
The distinct nature of the influence of a solid phase on the heat exchange of concave,  convex, and fiat 
walls affords a foundation for  assuming that the mechanical  and thermal  action of the inert ial  s t ream of par t i -  
cles on the s t r eam s t ruc ture  in the near -wal l  zone and the thermal  res is tance  of the viscous bublayer, as well 
as the increase  in the t rue par t ic le  concentrat ion at the wall surface,  are  of p r imary  value in the intensif ica- 
tion of the heat exchange on a concave wall. Hence, an investigation of the influence of the separate factors  on 
the heat-exchange intensification because of the presence  oI par t ic les  and the extension of the test  data should 
be based on a study of the s t ruc ture  of a two-phase gas flow with suspended par t ic les  in a curvi l inear  channel 
with an est imation of the velocity,  t empera ture ,  and density of the par t ic les  and the gas,  the density of the 
iner t ia l  m a s s  flux of the par t ic les  incident on the separate  sections of the concave wall surface,  and the local 
par t ic le  concentrat ion in the near-wal l  zone. 

N O T A T I O N  

d, pipe d iameter ;  ds, par t ic le  diameter ,  G, Gs, mass  flow ra tes  of the gas and pa r t i c l e s ; n ,  normal  to 
the heat-exchange surface;  p, p res su re ;  T, tempera ture ;  (dT/dn)n = 0, normal  tempera ture  gradient  at the 
wall on the heat-exchange surface;  Tf, T w, s t ream and wall t empera tu res ;  w, s t ream velocity; x, distance to 
the sect ion under consideration;  a ,  local heat-exchange coefficient; B = Gs/G,  coefficient of solid-phase par t i -  
cle d ischarge  concentrat ion;  T, t ime;  ~, coefficient of wall heat conduction; ~0, centra l  angle character iz ing 
the channel length; Nu, Nusselt  number;  P r ,  Prandt l  number;  Re, Reynolds number. 
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Hea t - t r ans fe r  p r o c e s s e s  taking place during the motion of nitrogen in a tube are studied experi-  
mentally under conditions in which some of the gas f i l ters  through the wall. The effect of suc- 
tion on the distr ibution of wall t empera tu re  and the intensity of heat t r ans fe r  is examined. 

A number of papers  devoted to problems of heat t r ans fe r  and hydrodynamics during the motion of liquid 
in channels subject to suction and injection have recent ly  appeared in the l i terature.  These papers  have ap- 
peared because of the use of porous hea t -exchangers  in various fields of the chemical  and power industries.  

During the motion of liquid in a porous tube, suction has a turbulizing effect on laminar  flow in the tube, 

this effect increasing with increas ing suction [1-9]; if there  is an external  flow around the porous wails, 
suction through the wall laminar izes  the external flow. 

Heat t r ans fe r  during the laminar  flow of a liquid in a porous tube was analyzed in [1] over a wide range 
of the fi l tration rate through the porous wail. It was found that as a resul t  of injection the hea t - t r ans fe r  
coefficient at the boundary between the flow and the wall diminished, while as a resul t  of suction it increased,  
i . e . ,  suction intensified the hea t - t r ans fe r  process .  Fo r  both suction and injection the section of s teady-state  
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Fig. i .  Dependence of the Nusselt number 
on the Reynolds number  calculated f rom 
the average velocity in the tube: 1) Resuc = 
27; 2) 16. 

heat t r ans f e r  became so small  with increas ing Prandt l  number that near ly  the whole flow was charac te r ized  

by t rans ient  heat t ransfer .  

In an ea r l i e r  analytical  study of turbulent flow [10] it was found that suction increased  the hea t - t r ans fe r  

coefficient. Thus, for  quite a smal l  value of the suction (character ized as the rat io of the suction velocity 
at the wall to the mean flow velocity), equal to 0.004, the Nusselt  number is roughly twice as grea t  as for 
zero  suction. 

General izing the resul ts  of existing investigations,  we may conclude that these are insufficient to cover  
the whole range of problems facing r e s e a r c h  workers  at the present  time. In analyzing the hydrodynamics 
of viscous flow in channels with suction, only two limiting cases  have been considered,  i . e . ,  large and small 
values of the suction ratio, remaining constant along the whole length of the channel. This formulation of the 
problem slightly simplifies the solution, which never theless  remains  quite complicated. In order  to simplify 
the solution, empi r ica l  relat ionships obtained by experimental  measurements  have somet imes  been used. 

Unfortunately, ex i s t ing  experimental  data regarding heat t r ans fe r  during the motion of liquid in channels 

with suction and injection are  sparse  [11-15]. 

More exper imental  data are  required to cover  a wide range of the fundamental pa rame te r s  influencing 
heat t r ans fe r  and to provide resul ts  capable of being genera l ized  in the form of an empir ica l  relationship. 

This paper  is devoted to an experimental  study of the influence of suction on heat t r ans fe r  during the 
motion of gaseous nitrogen in a porous tube. The investigation was ca r r i ed  out in the apparatus descr ibed in 
detail in [16]. The apparatus compr i ses  a c ryos ta t  containing the experimental  tube. The working chamber  
of the c ryos ta t  is 5 m long and 40 mm in diameter .  A tempera ture  of 80-100*K may be maintained in the 
working chamber.  

The tube under considerat ion is placed in the center  of the working chamber;  its internal d iamete r  is 8 ram, 
external  d iameter  20 mm, and length 5 m. The initial section of the tube, 1.2 m long, serves  for the thermal  
and hydrodynamic stabilization of the f low,  the working section is 1.8 m long. The tube wails are  permeable  
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Fig. 2. Dependence of the Nusselt  number (a) and the average tube 
wall t empera tu re  (b) on the suction Reynolds number:  Re 1 = 45,000; 
q = 65.7 W / m  2. 
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to ni t rogen,  being made of seve ra l  l ayers  of glass  cloth. Nitrogen under a slight excess  p r e s s u r e  is fed into 
the exper imenta l  tube  and during i ts  motion par t ly  f i l t e r s  into the working chamber  under the influence of the 
p r e s s u r e  drop c rea ted  between the exper imenta l  tube and the working chamber.  This p r e s s u r e  drop may be 
regulated so as to vary  the degree  of suction. A hea te r  is provided on the surface of the porous tube. The 
surface  and flow t e m p e r a t u r e s  a re  m e a s u r e d  with copper--Constantan thermocouples  and the ra te  o f flow, with 
gas counters .  The exper iments  covered  ord inary  Reynolds numbers  of (2.5-4)- 104 and suction Reynolds 
numbers  of 0-50. 

The eff iciency of the apparatus  and the re l iabi l i ty  of the resu l t s  were  ver i f ied  by comparing the exper i -  
menta l  data re la t ing to heat t r a n s f e r  in the tube for  ze ro  suction with values  calculated f rom the Mikheev equa- 
tion [17] for  the average  hea t - t r ans f e r  coeff icient  during the turbulent flow of liquids in straight,  smooth tubes. 
The exper iments  c a r r i e d  out in the p r e sence  of suction showed that the la t te r  intensified the hea t - t r ans fe r  
p rocess ,  as indicated in the l i te ra ture .  We shall not descr ibe  the method of determining the density of the 
t he rma l  f lux  in this paper ,  s ince this has been set out in full detail  in [16]. 

F igure  I shows the dependence of the Nussel t  number  on the Reynolds number  calculated f rom the 
average  veloci ty of the axial flow inside the tube. The e r r o r  in determining the Nussel t  number  is 20~. F o r  
a constant Reynolds number  the Nussel t  number  i n c r ea se s  with increasing suction, although the cha rac t e r  of 
the change remains  as before.  

F igure  2a shows the dependence of the Nussel t  number  on the suction Reynolds number. We see that 
suction has a cons iderable  influence on the hea t - t r an s f e r  process .  Thus on increasing the suction Reynolds 
number  f rom 10 to 50 the Nussel t  number  a lmost  doubles. 

In a number  of devices  involving heat t r a n s f e r  of this kind it  is important  to know how suction influences 
the t e mpe ra tu r e  distr ibution along the porous  channel. F igure  2b shows the average t empera tu re  of the inner  
surface  of the tube as a function of the suction Reynolds number.  On increas ing Resu c f rom 10 to 25 the wall 
t empera tu re  falls by 6~ 

The resul tant  exper imenta l  data may  be genera l ized  by an empi r ica l  relat ionship of the following form: 

Resuc'~ ~ 
N-u = 0.021-Re~ SPr ~ ( l-~0,121.104 Q 

In the absence of suction this re la t ionship agrees  with that of Mikheev for  heat t r ans fe r  in impermeable  tubes. 

N O T A T I O N  

Re, Reynolds number;  Resuc,  suction Reynolds number;  P r ,  Prandt l  number;  V1, volumetr ic  ra te  of 
flow In the tube, mS/h; V2, volumetr ic  ra te  of flow of the gas f i l ter ing through the tube wall into the annular 
pe r iphera l  channel, m3/h; T, average  tube wall t empera tu re ,  ~ 
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