
NOTATION 

Frm,  modified Froude number,  cha rac te r i z ing  the act ion of centr i fugal  forces  on the flow; Nu, local Nus-  
se l t  number;  N'--u, local ly  averaged  Nussel t  number ;  Re, Reynolds number ;  Pr, Prandt l  number;  Tw~ t e m p e r a t u r e  
of the wall; Tf, flow t e m p e r a t u r e ;  Umm, mean mass  veloci ty;  de, equivalent  d iamete r ;  S, pitch of the tube coil; 
d. m a x i m u m  size of the oval; p, density;  tz, v i scos i ty ;  5, effect ive th ickness  of the nea r -wa l l  l ayer ;  x, longitudi- 
nal coordinate,  measu red  f r o m  the flow inlet into the bundle of tubes;  l is the longitudinal coordinate,  measured  
f r o m  the outlet of the bundle upwards along the flow; q0, speci f ic  heat  flux; ~, t h e r m a l  conductivity; Tram.f ,  
mean mass  t e m p e r a t u r e  of the flow; F, a rea  of the throughput sect ion of the bundle. 
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H E A T  T R A N S F E R  T O  AN E M U L S I O N  W I T H  H I G H  S U P E R H E A T I N G  

OF I T S  D I S P E R S E  P H A S E  

N. V.  B u l a n o v ,  V. P .  S k r i p o v ,  
a n d  N. A.  S h u r a v e n k o  

UDC 536.24 +536.423 

A method is descr ibed,  and resu l t s  presented,  for  m e a s u r e m e n t  of the h e a t - t r a n s f e r  coefficient 
to an emuls ion  consis t ing of e the r  d i spe r sed  in glyce tin. 

In hea t - t r ea t ing  metals ,  it is n e c e s s a r y  to control  the cooling ra te .  The la t t e r  depends on the dimensions  
and the rmophys i ca l  p rope r t i e s  of the specimen,  as well  as on the h e a t - t r a n s f e r  coefficient (~. The value of 
is de te rmined  by the veloci ty  and p r o p e r t i e s  of the coolant. If  the spec imen  dimensions  and ma te r i a l  are  given, 
then the coefficient  ~ depends only on the p rope r t i e s  of the coolant. Pure  liquids and the i r  mixtures ,  such as 
emuls ions ,  a r e  mos t  f requent ly  used at low t e m p e r a t u r e s .  In this case,  the cooling ra te  can be additionally 
control led by changing the concentra t ion of the components.  

The presen t  a r t i c le  a t tempts  to m e a s u r e  the coefficient  of heat  t r a n s f e r  to an emuls ion  when drople ts  of 
the d i spe r se  phase a r e  poss ib ly  superhea ted  on the hea t - emi t t ing  sur face  [1]. 
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239, February ,  1982. Original  a r t ic le  submit ted D e c e m b e r  31, 1980. 
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Fig. 1. Experimental  unit: 1) U-3 thermosta t ;  2) glass vesse l ;  3) wi re -hea te r ;  4) R314 res is tance  
box; 5) VS-25 stabilized dc source;  6) R348 potentiometer;  7) potential leads f rom wi re -hea te r ;  8) 
standard R321 res i s to r ;  9) thermocouple.  

Fig. 2. Dependence of hea t - t r ans fe r  coefficient ~ (kW/m 2 �9 deg) on tempera ture  difference AT =T w - 
T (~ 1) emulsion of e ther  in glycerin;  2) glycerin;  abcd) ether.  Tempera tu re  of coolant T=20~ 
The ar rows denote the values of AT at which the tempera ture  of the heating surface T w was equal to 
T s or  Tp for  the ether. 

Figure 1 shows a d iagram of the experimental  unit. In the tes ts  we cooled the surface of a platinum wire 
3. The wire was 0.20 mm in d iameter  and 72 mm long. Working with a platinum wire, we may simultaneously 
determine both the power produced oni ts  surface and its tempera ture .  The power was determined f rom the 
voltage U and current  I. Fo r  this purpose,  we provided pctentia~ leads 7 and a s tandard R321 r e s i s t o r  8. The 
current  was established by means of an R321 res is tance box 4 and was measured f rom the voltage drop on the 
potential leads of the res is tor .  The tempera ture  of the surface of the wire was assumed to be equal to the 
tempera ture  on its axis and was determined f rom its resis tance.  The wire was installed in a glass  cyl inder  2 
through which the test  liquid was pumped. The tests  were conducted with analyt ical ly pure glycer in  and p r e -  
distilled anes thes ia-grade  ether, and with an emulsion prepared  with these two substances.  The tes t  liquids 
were poured into the thermosta t  1, thermostat ted,  and pumped through the cyl inder  2. Their  t empera tu re  was 
measured in the cylinder with a thermocouple 9. The emulsion was prepared  in thermos ta t  1 by intensive mix-  
ing of the s tar t ing liquids with a paddle s t i r r e r  fitted onto the axis of the ro to r  of the the rmos ta t  pump. 

The tests  were begun with tempera ture  calibration of the wire with a standard platinum res is tance  t h e r -  
mometer .  The calibration was done in glycer in  in the t empera tu re  range 20-280~C with a cur rent  of 1 mA 
passed  through the wire. The maximum calibration e r r o r  was • 0.05~ at the highest t empera ture  and was due 
mainly to fluctuations in the tempera ture  of the glycer in  in the cylinder 2. 

After the calibration, a new batch of glycer in  was poured into the thermos ta t  1, since the prolonged heating 
of the liquid to 280~ al tered its composition. This was evidenced by its color  change. 

The hea t - t r ans fe r  coefficient was measured with the g lycer in  at a t empera tu re  of 20~ The glycer in  was 
pumped through the cylinder 2 at a velocity of roughly 0.01 m/sec .  This velocity was chosen because, first ,  
there was no marked increase  in tempera ture  in the cyl inder  2 and, second, the hea t - t r ans fe r  coefficients with 
and without pumping differed little f rom each other. This was important  for compar ison of the resul t ing data 
with the data obtained in [2-6]. 

After  work was completed with the pure glycerin, we conducted tes ts  with the emulsion of e ther  in glycerin. 
This emulsion was chosen on the basis of considerat ions having to do with convenience in conducting the exper i -  
ment. The concentrat ion of ether  was always 10 vol. %. The emulsion was p repared  without emuls i f ie rs  to ex-  
clude effects associa ted with the i r  use. Such emulsions are  unstable and rapidly l ayer  out. Thus, to prevent 
separat ion into layers,  the emulsion was subjected to continuous intensive mixing in thermos ta t  1. There  were 
no noticeable changes in the dispers ion of the emulsion while it was presen t  in cyl inder  2. The dispers ion of 
the emulsion was determined under a POLAM R-111 microscope.  The mean volume d iamete r  of the droplets  
[7, p. 157] was the same before and af ter  the emulsion passed through cyl inder  2 and was equal to roughly0.005 
mm. The tempera ture  of the emulsion during all measurements  was a constant 20.0~ 

The experiment  resul ts  are  shown in Fig. 2. The hea t - t r ans f e r  coefficient is shown in the fo rm of its 
dependence on the difference in tempera ture  AT =T w - T between the wire T w and the liquid in the volume. 
The hea t - t r ans fe r  coefficient ot was calculated f rom the formula 
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In the investigated t empera tu re  range, there  is a slight increase  in the hea t - t r ans fe r  coefficient to the 
glycer in (point 2 in Fig. 2) with an increase  in the tempera ture  difference AT. The charac te r  of the heat t r a n s -  
fer  in this case is s imi la r  to the heat t r ans f e r  which occurs  with free convection in a large volume [3, 4]. 

The charac te r  of heat t r ans f e r  with the emulsion (points 1 and 2) changes appreciably with the t ransi t ion 
f rom one tempera ture  interval  to another. The cha rac te r  of heat t r ans f e r  at surface tempera tures  T w below 
the t empera tu re  of saturated e ther  vapors  T s at a tmospher ic  p r e s su re  is nearly the same as that observed 
with pure glycerin.  An unstable hea t - t r ans f e r  regime, with fluctuations in the value o f ~ ,  is seen in the interval  
f rom T s t o  a t empera tu re  close to the achievable level of superheating of e ther  Tp =143~ [8]. This interval  is 
charac te r ized  e i ther  by unexpected, sudden boiling up of individual e ther  droplets on the surface or  slow vapor i -  
zation of the droplets.  The probabili ty of sudden boiling increases  with approach of the attainable level of 
superheating of the ether.  Sudden boiling is accompanied by an intensification of heat t ransfer ,  while slow 
vaporizat ion is associa ted with a deter iora t ion in heat t r ans fe r  connected with insulation of the surface by the 
vapor  which is formed. After  a cer ta in  amoun~ of t ime has elapsed, convective flows ca r ry  off the vapor  and 
the rate of heat t r ans f e r  increases .  The amplitude of the fluctuations in hea t - t r ans fe r  rate may be judged 
f rom the spread of experimental  points in the tempera ture  intervals  examined. This spread reaches  30% of 
the mean value of a .  

A regime of stable heat t r a n s f e r  is seen in the t empera tu re  interval  close to the tempera ture  of attainable 
superheating of e ther  Tp. The hea t - t r ans fe r  coefficient is increased  severa l  t imes here. Ether  droplets boil 
up explosively on the surface and there  is intensive agitation of the boundary layer.  The charac te r  of vapor  
formation in the emulsion is ve ry  s imi la r  to that in nucleate boiling in the pure liquid. For  comparison,  curve 
abcd in Fig. 2 shows the dependence of the heat t r ans fe r  to the e ther  f rom a platinum wire of the same d iameter  
with free convection ae, nucleate boiling ab, film boiling cd, and mixed boiling bc. A distinctive external 
charac te r i s t i c  of heat t r ans f e r  to the emulsion is a substantial  shift in the beginning of the sharp increase  in 
heat t r ans fe r  in the direct ion of higher  tempera tures .  It was also noted that the maximum of the hea t - t r ans fe r  
coefficient for boiling of the emulsion is located in the same tempera ture  interval  associated with the heat-  
t r ans f e r  minimum for  pu re -e the r  boiling caused by the t ransi t ion to film boiling. 

Thus, using an emulsion as the coolant, it is possible to shift the maximum cooling rate in the direct ion 
of higher  t empera tu res  compared to cooling with a boiling pure liquid. ! 

N O T A T I O N  

~, hea t - t r ans fe r  coefficient; AT =T w - T ,  difference between tempera ture  of heat -emit t ing  surface T w 
and tempera tu re  of the liquid in the volume T; U, voltage drop on the wire with the passage through it of an 
e lec t r ica l  current  equal to I; L and d, length and d iameter  of wire; Ts and Tp, t empera tures  of saturated 
vapors  of e ther  and limiting superheating of ether  at a tmospher ic  p ressure .  
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