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Results of an investigation of the influence of fundamental factors  on the tempera ture  
of a s t r eam flowing in a channel are  elucidated. 

To analyze,  utilize, and control  heat exchange apparatus automatically,  it is required to know the 
pa rame te r s  cf the s t r eam flowing therein under s tar t ing and working mode conditions. The fundamental 
pa rame te r  charac te r iz ing  the state of the s t r eam is its tempera ture ,  which changes along the length and 
with t ime. As is known, an experimental  determination of the s t r eam tempera ture  along the channel length 
causes  great ,  frequently insuperable difficulties. Nevertheless,  it is quite important  to determine its value 
at any channel section and to establish the factors  affecting it. 

The influence of the fundamental factors  on the s t r eam tempera ture  is examined below (for the case 
of channel wahl cooling). 

The analysis  is per formed on the basis  of computations car r ied  out on the "Mir" computer  according 
to a dependence obtained as a resul t  of solving the sys tem of differential equations of the channel heat con- 
duction in the presence of thermal  constant intensity sources  and heat t r ans fe r  to the heat c a r r i e r  s t r eam 
moving within the channel [1]. The computations were ca r r i ed  out for low thermal  source intensities 0 -  < Po 
-< 0.01. The sys tem of equations 
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Assumptions were hence made about the absence of axial overflow of heat in the channel, about the con- 
s tancy of the physical constants of the heat c a r r i e r  and the coefficient of heat exchange along the length. 
The dependence to determine the s t r eam tempera ture  is obtained as follows [1]: 
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Fig. 1. Change in s t r eam t empera tu re  
along the channel length: 1) Fo =0.01; 
St=0.01;  2)0 .1;  0,01; 3)1 ;  0.01; 4) 
0.01; 0.001; 5)0.1;  0.001; 6} 1; 0.001; 
1-6 f o r B i  =0.1 

q~ 

Th e  channel and the heat c a r r i e r  within it a re  heated to a 
t empera tu re  t o at the initial t ime; the heat c a r r i e r  flows at 
a constant rate and constant t empera tu re  at the input f rom 
the initial t ime. 

The flux of the heat c a r r i e r  flowing in the channel 
changes its pa rame te r s .  As is seen from Fig. 1, its t em-  
pera ture  during heating (or cooling) var ies  at  any t ime along 
the channel length according to an a lmost  l inear law (analo- 
gous to the s ta t ionary mode); the deviation from the l inear  
law increases  as the Stanton c r i t e r ion  grows.  

The tempera ture  lines diverge from the origin (en- 
t rance section), i .e. ,  s t r eam heating grows as the heat ex-  
change intensity and the channel length increase .  

It is charac te r i s t i c  that the tempo of the t empera tu re  
change along the length is considerably g r ea t e r  in the initial 
t ime period (curves 1, 2 and 4, 5 - F o  = 0.01-0.1) than in the 
la ter  period (curves 2,3 and 5,6-Fo =0.1-1.0) .  

Since the heat exchange process  under considerat ion in the channel is nonstat ionary,  the heat c a r r i e r  
t empera tu re  undergoes a change not only along the length, but also in t ime (Fig. 2a and b). 

In a broad range of thermal  modes taking place during utilization of heat exchangers ,  the t empera tu re  
pract ical ly  takes on a s ta t ionary  value in the course  of a definite t ime (Fo > - 3). The t ime to reach this 
s ta t ionary value depends on the value ef the Blot and Stanton numbers  and the distance f rom the entrance 
to the channel. The tempo of t empera tu re  reduction in all sections in all heat modes is g rea tes t  at the ini- 
t ial  instant, but is re ta rded  with the course  of t ime and equals ze ro  for  Four i e r  numbers  g rea t e r  than three;  
its drop in absolute values is mere  significant for large Stanten numbers .  

As should have been expected, the s t r eam tempera tu re  r i ses  as the heat exchange intensity inc reases  
(Fig. 3). It is seen from the nature of the change in the curves  (Fig. 3) that the achievement  of a given t em-  
pera ture  level is real izable for  complete ly  definite values of the heat exchange coefficient  along the channel 
length and a fur ther  intensification of the heat exchange (in this case St>0.3 for z =1.0, curve 6,and St>0.5 
for  z =0.5, curve 3) is a l ready  pract ical ly  meaningless.  There  hence resul ts  that the s t r e am  p a rame te r  
does not change at the exit  if a heat exchange intensity variable along the length is provided; it  is not ex-  
pedient to maintain it at the same height along the whole channel length. Taking account of this c i r cum-  
stance can turn out to be especia l ly  essent ia l  in construct ing and utilizing heat exchangers  of great  length. 

Thedependences  of the s t r e am tempera tu re  on the various factors  presented in Figs. 1-3 permi t  
determinat ion of the level and heat l iberation law aleng the channel length f rom the util ization conditions 
of the heat exchanger,  and also permi t  variat ion of i ts length. The same t empera tu re  level (U = 0.8, 
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Fig. 2. Change in s t r eam tempera tu re  with t ime. F o r  (a): 1) Bi 
=0.015; z---l;  2 )0 .1 ;  0.1; 3)0.015;  0.5; 4)0.015;  0.1; 1-4 
for  St = l ;  for  (b):l}Bi ---0.1; z = 1 ;  2) 0.1; 0.5; 3) 0.1; 0.1; 
1-3 for St = 0.001. 
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Fig. 3. Dependence of the 
s t r eam tempera ture  on the 
Stanton cr i ter ion:  1) Bi 
=0.15; z=0.5; 2)0 .1 ;  0.5; 
3) 1.0; 0.5; 4) 0.15; 1.0; 
5) 0.1; 1.0; 6)1.0;  1.0. 

St = 0.19, curve 5, Fig. 3) can be obtained in a halved channel but for other values of the Stanton number 
(U = 0.8, St = 0.376, curve 2). 

Therefore ,  the results  of investigating the influence of thermal  s imi lar i ty  c r i te r ia  on the tempera ture  
afford the possibil i ty of es t imat ing the expected heat c a r r i e r  parameters  and of determining the optimal 
modes to obtain them, and of establishing the size of the heat exchanger.  
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is the modified f i rs t  o rder  Besse l  function of the f irst  kind; 
is a dimensionless  complex; 
is the Stanton cr i ter ion;  
is the channel length; 
is the channel radius; 
is the constant of the charac te r i s t i c  equation; 
are  the roots of the charac te r i s t i c  equation Y1 (vnR1) [VnJ1 (u n) + SiJ0(Vn)] - J1 (VnR1)[UnY1 

%) - B i  Yo%)] =o;  
is the running dimensionless  radius; 
is the dimensionless  radius of the outer channel wall; 
is the dimensionless  complex; 
is the Four i e r  cr i ter ion;  
[s the dimensionless  t ime of s t r eam particle passage over the whole channel length; 
is the Pomeran t sev  cr i ter ion;  
is the intensity of a permanent  source in the volume of the channel wall; 
is the running dimensionless channel length; 
is the dimensionless  s t r eam temperature ;  
is the mean s t r eam tempera ture  with respect  to the heat content; 
is the s t r eam tempera ture  at  the channel entrance;  
is the channel wall t empera ture  at the initial instant; 
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