
S T U D Y  O F  T H E  I N T E R A C T I O N  B E T W E E N  

L O W - P R E S S U R E  G A S  A N D  S U R F A C E S  O F  

B O D I E S  D U R I N G  E V A P O R A T I O N  

B.  M.  S m o l ' s k i i ,  P .  A.  N o v i k o v ,  
a n d  E .  A .  V a g n e r  

A 

P O R O U S  

UDC 536.423.1:533.59 

Visual  observa t ions  and f i lm photography were  used to de te rmine  the flow of the v a p o r - g a s  
mix tu re  n e a r  the su r face  of moi s t  porous  bodies of var ious  shapes  during heat  and m a s s  ex-  
change.  

The in terac t ion  pa t te rn  of t r a n s v e r s e  and longitudinal flows of a low-dens i ty  gas  was qual i ta t ively 
studied in expe r imen t s  which were  made under ambient  p r e s s u r e s  of 6 .5 .10  3 -3  �9 10 2 N/m2; the flow pat te rn  
was  made vis ible  with the smoke technique.  

The flow pa t te rns  around a round cyl inder  and a plate w e r e  Studied. The bodies were  si tuated p a r a l -  
lel  o r  pe rpend icu la r  to the di rect ion of the s t r e a m  l ines .  The bodies ,  which had been made of a ma te r i a l  
with cap i l l a ry  poros i ty ,  we re  impregnated  with a solution of hydrochlor ic  acid (Figures  1 and 2a, b) and 
dist i l led w a t e r  (Figure 2b), The smoke  which was used to make the flow p a t t e r n  vis ible  was produced by 
introducing ammonia  vapors  into the gas  in the chamber .  

The smoke  technique was  used to d isplay  the flow pat te rn  because  this technique was s imple  to e m -  
ploy and allowed d i r ec t  obse rva t ions  of  the ae rodynamic  s p e c t r u m  of the in teract ing flows. The ent i re  
p r o c e s s  of producing and developing the vapor  envelope on the su r face  of the bodies  was recorded  on f i lm. 

Densi ty  d i f fe rences  in the gas volume and a concentrat ion grad ien t  in the medium nea r  the sur face  
of evapora t ion ,  as  well  as  a p r e s s u r e  gradient ,  w e r e  respons ib le  for  the motion of the ambien t  gas .  

The overa l l  d i rect ion of motion of the externa l  flow was s t r a igh t  upward, and the flow veloci ty,  which 
was de te rmined  f rom the f i lm,  amounted to 0.1-0.2 m / s e c .  

The visual  observa t ion  method conf i rms  that  the intensi ty  of the convect ive heat  exchange in vacuum 
is s t rongly  influenced by both the veloci ty  and the densi ty  of the t r a n s v e r s e  m a s s  flow. When the evapo ra -  
tion of mo i s tu re  f rom a ma te r i a l  having porous  s t ruc tu re  is intensive,  the j e t - l ike  motion of the vapor  f rom 
the su r face  of the body can be c l e a r l y  recognized  (Figure  1). 

Fig.  1. J e t - l i k e  evapo ra -  
t ion f r o m  a porous cyl inder  
with a d i ame te r  of 40 ram.  
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Fig. 2. (a) Development  of the 
vapor  envelope around a porous  
cylinder;  (b) development  of the 
vapor  envelope around a porous  
plate  with the flow para l le l  to the 
plate; and (e) development  of the 
vapor  envelope around a porous  
plate with the flow perpendicu la r  
to the plate; p r e s s u r e  changes 
in the chamber  f rom 6500 to 300 
N / m  2. 

I t  was es tabl i shed by f i lm photography that  the individual je ts  of the t r a n s v e r s e  flow m e r g e  at  a c e r -  
ta in dis tance f rom the su r face  of the body and produce a vapor  envelope which is cha rac t e r i zed  b y a  sharp  
in te r face  with the external  longitudinal flow. I t  was also obse rved  that  the vapor  envelope d is turbs  the 
penetra t ion of convect ive d is turbances  of the medium to the su r f ace  of evaporat ion.  Energy  is t r a n s f e r r e d  
into the evaporat ion zone p r i m a r i l y  by  molecu la r  p r o c e s s e s  and by radia t ion.  

F igure  2 depicts  the flow around a cyl inder  and the flow around a plate  which was placed perpend icu la r  
o r  pa ra l l e l  to the gas  s t r e a m ,  which had a ve loc i ty  of 0.1-0.2 m / s e c ;  the total  p r e s s u r e  in the medium was  
reduced f r o m  6500 to 300 N / m  2. The intensi ty of evaporat ion f rom the cyl inder  (Figure 2a) was lower  than 
that  shown in Fig. 1, that  the th ickness  of the vapor  l a y e r  n e a r  the su r face  of the body was g r ea t l y  reduced.  

When the veloci ty  of motion of the external  flow is smal l ,  the th ickness  of the vapor  envelope around 
the body i n c r e a s e s  with dec reas ing  p r e s s u r e  in the chamber .  At P < 530 N / m  2, the envelope has a c r o s s -  
sect ional  fo rm of a c t re le ,  independent of the g e o m e t r y  of the body on a two-dimensional  plane. Along with 
the inc rease  in the envelope th ickness ,  the in ter face  line becomes  s m e a r e d  or  d i s appea r s ,  and the same  
is t rue  for  the convective flow l ines (P < 260 N / m ~ .  

The studies of the in teract ion between the t r a n s v e r s e  and the longitudinal flows lead to the conclusion 
that  the vis ible  in ter face  is :a region of heat  and m a s s  exchange. The cu r ren t s  a r e  mixed by diffusion in the 
a r e a  of the in te r face  and t e m p e r a t u r e s  and p r e s s u r e s  a r e  level led  in that  a r ea .  
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