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Resul t s  a r e  p resen ted  of an exper imenta l  investigation to determh~e q .  for ethanol boiling 
under f ree  convection on su r faces  insulated on both s ides .  

This  work is a continuation of exper imen t s  published in [1, 2], and its object ive  is to broaden the range  
of the t es t  p a r a m e t e r s .  The expe r imen t s  were  c a r r i e d  out with ethyl alcohol at sa tura t ion t e m p e r a t u r e  on flat  
hor izontal  p la tes  whose width va r i ed  f r o m  5 to 50 m m  and for  a p r e s s u r e  var ia t ion  (1-52) �9 10 -5 N / m  2. 

Two l imit ing and d i rec t ly  opposi te  si tuations were  examined,  a) The f i r s t  case  is that of a plate t he rma l ly  
insulated on its lower side,  which co r r e sponds  to the si tuat ion analyzed theore t i ca l ly  in [3, 4], where  the hy-  
drodynamic  nature  of the c r i t i ca l  heat  flux was considered.  Only the top su r face  of the plate genera tes  heat.  

b) In the second case  the plate is t h e r m a l l y  insulated on its top side,  and only the lower su r face  emi t s  
heat. 

Separate  exper imen t s  were  r epo r t ed  in [6-12] to de te rmine  the c r i t i ca l  heat f luxes during boiling of 
va r ious  liquids on inclined t h e r m a l l y  insulated su r f aces .  A rev iew of this work w a s  given in [13, 14]. The 
author of [13] a t tempted  to calcula te  the influence of the angle of the hea t -genera t ing  su r face  to the hor izonta l  
and proposed an empi r i ca l  re la t ion  to modify the equation in [3]. 

In [15, 16] the re la t ions  obtained in [1, 2] for  the var ia t ion  of c r i t i ca l  heat  flux with var ia t ion  in d i ame te r  
of the heating e lement  we re  descr ibed  analyt ical ly.  In these  paper s  it was sugges ted  that the s tabi l i ty  c r i t e r ion  
is de te rmined  in the end r e su l t  by the nature  of var ia t ion  of the sepa ra t ed  s ize  of the bubble which grows on the 
curved su r face  of cyl indr ical  hea te r s  of different  s ize.  In [17, 18] re la t ions  were  given for  the s tabi l i ty  p a r a m -  
e ter  as  a function of the v i scos i ty  of the h e a t - t r a n s f e r  agent. 

Our t e s t s  were  c a r r i e d  out on a piece  of equipment which has been descr ibed  in [5]. The single difference,  in 
pr inciple ,  in the p resen t  investigation is that a working volume of apprec iab ly  l a r g e r  s ize was used. The work-  
ing sect ions  were  flat  hor izontal  s t a i n l e s s - s t e e l p l a t e s ,  of th ickness  0.5 m m ,  length 150 m m ,  and width b =  5, 
10, 20, 30, and 50 m m  (Fig. 1). The hea t -genera t ing  plate was at tached to an insulating space r  which was a t -  
tached,  in turn,  to a textol i te  block of p rac t i ca l ly  the s a m e  width as the exper imenta l  section.  The textol i te  

\ 

Fig. 1. Exper imenta l  sect ion:  1) hea t -genera t ing  
sur face ;  2) the rmocouples ;  3) insulator;  4) textoli te;  
5) e l ec t r i ca l  insulation; 6) cu r ren t  t e rmina l ;  7) 
s tee l  body; 8) spr ings ;  9) sc rews .  
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Fig.  2. q ,  as  a funct ion of  P ( r e f e rence  t = t ' ) :  I) p la tes  insula ted  
below or  held in p lace  at a n a r r o w  edge; 1) b = 5.0; 2) 10; 3) 20; 
4) 30; 5) 50 ram; II-IV) p la tes  t h e r m a l l y  insula ted  on the top su r f ace ;  
6) b = 5.0; 7 )10 ;  8) 20 ram.  
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Fig. 3. Correlation of the experimental data using the coordinates 
of Eq. (I): 1,2) ethanol, i) plates insulated below, 2) insulated 
above; 3,4) helium, 3) plates insulated above [7], 4) insulated below 
[9]; 5) cylindrical heaters t=t" [I], ethanol; 6) the same, z ->18 [2], 
ethanol. 

block was held down on the experimental plate by springs attached to the steel body. Three thermocouples, 
connected in a circuit which would cut the heating when critical boiling occurred, were located below the plate 
at different points along its length. 

In the tests with the heat-generating surface facing downward and insulated on the top side, it is very 
important that the plate be strictly horizontal in both directions for reproducibility of the data. The working 
volume had viewing windows so that one could observe the boiling process and the location of the working sec- 

tion. The working section was heated by an alternating current from a power transformer, connected to a 
controller. In each Section 5-10 measurements of the critical heat flux were taken at differentpressures and 
then a new section was set up. 

Figure 2 shows the experimental results in q.--P coordinates. It can be seen (line I) that all the experi- 
mental points for the plates insulated on the bottom side are independent of the plate width and fall around a 

single line with a scatter of ~: 15%. By averaging the test data we constructed a line using the relation pro- 
posed in [3], with k =0.145. Here we have 24 measured values of q. at various pressures with b=30 and 50 
mm with no thermal insulation, held on a narrow edge with respect to the gravitational force (slope angle 90~ 
The results of these tests also coincide with data for plates thermally insulated on the lower side. 

Curves II-IV show the results of the measurements of q. obtained for plates of various widths, thermally 
insulated on the top side. The increase in plate width leads to a considerable reduction in the heat flux. This 
rapid decrease in q, is due to the fact that it is difficult for vapor to escape from the lower surface. Condi- 
tions are favorable for vapor bubbles to coalesce and for a vapor film to form, which substantially reduces the 
heat flux. 

The results of our experiments have been expressed in terms of the coordinates 
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q,/q,| ~ k/k= = f (h) (1) 

and a re  shown in Fig. 3, where A = b is the Weber number;  q , ,  q , ~  a re  the cr i t ica l  heat flux (in 

W / m  ~) and the cr i t ica l  heat flux on the plate the rmal ly  insulated on its lower side,  other conditions being equal; 
and k and k~ a re  the stabil i ty c r i t e r i a  for  the above conditions. 

In the general  ease,  according to our data presented  in [~.] 

q*= =q*~ [ 1+0"09 cor \ 7" ?~' '~3"4] ' (2) 

c~ ( ?, ~3,4 
where  z = - -  - -  is a pa rame te r  which takes into account the underheating of the liquid up to the sa tu ra -  

r ~,~2"] 
tion t empera ture ;  and q*0 (W/m2) is the cr i t ica l  heat flux at the saturat ion t empera tu re  on a flat the rmal ly  in- 
sulated plate. 

All the exper imenta l  points a re  grouped around two lines.  One line is a r a the r  good cor re la t ion  of the 
exper iment  for plates insulated below and indicates that the stabil i ty pa rame te r  does not change; this ag rees  
with the conclusion der ived theore t ica l ly  f r om the hydrodynamics  of the heat c r i s i s  [3, 4]. Similar exper iments ,  
descr ibed  in [6, 7, 9, 10] and conducted with different hea t - t r ans fe r  agents,  ag ree  quantitatively to a sa t i s fac-  
t o ry  degree  with our data, in the coordinates used. The r e su l t s  of this work have been general ized in detail in 
[14]. 

The second line co r r e l a t e s  the resu l t s  of tes ts  where  the plate is insulated on the top. The re la t ive  
value of the stabil i ty pa rame te r  dec reases  sharply.  F igure  3 shows the data of [7, 9], where the heat c r i s i s  
was de termined during boiling of hel ium on disks insulated on the top. These  data agree  sa t i s fac tor i ly  with 
our resu l t s .  To complete the picture  of q .  as a function of heating element  s ize ,  Fig. 3 shows our ea r l i e r  
published data f r om [1, 2] for boiling of ethanol. 

The present  investigation has expanded the range  of var ia t ion of the Weber number by more  than an o rde r  
of magnitude (from 6 to 75). F r o m  the resu l t s  we can state that the Weber number  must be taken into account 
in calculating q .  in actual exper iments  where its value exceeds 3.0. 

The lines which we have shown a re  l imit  boundaries  for  calculating q . ,  between which the c r i t i ca l  heat 
fluxes fall  for hea t -genera t ing  surfaces  of different  geomet r ies  and orientat ions.  

N O T A T I O N  

q , ,  c r i t ica l  heat flux, W/m~-; q . ~ ,  c r i t i ca l  heat flux on a plate insulated on its lower side, W/m2; q*0, 
cr i t ica l  heat flux at the saturat ion t empera tu re ,  W/m2; P, p r e s su re ,  N/m2; b, width of the exper imenta l  section,  
m; T ' ,  7" ,  specif ic  weight of the liquid and the vapor,  kg/mS; r sur face- tens ion  coefficient,  N/m2; c, specif ic  
heat of the liquid, k J /kg ,  deg; ~ =t" - t ,  volume average  of the underheating of the liquid up to the saturat ion 
t empera tu re ,  ~ t" ,  t empera tu re  of the sa tura ted  vapor ,  ~ k and k~,  stabil i ty c r i t e r i a ,  de termined exper t -  
mental ly for  an a r b i t r a r y  section and for  a plate insulated below, other conditions being equal. 
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H E A T  T R A N S F E R  I N  A L A Y E R  OF L I Q U I D  ON A R O T A T I N G  

A R C H I M E D E S  S P I R A L  T A K I N G  A C C O U N T  OF T H E  E N T R A N C E  
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The effect  of the ent rance  region on the hydrodynamics  and heat t r a n s f e r  in a layer  of liquid on 
a ro ta t ing  su r face  is studied. 

Hydrodynamics  and m a s s  t r a n s f e r  in a l ayer  of liquid on a ro ta t ing  Arch imedes  sp i ra l  in the absence  of 
wave format ion  were  inves t igated ea r l i e r  [1] by the in tegral  r e la t ions  method. In the p resen t  a r t i c l e  we use  the 
work method [2] to study heat t r a n s f e r  in a l amina r  liquid f i lm on an Arch imedes  sp i r a l  ro ta t ing  with a constant  
angular  ve loc i ty  w, taking account  of the ent rance  region.  

We choose the origin of coordinates  in the plane of the outlet,  the x axis along the flow, and the y axis 
no rma l  to it. The x, y coordinate  s y s t e m  is fixed with r e spec t  to the s t r eaml ined  solid sur face .  It is a s sumed  
that the p r e s s u r e  gradient  in the liquid l ayer  is produced by the ro ta t ion  of the sp i r a l  appara tus  and that the 
longitudinal r a t e  of change of the flow p a r a m e t e r s  is much s m a l l e r  than the t r a n s v e r s e .  We a s s u m e  that the 
the rmophys ica l  p a r a m e t e r s  a r e  constant  and that the equation of the Arch imedes  sp i ra l  in polar  coordinates  is 
r = A O ,  where  A > 0. Under these  assumpt ions  the hydrodynamics  and energy  equations take the f o r m  
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