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The design of plants for the chemical  and petroleum industr ies,  heat exchangers  for t ranspor t  equip- 
ment,  and severa l  other problems necess i ta tes  a knowledge of the variation of the coefficient of heat t r ans -  
fer  f rom surfaces  situated in a dynamic two-phase bed at reduced p re s su re s .  

The resul ts  of the investigations given in [1-4] relate to  a tmospher ic  p res su re  and their  t reatment  
was based on simplifying assumpt ions .  The present  paper is devoted to an investigation of heat t r ans fe r  on 
a cyl indr ical  c a lo r ime te r  under the following conditions: reduced velocity of light phase W0" = (0.5 + 3.5) 
m / s e c ,  specific heat flux q = (20-120) k W / m  2, and initial a i r  t empera tu re  tl" = 15-90~ and p res su re  range 
(0.8-0.1) ba r .  The light phase was air  and the heavy phase water .  

It  should be noted that at reduced p re s su re s  the air flow rate per kWh power consumption is great ly  
reduced and its vapor content i nc reases .  At p = 1.0 bar  the velocity W0" of the liquid phase is determined 
solely by the a i r  volume flow ra te ,  whereas  at  reduced p re s su re  the vapor volume flow rate  must  also be 
taken into account.  

Figure  1 shows a d iagram of the experimental  apparatus.  The clear  plastic tower 1 was connected 
through a valve 11 and t rap  14 to a VN-4G vacuum pump. A slit separa tor  12 was mounted at the top of the 
column to reduce entrainment  of the liquid. The ca lo r imete r  2 (d = 8 mm, l = 80 mm) was powered through 
an au to t rans former  18. The air  was heated by an electr ic  heater  26, which was powered through an auto- 
t r a n s f o r m e r  25. The a i r  flow rate  was measured  by a ca lor imet r ic  f lowmeter 27. The flowmeter was 
powered through an au to t rans fo rmer  20. At low air  flow rates  the volumetr ic  method employing a gas -  
holder  19 was used.  The water  was delivered to the tower through valve 3 and was drawn off through the 
drain cock 29 into tank 28. 

To measure  the mois ture  content of the vapor - a i r  mixture at the outlet f rom the tower we used a 
psychromet r i c  probe 4 [5]. The velocity of the air  flowing through the probe was measured  with a rheom-  
e ter  8. A m e r c u r y  vacuum gauge 13 was used to measu re  the p res su re  in the tower.  A ba romete r  17 and 
an Assmann psychromete r  16 were  used to measu re  the pa ramete r s  of the surrounding a tmosphere .  

A stable foam layer  was observed in experiments  in the considered tempera ture  range. At p < 0.1 
bar ,  W0" > 2.0 m / s e c ,  and low heat  fluxes, however,  there  was local ice formation below and above the 
gas-dis t r ibut ing gr id .  When the heat flux was increased  and the velocity W~ was~ reduced,  the ice disap-  
peared.  

As an example, Fig.  2 shows some relat ionships,  which conf i rm the conclusions obtained at at-  
mospher ic  p r e s su re :  a and b a re  plots of the hea t - t r ans fe r  coefficient a against foam tempera ture  t* and 
air  t empera tu re  tl" , respect ive ly ,  at p = 0.2 bar ,  W0" = 1.5 i n / s e c ,  q = 100 kW/m2;  c is a plot of t * against 
the specific heat flux q at p = 0.1 bar  and W0" = 1.5, 1.0, and 0.5 m / s e c  (curves 1, 2, 3). In our invest iga-  
tion, proceeding from the assumption of insignificant heat flux due to evaporation of the liquid film cove r -  
ing the heat-exchange surface  and the negligibly smal l  heat res i s tance  of the dynamic two-phase bed (ow- 
ing to the great ly  increased interphase surface),  and using the well-known methods [6], we obtained the fol-  
lowing dimensionless  relatica~ship: 
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Fig .  1. 5,6,7,10,15,22,23,24) Regula t ing  va lves ;  9) tank for  l iquid;  
21) p o t e n t i o m e t e r ;  30) pipe to v a c u u m  pump;  31) a i r  f r o m  a t m o s -  
phe re ;  32) a i r  f r o m  c o m p r e s s o r ;  33) t h e r m o c o u p l e s .  
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F ig .  2.  1-4)  Data  obtained in [1-4] for  a i r - w a t e r  s y s t e m :  {d = 4, 8, 
13, and 18 m m ,  r e spe c t i ve ly ) ;  5) da ta  obtained in this  inves t iga t ion  
for  a i r - w a t e r  s y s t e m ,  p = 0 .1-0 .8  b a r ;  1 ' , 2 ' , 3 ' )  da ta  obtained in 
[1-4] for  s y s t e m s  c o m p o s e d  of  a i r  and aqueous solut ions  of Na o l e -  
a te ,  g l y c e r o l ,  and ethyl  a lcohol ,  r e s p e c t i v e l y ;  1" ,2" ,3" ,4" ,5") da ta  
taken f r o m  [8, 9, 10, 11, 12, 13], r e s p e c t i v e l y .  

8 '  = / (K,  B*, W, (V-- O")IP", ~"/~', P') (1) 

H e r e  S* is the Stanton n u m b e r  r e f e r r e d  to the l ight  phase ;  K is the h y d r o d y n a m i c  s tab i l i ty  n u m b e r  of  
the two-phase  flow [7]; R* is the Reynolds  n u m b e r  r e f e r r e d  to the k inemat i c  v i s c o s i t y  of the heavy  phase ;  
W is  the Webe r  n u m b e r ;  P '  is the P r a nd t l  n u m b e r  

a W ( '  1 / V  n" ~ W ~ g  S* ~ K -~ Wo"d ~ , - -  v_._~_' 
Wo"Cp'p' ' [,g (p, _ ~,,)]'t. ' ~ '  (p' -- p") d~ ! p : a' 

F i g u r e  2d shows the c o r r e l a t i o n  of the expe r imen t a l  hea t  t r a n s f e r  r e s u l t s  in the f o r m  
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Z = I ( X ) ,  X = ( K ~ R * )  '/' 

Z = S '1~ '66W~176  ((p' - -  p")/p.)0.sb (2)  

The value of (KZR * )~/~ at which the n a t u r e  of the i l lus t ra ted  functional re la t ionship  changes can eas i ly  
be de te rmined  f r o m  Fig.  2. This  value is approximate ly  0.1-0.2 and for a i r - w a t e r  and a i r - a l c o h o l  s y s -  
t e m s  c o r r e s p o n d s  to the changeover  f rom the nucleate  r eg ime  to the bubbling r eg ime .  

Thus,  for  bubbling and wel l -deve loped  bubbling (foam) r eg imes  we have 

S* ~ 0 . 3 t K  ~ ' 6 e R * ~ . ~ s P ~ - S s  ((p, - -  p.) / p.)-~.ss W.-0.0~ (3)  

Simi la r ly ,  for  the nucleate  r e g i m e  we obtain 

S* = 0 .37K-~176176  ((p' - -  p") / pO)-o.s5 W 0.07 (4)  

Rela t ionship  (3) is  of mos t  in te res t  for  p rac t ica l  p r o b l e m s .  The d i f fe rences  between the e x p e r i m e n t -  
al  data and the data obtained f rom (3) and (4) do not exceed • 10% in the vas t  m a j o r i t y  of expe r imen t s .  

F o r m u l a  (3) can a lso  be put in the f o r m  

S* = 0 .3 t  R*-~ "SF"-o.~sp '-o.0o ((p' - -  p") /p. ) -o .s6  W-O.O7 

H e r e  F" is  the Foude number  

F "  -~- W e  "~ / gd 

(5) 

It  is e a sy  to es tab l i sh  f rom (5) that ~ i n c r e a s e s  insignificantly with i nc rea se  in ~ (c~ ~ ~0.07), de-  
c r e a s e s  with i n c r e a s e  in d i a m e t e r  d of the heat exchanger  (a ~ d~ and d e c r e a s e s  sl ightly with reduction 
of the gas phase  densi ty  p"  (~ ~ p,,0.07). Hence, we can neglect  the effect  of the las t  two complexes .  R e -  
placing them by the mean values  f r o m  the exper imen t s  we obtain a f t e r  co r rec t ion  of the constant  C, 

'-q* = O ' i5R*-~176176  (6) 

The values  of ot obtained f rom Eq. (6) agree  sa t i s fac to r i ly  with the exper imen ta l  data; the d i f ferences  
do not exceed * (15 + 18%). 

In [1,2] we obtain the re la t ionship  

S* = O.108R*-~176 (7)  

The d i f fe rences  between the constant  C and the indices of the powers  in the complexes  in (7) and (6) 
can be a t t r ibuted  to the fact that  Eq. (7) was der ived  by co r r e l a t i ng  exper imenta l  data for  heat t r a n s f e r  f rom 
the su r face  of a tower  wall ,  which p roceeds  at a lower ra te  than the heat  t r a n s f e r  of cy l inders  and spheres ,  
which were  used  to obtain re la t ionships  (3) and (5). 
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