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A description is given of a method for determining the heat transfer 
coefficients from the heating-cooling temperature curves of both 
heat transfer agents in an intermittent heat exchanger. 

The method of de t e rmin ing  the heat  t r a n s f e r  co-  
eff ic ients  f rom the dynamic c h a r a c t e r i s t i c s  s impl i f i es  
the inves t iga t ion  of heat t r a n s f e r  in i n t e r m i t t e n t  hea t -  
exchange appara tus  and gives m o r e  r e l i a b l e  r e s u l t s  [1]. 

The bas i s  of this  method is the s ta t ic  equation 

Ti  + t = o. (1) 

This is used to de te rmine  the t ime  cons tant  in a c c o r -  
dance with the expe r imen ta l  data, af ter  which the heat  
t r a n s f e r  coeff ic ients  a re  ca lcula ted .  

Thus,  for the case  of heat ing by a s ing le -phase  heat  
t r a n s f e r  agent  the joint  solut ion of the cooling equation 
of one of the agents ,  the heat ing equation of the other  
and the bas ic  heat t r a n s f e r  equation leads  to the equa-  
t ion 

T = M c  (2) 

from which the heat transfer coefficient is determined. 

Equation (2) is obtained in this form only if the flow 
rate and temperature of the heating agent at the ex- 

changer inlet are constant and in the absence of heat 

losses to the ambient medium from either agent. This 
limits the usefulness of the method. 

Discarding the latter of the above-mentioned as- 

sumptions considerably complicates the calculations, 
since Eq. (2) takes the form 

Mc 
T= 

(2a) 

where  ~ is  a coeff ic ient  by means  of which we take the 
heat l o s se s  into account  [2]. 

At the same time, an analysis of all three temper- 

ature  curves  t = flU), t~  = f2ff); t~  = f3ff) makes  i t  
poss ib le  to solve this p rob lem with l e s s  s eve re  a s -  
sumpt ions ,  s ince  the dynamic c h a r a c t e r i s t i c s  of the 
exchanger  a re  cons ide red  jo in t ly .  

Thus ,  for the specif ic  case  of heat ing by a s i ng l e -  
phase heat  t r a n s f e r  agent through a jacket  the condi -  
tion of zero  heat  l o s s e s  to the ambien t  med ium f rom 
both agents  is  r ep laced  by a mi lde r  condit ion applying 
to the heated agent only. 

Moreover ,  it is  no longer  n e c e s s a r y  to ma in ta in  
cons tan t  va lues  of the flow ra te  and t e m p e r a t u r e  of 
the heat ing agent at the exchanger  inlet .  

Equating the quanti ty of heat absorbed  by the heated 
agent to the quant i ty  of heat t r a n s f e r r e d ,  which is  de-  
t e r m i n e d  f rom the bas ic  heat t r a n s f e r  equation,  we 
have 

Mcdt = kF ( t~--  t) - -  ( t~--  t) d ~. 

In t ~ - - t  
t~ - -  t 

In our  case ,  when the water  equivalent  of the agent 
f i l l ing the appara tus  exceeds by approx imate ly  an o rde r  
the water  equivalent  of the agent f i l l ing the jacket ,  we 
a re  jus t i f ied  in express ing  the t e m p e r a t u r e  di f ference 
as the logar i thmic  mean .  

Going over  to f inite d i f fe rences ,  we obtain the 
fo rmula  

k - -  Mc f t~--  t dt. (3) 

C. r 
Where necessary it is possible to take the temper- 

ature dependence of the specific heat into account. 
The table presents the results of a typical calcu- 

lation based on Eq. (3): 3 kg of water is heated in a 

laboratory apparatus with a mixer and a water jacket; 
the area of the heating surface is 0.05 m 2. 

Table 

Calculation of Heat Transfer Coefficient from the Experimental Data 

�9 " M c  
"~ A T  t t T t T A t  F A-"~ k 

300 
600 
900 

1200 
1500 

300 
300 
300 

I 
36,0 I 95.0 59.0 93.0 
73.5 91.0 
81.5 90.0 
85.9 90.0 

58, 0 
72.0 
80.0 
86.0 
88.0 

2~o 
14.5 
8.0 
4.4 

838 
838 
838 
838 
838 

650 
738 
772 
795 

669 



The ca lcu la t ion  employs  the a r i t h m e t i c  m e a n s  of 
the t e m p e r a t u r e s  on the t ime  in t e rva l  c o n s i d e r e d .  

If the e x p e r i m e n t a l  t e m p e r a t u r e  c u r v e s  a r e  r e p r e -  
sented  in the fo rm of power  s e r i e s ,  i n s t ead  of i n t e -  
g ra t i on  in f in i te  d i f f e r e n c e s  or  g r a p h i c a l  i n t eg ra t ion ,  
the ca l cu la t ions  can be p e r f o r m e d  on a c o m p u t e r .  

NO TA TIO N 

t i s  the t e m p e r a t u r e  of the hea ted  subs t ance ,  ~ 
M is  the m a s s  of the hea ted  subs tance ,  kg; e is  the 
spec i f i c  hea t  of the hea ted  subs t ance ,  J / k g .  deg; 0 
i s  the t e m p e r a t u r e  ef fec t  due to the hea t  t r a n s f e r  agent ,  

t 
~ t T is  the in le t  t e m p e r a t u r e  of the s i n g l e - p h a s e  

tT (liquid) hea t  t r a n s f e r  agent ,  ~ t T is  the out le t  t e m -  
p e r a t u r e  of the s i n g l e - p h a s e  (liquid) hea t  t r a n s f e r  

agent ,  ~ F is  the hea t  t r a n s f e r  su r f ace ,  m2; k is  the 
hea t  t r a n s f e r  coef f ic ient ,  W / m  2. deg; t i s  the d e r i v a -  
t ive with r e s p e c t  to t ime ,  d e g / s e c ;  T is  the t ime  
cons tan t  of the hea t  exchanger ,  sec;  W is  the wa te r  
equ iva len t  of the hea t  t r a n s f e r  agent ,  W/deg .  
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