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The intensi ty of the hea t  exchange in evapora t ion  and boiling in the hea t - t r an smi t t i ng  e lement  is 
inves t igated as a function of the geome t r i ca l ,  phys ica l ,  and opera t ing  p a r a m e t e r s .  

Two-phase  the rmos iphons ,  which a re  closed cav i t ies  pa r t i a l ly  fi l led with a hea t  c a r r i e r ,  the heat  t r a n s -  
m i s s ion  in which occurs  due to s imul taneous ly  occur r ing  boiling and condensation p r o c e s s e s ,  a re  used in 
va r ious  a r e a s  of technology [1-4]. 

Analys is  [2-9] has  shown that in addition to the wel l -known p a r a m e t e r s  (q, p, l, din), which affect  the 
heat  exchange in the hea t - supp ly  zone and the genera l  h e a t - t r a n s m i t t i n g  capabi l i t ies  of the the rmos iphon ,  the 
degree  of volume fi l l ing of the h e a t - c a r r y i n g  e l emen t  ~2, or  m o r e  accu ra t e ly  the degree  of volume fi l l ing of the 
hea t - supp ly  zone e, is pa r t i cu l a r ly  impor tant .  I t  was es tab l i shed  in [4, 6] that  the overa l l  hea t - t r an smi t t i n g  
capaci ty  is independent of the degree  of filling. Neve r the l e s s  the au thors ,  while noting the fea tu res  of heat  
exchange for  e = 1-40%, did not analyze  the p r o c e s s  in the hea t - supp ly  zone and obtained no genera l  re la t ions .  
In [3] the ef fec t  of the degree  of fi l l ing on the hea t  exchange was a lso  noted. The author e x p r e s s e d  the opinion 
that for  sma l l  values  of e the h e a t - t r a n s f e r  coeff icients  can be calculated f r o m  the wel l -known re la t ions  for  
the hea t  exchange in f i lms ,  which does not ag ree  with v isual  observa t ions  [5]. The r e su l t s  of the gene ra l i z a -  
tion [2] cont radic t  the i r  v i sua l  observa t ions  and do not r e p r e s e n t  the phys ics  of the hea t -exchange  p r o c e s s  on 
the heat ing side for  smal l  values  of the degree  of filling. In [7] the poss ib i l i ty  of a c losed two-phase  t h e r m o -  
siphon opera t ing  in two modes  (a d ischarg ing  f i lm when e < 50%, and a two-phase  mix tu re  when e -  50%) was 
noted, and the suggest ion was a lso  put fo rward  that in the d i scha rg ing- f i lm  mode a s t r i c t ly  ve r t i ca l  posi t ion of 
the longitudinal axis of the thermos iphon  is r equ i r ed ,  s ince any depar tu re  f r o m  this posi t ion leads to d i s t u r -  
bance of the uni formi ty  of the f i lm of liquid flowing over  the in ternal  sur face .  

In this pape r  we p r e s e n t  the r e su l t s  of an expe r imen ta l  invest igat ion of hea t  exchange in the hea t - supp ly  
zone of two-phase  copper  thermos iphons  with din = 6, 8, 10, 12, 18, and 24 m m ,  and length 250-700 m m  in 
the range of hea t - f lux  densi t ies  q = (0.16-50).  103 W/m 2, s lopes  of the h e a t - t r a n s m i t t i n g  e lement  ~ = 5-90 ~ to 
the plane of the hor izonta l ,  for  deg rees  of volume fi l l ing of the supply zone e = 1-40%. In all  the thermos iphons  
inves t iga ted  e i the r  F reon-11 ,  113, o r  142 was used  as the wor ldag  liquid, as  wel l  as  ethanol and acetone.  The in te rna l  
su r face  of the the rmos iphons  was p r o c e s s e d  to the e ighth- to-ninth  c l a s s e s  in accordance  with GOST 2789-59, d e -  
c r e a s e d  with caust ic  soda,  and then washed  with dis t i l led w a t e r  and dr ied.  The thermos iphon  was fi l led with 
the working  liquid on a specia l  charging bench,  which ensured  the pur i ty  and deaera t ion  of the hea t  c a r r i e r ,  
and a lso  evacuated  the cavity of the e l emen t  to a res idua l  p r e s s u r e  p = 10 -3 t o r r  and fi l led the thermosiphon 
with a m e a s u r e d  quantity of liquid with an accu racy  of +5%. 

The invest igat ions were  made on exper imen ta l  equipment  provided with a i r  and wa te r  cooling. The 
ve loc i ty  of the cooling a i r  was va r i ed  in the range w = 1-60 m / s e c ,  and that of the wa t e r  in the range  w = (2-9) �9 
10 -z m/sec .  The length of the cooling zone in all  the expe r imen t s  was 200 ram. The p r e s s u r e  in the cavity 
of the thermos iphon  was va r i ed  in the range 0.3-12 bar .  

The heat  was supplied by a r e s i s t i ve  hea te r .  The length of the hea t - supply  zone l = 50-350 m m .  The 
power  supplied was m e a s u r e d  with a type D57 w a t t m e t e r  (accuracy c lass  0.1). The t e m p e r a t u r e  dis t r ibut ion 
in the wails  of the thermosiphon was found using c o p p e r -  Constantan the rmocoup les  (wire d i ame te r  0.16 m m ) ,  
s tamped  into longitudinal grooves  on the ex te rna l  sur face .  Depending on the geomet r i ca l  d imensions  of the 
thermos iphons  and the lengths of the hea t - supply  zones ,  the thermocouples  w e r e  a r r anged  two or three  together  
in sect ions spaced 10-15 m m  f r o m  one another .  The sa tura t ion  t e m p e r a t u r e s  we re  m e a s u r e d  with t h e r m o -  
couples introduced into the in ternal  cavi ty  of the e l emen t  by means  of s leeves  so ldered  into the end plugs.  The 

Fif t ie th Yea r  of the Grea t  October  Socia l is t  Revolut ion Kiev Polytechnic  Inst i tute.  T r a n s l a t e d  f r o m  In-  
zhene rno-F iz i chesk i i  Zhurnal ,  Vol. 35, No. 4, pp. 690-605, October ,  1978. Original  a r t i c l e  submit ted May 11, 
1977. 

0022-0841/78/3504-1151 $07.50 �9 1979 Plenum Publishing Corpora t ion  1151 



/+ 

2 

,0 3 
8 
6 

i 
r 

4 5 8 /0 3 2 4 5 8 10 # 

�9 ] 

o - - [  
0 - -  2 
e - -  3 

I o - - 4  

.I + - - 5  
, J , 

2 4 ~ 

Fig. 1. Hea t - t r ans fe r  coefficient as a function of 
the heat-flux density,  the internal d iameter ,  and 
the length of the heat-supply zone ( F r e o n - l l ,  ~ = 
3~ �9 = 90~ I-II) evaporation region; II-HI) boiling 
region; 1) din = 24 ram, l = 200 mm; 2) l = 100 ram; 
3) l = 50 ram; 4) din = 12 ram, l = 100 mm;  5) din = 
6 ram, l = 100 mm. 

emf of the thermocouples  was measured  with an Shch68000 digital e lectronic  v o l t m e t e r - a m m e t e r  (accuracy c lass  
0.01). F r o m  the tempera ture  distributions obtained along the length and pe r ime te r  of the heat-supply zone, 
and the saturat ion tempera ture  for each mode of operation we determined the mean hea t - t r ans fe r  coefficients 

Figure  1 shows a graph of ~ = f(q, l, din), which is typical for all the working liquids in the range p = 
0.3-12 bar. 

Heat t ransfer  in the thermosiphon occurs  by evaporation,  mass  t r ans fe r ,  and condensation. To explain 
the par t icu lar  features  of the hydrodynamics ,  we car r ied  out visual observat ions on glass thermosiphons of 
length 0.5 m and din = 6, 12, and 24 mm. For  q = 160-10,000 W/m 2 we f i r s t  observed evaporation of the liquid 
f rom the surface of separat ion of the phases.  The condensate formed under the action of the gravitational 
forces  enters  the heat-supply zone. In the adiabatic and condensation zones there is a stable fi lm of conden- 
sate covering the whole surface.  At a distance of (2-3)din f rom the entrance to the heat -supply  zone the film 
dis integrates  into separate  s t r eams  and s t rands.  When the thermal  load is increased  a sharp contraction of 
the film occurs  into individual s t r eams  direct ly  at the entrance to the heat-supply zone. Intense evaporation 
of the heat c a r r i e r  f rom the s t reams  running into pools was observed.  When a cer tain value of the t empera -  
ture of the walls and the saturation p r e s s u r e  was reached vaporizat ion centers  appeared in the s t r eams .  The 
p roces s  of vapor generation when boiling occurs  in the s t r eams  was accompanied by intense spraying of the 
heat  c a r r i e r  on the uncovered par t s  both in the immediate vicinity of the places where the bubbles collapse,  
and on the opposite wall of the tube. A reduction in the tempera ture  of the tube walls compared with the t em-  
pera ture  of the wall at the instant preceding the beginning of boiling in the s t reams  was observed.  In the de-  
veloped boiling mode of the heat c a r r i e r  in the s t r eams  the whole of the uncovered surface of the heat-supply 
zone was uniformly coated with evaporat ing drops of liquid, whose d iameter  was 0.5-1.5 ram. When there was 
a sudden discharge of the load the p rocess  occur red  in r eve r se  order  except that when a film instability oc -  
cur red  at the entrance to the heat-supply zone it moved to the bottom of the element and moistened the whole 
surface of the heat-supply zone. 

Analysis  of the experimental  data obtained f rom the point of view of the wetting of the surface of the heat  
supply using the relat ions given in [10-12] showed that over the whole range of heat-f lux densit ies q = (0.16- 
50) " 103 W/m 2 and Reynolds numbers  of the film Re = 1-90,  the film is unstable,  breaks up into separate  
s t r eams ,  and dry  spots appear.  

Hence, there are  two regions of heat  exchange depending on the heat-f lux density in the heat-supply zone 
of two-phase thermosiphons.  The region I-H where evaporation of the heat c a r r i e r  f rom the s t r eams  occurs ,  
where the heat-supply zone and is approximated by a curve of the form ~ ~ q-0.33 The increase  in the heat 
exchange as l and din decrease  is due to the increase  in the fract ion of the surface  which is wetted by the 
s t r eams  compared with the dry  surface.  

The region H-III  is the region where boiling of the heat c a r r i e r  in the s t reams  and evaporat ion of drops 
of liquid ejected on the exposed surface when the drops break  up, occurs .  The p rocess  in this region is se l f -  
s imi la r  with respec t  to l and din and is descr ibed  by a relat ion of the form ~ ~ q0.7. 
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Fig. 2 Fig. 3 

Fig. 2. Heat t r ans fe r  in the evaporation region of ver t ica l  two-phase thermosiphons:  F r e o n - l l :  1) din = 24 
mm,  l = 200 mm; 2) 24 and 100; 3) 24 and 50; 4) 12 and 100; 5) 6 and 200; F r e o n - l l 3 ;  6) din = 18 ram, l = 100 mm;  
7) 12 and 50; 8) 6 and 350; Freon-142:  9) din = 18 mm,  l = 200 mm;  10) 10 and 50; acetone: 11) din = 7 mm,  
l = 350 mm$ 12) 12 and 100; ethanol: 13) din = 12 ram, l = 200 mm; 14) 18 and 50. 

Fig. 3. Heat exchange in the boiling region of ver t ical  two-phase thermosiphons:  F r e o n - l l :  1) e = 5%; 2) 20; 3) 
40; Freon-113:  4) e = 30%; 5) 15; Freon-142:  6) e = 10%; 7) 5; ethanol: 8) e = 20%; 9) 10; acetone:  10) e = 1%; 11) 
20. 
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Fig. 4. Hea t - t r ans fe r  coefficient as a function of 
the angle of inclination of the hea t - t ransmi t t ing  e le -  
ment. 

The high heat exchange and also the i so thermal  proper t ies  of the heating surface in regions I - I I  and II-IH 
are  due to evaporat ion andboiling of the heat  c a r r i e r  in the s t r e a m s ,  f reely  varying its position on the hea t - ex -  
change surface,  and also the high thermal  conductivity of the mater ia l  of the walls of the element.  A s imi lar  
conclusion was reached in [13]. 

As a resu l t  of the general izat ion of the experimental  data on the heat  exchange in ver t ica l  two-phase 
thermosiphons under evaporat ion conditions using F r e o n - l l ,  113, and 142, as well as acetone and ethanol in 
the range q = (0.16-15) �9 103 W/m 2, p = 0.3-3.5 bar ,  din = 6-24 mm,  and l = 50-350 mm we obtained the follow- 
ing s imi lar i ty  equation: 

Nu l = 3050Re-0.aa pr-0.0 ( I / d i n )  o.75, (1) 

which descr ibes  the experimental  data with an e r r o r  of +15~ (Fig. 2). 

A general izat ion of the experimental  data on heat exchange in the boiling mode using F r e o n - l l ,  113, 
and 142, and also acetone and ethanol in the range q = (2-50). 103 W/m 2, p = 0.8-12 bar ,  din =6-24 mm,l  = 50-350 
mm,  and �9 = 90 ~ is shown in Fig. 3. The s imi lar i ty  equation 

N u , =  0 7 -1.0 0.6 O.0096Pey Pr t(p (2) 

descr ibes  the experimental  points with an e r r o r  of +20%. 

Figure 4 shows the heat t ransfer  coefficient as a function of the orientation of the hea t - t ransmi t t ing  e le -  
ment in {'~@/~', q} coordinates ,  f rom which it is seen that the heat  exchange decreases  as @ decreases .  This 
can be explained by the fact  that when the angle of inclination is reduced the fract ion of the surface not sprinkled 
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with s t r e a m s ,  and the f rac t ion  of the heat  flux t r a n s f e r r e d  to the s t r e a m s  by the rma l  conduction, i n c r e a s e ,  
leading to an inc rease  in the the rma l  r e s i s t ance  in the hea t - supply  zone and to a reduct ion in the coeff icient  
~r We noted an inc rease  in the noniso thermal  nature  of the hea t -exchange  sur face  as iPwas reduced.  The 
di f ference  in the readings  of the the rmocouples  on the upper  and lower  genera t ing l ines  for  sma l l  va lues  of 

= 5-45 ~ reached  4-5~ 

The hea t  t r a n s f e r  when the or ienta t ion of the hea t - t r ansmi t t i ng  e lement  is changed can be r ep re sen t ed  
by the equation 

~ ,  = ~0.61e0.S sin,~ (3) 

(the continuous curves  in Fig. 4), which desc r ibe s  the expe r imen ta l  data over  the whole range  of var ia t ion  of 
the geome t r i ca l ,  phys ica l ,  and opera t ional  p a r a m e t e r s  invest igated with a confidence in te rva l  of +0. 08 with a 
confidence coeff icient  of 0.9. 
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(~lx)Vqlg(p,-p,,) 
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NOTATION 

is the mean  h e a t - t r a n s f e r  coefficient  for  a ve r t i ca l  posi t ion of the hea t - supp ly  zone; 
is the densi ty of the heat  flux supplied; 
is the p r e s s u r e ;  
a r e  the densi ty  of the liquid and the vapor ;  
a r e  the su r face  tension,  dynamic  and k inemat ic  v i scos i ty ,  t he rma l  conductivity,  and 
t he rm a l  diffusivity;  
is  the length of the supply zone; 
is the in ternal  d i a m e t e r ;  
a r e  the degree  of volume fil l ing r e f e r r e d  to the volume of the thermosiphon and the volume 
of the hea t - supp ly  zone; 
is the la tent  hea t  of vapor iza t ion;  
is  the m a s s  densi ty  of i r r iga t ion ;  
is  the angle of inclination; 

a r e  the Nusse l t  numbers  for  evapora t ion  and boiling; 
is  the Reynolds number  for  the f i lm; 
is the Pec le t  number ;  

is the Reynolds number  for  boiling; 
is the Prandt l  number ;  and 
is  the p r e s s u r e  number .  

The indices a r e  as follows: 

e is the evapora t ion;  
b is the boiling; 
and �9 is the a r b i t r a r y  posi t ion of the supply zone. 
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