
In conclus ion, we comment briefly on the choice of parameters  appearing in the formulas .  

The value of R depends strongly on the angle of incidence of the radiation on the phase boundary. Since 
for radiation heat t ransfer  inside a mater ia l  the rays  are  incident on the surface at very different angles, the 
value of R in the equations must  be replaced by its average value, the hemispher ical  reflection coefficient. 
Since diffraction effects are  nottaken into account in calculating K e by the proposed model,  Eqs.  (3)-(10) should 
be applied only to part icles  which are  much la rger  than the wavelength corresponding to the maximum of the 
thermal  radiation at the given tempera ture .  
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I N V E S T I G A T I O N  OF T H E  H E A T  AND MASS T R A N S F E R  

B E T W E E N  P R O P E L L A N T  C O M B U S T I O N  P R O D U C T S  

IN AN E V A P O R A T I N G  F L U I D  IN A P P A R A T U S  

W I T H  S U B M E R G E D  B U R N E R S  

A . N .  A l a b o v s k t i  UDC 66.045.54 

Generalized dependences are  found to determine the equilibrium depth of submers ion of a burner  
in evaporators  with submerged burners .  

Apparatus with submerged burners  (ASB) are  amonghea t  exchangers  of bubble type, inwhich the heat-  
exchange intensity is ordinari ly charac te r ized  by the heat-el imination coefficient r e fe r r ed  to the volume of 
liquid or  g a s -  liquid layer  above the grat ing.  In connection with the fact that the ASB operates  in a thermal  
equilibrium mode between the fuminggases  leaving the apparatus and the evaporating liquid, these volumes 
can significantly exceed the volume of the active heatand mass  t ransfer  zone. Hence, the volume coefficients 
of heat elimination do not charac te r ize  the kinetics of the process  in anASB. Under these conditions, the main 
pa ramete r  to be determined for the heat and mass  t ransfer  process  becomes the magnitude of the equilibrium 
depth of burner  submersion at which thermal  equilibrium sets in. The more  intense the heat t ranspor t ,  the 
smal le r  the equilibrium depth of burner  submersion,  and, therefore ,  the lower the hydraulic drag of the appara-  
tus. 

On the basis of an analysis  of the differential equations describing the heat and mass  t ransfer  in a gas -- 
liquid layer ,  and the heat balance -- heat elimination equation, the general  form of the functional dependence for 
the equilibrium depth of burner  submers ion h e l l  ] was found: 

p" I p 
d (1) 

The thermal  equilibrium canbe est imated by means of the tempera ture  of the v a p o r -  gas mixture leaving the 
apparatus,  which diminishes with the increase in depth of burner  submers ion and takes on a constant value when 
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Fig.  1. General izat ion of tes t  
data to de te rmine  the equi l ibr ium 
depth of burne r  submers ion:  1) 
water ;  2) wa te r  solution o f a m -  
monium sulfate .  

the depth of submers ion  becomes  equal to or  g r e a t e r  than the equi l ibr ium value.  Analytic andexper imen ta l  
studies have shown that the t e m p e r a t u r e  is r e la ted  to the depth of burne r  submers ion  by an exponential  depen- 
dence.  Assuming  the exponentialfunct ion to r each  the s t eady- s t a t e  value for  99% of the magnitude of this func- 
tion at infinity, an equation was obtained which pe rmi t t ed  computation of the quantity h e by means  of three values 
of the t e m p e r a t u r e  of the depart ing v a p o r -  gas mix ture ,  de te rmined  exper imenta l ly ,  which cor responded  to 
three  d i sc re te  depths of burne r  submers ion  [2]. 

In connection with the essen t i a l  dependence of h e on the construct ion of the bubble appara tus ,  expe r imen-  
tal investigations were  p e r f o r m e d  in an appara tus  with a tubular  bubbler  in the fo rm of a burne r  lowered into 
a liquid with a bubble grat ing mounted at  the l eve lo f  the burne r  nozzle exit ,  andwlth a c i rculat ion tube a r r an g ed  
around the lower pa r t  of the bu rne r .  Exper imenta l  points obtained in an investigation of the equi l ibr ium depth 
of bu rne r  submers ion  in an appara tus  with a tubular bubbler  a re  p resen ted  in Fig.  1. The tes ts  were  conducted 
in water  and a water  solution of ammonium sulfate of density 1250 k g / m  3. The resu l t s  of the investigations a re  
genera l ized  by the equation 

]~e = 0.9 Ar~ ~ (2) 

I t i s  valid in the range of values 0.06_<Ar_<0.36; 3.28_< | 1 . 1 8 ~  do/d-<2.16; 1 . 7 . 1 0  -4 _<p"/p',___ 2 . 1 3 .  
10 -4. The density of the combust ion products  O" is se lec ted  according to thei r  t e m p e r a t u r e  at  the exit  f rom 
the burner  T" ,  and the density of the liquid O' by means  of the t empe ra tu r e  of the liquid in the appara tus  T ' .  
The velocity of the burning combust ion products  at the exit  f rom the bu rne r  is pa r t  of the complex Ar .  Equa-  
lions for the depth of burne r  submers ion  in the appara tus  w itha bubble grat ing 

/~e ~ 0'76 Ar~176 

and with a c i rcula t ion tube 
(3) 

lTe = O.72 Ar ~176 ( -~ - )  ~ 
(4) 

were  found analogously . By usingthe equations of m a t e r i a l a n d  heat balance of the appara tus ,  the t h e r m a l p r o -  
duotivity of the burne r  could be found, and, hence,  the oonsumption of the fuel de l ivered  to the bu rne r .  F u r t h e r -  
more ,  by using the usual  method of computing energe t ic  burne r  units,  the consumption of the fuming gases ,  the i r  
t empe ra tu r e ,  and the inner d i ame te r  of the bu rne r  can be de te rmined .  This  pe rmi t s  computat ion of the values 
of the numbers  Ar  and | and the equi l ibr ium depth of burne r  submers ion  a t  which the mos t  comple teut i l iza t ion  
of thehea t  of the burning fuel inthe ASB is assured ,  b y m e a n s  of(2), (3), or  (4). 

NOTATION 

h, depth of burner submersion; T, t, temperatures; p, density; W, velocity; d, d 0, burner inner and 
outer diameters; dE, equivalent diameter of the circulation tube channel. The superscript " refers to the gas 
and ' to the liquid; Ar = (W")2p"/gd(p' -- p") is a modification of the Archimedes number, while | =T"/T' is a 
temperature factorand l is a linear dimension. 

Io 

2. 

L I T E R A T U R E  CITED 

A. N. Alabovskii, in: Thermophysics and Thermal Engineering [in Russian], No. 22, NaukovaDumka, 
Kiev (1972). 
A. N. Alabovski[ and E. V. Klimenko, in: Thermophysics and Thermal Engineering [inRussian], No. 
27, Naukova Dumka, Kiev (1974). 

939 


