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The t e m p e r a t u r e  profi les  over  the c ro s s  sect ions of ve r t i ca l l y  flowing f i lms of water  and aqueous 
solutions have been d i rec t ly  measu red .  It is shown that even in the wall boundary layer  heat is 
t r anspor ted  not only by molecu la r  heat  conduction but also as a r e su l t  of the mixing action of the 
waves ,  which i n c r e a s e s  with i n c r e a s e  in flow density and f i lm path. 

Recent  i n t e re s t  in the hydrodynamics  and heat t r ans fe r  of f i lm flow has led to efforts  to study and intensify the 
heat t r ans fe r  between a wall and a heated f i lm and to the need to c la r i fy  that heat t r ans fe r  mechan i sm and its r esponse  
to var ious  condit ions,  so as to pe rmi t  the se lec t ion  and control  of optimal  operat ing r e g i m e s  in f i lm heat exchangers .  
Accordingly ,  it is n e c e s s a r y  to de t e rmine  the nature  of the t empera tu re  dis t r ibut ion over  the c ross  section of a f i lm 
flowing by gravi ta t ion over  a ve r t i ca l  sur face  as a function of the flow densi ty and the f i lm path. 

This t e m p e r a t u r e  dis t r ibut ion was f i r s t  studied theore t i ca l ly  by Dukler [4], who suggested that in the prac t ica l  
range of values  of the f i lm Reynolds number  Ref it  is imposs ib le  to neglect  e i ther  the turbulent  or  the laminar  part  of 
the f i lm.  The author also assumed that nei ther  of these two fo rms  of motion exists  in a f i lm in pure form and, 
m o r e o v e r ,  that a t ransi t ion r eg ime  is always observed  over  a cons iderab le  par t  of the f i lm. Then the heat flux at an 
a r b i t r a r y  point of the f i lm c r o s s  sect ion y is equal to 

dt (1) 
q = - - ( • + e n G p )  dy ' 

where  en is the so -ca l l ed  turbulent  the rmal  conductivity,  for de te rmin ing  which the author proposes  to use e i ther  
D e i s s l e r ' s  equation or  Ka rman ' s  equation [4] depending on the dis tance f rom the wall.  This equation makes it possible  
to ca lcula te  the t empe ra tu r e  dis t r ibut ion over  the thickness of the f i lm. 
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Prev ious ly ,  the t empe ra tu r e  prof i le  over  the f i lm c r o s s  sect ion was measu red  d i rec t ly  by Wilke [5], who used a 
specia l  d i sp laceable  v e s s e l  to par t ia l ly  r e m o v e  the l i q u i d f i l m  f rom the i r r iga t ed  su r face  of a tube. Although, as the 
inves t iga tor  h imse l f  r e m a r k s ,  his method of measu r ing  the local t em pe ra tu r e s  is not suff ic ient ly re l i ab le ,  he was st i l l  
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able to obtain the temperature profile for a diethylene glycol film in the region of small Reynolds numbers (Ref _< 82) 
and to draw certain general conclusions. Wilke noted two regions on the measured temperature profile: a boundary 
layer and a region with approximately constant temperature because of the mixing action of the waves. 

We have measu red  the t e m p e r a t u r e  prof i les  over  the c ro s s  sect ion of f i lms of water  and aqueous solutions of 
sodium chlor ide  in the region of the high flow dens i t ies  (1300 _< Ref _< 17 000) usual ly encountered in industr ia l  
p rac t ice .  The exper imenta l  apparatus ,  the spec ia l ly  developed probe and the method of measu r ing  the local  
t e m p e r a t u r e s  and f i lm th icknesses  were  prev ious ly  desc r ibed  in [1-3].  The measu red  t e m p e r a t u r e  prof i les  of the 
water  f i lm at va r ious  Reynolds numbers  and f i lm paths xp a r e  presen ted  in the f igure ,  f rom which it is c l ea r  that in 
the region of high flow densi t ies  all the measu red  t e m p e r a t u r e  prof i les  have two c h a r a c t e r i s t i c  reg ions :  a boundary 
l ayer  at the wall  and a region at approximate ly  the same t empera tu re .  The thickness  of the boundary l ayer  is only 
slight (up to 0.06 mm) and d e c r e a s e s  with inc rease  in Reynolds number.  The t e m p e r a t u r e  of the outer  sur face  of the 
tube wall (y = 0), measu red  with copper -cons tan tan  thermocouples  imbedded in the tube wall near  the point at which the 
t e m p e r a t u r e  prof i le  was measu red ,  begins to f luctuate somewhat  upon the appearance  of rapidly incident waves of 
l a rge  ampli tude (curves 1 ,2 ,3) .  This is because  the tu rbu lence-genera t ing  effect  of the waves is so grea t  that the wave 
eddies r each  the sur face  of the wall des t roy ing  the liquid boundary layer .  

The intense mixing,  observed  even in the region of the f i lm thickness ,  St, measu red  in the troughs of the waves ,  
causes  a cons iderab le  fluctuation of the local f i lm t em pe ra tu r e ,  which i n c r e a s e s  as the junction of the probes  is 
moved away f rom the wall.  We measu red  only the ex t reme  values of the local t e m p e r a t u r e  f luctuat ions,  d i rec t ly  f rom 
the def lect ions  of the light spot of an optical ga lvenomete r ;  these  values  were  then averaged.  

A cer ta in  d e c r e a s e  in the local t e m p e r a t u r e s  in the region of the waves t hemse lves  y = 5 c - 5 t (film thickness  
measu red  at the highest  wave c r e s t s  5 c and in the troughs St) is a t t r ibutable  to the fact that the junction of the probe 
was washed only per iod ica l ly  by the waves  and, natural ly ,  the t empe ra tu r e  f luctuations inc reased  even more ,  s ince in 
the in te rva l s  between waves the junction was in contact  with the air .  

Thus, in developed wave flow the mixing effect of the waves is so great that the local temperatures over the 
cross section of the film are approximately constant outside a relatively thin boundary layer. Even in this boundary 
layer, however, heat is transported not only by molecular heat conduction but also as a result of the mixing effect of 

the wave eddies. As wave flow develops (as a result of increasing flow density and film path), the wave mixing effect is 

intensified. 

N O T A T I O N  

Cp--specific heat of the liquid at its mean temperature, J/kg. deg (kcal/kg'deg) 

t--local temperature of the film, deg 
q--specific heat flux, W/m 2 (kcal/m 2 �9 hr) 
xp--film path, m (mm) 

y--distance from the outer surface of the wall, m (mm) 
rv--volume flow density, m2/sec 

6c--film thickness measured at the highest wave crest; m (ram) 
5t--film thickness measured in the wave trough, m (ram) 

X--thermal conductivity of the liquid, W/m �9 deg (kcal/m �9 deg �9 hr) 
p--density of the liquid, kg/m 3 

~--kinematic viscosity of the liquid, m2/sec 

Ref = 4F/v--Reynolds number for film flow 
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