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A genera l ized  dependence is given for  de te rmin ing  the c r i t i ca l  heat - f lux densi ty  in uni formly  
heated open channels cooled by He H. 

E a r l i e r  [11, the basic  resu l t s  obtained for  un i formly  heated open channels cooled by na tura l ly  c i rcula t ing 
hel ium lI were  given: 

1) the quantity qc r  depends significant  ly on the t e m p e r a t u r e  in the bath, and has a max imum at  T--- 1.9~K; 

2) the value of qc r  i nc reases  withchange in slope of the channel f r o m  ~0 =0 to ~0 =90~; 

3) the value of qcr  d e c r e a s e s  with i nc rea se  in re la t ive  length of the channel, qc r  ~ (//d)-l-~; 

4) the value of qc r  does not depend on the i m m e r s i o n  depth of the open channel in the bath; 

5) propagat ion of the h e a t - t r a n s f e r  c r i s i s  ove r  the whole length of the channel occurs  p rac t i ca l ly  ins tan-  
taneously.  

In the d iscuss ion  and analys is  of the expe r imen ta l  data, i t  was n e c e s s a r y  to take into account  that there  
a r e  in fact  two cur ren t  t rends  in invest igat ing the heat  t r a n s f e r  in He II. 

The f i r s t  is the invest igat ion of heat  t r a n s f e r  at the l i q u i d - s o l i d  boundary, including the invest igat ion of 
var ious  conditions of so -ca l l ed  nonpel l icular  boiling (conditions of "Kapi tsa  r e s i s t ance"  being one such). The 
resu l t s  of [1] may be writ ten,  when speaking of the s imples t  examples ,  in va r ious  fo rms  of functional dependence 
on the ra t io  AT/T 

16aSkbpWF F { wt ) T3" 

Here  the power  index on T is s o m e t i m e s  s ignif icant ly  different  f r o m  those in Eqs. (1) and  (2) [2, 5]. 

(2) 

* Deceased.  
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Fig. 2. Comparison of exper i -  
mental values of qc r  (W/m2) with 
calculations using Eq. (13): 1, 2) 
d=0.8  mm, / / d = 8 5 , ( o = 0 ,  90~ 
3-6) d=1 .8  mm, 1/d=44, qo= O, 45, 
30, 90 ~ 7-9) d =2.8 mm, 1/d= 
20.8, qo=0, 45, 9lY. 

The second trend is the determinat ion of the cr i t ical  heat-flux density, i.e., the conditions at which the 
surface t empera tu re  of the heated wall sharply increases ,  a vapor  phase appears between the soiid wail and the 
liquid helium II. Fo r  the overwhelming major i ty  of exper imental  conditions, the appearance of a layer  of He I 
between the solid wall and the He If, which has been mentioned by severa l  authors,  is impossible:  this follows 
f rom the d iagram of state for helium. This aspect  also includes investigations directed towards determining 
the so-cal led effective (apparent) the rmal  conductivity kef. The basic aim of such investigations is the at tempt 
to t race  the influence of the liquid t empera tu re  and its thermophysica l  proper t ies ,  the immers ion  depth and 
cer tain geometr ic  dimensions of the heated objects on the quantity qcr  or  kef. As an example, typical  de-  
pendences of the following fo rm may be cited 

kef = C (T) TI]l/3f)2/3S4/3 (grad T) -2Is. (3) 

Within the scope of the present  work, it is only possible to consider  the dubiousness of a few assumptions 
adopted in deriving such relations.  The important  thing to note is that the forms of general izat ion of invest iga-  
tions of the f i rs t  and second of these t rends  have nothing whatsoever  in common. 

The above-noted t rends are  c lear ly  evident in the l i terature  data. Since most  of the l i terature sources  
have been general ized in the reviews [2, 3], re fe rence  here will be made to them, with cer ta in  exceptions, 
Study of [2, 3] confirms a completely different approach to the investigation of the in terre la ted problems:  the 
heat t r ans f e r  at the boundary between the solid and the helium II and the evacuation of heat in the liquid f rom 
the interface (determination of kef). 

In fact, in considering experiments  to measure  the the rma l  res is tance  of a He-i[ column (AT/Q) or the 
effective the rmal  conductivity (kef) and thei r  analysis,  they are in most  cases smoothed out as follows [3]. 

The thermal  conductivity of He IT in channels that are  closed on one side, the closed ends of which were 
heated, was measured in hea t - t r ans fe r  p rocesses ,  under conditions where the total mass flux of helium was 
zero.  In such conditions, on the basis of a two-liquid model, a flow such that the superfluid component moves 
to the hea ter  and the normal  component i ssues  f rom the channel is proposed. The amount of heat t r ans f e r r ed  
in this way is equal to the product  of the total  specific entropy of the liquid at the given tempera tu re  and the 
absolute tempera ture .  The res is tance  to the flow in the ideal case must be completely determined by the f r i c -  
tion ar i s ing  in the motion of the normal  component. Additions to this ideal model are  known (e.g., the G o r t e r -  
Mellink correct ion),  but they will not be employed here,  because they would hinder the achievement of the basic 
a im of qualitative analysis :  the elucidation of the main motive forces  and the basic tendencies in developing a 
model of the process .  

On the basis of considering the above-noted ideal-model  assumptions,  as well as the equations de te rmin-  
ing the res is tance  in laminar  flow of the normal  component and the thermomechanica l  p ressure ,  that is, the up- 
ward force ar i s ing  in the thermomechanica l  effect in He II, an express ion  was obtained for the the rmal  r e s i s -  
tance of the He-I[ column- 
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5 T  1 ~1~ (4) 
Q 6 O~S2T " 

It should be emphasized that in Eq. (4) there is nothing at all that would charac ter ize  the heat t r ans f e r  
at the l iqu id-so l id  boundary in any way. Equation (4) determines  the possibil i ty and rate of heat flow from the 
heated surface.  This equation (and the approach itself) may obviously be valid in the case when the thermal  
res is tance at the so l id - l iqu id  interface has no influence on the total heat t ransfer .  This r emark  is especial ly  
important  for heated channels where the motion of the normal  component occurs  par t ia l ly  and somet imes  
mainly on account of natural  convection. In the considered range of parameters ,  the bulk-expansion coefficient 
of helium II fi < 0 [2, 3]. In connection with this, the density of the normal  component of He II (Pn) increases  on 
heating, which means that downward motion of the normal  component over  the channel height must be ensured.  

The thermal  res is tance  of the heated cylindrical  channel with He II may be written approximately as 
follows, in general  fo rm 

1 _  1 ff i 4l (5) 
K ao VpCp d. 

It is known that in sealed channels [4], qcr  (or K) is prac t ica l ly  an o rder  of magnitude sma l l e r  than the 
values obtained for a large volume. Since this may only be explained f rom the perspect ive of the possibil i ty of 
heat removal  f rom the heated body, it is expedient to focus attention on the fo rm of the model of the process  
where 

1 1 41 (6) 
K roe p d 

Thus, the hea t - t r ans fe r  c r i s i s  (attainment of qcr  ) is seen to occur  when the limiting permiss ible  rate of 
heat t r ans f e r  f rom the heated channel is reached. This leads to the creation of a region with elevated He-I[ 
temperature ,  heating of the wall above T x, and the formation of a vapor  phase. (As shown by the present  exper i -  
ments, the dependence ff 0 =f(T) remains  quanti tat ivelythe same right up to the cr i t ical  heat-flux density.) The 
appearance of vapor  phase fundamentally al ters  the whole cha rac te r  of the interact ion as considered on the 
basis of the two-liquid model, and leads to significant change in the whole hea t - t r ans fe r  mechanism. 

For  the case of steady conditions (T =const,  vp= const), in accordance with the above-noted considerations,  
the following premises  may be adopted (including the condition of laminar  motion of the normal  component) 

p:V~ = p;,~,  q = o , ~ s r ,  v,~ = c AP. (v) 
'qT~ 

Note that, instead of the last  of these expressions,  the dependence for turbulent conditions of flow (e.g., 
in the fo rm of the Blasius or  Nikuradze equations) could be considered. However, at the stage of p re l iminary  
analysis,  this is inexpedient. 

The available p res su re  drop determining the evacuation rate of the normal  component consists,  as fol- 
lows f rom the two-liquid model adopted, of two par ts  

AP = AP 1 + hP2, (8) 

where AP l is the p res su re  drop determined by the bulk expansion of the liquid and also the channel geometry.  
Thus, for  an inclined channel 

APi = ~hTl sin % (9) 

The dependence for AP~ takes a more complex form for a horizontal  channel. Also 

APe = pSAT. (10) 

This is the p ressu re  drop determined by the thermomechanica l  effect. It is appropriate  to note he re tha t  a 
number of authors [5] have considered the action of a hydrosta t ic  liquid column in taking the t empera tu re  dif- 
terence in a large volume of helium II into account. However, as shown by the resul ts  of the experiments  in 
[1], this is not necessa ry  for an open, uniformly heated channel. 

It follows f rom Eqs. (7)-(10) that 
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qcr = G 9~ST (hP~ @ hP2). (11) 

Note that a dependence of s imi l a r  fo rm was obtained in [3, 6] for  channels with adiabatic walls, the 
sealed ends of which a re  heated. However,  they were  not compared with exper imenta l  resul ts .  

Analysis of the pa r ame te r s  appearing in Eq. (11) shows that analysis  of the exper imenta l  data may be 
conducted in the f o r m  

t i T ;  -~-; sin g, - (12) 

The dependence of the complex p2sS2T/v n on the He-]1 t empera tu re  is shown in Fig. 1. It is c lear ly  seen that 
the maximum of this curve is in the region T -~ 1.9~ It is also neces sa ry  to note that this t empera tu re  range 
also cor responds  to a maximum (although considerably less expressed)  of the second sound veloci ty  in He II 
[3] - oscil lat ions of the re la t ive  densi t ies  of the normal  and superfluid components.  The cha rac t e r  of the given 
dependences is in good agreement  with the published data on qcr  and kef in a large volume and sealed channels 
with He II. 

In general ized form, all  the resul ts  obtained on the c r i t i ca l  heat-f lux densi ty in uniformly heated open 
channels of cyl indr ical  fo rm cooled by hel ium II, in the t empera tu re  range 1.7-2.1~ [1], may be general ized 
by the dependence  

( l ~ - ' , ~ w  
qcr = 2.10 -~6 p~S2T~I~ exp (sin rID q- 1 1.7) \ - d ]  ' rnZ " (13) 

Analysis of the exper imenta l  data obtained is shown in Fig. 2. The deviation of the exper imenta l  values 
of qc r  f rom the values given by calculations f rom Eq. (13)l ies within l imi ts  of =~30%. 

NOTATION 

T, liquid t empera tu re  in bath, ~ T x, t empera tu re  corresponding to the X point, ~ Q, heat flu.<, W; q, 
heat-f lux density,  W/m2; qcr ,  c r i t ica l  heat-f lux density, W/m2; AT, t empera tu re  difference,  ~ c~ 0, h e a t - t r a n s -  
f e r  coefficient  at the so l id - l iqu id  (helium 1I) boundary, W/m 2- ~ K, h e a t - t r a n s f e r  coefficient in the channel, 
W / m  2 -~ S, entropy, J /kg"  ~ v, Vs, Vn, veloci ty  of total,  superfluid,  and normal  components,  m / s e c ;  p, Ps, Pn, 
densi ty of total, superfluid, and normal  components, kg/m3; kef, effect ive t h e rm a l  conductivity of hel ium ]1, 
W / m ' ~  7/n, v i scos i ty  of normal  component, Pa" sec; Cp, specif ic  heat, J /kg;  G, Poiseui l le ' s  number;  d, i n t e r -  
nal d i ame te r  of channel, m; l, channel length, m; ~0, angle of slope of channel with respec t  to horizontal ,  deg; 
~B, p a r a m e t e r  depending on the specif ic  p roper t i e s  of the liquid and the solid; kb, Boltzmann constant; h, Planck 
constant; PS, density of solid, kg/m3; WF, f i r s t  sound veloci ty  in liquid helium, m / s e c ;  wt, w/, veloci ty  of longi- 
tudinal and t r a n s v e r s e  propagat ion of sound in the solid, m / s e c ;  F B~Tt/w/), function of e las t ic  constants of the 
solid. 
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