
I N T E R N A L  N A T U R A L  C O N V E C T I O N  F O R  A 

D E F L E C T E D  H E A T  S O U R C E  OF F I N I T E  S I Z E  

V.  N.  Z a i t s e v ,  N.  E .  C h e r e p k o v a ,  
~nd  V.  I .  S h a k h u r d i n  

UDC 536.25 

Experimental  resu l t s  obtained by studying internal natural convection in a model commen-  
surable in height with the height of the deflected heat source are presented and discussed.  

In the machine rooms  of thermal power stations and in chemical  and textile fac tor ies  the heat evolu- 
tion of the equipment is often accompanied by harmful impurit ies which create  unpleasant working conditions, 
Despite the fact that the heat-emit t ing equipment is often local ized and does not require  constant attention 
by servic ing personnel,  ventilation has to be organized in o rder  to normalize the conditions of work. In 
such eases  it is convenient to use the method of partial  ventilation [1] or  deflection of the heat sources  [2]. 

In o rder  to confirm the efficiency of the la t ter  we ca r r i ed  out some experiments  in s shadow ,pps -  
r s tus  based on the OSK-3 optical bench, using a paral lel  beam with s rec t i l inear  Ronks gr , t ing  ar ranged 
in the second focal plane of the principal object in the receiving par t  of the apparatus [3]. The model was 
made of Plexiglss  and constituted a cavity in the fo rm of a rectangular  parsl lelepiped 70 • 70 • 130 mm 3 
in size.  The w~ll thickness was 30 ram. The model was filled with distilled water st 21~ and ar ranged 
with its long face paral lel  to the optic axis of the apparatus.  The heater  was 130 mm long ~nd 43.5 mm 
high; it was fixed in the middle of the lower face of the model. Para l le l  to the optic axis of the ~ppsrstus 
and the plane of the heater  and st 8 distance of 5 mm f rom the lat ter ,  plane Teflon deflectors  20 mm high 
and 2.5 mm thick were placed. 

On connecting the cur ren t  of the 32.5 W heater  ~ tempera ture  field was c res ted  in the model (which 
formed s thermal ly- insula ted  region); the T6pler pat terns of these fields taken 105 and 210 sec f rom the 
~nitistion of the he~t source are  respect ively shown in Fig. 1~ and b. The ~ltern~ting light and d~rk bands 
(sometimes lines) cor respond  to regions of equal gradient of the refract ive index of the medium, ~nd hence 
to equal tempera ture  gradients .  Using the theory of the shadow method [4] and the temperature  dependence 
of the ref rac t ive  index of water [5], we may calculate the temperature  distribution over the height of the 
insulated space.  A n analysis  of the shadow-pattern calculations shows that the tempera ture  field crea ted  

Fig. 1. Shadow photographs (T6pler patterns) of the model under 
test: s), b) 105 ~nd 210 sec, respectively,  after the initiation of 
the source.  
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F ig .  2. T e m p e r a t u r e  dis t r ibut ion ove r  the height of the tes t  vol -  
ume (a) (I, II r e p r e s e n t  conditions 105 and 210 sec a f te r  the ini- 
tiation of the source),  and photograph of the motion of l ight-  
s ca t t e r ing  p a r t i c l e s  (1o) (h, mm;  t, ~ 

in the model a f t e r  105 sec  bas ica l ly  r e t a ins  its f o r m  over  the next 105 sec, but is d i s tor ted  by the e f fec ts  
of conduction a f t e r  about 330 sec .  The photographs p re sen ted  in Fig .  la  and b c l ea r ly  show the sharp  bound- 
a r y  of the zone unper turbed  by convect ive mixing st the level  of the deflector,  and also the zones in which 
t e m p e r a t u r e  gradients  exis t .  The r e su l t s  of an ana lys i s  of the shadow p ic tu res  of Fig.  la and b a re  p r e -  
sented in Fig.  2 as  cu rves  I and II respec t ive ly ,  sad  convincingly support  the foregoing conclusion.  Anal-  
y s i s  of the T6p le r  pa t t e rns  was c a r r i e d  out in s sect ion equally distant  f r o m  the def lec tor  and the side 
wall of the model .  The ex is tence  of different  zones is a lso  conf i rmed  by photographs of the motion of 
l i gh t - s ca t t e r i ng  pa r t i c l e s  i l luminated by s pu lsed  light source .  F igure  2b shows a cha r ac t e r i s t i c  photo- 
graph  (taken approx imate ly  210 sec a f te r  the connection of the heater)  of the centra l  section of the model 
cut by a light "knife, " using four l amp  f l ashes  following each other at in terva ls  of 2.56 sec .  Thus each 
moving par t i c le  m a r k s  the t r a ck  in the f o r m  of a chain of four  points, along which we may es t ima te  the 
ve loc i t i e s  at  va r ious  points  of the tes t  vo lume.  A study of Fig.  2b indicates  that there  is hardly  any motion 
in the zone bounded by the de f l ec to r s  and the side walls of the model, so that this region is not e m b r a c e d  
by convection; the pa r t i c l e  ve loc i t i es  a r e  g r ea t e s t  at the level  of the edges  of the deflector ,  and there  is 
s t rong  horizontal  flow of liquid due to advection; in the zone of equal gradients  (above the edges  of the de-  
f lector)  the flow is ve r t i c a l  and ordered;  in the zone of the convective jet  above the heat source  the motion 
of the liquid is turbul ized  -- the ve loc i ty  v a r i e s  in d i rec t ion and magnitude.  

Thus the model  expe r imen t  here  desc r ibed  con f i rms  the poss ib i l i ty  of control l ing the fo rmat ion  of 
a t e m p e r a t u r e  f ield in such a volume by mechanical  deflection of the heat source .  If a workshop or  f ac -  
tory  contains hea t - emi t t i ng  equipment  not requ i r ing  the constant  a cce s s  of se rv ic ing  personnel ,  it is de-  
s i rab le  to separa te  out a working zone fo r  this equipment by means  of def lectors ,  so c res t ing  any des i red  
conditions without in te r rupt ing  the technological  p r o c e s s .  We should note that in o rde r  to conver t  the r e -  
su l t s  of the model expe r imen t  to the fu l l - sca le  object  we mus t  use the dis tance between the upper  edge of 
the def lec tor  and the upper  boundary  of the model as  defining dimension for  the cor responding  s imi la r i ty  

c r i t e r i a .  
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