolant  t e m p e r a t u r e  may be much lower  than the wall  
t e m p e r a t u r e .  There  a re  no publ ished data on i n t e rna l  
heat t r a n s f e r  under  nons t a t i ona ry  condi t ions .  

The model  used in the expe r imen t s  is  shown sc he -  
ma t i ca l ly  in Fig.  1. A disk of porous  copper  was 
mounted in a textol i te  housing.  Chrome l -cope l  t h e r m o -  
couples were  ins ta l l ed  ins ide  and outside the model 
and also spot-welded to both sur faces  of the disk.  To 
reduce  the i n e r t i a  of the the rmocouples ,  at the j u n c -  
t ions  the 0 .3- ram wi r e s  were  ro l led  to a th ickness  of 
about 0 .05-0 .1  ram. Two spec imens  of porous  m a -  
t e r i a l s  differ ing in the s ize  of the f r ac t ions  (d 1 = 0.1 
ram; d2 = 0.15 ram) were  tes ted .  The d i ame te r  of the 
disks  was 8 ram, the th ickness  3 ram, and the poros i ty  
35%. 

We f i r s t  pe r fo rmed  expe r imen t s  to de t e rmi ne  the 
p e r m e a b i l i t y  of the spec imens  

c = ~6 ~ (1) 
Ap 

It was found that  for both spec imens  c ~ 10 -t l  m 2. 
In the heat t r a n s f e r  expe r imen t s  the spec imens  were  

f i r s t  heated in a jet  of hot a i r  to ~150 ~ C. Then cold 

a i r  was passed  through them,  and the va r i a t ion  of the 
t e m p e r a t u r e  of the spec imen  and the a i r  with t ime  was 
r eco rded  on the char t  of a "Geof iz ika '  osc i l lograph .  
The a i r  was supplied to the model f rom a tank through 
an oxygen r e d u c e r ,  which ma in ta ined  a constant  p r e s -  
sure  in the model .  The consumpt ion  of a i r  was de-  
t e r m i n e d  f rom the p r e s s u r e  drop in the tank whose 
capaci ty  was known. 

As a r e s u l t  of the expe r imen t s  it  was es tab l i shed  
that the t e m p e r a t u r e  of the gas on leaving  the porous  
wall was lower  than the wall  t e m p e r a t u r e .  In ce r t a in  
cases  the d i f fe rence  amounted to 10-15 ~ . S imi la r  r e -  
su l t s  were p rev ious ly  obtained in [1, 2] under  s t a t ionary  
condi t ions .  An ana lys i s  of the expe r imen ta l  data made  
it poss ib le  to obtain a s imple  method of ca lcu la t ing  the 
in t e rna l  heat t r a n s f e r  under  the condi t ions  inves t iga ted .  

The quant i ty  of heat  per  uni t  a r e a  that the a i r  g ives  
up to the wall  in pass ing  through the pores  is  given by 
the equation 

q = cp9  v ( t l  - -  t~). (2) 

The in t e rna l  heat t r a n s f e r  coeff ic ient  per  unit  vo l -  
ume of porous m a t e r i a l  

a -- q (3) 
5h tl 

The mean  loga r i thmic  t e m p e r a t u r e  head At1 in 
Eq. (2) is  de t e rmined  as follows: 

A t l  = (t4 - -  t~) - -  (t~ - -  t l )  ( 4 )  

In  t 4 - - t ~  
ts - -  tl 

664 

g 
Fig.  1. Diagram of expe r imen ta l  model:  1) the rmocoup les  
for m e a s u r i n g  the t e m p e r a t u r e  of the gas on leaving the 
porous  wall ;  2) ins ide  the model ;  3) at outer  and 4) i nne r  

su r faces  of spec imen .  
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Fig. 2. The r e l a t i on  Nu -- f (Re)  for  heat  t r a n s f e r  
in a porous  m a t e r i a l  (1 -5  accord ing  to [1], con-  

t inuous l ine  accord ing  to Eq. (8)). 
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However,  i t  is  diff icul t  to use  data analyzed in this 
way in e x p e r i m e n t s  with porous cooling,  s ince  only 
t2 and ta or  t4 are  usua l ly  measu red .  In ana lyz ing  the 
e x p e r i m e n t s  i t  is  poss ib le  to employ the quant i ty  

Ate--  t4--t2 (5) 
2 

In fact,  the quant i t i es  t l ,  %, and t4 a re  usua l ly  
s i m i l a r  and much g r ea t e r  than t2 (under our  condi t ions  
tl ,  ta, and t4 va r i ed  in the range  100-150 ~ C, while 
t 2 ~ 20 -30  ~ C; the quant i t ies  Atl and At2 differed by 
not m o r e  than 10%). 

The r e s u l t s  of the expe r imen t s  were  gene ra l i zed  in 
the fo rm 

Nu -- f (Re). 

The Nusse l t  n u m b e r  was de t e rmined  as follows: 

g d 2 
Nu - . (6) 

6 0  - - ~ ) ~  

The p a r a m e t e r  6(1 - I I ) /a  d e t e r m i n e s  the a rea  of 
the su r face  over  which the gas flows per  uni t  volume 
of m a t e r i a l  and makes  it poss ib le  to employ the vo l -  
ume heat  t r a n s f e r  coeff icient .  

The Reynolds  n u m b e r  was also d e t e r m i n e d  with 
al lowance for the p a r t i c u l a r  c h a r a c t e r i s t i c s  of the 
flow in the porous med ium:  

R e -  9vd (7) 
~H 

The r e s u l t s  of the expe r imen t s  a re  p r e sen t ed  in 
Fig.  2 (dots). The same  f igure  includes  the data of 
[1] obtained for s t a t iona ry  condi t ions  (c i rc les ) .  Our 
expe r imen ta l  data are  c lose ly  approximated  by the 
r e l a t i on  

Nu = 0.0042 Re ~ 9 .  (8) 

The r e s u l t s  obtained can be used in the e x p e r i m e n -  
tal  de t e rmina t ion  of the heat  t r a n s f e r  at a p e r m e a b l e  
su r face  under  nons t a t i ona ry  condi t ions .  This method 
is  used in connect ion with i n t e r m i t t e n t  wind tunne ls .  
In this  case  the heat flow into the wall  is  expended in 
two ways:  on heat ing the wall  and on heat ing the i n -  
jec ted gas .  Knowing the flow ra te  of the in jec ted  gas,  
f rom Eq. (8) we can find the Nusse l t  n u m b e r  and f rom 
(6) and (3) de t e r mi ne  the heat flux going toward hea t -  
ing the gas.  The t e m p e r a t u r e  of the in jec ted  gas as it 
l eaves  the wall  can then be de t e rmined  f rom Eq. (2). 

NOTATION 

tt ,  t2, t~, and t4 a re  the t e m p e r a t u r e s  of the in jec ted  
gas on leaving and before  en te r ing  the porous  wall ,  
t e m p e r a t u r e s  a t i n n e r  and outer  wall su r faces ,  r e s p e c -  
t ively;  X, t~, Cp, p, and v a re  the t he rma l  conductivity,  
v i scos i ty ,  specif ic  heat ,  dens i ty ,  and ve loc i ty  of the 
in jec ted  gas;  AP is  the p r e s s u r e  drop over  the th ick-  
ness  of the porous wall ;  5 is the th ickness  of the porous  
wall ;  d is  the d i a m e t e r  of the s in t e red  f rac t ion ;  II is  
the poros i ty  of the ma te r i a l .  
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