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The authors give a relaticnship for calcu!ating the heat transfer co- 
efficient for boiling organic heat-transfer agents based on the thermo- 
dynamic similarity theory. 

One of the m o s t  p r o m i s i n g  methods  of p r o c e s s i n g  
e x p e r i m e n t a l  da t a  on h e a t  t r a n s f e r  of bo i l ing  l iquids  
i s  the app l i ca t ion  of the t h e r m o d y n a m i c  d i s i m i l a r i t y  
theo ry  d e s c r i b e d  by Novikov [1], B o r i s h a n s k i i  [2], 
P o v a r n i n  [3], and o t h e r s .  The t h e r m o d y n a m i c  s i m i -  
lax i ty  theory  is based  on the law of c o r r e s p o n d i n g  
s t a t e s ,  which holds  within a c e r t a i n  group of t h e r m o -  
d y n a m i c a l l y  s i m i l a r  s u b s t a n c e s ;  a c c o r d i n g  to this  
law the t h e r m o d y n a m i c  p r o p e r t i e s  of t h e r m o d y n a m -  
i c a l l y  s i m i l a r  l iquids obey the fol lowing g e n e r a l  
r e l a t i ons :  

z,  = f ( M / g ,  &,,T~,, Vcr) t:(P/Pcr, T/Tc,, C,.j'R). (1) 

The ac tua l  f o r m  of funct ions  (1) may v a r y .  I t  is  
e s s e n t i a l  only that  the f ac to r  cons i s t i ng  of the mos t  
i m p o r t a n t  t h e r m o d y n a m i c  p a r a m e t e r s  of the l iquid 
and the m a s s  of i t s  m o l e c u l e  have  the uni ts  of the 
quant i ty  c o n s i d e r e d  and that  the s ign of the funct ion 
~I, p r e c e e d e s  at  l e a s t  one of the t h r e e  given p a r a m e t e r s .  
We now show how this  b a s i c  concept  of the t h e r m o -  
dynamic  s i m i l a r i t y  t heo ry  can be used  to g e n e r a l i z e  
the e x p e r i m e n t a l  da t a  on hea t  t r a n s f e r  to o r  f rom 
boi l ing  l i qu ids .  

We a s s u m e  that  the s y s t e m  of d i f f e r e n t i a l  equat ions ,  
which in i t s  g e n e r a l  f o rm  d e s c r i b e s  the hea t  t r a n s -  
f e r  p r o c e s s  dur ing  boi l ing,  y i e ld s  the c r i t e r i a ]  r e l -  
a t ion 

F (Kl, K2, K3 . . . .  , K , , )=  O. 

This  equat ion can be so lved  with r e s p e c t  to the 
hea t  t r a n s f e r  coef f ic ient ,  and the t e r m s  a s s o c i a t e d  
with the t h e r m o d y n a m i c  p r o p e r t i e s ,  on the one hand, 
and the t e r m s  a s s o c i a t e d  with the g e o m e t r i c  and 
o p e r a t i o n a l  p a r a m e t e r s ,  on the o ther ,  can be s e p a r -  
ated,  i . e . ,  

(z = (D(,,L o, Z. cp, r . . . .  )(p(q, we, 8, l, den . . . .  ). (2) 

A n a l y s i s  of n u m e r o u s  e x p e r i m e n t a l  da t a  shows 
"that in the condi t ions  of deve loped  boi l ing  

rf(q, ~'0, ~}, l, deq . . . . .  )c~q0z. (3) 

Then, with Eqs .  (1) and (3), equat ion (2) may  be 
wr i t t en  as  fol lows:  

a.,q,.,.7 = f ( M g ,  /~r, Tot, ve,)~(P,'Pc,, T.'Tcr, C~,/R). (4) 

We r e p r e s e n t  the f u n c t i o n f  in (4) a s  a power  
m o n o m i a l  and r e m e m b e r  the fol lowing facts :  a) 
Vcr = R T c r / P c r ;  b) for  a boi l ing  l iquid P c r  and T c r  
a r e  i n t e r r e l a t e d  and, consequent ly ,  one of the p a r a -  
m e t e r s  of the function ~' can be e l i m i n a t e d ;  c) fo r  
l iquids  with i den t i ca l  m o l e c u l a r  s t r u c t u r e s  and the 
s a m e  t3~pe of i n t e r a t o m i c  bonds the ef fec t  of Cv0/R 
may  be neg lec t ed .  Then Eq. (4) can be r e w r i t t e n  
as  fol lows:  

a/q": : := ( M.,' g)", pc;Te~R,, t ~ (P"P~r)" (5) 

The exponents  of the f a c t o r s  in f ront  of ~l '(p/Pcr) 
can be s e l e c t e d  by coord ina t ing  the units  of the 
l e f t -hand  and the r i gh t -hand  s ides  of Eq. (5). The 
d e t e r m i n a t i o n  of n I through n 4 thus ef fec ted y i e ld s  
the fol lowing equation: 

a--C( gR'~ ' ~  ( ) ) Pe r  ,- P 
r : ,  �9 (8) 

B o r i s h a n s k i i  and K o z y r e v  [4] obta ined  a s i m i l a r  
equat ion.  The spec i f i c  f o r m  of the function ~ ( P / P c r )  
was found by these  w o r k e r s  by p r o c e s s i n g  e x p e r i -  
menta l  da t a  on the boi l ing of w a t e r  and ethanol ,  
methanol ,  hepthane,  pentane,  and benzene .  As a 
r e s u l t  the fol lowing equat ion m a y  be r e c o m m e n d e d :  

R__~L ")P' 0 

The e x p e r i m e n t a l  da t a  of the au thors  of the p r e -  
sen t  p a p e r  on the boi l ing  of diphenyl  m ix tu r e  (DPM) 
and mono i sop ropy ld ipheny l  (MIPD) in a tube and 
annula r  channels  of a c i r c u i t  with na tu r a l  c i r c u l a t i o n  
at  p r e s s u r e s  of 105 - 8 �9 10 ~ kN/m 2 and hea t  f low- 
r a t e s  of 50 �9 103 - 380 �9 103 W / m  2 w e r e  c o m p a r e d  
with the r e s u l t s  of ca l cu la t ions  f r o m  (7). The c o m -  
p a r i s o n  r e v e a l e d  m a r k e d  d i f f e r e n c e s  between the 
hea t  t r a n s f e r  coef f i c ien t s  obta ined  by e x p e r i m e n t  
and those c a l c u l a t e d  f rom Eq. (8). This  is  obv ious ly  
due to the fac t  that  the function ~ ( P / P c r )  obta ined 
by B o r i s h a n s k i i  and K o z y r e v  is not a u n i v e r s a l  
equat ion su i t ab le  for  a wide r ange  of l iqu ids .  In fact ,  
t he re  i s  no r e a s o n  to c o n s i d e r  wa te r ,  a lcohols ,  
a lkanes ,  and po lyphenyls  t h e r m a l l y  s i m i l a r .  Even 
the c r i t i c a l  coef f ic ien ts ,  qui te  a p a r t  f r o m  the s t r u c -  
ture  of the m o l e c u l e s  and the i n t e r a t o m i c  bonds,  a r e  
qui te  d i f f e ren t .  At  the s a m e  t ime,  diphenyl  mix tu re ,  
mono i sop ropy ld ipheny l  and o the r  a r o m a t i c  h y d r o -  
ca rbons  (diphenyl,  d iphenylbenzene ,  d i to ly lme thane )  
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Fig, 1. Process ing  of experimental  data on boiling of DPM and 
MIPD (tests car r ied  out by the authors), water  and ethanol [2] 
for determining the form of the function t '  (P/Pcr): 1) water ;  2) 
ethanol; 3) monoisopropyl-diphenyl (MIPD); 4) diphenyl mixture 

(DPM). 
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Fig. 2. Process ing  of experimental  data p (bar), T (~ 
q(W/m 2) on boiling in the coordinates of Eq. (8): 

.1 : =  T?' T ~ : < , ,  . . . .  : 
C I "  ' / 'C I '  

1) diphenyl mixtu re ; 2) monoisopropyl-diphenyl.  
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may be considered to be thermodynamically similar  
and the function ~(P/Pcr)  must be the same for all 
these substances.  In Fig. 1 the experimental data 
on the boiling of DPM and MIPD are given in 

0 .3  

a~ M ~ iST~c~ss \Pcr 

coordinates. For  comparison the graph gives Bori-  
shanskii 's  experimental data [2] on water and eth- 
anol processed in the same way. The graph shows that 
the experimental points for boiling water and ethanol 
differ considerably from the experimental points 
obtained with DPM and MIPD, which within a scat ter  
range of ~: 10% agree with the relation 

"~ (P/Pcr ) = B (p/f~r)~ 

Figure 3 gives the experimental data on the boiling 
of DPM and MIPD in the coordinates 

P~3 ( p~cy2= f (q). (8) 
a~ M ~  ,ST~r---- ~ -  

The graph shows that the experimental data are 
in a good agreement with the relation 

o.: , p)O.q 
Pcr ( ~ 7 

a ".: 465 M~176 cr ~cr ' (9) 

The equation thus obtained can be used to calcu- 
late the heat t ransfer  coefficient for the boiling of 
organic hea t - t ransfer  agents thermodynamically 

s imilar  to DPM and MIPD from data on the crit ical 
parameters  of the boiling liquid and its molecular 
weight. 

NOTA~ON 

Xi--arbi trary thermodynamic constant; ~z--vis- 
cosity; or--surface tension; h--thermal conductivity; 
Cp--specific heat at constant pressure ;  Cv0--molar 
specific heat in the ideal gas state; r - -heat  of 
evaporation; M--molecular weight; g--acceleration 
due to gravity; p--pres  sure;  Pcr--  critical p ressure ;  
T-- temperature;  Ter--cr i t ica l  temperature;  Vcr-- 
critical specific volume; R--universal  gas constant; 
q-- specific heat flowrate; w0--circulation velocity; 
fl--true volume steam vapor content; l - - l inear  
dimension of heating surface;  deq--equivalent di- 
ameter.  
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