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We have obse rved  and s tudied e x p e r i m e n t a l l y  c e l l u l a r  s t r uc tu r e  of flow in a hor izon ta l  
cavi ty ,  on exciLation of convect ion by heat ing f rom above.  

Sys temat ic  s tudies  have been under taken  in the numerous  r e f e r e n c e s  deal ing with f ree  convect ion 
which is gene ra t ed  on heat ing f rom below or  f rom the s ide [1-10]. In [11] our  a t tent ion is drawn to the p o s -  
s ib i l i ty  of genera t ing  convect ion through heating f rom above.  It is a l so  pointed ou~ in this  r e f e r ence  that 
there  is a need for  a thorough study of the s t ruc tu re  of the flow, the t e m p e r a t u r e  f ieId,  and the heat  t r a n s f e r  
in a s t r i c t l y  hor izon ta l  in the case  of heat ing f rom above.  

Here  we give the r e s u l t s  f rom an e x p e r i m e n t a l  inves t iga t ion ,  p r i m a r i l y  into the s t ruc tu re  of s teady 
flow in a hor izon ta l  r e c t angu la r  cavity,  with nonuniform heat ing f rom above.  

The inves t iga t ions  were  c a r r i e d  out with the cavi ty  formed by two hor izonta l  b r a s s  p la tes  (200 • 90 
• 3 mm) ,  s ide wal ls  made of opt ical  g l a s s ,  the ends being made of a p l a s t i c  with a th ickness  of 10.26 • 0.01 
ram.  The su r f aces  of the p la tes  were  po l i shed  to a f inish of V7. Visual  obse rva t ion  of the flow pa t te rns  was 
main ta ined  through the side wa l l s ,  through which the pa t t e rn  was photographed.  The cavi ty  was mainta ined  
at a max imum width for  the se lec ted  p rocedu re  of f i lming the flow. Thi r ty  (30) c o p p e r - c o n s t a n t a n  t h e r m o -  
couples  were  fixed to the hor izon ta l  and end wal ls  of the cavi ty  to de t e rmine  the t e m p e r a t u r e  d i s t r ibu t ion  

through the w a l l s .  

The hor izonta l  pos i t ion  of the ins ta l l a t ion  was mainta ined  with a level ing device accu ra t e  to 0.08 mm 
p e r  1 m.  

To achieve convect ion in the cavi ty  by heat ing f rom above,  the t e m p e r a t u r e  along the upper  hor izonta l  
p la te  mus t  be nonuniform.  The nonuniform t e m p e r a t u r e  d i s t r i bu t ion  is achieved by c i r cu la t ing  t h e r m o -  
s t a ted  w a t e r  through the segmented  j acke t  on the outside of the p la te .  The wa te r  t e m p e r a t u r e  is main ta ined  
to within :~0.02~ by means  of NBE-type t h e r m o s t a t s .  

The t e m p e r a t u r e  of the cold bottom plate  is  kept  cons tant  by intensive pumping of the the rmos ta t ed  
w a t e r  through the mul t i s egmen ted  j acke t .  In a l l  of the t e s t s  the devia t ions  f rom the average  wall  t e m p e r a -  

ture did not exceed 0.15~ 

F r o m  among the t r emendous  number  of d i v e r s e  laws governing heat ing,  we chose s e v e r a l  funda-  
men ta l ly  d i f ferent  p o s s i b i l i t i e s :  the pe r iod i c  d i s t r ibu t ion  of t e m p e r a t u r e ,  5 -shaped  d i s t r ibu t ion ,  and an 
a p p r o x i m a t e - l i n e a r  d i s t r ibu t ion  

1. To study convect ion with a pe r iod i c  heat ing law we were  ab le ,  e x p e r i m e n t a l l y ,  to achieve a d i s -  
t r ibut ion  which - c o r r e c t  to 10% - c a n  be r e g a r d e d  as  cos inuso ida l ,  with the d i f ference  between the max imum 
and min imum t e m p e r a t u r e s  amounting to At  L = 12~ (Fig. 1). 

2. In the case  of a 5 -shaped  d i s t r ibu t ion  we e s t ab l i shed  e x p e r i m e n t a l l y  the t e m p e r a t u r e  d i s t r ibu t ion  

which is app rox ima ted  by the function 

T = Ae -~(x-~176 + B (0.07 - -  x) ~, 
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Fig. I. Structure of the flow in a cavity for periodic temper- 

ature distribution at the upper walls, and with a constant 

temperature distribution at the bottom walls of the cavity: 

t, ~ the temperature of the upper and lower walls of the 

cavity; x, ram) cavity length. 
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Fig .  2. F low s t r u c t u r e  in the cav i ty  for  a 6 - shaped  t e m p e r a t u r e  
d i s t r i b u t i o n  at the upper  cavi ty  wal l  (a) and an a p p r o x i m a t e - l i n e a r  
distribution (b). The temperature of the bottom wall is constant 
(t and x - see Fig. i). 

where x is the coordinate along the length of the cavity, m; 0 -< x -< 0.14; A, B, and a are coefficients, 30 

-<A -< 50, 2700 --< B -< 3700, 300 -<c~ -< 400, accurate to 7% at a maximum temperature difference At L = 22~ 
(Fig. 2a). 

3. Convection with an approximate-linear variation in temperature (25 < x < i00) was investigated 
with the d i s t r i b u t i o n  d e s c r i b e d  by the funct ion  

x - -  0.065 
T =  - - A t h  ~-B 

O~ 

with an accuracy up to 3.6%, with the nonuniformity of the temperature up to At L = 38.6 ~ (Fig. 2b}, 2 -< A 
-< 20, 21.4 -< B -< 42.4, 0.03 -< a -< 0.05. 

I nves t i ga t i on  of the flow s t r u c t u r e  through the width of the cavi ty  and m e a s u r e m e n t  of the t e m p e r a -  
tu re  by m e a n s  of a moveab le  c o p p e r - e o n s t a n t a n  t he rmoeoup le  d e m o n s t r a t e d  that - i n  the c e n t r a l  p o r t i o n  
m a k i n g  up 11% of the cavi ty  width of z = 90 m m  - w e  have t w o - d i m e n s i o n a l  flow with iden t ica l  v e l o c i t i e s  of 
m o t i o n  and ce l l  d i m e n s i o n s .  On app roach  to the l ead ing  and t r a i l i n g  wal l s  the d i m e n s i o n s  of the ce i l s  
d i m i n i s h e d ,  with the ve loc i ty  of mo t ion  d ropp ing  off to z e r o .  

Al l  of the m e a s u r e m e n t s  we re  subsequen t ly  c a r r i e d  out in  the z e b r a / 2  p l ane .  

We p e r f o r m e d  two groups  of t e s t s :  a h y d r o d y n a m i c  g roup ,  and a t h e r m a l  group which was p r e l i m i n a r y  
in n a t u r e .  
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Fig. 3. Dimensionless temperature profile 0 = (T - To) 

/(T h -To) in descending and ascending flows of cells 

with periodic heating of the upper wall: i) temperature 

at the section at a distance of 5 ram; 2) 35 ram; 3) 75 

ram; 4) ii0 ram; 5) 135 ram; 6) coincidence of measure- 

ments in ascending layers; 7)coincidence of measure- 

ments in descending layers. 
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Fig. 4. Flow velocities in the cell with nonuniform heating from 
above: a) velocity profile in central vertical cross sections for 
all four cells with periodic heating from above. (The points on 
the curve denote coincidence of measurements and the cross- 

hatched sections denote the region of experimental points;) b) 

maximum velocity Uma x (mm/sec) as a function of the tempera- 

ture difference for the ease shown in Fig. 2b. 

The working fluid in this series of tests was air. 

The cavity, filled with particles of tobacco smoke, was illuminated from the end. An OKG-II gas 

laser served as the light source. The velocity of the convection was determined visually by measuring the 

time required for the passage of one particle between fixed markers on the micrometer eyepiece of a 
moveable binocular microscope. Each measurement was backed up by filming the flow pattern with a known 

exposure time; the magnitude of the tracks in this case is proportional to the velocity. The filming was 
carried out in reflected light. The camera was focused on the midplane of the slit and it could be moved 

to photograph the various parts of this plane. 

The results of each test represent the averaging of 3-4 measurements, differing from each other 

by no more than 2-3%. 

Figures i, 2a, and 2b show the flow patterns for the forms of temperature nonuniformities at the 

upper cavity wall which we have investigated here. 
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In a number of the tests, the working fluid was distilled water with suspensions of light-scattering 

particles of aluminum dust. The flow structure always remained qualitatively the same, but the velocity 

of liquid motion in the cells diminished sharply. For example, for the pattern shown in Fig. 2a, with At L 

= 15.6~ Urea x = 0.33 ram/see, as opposed to Urea x = 1.7 mm/sec in air. 

The temperature field in the slit was measured with a moveable copper-constantan thermocouple 

0.06 mm in diameter. The presence of the thermocouple resulted in no noticeable perturbations of' the flow. 

Figure 3 shows the curve of the relative temperature in the descending and ascending flows of four 
cells for the pattern which corresponds to Fig. i. 

The velocity profiles are shown for this same regime in the central vertical cross sections of all 

four cells (Fig. 4a). The velocity profiles in the various cells are virtually coincident and exhibit clearly 

delineated asymmetry. The maximum velocity, as was to be expected, is found in the upper half of the 

cavity. The velocity maximum in the lower half of the cavity is located farther from the cold wall than 
Urea x from the upper hot plate. The zero velocity is also shifted upward, away from the center of the cavity. 

If we number the cells sequentially in the positive direction of the x-axis, the experimentally derived 
cell lengths are the following: 

y, m m  l l ,  m m  12, m m  13, rnm 14, m m  

0 33,0 34,0 36,5 36,5 
h 32,0 37,0 36,0 35,0 

We also measured the angles of inclination for the boundaries separating the cells in the indicated regime, 
i .e., 

%2 = 95~ 9a = 87~ 9z3 : 91~ 

where ~12, ~z3, and ~34 are the angles of inclination for the boundaries between the first and second cells, 
the second and third cells, the third and fourth cells, respectively, calculated from the positive direction of 
the x-axis in a counterclockwise direction. 

For the investigated interval of nonuniformities At L = 2.95-38.6~ the value of Urea x varies in pro- 
portion to the magnitude of the temperature nonuniformity at the upper wall (Fig. 4b). 

We noted a pronounced dependence of the circulation velocity in the cells on the mean integral tem- 

perature difference At h between the hot and cold walls. Thus, for the scheme shown in Fig. 2a, when zkt h 

= 20.4~ Urea x = 2.78 mm/sec, while for At h = 13.6~ we have Urea x = 3.7 ram/see. 

The nonuniformity in the temperature in both cases amounted to ~t L = 26.6~ At a specified magni- 
tude for the nonuniformity, the circulation velocity increases with a drop in At h. 

On the other hand, to evaluate the effect of the temperature nonuniformity, we have to maintain a con- 

stant difference Athmin. In plotting the curve in Fig. 4b we kept the difference between the minimum tem- 

perature of the hot wall and the temperature of the cold wall constant, i.e., Athmin = 12.1~ 

We can draw the following conclusions with regard to the structure of this kind of convection from 

the above-examined cases of free convection in the case of nonuniform heating from above: 

i) the flow exhibits a clearly delineated cellular character; 

2) each extremum in the distribution of the temperatures at the upper wall forms a boundary of 
separation between the cells; 

3) the shape of the boundary separating the cells depends on the shape of the profile for the tem- 
peratures near the extremum; 

4) the direction of motion in each cell near the upper wall is opposite to the temperature gradient 
at the wall; 

5) the cell occupies the entire height of the cavity, and through the length of the cavity it is con- 

centrated at a distance equal to the characteristic dimension of the temperature nonuniformity. 
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