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The thermal eonductivities of sintered specimens of iron powder, 

as functions of porosity, temperature, and powder particle size, 
were experimentally determined. 

Odelevskii's formula [I] or the relationship kpor/ 
/k c =f(0), proposed by Skorokhod [2], is usually used 
to determine the thermal conductivity of cermets. Can 
these formulas, however, be used to determine the 
thermal conductivity of porous articles at high tem- 
peratures ? 

It was show in [3,4] that, at high temperatures, 
heat transfer by convection through a complex system 
containing a metal and pores can be neglected, since 
its role becomes of practical importance only at tem- 

peratures above I000 ~ K and in pores of diameter greater 
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Fig .  1. T h e r m a l  conduct iv i ty  
vs .  poros i ty :  1 ) f r a c t i o n  
+160 p; 2 ) f r ac t ion  -120 /+80 /~ ;  

3) f r ac t ion  - 4 0  ~. 

than 5000 ~t. The va lue  of the rad ia t ive  t h e r m a l  con- 
duct ivi ty  at T =1300 ~  =1000 /z  ( h i s  the pore  
d iamete r )  is only 12.8 �9 10 -2 W / m  �9 deg) [5]. This  value  
is negl ig ib ly  sma l l  in compa r i son  with t he rma l  con- 
duct ivi ty of m e t a l s  and a l loys ,  i . e . ,  heat  t r a n s f e r  by 
rad ia t ion  in the p o r e s  at high t e m p e r a t u r e s  can a lso  be 

neglec ted .  

Thus,  in r e a l  c e r m e t s ,  wh ichhave  v e r y  s m a l l p o r e s ,  
conduct ive  t he rma l  conduct iv i ty  is  the dominant  p r o c e s s  
at high t e m p e r a t u r e s .  

The a im of the p r e s e n t  work  was to d e t e r m i n e  expe r i -  
men ta l ly  the t h e r m a l  conduct ivi ty  of s i n t e r ed  s p e c i m e n s  
of i ron  powder  f r o m  the Sulinski i  f ac to ry  as funct ions 
of the poros i ty ,  powder  pa r t i c l e  s i ze ,  and t e m p e r a t u r e .  

The thermal conductivity was measured under steady- 
state thermal conditions. The cylindrical specimen of 
material of diameter 0.02 m was clamped between 
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Fig.  2. T h e r m a l  conduct iv i ty  
vs. temperature and porosity: 
i) 0 = 9.6%; 2) 26.8; 3)32.4; 

4) 47.5. 

two s tandard  spec imens  of A r m c o  i ron  of known t h e r m a l  

conduct ivi ty .  Oxidation of the spec imens  was avoided 
by heat ing them in an a t m o s p h e r e  of alcohol  vapor .  

The in i t ia l  m a t e r i a l  for  the s p e c i m e n s  was i ron  
powder  with the c h e m i c a l  compos i t ion  shown in the 
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Fig.  3 T h e r m a l  conduct iv i ty  

vs .  po ros i ty  and t e m p e r a -  

ture:  1) T = 323 ~ K; 2) 573~ 
3) 773 ~ . 

table .  On being s in t e red  in a n i t rogen -hydrogen  a tmos -  
phe re ,  however ,  the chemica l  compos i t ion  of the m a -  
t e r i a l  was a l t e r ed  due to combust ion  of carbon ,  r educ -  
tion of oxides ,  e tc .  Hence,  the t h e r m a l  conduct ivi ty  

C h e m i c a l  Compos i t ion  (%) of Iron Powder  of Sul inski i  F a c t o r y  

Impurities, not more than Fetot 
not less than C 5i Mn 5 P 

98.0 0.15 0.25 0.5 0.04 0.04 



214 IN ZHENERNO-FIZICHESKII ZHURNAL 

of the m a t e r i a l  of the spec imens  was probably  higher  
than that of steel  15 and l e s s  than that of Armco .  
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Fig.  4. Xpor/Xc =f(O): f rom 
au thor ' s  data; 2) [2]. 

For  inves t iga t ion  we took three  powder f rac t ions :  
+160 p, -120 /+80  p, and - 4 0  #. The spec imens  were  
p r e s sed  at different  specific p r e s s u r e s .  The s in t e r ing  
condit ions were as follows: s in te r ing  t empe ra tu r e  
1473 ~ K, i so the rma l  holding t ime 7200 sec,  a tmos -  
p h e r e o f  pur i f ied  and dr ied  d i ssoc ia ted  ammonia .  Some 
of the s in te red  spec imens  were  p re s sed  a second t ime 
to provide spec imens  with lower  poros i ty .  

F r o m  the r e su l t s  of the exper imenta l  inves t iga t ions ,  
we plotted the re la t ionsh ips  shown in Figs .  1 - 4 .  

F igure  1 shows the the rmal  conduct ivi ty  X as a 
function of the poros i ty  0 for the three  powder f rac -  
t ions .  The mean  t empe ra tu r e  of the spec imens  was 
323 ~ K. Since the e r r o r  of the m e a s u r e m e n t s  was 3-5%, 
the spread  of the resuI t s  for the different  powder f r ac -  
t ions lay within the region of e r r o r .  As Fig.  1 indi -  
ca tes ,  the t he rma l  conduct ivi ty  was p rac t i ca l l y  inde-  
pendent  of the pa r t i c le  s ize  of the powder.  

The re la t ionsh ip  shown in Fig.  1 is  a s t ra ight  l ine .  
Extrapolat ion of this l ine unt i l  i t  i n t e r s e c t s  the y -ax i s ,  

thus giving the the rmal  conductivi ty X c of the compact  
(zero-poros i ty)  meta l ,  and ca lcula t ion  of the ra t io  
Xpor/Xc for  each poros i ty  c l ea r ly  show that our r e -  
la t ionship  agrees  with Skorokhod's  postulated r e l a t ion -  
ship [2] (see Fig.  4). 

F igu re s  2 and 3 show the t he r ma l  conduct ivi ty  as 
a function of the t e m p e r a t u r e  for different  po ros i t i e s  
and as a function of the poros i ty  at t e m p e r a t u r e s  of 
323, 573, and 773 ~ K. These re la t ionsh ips  a re  also 
l i nea r .  

F igu re  2 shows that the s t ra ight  l ines  have different  
angles  of inc l ina t ion .  With reduct ion in porosi ty ,  the 
angle of inc l ina t ion  i n c r e a s e s .  

A calcula t ion of the ra t io  Xpor/Xc = f(O) for each 
porosi ty ,  taking the values  of X c and Xpor at 323 ~ 573 ~ 
and 773 ~ K (Fig. 3), shows that these ra t ios  a re  p rac -  
t ica l ly  independent  of the t e m p e r a t u r e .  

F igure  4 shows the re la t ionsh ip  Xpor/X e = f (0)  ac-  
cording to o u r  exper imenta l  data and those of Skoro- 
khod [2]. 

Thus,  the the rmal  conduct ivi ty  of s in te red  i ron  is  
p rac t i ca l ly  independent  of the par t ic le  s ize  of the 
powder.  

The effect of poros i ty  on the t he rma l  conduct ivi ty  
can be taken into account  by Skorokhod's  fo rmula  [2]. 
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This paper gives a solution, obtained by the small-parameter method, 
for the equation of nonisothermal filtration of moist air through a 
capillary-porous body. It is shown that the shift of the temperature 
field caused by a change in the viscosity of the air differs by 16% 
from that calculated without consideration of the viscosity. 

The di f ferent ia l  equation of non i so the rma l  f i l t ra t ion  
when 

has the fo rm 

where  

I~ =ko(1 + f i t )  

dx ~ dx dx 

a pkoe. M 

(1) 


