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Heat t r an s f e r  in the pool boiling of hel ium is inves t igated exper imenta l ly .  The dependence of 
the h e a t - t r a n s f e r  coefficient  on the heat  flux and p r e s s u r e  is de te rmined  for  the fully developed 
nucleate  boiling r eg ime .  

The p rob l ems  of heat  t r ans f e r  in liquid hel ium hold a specia l  place in the t he rma l  s tabi l i ty  ana lys i s  of 
compos i te  conductors  used in the coils  of superconduct ing magnets .  Accordingly,  we have conducted a s y s t e m a t -  
ic invest igat ion of the inlfuence of var ious  fac tors  on the heat  t r an s f e r  and c r i t i ca l  heat fluxes assoc ia ted  with 
hel ium pool boiling. The main f ac to r s  invest igated in our work  include the hea t - f lux  density,  the p r io r  "h is tory"  
of the boiling p r o c e s s ,  the sa tura t ion  p r e s s u r e ,  the finish of the heating sur face ,  the ma te r i a l  of the h e a t - t r a n s -  
fer  su r face ,  and the or ienta t ion of the su r face  in the field of gravi ty .  The exper iments  were  conducted with 
plane working tes t  sec t ions  of va r ious  m a t e r i a l s  shaped into a disk with a d iamete r  of 25 m m  or  a square  plate 
with a c ro s s  sect ion of 30 • 30 ram. The p r e s s u r e  was held constant  in each exper iment ,  while the heat  input 
to the heating su r face  was gradual ly  inc reased  or  dec rea sed  to produce the appropr ia t e  var ia t ion  of the t e m -  
pe ra tu re  differential .  An analys is  of the exper imenta l  data shows that  the dependence of the t e m p e r a t u r e  dif- 
ferent ia l  on the heat flux can be mul t i -va lued  in the nucleate boiling of hel ium,  indicating the exis tence  of 
different boiling r e g i m e s .  For  each sur face  it is poss ib le  to d i sce rn  the mos t  fully developed boiling r eg ime ,  
wherein  the h e a t - t r a n s f e r  r a t e  at tains its m ax imum value for  the given conditions. In that r eg ime ,  the r e l a t ion-  
ship between the heat  flux q and the t e m p e r a t u r e  different ial  AT is desc r ibed  by the power law 

q = CAT".  (1) 

As in the case  of other  l iquids,  the propor t ional i ty  fac tor  C depends on the sa tura t ion  p r e s s u r e ,  and the value 
of the exponent n can be taken as roughly constant for different  p r e s s u r e s .  Also,  C and n v a r y  apprec iab ly  with 
the su r face  conditions. 

In the p resen t  a r t i c l e  we give the r e s u l t s  of a study of fully developed nucleate  boiling of hel ium in the 
p r e s s u r e  in terval  (0.33 to 2.13) �9 105 N / m  s on only two su r f aces ,  one of copper  and one of aluminum. The s u r -  
face of  the copper  sect ion (square plate) was polished to c lass  13 pur i ty  [according to All-Union State Standard 
(GOST) 2309-68], and the f inish of the a luminum sur face  (disk) co r responded  to c lass  10. For  the copper  hea t -  
t r a n s f e r  su r face ,  we obtained data both for  hor izontal  (heating sur face  facing upward) and for ve r t i ca l  o r i en ta -  
tion, while for  the a luminum sur face  we used only the hor izonta l  or ientat ion.  In exper imen t s  on a rougher  
a luminum surface ,  the value of the exponent n in Eq. (1) is 1.5 for  all  invest igated p r e s s u r e s ,  which is in good 
agreement  with the data of other  authors  for copper  [1, 2] and pla t inum [3] heating su r faces .  The dependence 
of the heat flux on the t e m p e r a t u r e  different ial  on the polished copper  su r face  in our exper imen t s  is descr ibed  
by the power law (1) with exponent n =3.33. The re la t ionship  between the h e a t - t r a n s f e r  coefficient  a = q / A T  and  

the heat  flux in this case  is consis tent  with the well-known dependence for  o rd ina ry  liquids: ~ ~ q0.7 
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Fig. 1. Influence of p r e s s u r e  on heat t r ans f e r  in fully developed nucleate  pool boiling of helium. 1) 
ve r t i ca l  sur face ;  2-5) horizontal  sur face ;  1) copper;  2) copper;  3) a luminum (authors '  data); 4) cop- 
per  [2]; 5) p la t inum [3]. 

Fig. 2. Heat t r a n s f e r  a /4 , ,  W / m  2. ~ v e r s u s  heat  flux q, W / m  2, for fully developed nucleate  pool 
boiling of he l ium on a hor izonta l  a luminum su r f ace  (1-6), on a horizontal  copper  sur face  (7-13), and 
on a ve r t i ca l  copper  su r face  (14-20)~ 1) P.  10 -5 =0.33 N/m2; 2) 1.00 to 1.03; 3) 1.20; 4) 1.39; 5) 
1.60; 6) 1.79; 7) 1.01; 8) 1.22; 9) 1.42; 10) 1.62; 11) 1.82; 12) 2.03; 13) 2,13; 14) 1.01; 15) 1.22; 16) 
1.42; 17) 1.62; 18) 1.82; 19) 2.03; 20) 2.13; I) according  to Eq. (4); II) accord ing  to (5). 

To exhibit the influence of p r e s s u r e  on the h e a t - t r a n s f e r  coefficient  in hel ium boiling, we p r o c e s s e d  the 
exper imenta l  data in r e l a t ive  coordinates  [4] 

n - - i  n - - I  
n T (~/q )P /(a/q )P, = ~ (P/Pcr)' (2) 

n--1  n - -1  

where  (alq " )p is the value of the c h a r a c t e r i s t i c  at the invest igated p r e s s u r e  P, (a/q " )p, is the s ame  at the 

r e f e r e n c e  value P , ,  which is taken to be equal to 105 N / m  2, and Per  is the c r i t i ca l  p r e s s u r e .  

The r e su l t s  of p roces s ing  of the exper imenta l  data a r e  given in Fig. 1, along with the published data of 
other authors  [2, 3]. The exper imen ta l  data a r e  well  genera l ized  by a function of the type @(P/Pcr)  (curve 1 in 
Fig. 1), which can be r e p r e s e n t e d  analyt ica l ly  as 

qb(p/Pcr) := I l '2(p/Pvr)~ O03 ~ P / P c r  40"25; (3) 
[ 0.47 (1 " P/Pc~) - l  .s, 0.25 -~ P/Pcr ~ 0.95. 

With appropr ia t e  scal ing to the r e f e r e n c e  p r e s s u r e  P ,  = 0 .03Per ,  the function 4, (P /Pcr )  p rac t i ca l ly  coincides 
with the graphica l ly  r e p r e s e n t e d  function F l ( P / P c r ) g i v e n  by Bor ishanskt i  [4], which genera l izes  the r e s u l t s  of 
exper iments  with water  and var ious  organic  liquids. Thus,  the nature  of the influence of p r e s s u r e  on the heat -  
t r a n s f e r  a s soc ia t ed  with the boiling of hel ium and o rd ina ry  liquids is the same .  

The var ia t ion  of the quantity a/4,  with the heat  flux q according  to our exper imenta l  data is shown in Fig. 
2. The r e su l t s  of exper imen t s  with a hor izontal  a luminum sur face  a r e  genera l ized  by the equation (curve I in 
Fig. 2) 

a/cb = 1020 ql/L (4) 

The exper imenta l  data obtained for  horizontal  and ve r t i ca l  copper  plates obey the genera l  law (curve II in Fig. 
2) 

a/qb : 28.5q0-L (5) 

The pa r t i cu l a r ly  s t rong d i sc repancy  between the exper imenta l  r e su l t s  for  the copper and a luminum sur faces  in 
the in terval  of smal l  heat f luxes,  as r e f l ec ted  in the d i spara te  h e a t - t r a n s f e r  laws (4) and (5), is a t t r ibutable  to 
the d i s s imi l a r  s tabi l i ty  of the vapor iza t ion  cen te rs  on heating su r faces  having different  finishes.  
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q, heat flux, W/m2; AT, t e m p e r a t u r e  differential ,  ~ a ,  h e a t - t r a n s f e r  coefficient ,  W / m  2. ~ P, p r e s s u r e ,  
N/m2; Pcr ,  c r i t i ca l  p r e s s u r e ,  N/m2; P . ,  r e f e r e n c e  p r e s s u r e ,  N/m2; n, a power exponent; C, a propor t ional i ty  
factor ;  4~, F l, specia l  functions. 
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The max im um  heat fluxes in the heating zone and the sonic l imi t s  of power t r an s f e r  in sodium 
heat pipes and vapor  cham be r s  with composi te  (channel) wicks a re  invest igated exper imenta l ly .  

Heat pipes with composi te  wicks [1] a r e  a t t r ac t ive  for the r a the r  unique poss ib i l i t ies  that they afford for 
heat t r a n s f e r  and operat ion in var ious  posit ions re la t ive  to the field of gravi ty .  However ,  they have a subs tan-  
tial drawback:  Thei r  cap i l l a ry  h y s t e r e s i s  effect  is such that  even the s l ightes t  drying of the wick is enough to 
d ras t i ca l ly  reduce  heat  t r ans fe r .  It is espec ia l ly  impor tant ,  the re fo re ,  to know the l imit ing c h a r a c t e r i s t i c s  of 
such heat  pipes and to a sce r t a in  all the p r o c e s s e s  that can lead to dryout of composi te  wicks. 

Specific Heat Fluxes.  We have conducted invest igations of these  effects  in the heating zone in a sodium 
vapor  chamber .  The working sur face  to be  heated by condensed sodium vapor  had a d iamete r  of 24 m m  and a 
thickness  of 0.3 mm;  it was fo rmed on a flat  ve r t i ca l  h e a t - r e s i s t a n t  s teel  wall.  It was equipped with a com-  
posi te  wick, whose pe r fo ra ted  s c r een  was si tuated at a dis tance of 0.45 m m  f r o m  the wall. A sc reen  having a 
smal l  sur face  poros i ty  e = 0.08 was used in o rder  to at tain high specif ic  heat  fluxes on the evaporat ion m i r r o r .  
The holes in the sc reen  had a d iamete r  of 0.15 m m  and were  a r r a y e d  in a s taggered  pat tern  with a spacing of 
0.5 ram. We meas u red  the t e m p e r a t u r e  of the heated wall,  the vapor  t e m p e r a t u r e  in the vapor  chamber ,  and 
the heating and flow of wa te r  t r anspor t ing  heat  f r o m  the vapor  chamber .  Typical  data f r o m  these  exper imen t s  
a re  s u m m a r i z e d  in Table  1. 

At low vapor  p r e s s u r e s  the specif ic  heat fluxes a r e  l imi ted  by kinetic evaporat ion.  The m a x i m u m  heat 
flux for evaporat ion in vacuum can be r e p r e s e n t e d  by the express ion  

(q0)max = f LoPo (1) 
( 2~RTo/~ " 

If, on the other hand, the vapor  has  p r e s s u r e  Pv and the cor responding  sa tura t ion t e m p e r a t u r e  Tv, the 
following re la t ion  can be used for  the heat  flux in evaporat ion [2]: 

(2) 
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