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The resul ts  of an analytic and exper imenta l  investigation of heat  t r a n s f e r  during boiling of 
wa te r  and F r e o n - l l 3  on a rod with an insulating coating a re  presented.  

The use of lugs or  fins of various prof i les  is one of the methods of increasing heat abstract ion during 
evaporat ive  cooling of thermal ly  s t r e s sed  devices [1]. With an increase  of the heat flux conducted to the 
base of the lug, coexisting boiling reg imes ,  v i z . ,  f i lm, t ransi t ional ,  and nucleate,  appear  on its surface.  
Heat  fluxes whose density is 4-6 t imes  g r e a t e r  than the cr i t ical  can be t ransmit ted  through the base of the 
fin (lug). In this case the t empera tu re  in the base of the lug exceeds the boiling point of the liquid by 200- 
300~ which precludes  the possibil i ty of using thermolabi le  liquids. 

To el iminate the zone of film boiling and reduce the surface  t empera tu re ,  it is expedient to create  
on the fin an insulating l aye r  of variable thickness.  In this case the t empera tu re  can be the same over  the 
ent i re  sur face  of the fin, and the boiling reg ime on any portion of the fin can be nucleate.  

The resul ts  of investigating the thermal  reg imes  of fins with an insulating coating (Fig. 1) a re  p r e -  
sented below. To determine  the thickness of the insulation and the t empera tu re  distr ibution over  the fin, 
we wri te  the equation of heat balance for  an element  of the fin 

Xf d~0 
d y  ~ - --ap0~ = 0. (1) 

For  boundary conditions 

the express ion  

0 0 s = const and dO r162 s . . . .  for y = O  dy 

0 = % + + (2) 
~f ~ 2  p / 

is the solution of Eq. (1). For  a cyl indrical  rod Eq, (2) acquires  the form 

The t empera tu re  in the base of the rod 

The density of the heat flux through the base of the rod 

qb = ctOs (1 + -~ - )  . (5) 

y, 
The thickness of the insulation is calculated f rom the relat ion for  a 

Fig. i .  Diagram of fin. one-dimensional  heat  flux through a plane wall 
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Fig. 2 Fig. 3 

Fig. 2. Boiling curves of F r e o n - l l 3  at a tmospher ic  p r e s s u r e  for  
rod d = 10 mm; h = 20 mm (qb, W/cm2, fib, ~ a) experimental  
data for F r e o n - l l 3 ;  b) experimental  data for  water;  1) according 
to Eqs. (4) and (5), nucleate boiling of water;  2 and 3) according 
to Eqs. (4) and (5), respect ively  nucleate and film boiling of F reon-  
113. 

Fig. 3. Boiling curves  of F r e o n - l l 3  at a tmospher ic  p r e s su re  for  
rods d = 6.35 ram: 1) experimental  data [3], h = 30.6 mm, without 
insulation; 2 and 3) according to Eqs. (4) and (5), h = 30.6 m m  and 
h = 40 mm respect ively ,  with insulation. 

_ (0  - -  0 s ) k i n  ( 6 )  

c~0 s 

Substituting Eq. (3) into (6), we obtain the following expression for the thickness of the insulation: 

~, . 

Fo r  given kin , X, and d the thickness of the insulation 5 ; fly), i . e . ,  does not depend on the magnitude 
of the dissipated heat flux. If  the applied insulating l ayer  increases  considerably the hea t - t r ans fe r  surface,  
6 must be calculated with the use of the appropriate  relations for a cylindrical  wall and a eorreet ion must  
be introduced into Eq. (5). 

Solving Eqs. (4) and (5) simultaneously,  we obtain 

O~b = 2Q~ 0.125 ~ + 1. (8) 

The second t e rm of the right side of Eq. (8) is negligibly small and accordingly 
! 

An experimental  investigation of the possibi l i ty of maintaining developed nucleate boiling on the ent ire  
surface of insulation apNied on a cylindrical  lug was ca r r i ed  out on a device whose main element was a 
copper  block with an electr ical  heater .  The upper par t  of the block was a rod 10 mrn in d iameter  and 38 
mm long. On the rod was pressed  a stainless steel,  20-ram-long bushing whose outside surface was the 
surface  of a paraboloid of revolution. The thickness of the bushing was calculated by Eq. (7). The upper 
par t  of the rod on which the bushing was p ressed  was extended into a vert ical  eylindrical  chamber  filled 
with a boiling liquid. The remaining par t  of the copper rod was the measur ing part;  three C h r o m e I - A l u m e l  
thermocouples  were placed on it. Side windows were  provided in the chamber  for  visual observation; a 
condenser  was located in the upper par t  of the chamber.  
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As the t e m p e r a t u r e  of the heated block inc reased ,  uniformly dis t r ibuted centers  of vaporizat ion ap-  
pea red  on the su r face  of the bushing and end Of the rod,  which promoted  the initiation of boiling on the i so-  
t he rma l  sur face .  The coexis tence  of different  boiling r eg imes  on the sur face ,  cha rac te r i s t i c  for  a rod 
without insulation, was not obse rved  even under loads cr i t ica l  for  the given rod. With a fur ther  inc rease  
of the sur face  t e m p e r a t u r e  nucleate boiling changed s imul taneous ly  to fi lm boiling on the ent i re  rod. 

Ar t ic les  [2, 3] a r e  devoted to an investigation of nucleate boiling of F r e o n - l l 3  on an i so thermal  s u r -  
face,  [3] to f i lm boiling, and [4, 5] to nucleate boiling of water .  

F igure  2 shows the function qb = fi0b) for  wa te r  and F r e o n - l l 3  boiling at a tmospher i c  p r e s s u r e .  The 
solid l ines ,  the curves  of nucleate and fi lm boiling of F r e o n - l l 3 ,  were  calculated on the bas is  of Eqs.  (4) 
and (5) according to data in [3]. In the zone of nucleate boiling the exper imenta l  data a re  located slightly 
below the calculated curve ,  and in the zone of f i lm boiling, higher.  The inc rease  of the fract ion of heat  
d iss ipated at the place of embedment  of the shaped bushing in the bottom of the chamber  apparent ly  has an 
effect  in the second case .  

The exper imenta l  values of the c r i t i ca l  p a r a m e t e r s  (qb = 169 W / c m  2, 0 b = 77.2~ differ  l i t t le f rom 
the calculated (qb/= 172 W / c m  2, 0 b = 73.5~ 

The dashed l ine shows the boiling curve  of dist i l led wa te r  calculated according to the data in [5]. 
The calculated c r i t i ca l  values a r e  qb = 1390 W / c m  2, 0 b = 382~ The design of the device did not p e r m i t  
conducting heat  fluxes exceeding 770 W / c m  2 (0 b = 196~ it is natural  that  a fi lm reg ime  was not obtained. 
The max imum deviation of the exper imenta l  data f rom the calculated is 12~ 

F igure  3 p r e sen t s  the boiling curves  of F r e o n - l l 3  up to the c r i t i ca l  p a r a m e t e r s  for  cyl indrical  rods 
with and without insulation (d = 6.35 mm}. Curve  1 is plotted on the bas i s  of exper imenta l  data [3] for  a 
rod without insulat ion (h = 30.6 mm).  

The c r i t i ca l  densi ty  of the heat  flux 130 W / c m  2 is reached at  0 b = 90~ Curves  2 and 3, calculated 
by Eqs.  (4) and (5), cor respond  to insu la t ion-covered  rods  30.6 and 40 m m  long. 

In compar i son  with the rod without insulation, the c r i t i ca l  loads for  them increase  r e spec t ive ly  by a 
fac tor  of 2.5 and 3, which is accompanied  by an inc rease  of the c r i t i ca l  values of 0 b f rom 166 to 260~ 
F o r  smal l  6 b the dens i t ies  of the heat  flux through the base  of the rod without insulation a r e  cons iderably  

l e s s  than for  the rod without it. 

An analogous p ic ture  is observed  during cooling with w a t e r  whose use as a coolant pe rmi t s  a b s t r a c t -  
ing f rom the developed sur face  (without insulation) only up to 600 W / c m  2 at 0 b = 150-200~ [1]. 

In the case  of cooling with the rmos tab le  liquids it is expedient to use fins on whose sur face  adjacent  
to the base  the insulating l a y e r  is absent ,  which a r e  effect ive also in the region of smal l  0 b. 

An analys is  of the resu l t s  obtained show that  an insulating l a y e r  appropr ia t e ly  applied on the rod s u r -  
face p e r m i t s  maintaining nucleate boiling on the ent i re  sur face .  In the region of l a rge  overheat ings  of the 
rod base  the densi t ies  of the heat  flux being abs t r ac ted  exceed cons iderably  the cr i t ica l  densi t ies  for  an 

analogous rod without insulation. 

The calculation based on the method presen ted  ag rees  well with exper iment .  
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N O T A T I O N  

is the densi ty  of the heat  flux through the rod base; 
is the heat  flux; 
is the h e a t - t r a n s f e r  coefficient;  
a r e  the excess  t e m p e r a t u r e  of, r e spec t ive ly ,  the fin, base  of fin, and sur face  of the insulat ion 

ove r  the sa tura t ion t e m p e r a t u r e  of the liquid; 
is the th ickness  of the insulation; 
is the rod d iamete r ;  
is the fin length; 
a r e t h e  a r e a  and p e r i m e t e r  of the c r o s s  sect ion of the fin; 
a re  the heat  conductivity of the fin and insulation. 
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