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The article presents the results of measurements of the heat-transfer coefficient 
at atmospheric pressure in the heat exchange of thin wires with emulsions consist- 
ing of water dispersed in organosillcon liquid PMS-300. 

Emulsions are used in engineering for cooling tools and equipment, in the heat treatment 
of metals, and for many other purposes. Sometimes the greatest effect can be obtained by 
using emulsions whose disperse phase is superheated on a cooled surface and in the layer ad- 
Jacent to it [i, 2]. 

The present article deals with the measurement of the heat-transfer coefficient at at- 
mospheric pressure from the surface of platinum wlre to the organosilicon liquid PMS-300 or 
to an emulsion consisting of water dispersed in the liquid PMS-300. The temperature of the 
wire was raised to above the boiling point of water, therefore the drops of water in the emul- 
sion could be superheated on its surface and in the adjacent layer. In the experiments we 
used platinum wire with 0.20-mm diameter, 72 mm long. The wire served simultaneously as 
heater and as resistance thermometer [2]. The heat-transfer coefficient was determined while 
the heat-transfer agent (emulsion or liquid PMS-300) was pumped through a heat-insulated 
glass cylinder with 50-,-, diameter, with the heated wire being stretched along the axis of 
the cylinder. The through-rate of heat-transfer agent was established approximately equal 
to 0.01 m/sec. At such a flow rate the conditions of heat exchange in the present experi- 
ments did not differ much from the conditions with free convection in a large volume [3-5]. 
Moreover, the temperature of the heat-transfer agent before and after passage through the 
cylinder did not change by more than 0.1~ 

The emulsion was prepared by intensive mixing of the initial liquids in a thermostat. 
The initial liqulds were distilled water and organosilicon liquid PMS-300 that was not 
subjected to any additional purification whatsoever. The boiling point of PMS-300 at at- 
mospherlc pressure is approximately 300~ The emulsions were prepared without the use of 
emulsifiers because we wanted to avoid side effects that the presence of emulsifiers may 
entail. The obtained emulsions were fairly stable. This was due to the fact that the 
densities of the initial liquids were close to each other. In all experiments the disperse 
phase was water. 

The disperslty of the emulsion was determined under a microscope POLAM Rill with 600 x 
magnification. The mean volume diameter of the drops [6, p. 157] was 0.005 mm. The concen- 
tration of the emulsion was specified in terms of the volumes of the initial liquids. The 
experiments were carried out at a concentration of water in the emulsions equal to 0.8 and 
3.2 vol. %. After the end of each series of experiments the concentration was determined 
once more. For that, a small volume of emulsion (~ 50 ml) was taken, weighed, then the 
water was evaporated from it and it was weighed again. Knowing the weight before and after 
evaporation, we found the concentration. Evaporation was carried out at 250~ in a small 
flask with a long, narrow neck. The error in determining the concentration amounted to 
• 0.1%. 

Heat transfer was studied with the wire in a vertical position and with the temperature 
of heat-transfer agent T equal to 40 or 99~ We measured the following magnitudes: electric 
current I passing through the wire; voltage drop U on it; the temperature of the heat-trans- 
fer agent T (emulsion or PMS-300) at a distance of 20 mm from the central part of the wire; 
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Fig. 1. Dependence of the heat-transfer coefficient a (kW/m 2" 
des) on the temperature head AT = T w --T (~ i) pure organo- 
silicon liquid PMS-300; 2, 3) emulslons with volume concentra- 
tion of water in them equal to 0.8 and 3.2?o, respectlvely (a: 
T - 40~ b: T = 99oC). 

the  c o n c e n t r a t i o n  of  the  emuls ion.  From the  c u r r e n t  I and the  v o l t a g e  U we de te rmined  the  
hea t  f l u x  Q = UI and the  r e s i s t a n c e  of  the  wi re  R = U/ I .  From the  r e s i s t a n c e  R and the  
c a l i b r a t i o n  curve  ob t a i ned  i n  s e p a r a t e  exper iments  we de te rmined  the  t empe ra tu r e  of  the  w i r e  
which d id  no t  d i f f e r  n o t i c e a b l y  from the  s u r f a c e  t empe ra tu r e  of  the  w i r e  T w. The h e a t -  
t r a n s f e r  c o e f f i c i e n t  was c a l c u l a t e d  by the  formula  a = Q/S(T w - T) .  Here ,  S = ~Ld i s  the  
s u r f a c e  a r e a  of  the  w i r e ,  L i s  i t s  l e n g t h ,  and d i t s  d i ame te r .  

The r e s u l t s  of measurements of  the  h e a t - t r a n s f e r  c o e f f i c i e n t  a a r e  p r e s e n t e d  i n  F ig .  1. 

F igu re  l a  shows the  r e s u l t s  of  measurements of  a to  h e a t - t r a n s f e r  agen t s  hea ted  to  40"C. 
I t  can be seen from the  f i g u r e  t h a t  a i s  weakly dependent  on the  c o n c e n t r a t i o n  of  the  emul- 
s i o n ,  and i n  the  range  of  t empera tu re  d i f f e r e n c e s  AT from 0 Co 60"C the  h e a t - t r a n s f e r  c o e f f i -  
c i e n t s  f o r  emulsion and f o r  the  l i q u i d  PMS-300 p r a c t i c a l l y  c o i n c i d e .  I t  may t h e r e f o r e  be 

assumed t h a t  t he  i n t e n s i t y  and the  n a t u r e  of  hea t  exchange p r a c t i c a l l y  do n o t  change he r e  
when we change over  from the  pure  l i q u i d  PMS-300 to  emulsion.  We want to  p o i n t  out  t h a t  
wi th  AT < 60~ the  s u r f a c e  t empera tu re  i s  lower than the  b o i l i n g  p o i n t  of  wa t e r ,  and the  
hea t  exchange wi th  the  emuls ion i s  de te rmined  c h i e f l y  by f r e e  c o n v e c t i o n .  The smal l  d i f -  
f e r e n c e  between a f o r  emuls ion and a f o r  PMS-300 i s  a consequence of  the  smal l  d i f f e r e n c e  
between t h e i r  t he rmophys i ca l  p r o p e r t i e s  because  the  emuls ions  used he re  had smal l  c o n c e n t r a -  
t i o n s  of  wa te r .  

At the  t e m p e r a t u r e  d i f f e r e n c e  AT = 60~ t h e r e  begins  an ab rup t  i n c r e a s e  of  the  h e a t -  
t r a n s f e r  c o e f f i c i e n t s  a f o r  emuls ions  ( s e c t i o n  EF, F ig .  I a ) .  Such an i n c r e a s e  i s  due to  the  
c u r b u l i z a t i o n  of  the  s u r f a c e  l a y e r  of  the  h e a t - t r a n s f e r  agen t  caused by the  b o i l i n g  up of  
drops of  wa te r  o~ the  h e a t i n g  s u r f a c e .  With i n c r e a s i n g  t e m p e r a t u r e ,  the  number of  drops  
b o i l i n g  up i n c r e a s e s  as w e l l  as the  deg ree  of t u r b u l i z a t i o n  of  the  s u r f a c e  l a y e r  caused by 
each drop t h a t  b o i l s  up. However, the  number of  supe rhea t ed  and b o i l i n g  up drops i n c r e a s e s  
wi th  i n c r e a s i n g  c o n c e n t r a t i o n .  The weak dependence of  a on the  c o n c e n t r a t i o n  t h e r e f o r e  
seams to  be somewhat unexpec ted .  But i t  muse be p o i n t e d  o u t  h e r e  cha t  when the  c o n c e n t r a -  
t i o n  of  the  wate r  drops  i n c r e a s e s ,  t h e r e  i s ,  i n  a d d i t i o n  to  the  p o s i t i v e  e f f e c t  of  t u r b i l i z a -  
Cion of  the  s u r f a c e  l a y e r ,  a l s o  the  n e g a t i v e  e f f e c t  caused by the  i n c r e a s i n g  volume of  vapor  
formed when the  drops  of  wa te r  b o i l  up. The forming vapor  s h i e l d s  the  h e a t - r e l e a s i n g  s u r -  
f a c e ,  and t h i s  impai r s  the  c o n d i t i o n s  of  hea t  exchange.  With the  c o n c e n t r a t i o n s  t h a t  were 
s t u d i e d ,  t he  p o s i t i v e  and n e g a t i v e  e f f e c t s  a p p a r e n t l y  compensated each o t h e r ,  and the  c o e f -  
f i c i e n t  a was no t  dependent  on the  c o n c e n t r a t i o n .  

Fur thermore  a t t e n t i o n  should be drawn to the  a s t o n i s h i n g  f a c t  t h a t  the  ab rup t  i n c r e a s e  
of  a beg ins  p r a c t i c a l l y  immedia te ly  a f t e r  the  h e a t - r e l e a s i n g  s u r f a c e  has a t t a i n e d  the  b o i l i n g  
p o i n t  of  the  d i s p e r s e  phase ( w a t e r ) .  That  means t h a t  the  drops o f  wa te r  beg in  to  b o i l  up 
a l r e a d y  a t  the  s m a l l e s t  s u p e r h e a t i n g .  In  c o n n e c t i o n  wi th  t h a t  we p o i n t  ou t  cha t  f o r  a number 
of  pure  l i q u i d s  (water  was no t  i n v e s t i g a t e d )  wi th  h e a t  exchange under  c o n d i t i o n s  analogous 
to  ou r s ,  we f i n d  d e l a y  i n  b o i l i n g  [ 3 - 5 ] ,  and the  s u p e r h e a t i n g  of  the  l i q u i d  i n  the  l a y e r  nea r  
the  wa l l  a t t a i n s  many tens  of  d e g r e e s .  In hea t  exchange wi th  emuls ion ,  where the  b o i l i n g  
l i q u i d  i s  d i s p e r s e d  and i t s  d i r e c t  c o n t a c t  w i th  the  h e a t i n g  s u r f a c e  i s  impeded by the  l a y e r  
of  the  d i s p e r s e d  medium, i t  would seem t h a t  a l a r g e  de l ay  of  b o i l i n g  up of  the  drops  of  wa te r  
should be e xpe c t ed ,  as we l l  as  c o i n c i d e s  between the  dependence of  a on AT f o r  emuls ion and 
the  curve  f o r  pu re  PMS-300, a l s o  in  the  range  of  smal l  and modera te  s u p e r h e a t i n g .  However, 
t h i s  was no t  conf i rmed by our expe r imen t s .  



Figure ib shows the results of measurements of the heat-transfer coefficient a to heat- 
transfer agents heated to 99~ There are no fundamental differences in heat exchange with 
PMS-300 heated to 40 and to 99~ In both cases the heat-transfer coefficient increases 
slightly with increasing AT. However, the nature of heat exchange with emulsions changes 
greatly in dependence on whether they are heated to 40 or to 99~ This is so because when 
the temperature of the emulsion is equal to 99OC, the drops of water are heated practically 
to the temperature of equilibrium boiling of water. At this temperature the forming vapor 
condenses badly when leaving the heating surface, and it is shielded much more than previous- 
ly at T = 40~ The conditions of heat transfer become poorer, the coefficient a drops 
(section AB). At high superheatlng, where the nature of the boillng up [7] of the drops of 
water is explosive, the layer next to the wall is intensely turbullzed, and the heat-trans- 
fer coefficient again increases rapidly (section BC). The dependence of a on the concentra- 
tion of water is here very weak, too. 

In conclusion, it should be pointed out that the intensity of heat exchange with emul- 
sions in both cases greatly increases at temperatures of the heat-releaslng surface close to 
the temperature of maximum superheating T m of the disperse phase, i.e., water (T m = 310~ 
The value of a is 1.3-1.5 times greater than for a pure disperse medium (PMS-300> or for an 
emulsion with small AT, and such an increase of intensity is attained with small concentra- 
tions of water in the emulsion (0.8 vol. %). 

NOTATION 

a, heat-transfer coefficient; AT - Tw--T , temperature head equal to the difference 
between the temperature of the heat-releaslng surface T w and the temperature of the heat- 
transfer agent in the hulk T. 
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