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Results  are  presented which were obtained f rom visual studies of free convective motion in 
a closed three-dimensional  cavity formed by a rectangular  housing and a heater  located cen-  
t ral ly inside the housing. 

A study of the qualitative aspect  of free convective heat t r ans fe r  is of great  in teres t  since the nature 
of the motion produced basical ly  de termines  hea t - t r ans fe r  conditions. The various methods for studying 
the s t ruc ture  of convective cur ren ts  are  well known [1-9]. Visualization of the motion by means of tobacco 
smoke [6-9], which makes it possible to study the qualitative picture of phenomena of a rb i t r a ry  complexity, 
is widely used in experimental  techniques. This method was selected for visual observat ions of convection 
in a closed three-dimensional  cavity. 

The test  cavity (Fig. 1) was bounded by a t ransparent  housing in the shape of a parallelepiped and by 
a heater  central ly located inside the housing. The heating elements ,  which were installed in turn within 
the housings, differed in shape (cylindrical or hemispherical)  and dimensions.  Each heater  consisted of a 
thin-walled b r a s s  casing 2 within which there was an a s b e s t o s c e m e n t  core 3 reproducing its shape. The 
nichrome spiral  4 was mounted on the core .  The heater  was installed on a thermally insulating base con- 
sist ing of the layer  of asbes tos  cement 5 (6 = 8 mm) and the layer  of foam plastic 6 (6 = 30 mm). Cur ren t -  
car ry ing  wires  passed through openings in the base.  The heating element was covered with black paint. 
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Fig. 1. Diagram of test 
cavity and heater .  

The thin coating of paint provided a sa t i s fac tory  seal at the junction be-  
tween heater  and base.  The heat-emit t ing element was covered f rom above 
by the t ransparen t  housing 1. The housings, which had a square base,  
were assembled  f rom plastic 5 mm thick. Housings were tested for tight- 
ness and strength before installation on the models.  Three openings were 
cut in each housing for the introduction of smoke: (a) in one of the upper 
co rne r s ;  (b) in an edge of the parallelepiped; (c) at the bottom of a la teral  
surface.  During an experiment  one of the openings was used and the others 
were sealed with plasticine.  The joint between the housing and base was 
sealed with plasticine in o rder  to provide a hermet ic  seal for  the test  
cavity. Heaters  and housing of various s izes were prepared  for the visual 
observat ions.  In the experiments  they were used ia the combinations as 
shown in Table 1. 

The heater  was supplied with rectif ied cur ren t  f rom a stabilized source.  
The power supplied to a heater  was monitored during an experiment.  

TABLE 1 

Heater, Cylindrical Hemispherical 

d x H 34,3XII0 72X35 52Xa5 42X72 52X60 R=43,S 

Housing, 
d• 

125X200 [ 250X135 170X 178 170X 178 170• 178 170• 
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Fig. 2. Heater,  72 x 35; housing, 
250 • 135; power, 22 W. 

Fig.  3. Heater, 34.3 • 110; housing, 125 
x 200; power, 22*5 W. 

Fig.  4. Hemispherical  heater;  
housing, 170 x 178; power, 

Before introducing tobacco smoke into the test cavity, the apparatus 
was heated for 6 h. F r o m  pre l iminary  experiments  with apparatus 
s imi lar  to that descr ibed above but fitted with thermocouples ,  this 
period of time corresponds  to the establishment of s teady-s ta te  con- 
ditions. Tobacco smoke was introduced by means of an aspi ra tor .  
The asp i ra tor  made it possible to cool previously-col lec ted  smoke 
and to calibrate accura te ly  the p re s su re  at which the tobacco smoke 
was introduced into the test  cavity. The observed convective flows 
were photographed with a Zenit camera  having an Industar-51 objec- 
tive fitted with adapter r ings .  To increase  picture contrast ,  a bright  
light f rom a ref lec tor  was directed on the object f rom above and three 
la tera l  surfaces  of the housing were blackened on the outside. The 
radia t ion-absorpt ion  proper t ies  of the sys tem were not changed be-  
cause the surrounding space is black by virtue of the ratio of dimen-  
sions (body within a body). F igures  2-4 show typical p ic tures  of the 

18 W. p rocess .  In the test cavity symmet ry  of boundary conditions insures  
s y m m e t r y  of motion. The entire cavity can be divided into four r e -  

gions in which the nature of the flow is the same.  The circulat ion contour is c lear ly  seen. Heated a i r  
r i ses  along the hot la teral  surface of the heater ,  flows over  its end face, moves away f rom the heater  and 
toward the housing. Moving along the housing, the a i r  is cooled, flows downward along the la teral  su r -  
faces,  and moves toward the heat-emit t ing element.  However, the s t ructure  of the convective flow which 
develops is much more  complicated than simple motion along a circulat ion contour.  The complexity of the 
cavity geometry leads to the creat ion of effects not observed previously in a plane layer .  In addition to 
the main circulat ion contour there is motion directed f rom the symmet ry  axes toward the diagonals in the 
upper plane and f rom the diagonals to the symmet ry  axes in the lower plane. Under the effect of these cu r -  
rents ,  s t r e a m e r s  f rom the main circulat ion contour acquire varied charac te r i s t i cs .  A descending current  
s t r e a m e r  on reaching the lower base is directed not toward the heater  immediately but is deflected along 
the wall to a region separated from the heater  by a minimum distance.  It would appear as if the s t r e a m e r s  
are  pushed off toward the symmet ry  axes and severa l  regions of re tardat ion appear along the diagonal in 
the form of an extended lobe. In the upper plane the s t r e a m e r s  undergo osci l la tory motion between the 
diagonals. As a resul t ,  in o rder  to maintain continuity, the s t r eamer s  do not descend l inearly along the 
la teral  surfaces  but undergo wave motion in the plane of the wall. Fea tures  such as "lobes" and osci l la tory 
and wave motion were observed in all cases  studied; consequently, the conditions for the creat ion of this 
general  picture a re  produced by the rec tangular  housing and do not depend on the shape and size of the 
heater .  
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The nature  of f r ee  convect ive flow changes insignif icantly as  a function of the ra t io  between hea te r  
and housing d imens ions .  F o r  tall  hea t e r s  in a na r row cavity,  p e r s i s t e n c e  of the smoke s t r e a m  is  absent  
in the cen t ra l  por t ion of the c i rcula t ion  contour.  Motion of the a i r  is confined to the regions  nea r  the wal ls .  
In expe r imen t s  with low heat ing e lements ,  f ea tu res  such as  secondary  flows and ve r t i ca l  layer ing  were  ob- 
se rved .  In the center  of the min imum cavi ty c r o s s  sect ion between housing and hea te r ,  a r i s ing  flow was 
obse rved  f rom both s ides  of which c losed vo r t i ce s  or iginated.  

Thus the s t ruc tu re  of convect ive flow in a c losed region is mainly  de te rmined  by i ts  configuration.  
The m o r e  complex the geomet ry  of the cavi ty ,  the m o r e  complex is the nature of the resu l t ing  motion.  
F o r  plane l aye r s ,  convection may be r e p r e s e n t e d  by motion along a c i rcula t ion contour.  In a t h r e e - d i m e n -  
sional  cavi ty  supp lementa ry  cu r r en t s  a r e  obse rved  in addition to the main  c i rcula t ion  contour.  Since the 
conditions for  heat  t r a n s f e r  a r e  bas ica l ly  de te rmined  by the nature  of the motion produced,  one should ex-  
pect  d i f ferent  quanti tat ive re la t ions  for  a t h ree -d imens iona l  cavi ty .  
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