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The author examines a method of determining the rate of ver t ica l  displacement  of air due to natural con-  
vection, using exper imental  data obtained by means of an interferometer .  Design formulas are given. 

The difficulties associated with the quanti tat ive evaluat ion of the rate of convect ive motion of liquids and gases 
have been duly emphasized in various investigations [1]. The rate Vy of ver t ical  displacement  of air in a confined space 
due to internal  heat  sources, without flow due to forced convection, can be est imated from the exper imenta l  results in 
the form of some empir ica l  ver t ical  temperature distribution. For this purpose we shall use the data of tests on the model  
with internal heat  sources described in [2]. 

The ver t ical  motion of an e lement  of mass Am is due to the temperature difference (or, which amounts to the 
same thing, density difference) between the heated air and the surrounding medium AT = T - To. Then the product of 
Am and the acce lera t ion  dZy/dl "~ will  equal the buoyancy force ZSa-ngB AT, i . e . ,  
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The e lement  Am does not remain  constant in its upward motion, since i t  mixes with the surrounding medium;  in 

fact,  there is an inflow of entrained air par t ic les .  The modif ied volume of heated air wil l  continue to rise after mixing, 

but at a different ve loci ty .  The temperature  T of the e lement  of volume will  also change.  

Putting the law of variat ion of temperature with height and t ime in the form of some function T = ] (h0r)  = ~(y, r ) ,  
we may  write 

d v = g  I T ( y ,  ~)--Told~. 

It is very diff icult  to obtain an analyt ic  expression T = f ( y , r )  for the unsteady regime of convect ive  heat  release in 
a smal l  l imi ted  space.  Studies of the steady temperature  field have been made,  however, by means of an opt ical  instru- 

ment  - the interferometer  - and quanti tat ive data are avai lab le  that give the temperature T in terms of the geometr ic  
parameters  of the space, and the temperatures T s of the sources and T w of the enclosing wails, and also permi t  the hea t  
source power g = Ns/Nma x to be taken into account.  

For a tw0-dimensional  space, the heat  transfer process is described by the Fourier-Kirehhoff equation 

OV Or ( O'r oir ] 
vx ~ + v v - -  = a + . (1) 

ou k @2 ! 
Taking the origin of the xyz coordinates at the center of symmetry of a circular  heat  source, the ver t ica l  variat ion 

of air temperature may  be represented by the expression [2]: 

0 = A ~"%~ (2) 

o r  

T = T  w+AU n(T s -Tw)  H M-hs] " 

In (1) and (9.) there are three unknowns: v x, Vy and T. We also require the equation of motion: 

Ov u ov u 1 Op 
vx ~ + v  u Oy = g ~ ( T - T ~  p dy 
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Equations (1)-(3) will  be valid throughout the space, if  we exclude the boundary layer at the hea t  source surface, 
and the thermal  boundary layer at the walls. 

From (2') we can find the values of the first and second derivatives ~T/~y and ~zY/~y2 for the ver t ical  section in 
question. The derivatives aT/~x and ~ T / a x  ~ remain  unknown. 

On the basis of the results of exper imental  research [2], as a first approximation we may  assume the law of var ia -  
tion of temperature along the x axis to be T x = const. Then, with ~T/Ox = 0, the first two equations take the form: 

OT 02T 
Vy . . . .  =Ct ~ ;  

O tO Oy 2 

T = T w  + - -  Tw) ( hi--h  
HM hs] " 

Introducing the relations h i - h s = y and ACm[Ts - Tw/(H M - hs)n] = A0, may  be written as: 

( r )  

(2') 

T = T w --k Ao yn. (2") 

Inserting in ( r )  the values of the derivatives aT/~y and ~2T/OyZ from (~'),  we have, after a s imple transformation, 

vy = a ( n - -  1)y  - 1  

o r  

v u = a (n - -  1)/(h~ - -  hs). 

Determining the value of the parameter  n from (2'), we can f inal ly write 

(4) 

[ l g 0 - - 1 g ( A ~ m )  - - 1 ]  1 

V y = a  lg-q - J h~ - h  s " (5) 

When temperature  gradients are present in a direction pa ra l l e l  to the x axis, Eqs. (1)-(3) must be supplemented by 

the relat ion T x = f (x  . . . .  ); from their joint  solution, the value of v x may be obtained.  

Analysis of the exper imenta l  results, and comparison with the curve of (5), indicates that  the la t ter  is valid within 

the l imits mentioned,  excluding the source boundary layer region and the boundary layer of the surrounding walls. 

NOTATION 

r - t ime;  x, y - coordinates of point;  T, T0, T w, Ts - temperature  of air at point  invest igated,  mean temperature  
of surrounding medium,  temperature  of inside face of wall,  temperature  of surface of hea t  source; v x, Vy - horizontal  

and ver t ica l  components of veloci ty  of air;  a - thermal  diffusivity; 0 = (T - Tw)/(T s - Tw) - re la t ive  temperature;  ~ = 
= (h i - hs)/(H M - h s) - re la t ive  height  of point;  ~ = N i /Nma x - r e l a t i v e  power of hea t  sources; A, m, n - exper imenta l ly  

determined coefficients .  
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