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COMMENTS ON THE P A P E R  BY I. T. SHVETS AIh~D E. P .  DYBAN* "HEAT 
TRANSFER DURING CONTACT OF PLANE M E T A L L I C  SURFACES" 

M. I. Tsap l in  

I n z h e n c r n o - F i z i c h e s k i i  Zhurnal ,  Vol.  9, No. 4, pp. 539-541,  1965 

UDC 536. 248 

In t h e i r  p a p e r  Shvets  and Dyban examined  the t r a n s -  
m i s s i o n  of hea t  du r ing  contac t  of  two p lane  m e t a l l i c  
s u r f a c e s .  The au tho r s  gave t h e i r  ma in  a t ten t ion  to a 
p o s s i b l e  b a s i s  fo r  e s t a b l i s h i n g  g e n e r a l i z e d  r e l a t i o n s ,  
and in th is  they  showed tha t  in the p a p e r s  of o t h e r  a u -  
t h o r s  unti l  now the r e s u l t s  of e x p e r i m e n t s  have been 
p r o c e s s e d  in the f o r m  of ind iv idua l  r e l a t i o n s  of  the 
type** 

'~ = / (P sp)" 

F r o m  t h e o r e t i c a l  c o n s i d e r a t i o n s ,  the au tho r s  of the  
p a p e r  ob ta ined  the equat ion 

NuK= 1 i 2 knom 
~-~m ~' (1) 

which they  r e c o m m e n d  for  ca l cu l a t i ons  of con tac t  hea t  
t r a n s f e r  a t  spec i f i c  p r e s s u r e s  be low 500 �9 9 .81 �9 104 
N / m  2. The au tho r s  f u r t h e r  s t a t e  that ,  i f  the v a r i a t i o n  
of  the a r e a  in d i r e e t  con tac t  i s  connec ted  by a power  
law with the  spec i f i c  p r e s s u r e ,  then th is  r e l a t i o n  m a y  
be c o n s i d e r e d  as  a p a r a m e t r i c  equat ion  of the  type  

Nu K = 1 -I- C (p/o)". 

In conc lus ion  the  a u t h o r s  p r e s e n t  a s u m m a r y  graph  
showing the known e x p e r i m e n t a l  da ta  on con tac t  hea t  
t r a n s f e r ,  p r e s e n t e d  in the  fo rm Nu K = f ( p / a ) ,  and d e -  
r ive  f r o m  t h e s e  the  a p p r o x i m a t i o n  

Nu,, = 1 + 85 (p/~u) ~ (2) 

A c c o r d i n g  to the  a u t h o r s '  s t a t emen t ,  the p a r a m e t r i c  
equat ion men t ioned  m a y  be  used  to d e t e r m i n e  v a l u e s  of 
t h e r m a l  con tac t  r e s i s t a n c e  fo r  p r a c t i c a l l y  a l l  m e t a l s  
used  in power  p lan t  and m e c h a n i c a l  e n g i n e e r i n g .  The 
a u t h o r s  s t r e s s  tha t  the  r e l a t i o n  g iven  m a y  a l so  be used  
to c a l c u l a t e  hea t  t r a n s m i s s i o n  th rough  a con tac t  loca ted  
in a v e r y  high vacuum.  

Thus,  if  t h e i r  s t a t e m e n t  i s  to  be be l i eved ,  a un i -  
v e r s a l  p a r a m e t r i c  r e l a t i o n  has  been  found which i s  
wel l  suppo r t ed  by a l a r g e  n u m b e r  of e x p e r i m e n t a l  data ,  
and is  r e c o m m e n d e d  fo r  wide p r a c t i c a l  u se .  

Without  going  into the  t h e o r e t i c a l  r e a son ing ,  which 
i s  not o r i g i n a l ,  i t  should be noted tha t  the  au tho r s  ob -  
t a ined  Eq.  (1), in which t h e r e  a p p e a r e d ,  in add i t ion  to 
the  quant i ty  7 / d e s c r i b i n g  the r e l a t i v e  a r e a  of  ac tua l  
contact ,  the  r a t i o  of s o m e  nomina l  t h e r m a l  conduc -  

t i v i t y  of  the  s u r f a c e s  in contac t ,  knom = klk2/(kl  + k2) 

* I F Z H ,  no. 3, 1964. 

**The conven t iona l  no ta t ion  i s  r e t a i n e d .  

to the t h e r m a l  conduc t iv i ty  of  the gas  l a y e r  ~'m. In the 
a u t h o r s '  opinion,  v a r i a t i o n  of the r a t i o  ~.nom/km, we 
have a cons tan t  coef f ic ien t ,  whose va lue  is  85. T e s t  
data  a r e  inc luded in the s u m m a r y  g raph  (see Fig .  2 
in the p a p e r  by  Shvets and Dyban) fo r  such m e t a l s  in 
contac t  a s  coppe r ,  b r a s s ,  dura l ,  and ca rbon  and s t a i n -  
l e s s  s t ee l ,  l oca ted  in v a r i o u s  m e d i a  (air ,  c a rbon  d i -  
oxide ,  hydrogen ,  and vacuum) .  It i s  not d i f f icul t  to see  
that  fo r  the m a t e r i a l s  ment ioned  the r a t i o  k n o m / k  m 
m a y  v a r y  roughly  f r o m  1000 for  p o o r l y  conduct ing  m e t -  
a l s  loca ted  in hydrogen ,  to in f in i t e ly  l a r g e  va lues ,  
when the t h e r m a l  conduc t iv i ty  of the m e d i u m  b e c o m e s  
z e r o  (i. e . ,  for  a high vacuum) .  Since the  r a t i o  k n o m /  
/ k  m does  not  a p p e a r  in a p p r o x i m a t i o n  (2), we m u s t  
have the s a m e  va lue  of con tac t  hea t  t r a n s m i s s i o n  for  
d i f f e r en t  m a t e r i a l s  with d i f f e ren t  t h e r m a l - c o n d u c t i v i t y  
va lues  i f  t h e r e  i s  no change in (p /au)  , )~m and the 
c l e a n n e s s  of the su r f ace ,  a fac t  which c o n t r a d i c t s  
known e x p e r i m e n t a l  da ta .  
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R e s u l t s  of  e x p r e s s i n g  the  e x p e r i m e n t a l  
da t a  in the  f o r m  p r o p o s e d  by  Shvets  
and Dyban: i )  NUT = i + 85 (p/Cru)~ ; 
a) D-16 d u r a l ,  4 t ~ c l a s s  of c l e a n n e s s ;  
b) 1X18H9T s t e e l ,  5th c l a s s  of c l e a n -  
n e s s ;  c) s t e e l  3, 8th c l a s s  of  c l e a n -  
n e s s ;  d) 1X18H9T s t e e l ,  5th c l a s s  of 
c l e a n n e s s ;  p r e s s u r e  5 MN/m 2, d i f f e r en t  
t e m p e a t u r e ;  e) IX18H9T s t e e l ,  5th 

c l a s s  of  c l e a n n e s s ,  in he l ium.  

An a t t e m p t  to r e d u c e  the  e x p e r i m e n t a l  da ta  of  
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Shlykov and Ganin* on contact  heat t r a n s f e r  to the fo rm 
proposed by Shvets and Dyban did not produce a pos i -  
t ive r e su l t .  The f igure  shows these  data, and re la t ion  
(2) has also been plotted.  It may  be seen that the d i s -  
c repancy  is  more  than ~1000%. It should be noted he re  
that  the vacuum points  cannot  in genera l  be shown, 
s ince for them 

Nu~ -- (4/tO Ctchd~.rn = oo.  

*Teploenerge t ika ,  no. 6, 1960. 

In this context it is absolutely incomprehensible to 
assert that relation (2) Wmay be used to calculate heat 
transmission through a contact located in a high vacu- 
um," since it is quite clear that in such a method of 
presentation of the experimental data, the heat trans- 

mission through a contact will be zero. 

10 November  1964 Baranov Cent ra l  Scientif ic  Re-  
sea rch  Ins t i tu te  for  Aero 
Engines ,  Moscow 


