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Approximate formulas  a re  given which permi t  the determinat ion of hea t - t r ans fe r  coefficients  
with sufficient accuracy  for gases  with Prandtl  numbers  f rom 0.3 to 1. 

Mixtures of hydrogen and helium with "heavy" gases  [1-3] and other  gases  can be used as working 
substances in power devices .  In such mixtures ,  the Prandt l  number  may take on values  f rom ~1 to ~0 .3  
depending on gas composit ion as shown in Fig.  1. 

The curves  given in the f igure for  the dependence of P r  on gas composit ion were  constructed f rom 
theoret ica l  values for  viscosi ty  and the rmal  conductivity determined by methods previously  discussed [5]. 
Fo r  a mixture  of hel ium and carbon dioxide, the Values of the Prandt l  number  determined in this  way 
agreed with exper imental ly  determined values [4]. 

In the calculation of hea t - t r ans fe r  coefficient,  it is n ece s sa ry  to have a computational formula  for  
the  determinat ion of the hea t - t r ans fe r  sur faces  and the selection of the optimal mixture  composition which 
makes  it possible to  de termine  the hea t - t r ans fe r  coefficient during turbulent  flow simply and re l iably .  

The re  is a whole set of re la t ively  simple empir ical  re la t ions  for  this purpose obtained f rom theo re t -  
ical solutions and f rom exper imental  data (see Table 1). However,  these  formulas  a re  suitable for  gases 
having Prandt l  numbers  g rea t e r  than 0 .5 -0 .6  or l e ss  than 0.05.  When using these  formulas  for  gases  with 
P r <  0.5,  the e r r o r  in the determinat ion of the hea t - t r ans fe r  coefficient may amount to 20-30% and more .  

The integral of R.  Lyon [6-8] yields  the most  p rec i se  solution; par t i cu la r ly  simpl e solutions of this 
in tegral  show a significant e r r o r  in the region P r  = 0 . 3 - 0 . 5 .  ~.;i ~=~: 

By analysis  of theore t ica l  solutions and existing exper imental  data of var ious  authors  on the hea t -  
t r a n s f e r  coefficient for  completely turbulent  flow of gases  and liquids 17-10], it was established that Nu 
is  d i rect ly  proport ional  to P r ~ ,  where the exponent k is g r ea t e r  the sma l l e r  the Prandt l  number .  Thus 
k = 0.8 for  liquid meta ls  (Pr< 0.05) and k = 0 .4 -0 .6  for  liquids and gases  with P r  _ 0 .5 .  
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Fig .  1. Prandt l  number  of gas mix tures  as  a function 
of volume content of the "heavy" component: 1) hydro-  
gen--ni t rogen mixture;  2) hel ium--carbon dioxide mix -  
ture ;  3) hydrogen--carbon dioxide mix ture .  

Odessa Polytechnic Insti tute.  Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal ,  Vol. 26, No. 2, 
pp. 226-228, Februa ry ,  1974. Original a r t i c le  submitted July 25, 1973. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part of  this publication may be reproduced, 
stored in a retffeval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without Written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

152 



TABLE 1 
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*The relative error in % in comparison with Eqo (1) is given under the value of the 
Nusselt number. 

Exist ing theoret ical  and experimental  data on the hea t - t r ans fe r  coefficients of gases  and liquids for 
Re in the range 105-10 Y and for  P r >  0.6 and P r  < 0.05 [7, 8] make it possible to obtain an approximate f o r -  
mula for  P r  in the range 0 .3-1  with the help of the Lyon integral .  Fu r the rmore ,  the s t ruc ture  of the ex- 
p ress ion  f o r N u  typical of gases  and liquids with P r  > 0.6 and Re > 105 is p reserved ,  but the exponent of 
P r  in this formula  is a function of the absolute value of the Prandtl  number:  

Nu -- 0.022Re :,s Pr ~', (1) 

where  k = 0. 595Pr -~ 126 

This express ion agrees  within 1% with the solution obtained f rom the Lyon integral for  the co r re spon-  
ding conditions and can be simplified and brought to the form 

Nu = 0.022 Re ~'.s Pr 9.~ (2) 

with an inc rease  in the e r r o r  to 5%. 

An approximation to the exact solution of Eq. (1) is possible with an accuracy  of no worse  than 10-15% 
in the form typical  of liquid meta ls  in the range of P r  and Re under discussion.  

Table 1 gives a compar ison of the var ious  computational formulas  and their  relat ive e r r o r s  in com-  
par i son  with the exact theore t ica l  solution obtained f rom the Lyon integral  [8]. One should note here  that 
the exact solution of the Lyon integral ,  just like Eq. (1), was compared for  certain values of P r  _ 0.05 and 
P r  > 0.6 with experimental  data for  number  of liquids [9, 10]. The compar ison indicated extremely good 
ag reemen t .  

Therefore  for  compar ison  of the express ions  in the table,  we took for  exact ("standard") values of 
Nu those values of this  c r i te r ion  which were obtained f rom a solution of the Lyon integral .  

As is c lear  f rom Table 1, the proposed approximate formulas  yield the greates t  accuracy ,  which 
makes  it possible t o r e c o m m e n d  them for  the calculation of hea t - t r ans fe r  coefficients of gas mixtures  con-  
taining He and CO 2, and H 2 and CO 2. However,  they need experimental  verif icat ion.  

N O T A T I O N  

Nu is the Nusselt  number;  
Re is the Reynolds number;  
P r  is the Prandt l  number .  
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