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P re sen t ed  he re  a r e  the resu l t s  of an invest igat ion of the opera t ion  of a m e t a l l i c - c e r a m i c  
evapo ra to r  working with wa te r  in a var iant  of a coaxial  h e a t - t r a n s f e r  device.  

T h e  use  of numerous  h e a t - s t r e s s e d  e lements  in modern  devices  and equipment and the need for  r e -  
mova l  of heat  f r o m  these  o r  its deconcen t r a t i on in  n e a r - i s o t h e r m a l  conditions have s t imulated the develop- 
men t  and use  of efficient h e a t - t r a n s f e r  devices  cal led heat  pipes and vapor  chambe r s  [1-3]. 

Devices  with a cyl indrical  evapora to r  and condenser  inser ted  one into another  a r e  usually cal led coaxial .  
They a r e  of in te res t  as deconcent ra tors  of heat flux [3] for  cooling cyl indr ical  hea t - r e l ea s ing  objects  with heat 
t r a n s f e r  into the in te rmedia te  h e a t - t r a n s f e r  agent or  to the surrounding med ium.  

The p r o c e s s e s  of evapora t ion  of the working liquid [4] play a significant role  in the opera t ion of the 
heat  pipe; these  p r o c e s s e s  have not been adequately studied. In the p re sen t  work  we give the resu l t s  of 
t e s t s  of individual const ruct ions  of a m e t a l l i c - c e r a m i c  porous  evapora to r  used in a var ian t  of the coaxial  hea t -  
t r a n s f e r  device (vapor chamber )  fo r  r emova l  of heat flux Q not l ess  than 400 W f rom the inner  cyl indrical  
hea t e r  of d i a m e t e r  24 m m  and length 80 m m  with th ree -d imens iona l  heat r e l e a s e .  The use  of  a w i c k - t y p e m a t e -  
r ia l  is n e c e s s a r y  for  continuous main tenance  of the level  of the h e a t - t r a n s f e r  agent in the evaporat ing segment ,  
s ince the heating e lement  can have an a r b i t r a r y  posi t ion with r e spec t  to the gravi ta t ional  field. 

The invest igated evapo ra to r  (evaporat ion head) is made  by the c lass ica l  method of powder meta l lu rgy  
f rom nickel with pa r t i c l e s  of d i spers i ty  of 1-20 ~ in the fo rm of cyl inder  (d=50 ram,  l=70 ram).  The poros i ty  
of the sample ,  de te rmined  by the w e i g h t - v o l u m e  method,  compr i sed  69~. The predominant  d i ame te r  of the 
po res  was ~100 ~ and the p r e s e n c e  of npuddlesN of h e a t - t r a n s f e r  agent  (distilled water)  pe rmi t t ed  to comple te ly  
soak the evapora t ion  head by the working liquid for  all  or ienta t ions .  

The t e s t s  of different  va r ian t s  of the evapora t ion  head were  conducted in a cyl indr ical  chambe r  (Fig. 1) 
of d i a m e t e r  60 m m  and length 80 m m  cooledby a w a t e r - j a c k e t  t he rmos ta t .  The  chamber  was made demountablet to  
make  poss ib le  a change in the evapora t ion  head. The inner  f r a m e  14 on which the m e t a l l i c - c e r a m i c  head 15 
is t ightly fitted is intended for  introducing the heating e lement  13. The outer  f r a m e  12 has a cooling jacket  11. 

The h e a t - t r a n s f e r  agent was poured in a f t e r  pumping the working volume to a p r e s s u r e  of 10 -1 ram Hg. 
The amount  of the liquid was chosen depending on the const ruct ional  pecular i t i es  of the evapora to r  (70-120 
cmS). Fo r  all  va r i an t s  the exce s s  h e a t - t r a n s f e r  agent (puddle) in the chambe r  r ema ins  identical ~40 cm 3 c o r -  
responding to an imbedding of the wick of the evapora to r  at ~5 m m  for  horizontal  and ver t ica l  posi t ions of the 
chambe r .  Fo r  soaking the f i r s t  solid sample  83 cm 3 of h e a t - t r a n s f e r  agent was additionally required (total 
filling 123 cm3). The p r e s e n c e  of vapor  channels  in the subsequent  const ruct ions  reduced the soaking volume.  

The t e m p e r a t u r e  was m e a s u r e d  by 10 c o p p e r - C o n s t a n t a n  thermocouples  with e lec t rodes  of 1.2 m m d t a m -  
e te r .  Thermocoup les  1-4, 9 (corresponding to t e m p e r a t u r e s  TI-T4, Tg) were  placed inside the porous  ma te r i a l  
of the evapora to r .  Thermocoup les  5 and 6 control  the t e m p e r a t u r e  T 0 and T s of the vapor  space  inside the 
chamber .  Thermocouple  8 m e a s u r e d  the t e m p e r a t u r e  T 8 inside the hea te r  (according to the technological  con-  
ditions it should not exceed 300~ which a lso  l imited the output power) .  The readings of the differential  t h e r -  
mocouples  7 (T 7) and the flow rate  of the liquid through the cooling jacket  offer  the poss ibi l i ty  of control l ing 
the removed heat flux. The amount  of heat supplied to the device was de te rmined  f rom the readings of a VK7- 
10A/1 vo l tme te r  and a M-1108 a m m e t e r .  
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Fig. 1. A schematic diagram of the experimental setup: 1-10) 
copper--Constantan thermocouples; 11) cooling jacket; 12) exter- 
nal frame of the chamber; 13) cooled heater; 14) internalbody of 
the chamber; 15) evaporation head; MGP-10) small switch; PMT- 
4M) manometric thermocouple transducer; VT-2) vacuum-gauge 
thermocouple; F-116/1) photocompensated micromultimeter; 
R-37/1) potentiometer; NVR-5D) forevacuum pump; VU-42/70) 
rectifier; VKT-10A/1) numerical voltmeter; .4, M-1108-type 
ammeter; R 1 and R2) resistance variables, B 1 and B2) switches; 
C) capacitor bank; I~PP-09M3) electronic automatic potentiom- 
eter. 
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Fig. 2. Dependence of the evaporator temperature increase on 
the supplied heat flux: a) variant 1, cooling-water temperature 
20~ horizontal orientation, filling volume 123 cm2; b) variant 
5, cooling water temperature 20~ horizontal orientation; filling 
volume 75 cm3; 1, 2, 3} temperature values inside the heater 
Ts, on the heater surface T s and on the evaporation-head surface 
T3, respectively; 4, 5, 6) the same temperatures in the experi- 
ments without beat-transfer agent; T, ~ Q, W. 
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TABLE I. Results  of an Investigation of the Operation of Various 
Construct ions of Evaporat ion Heads 

Eval}- [ [W/m 2qs~176176176176176176215176 ~ ora~on Q300o, W r,. oc Tg, ~ aT", oc ~.m2 ' �9 
variant 

1 i 365 2 . 360 
3 400 
4 390 
5 395 

275 
290 
280 
280 
280 

67.0 
48,5 
51,0 
44.0 
46,0 

I 
6.1 6,91 I 0,79 
4,5 6,82 ] 0,90 
4,8 7,58 1,26 
3,0 7,39 2,12 
3,5 7,48 

Two P-37 /1  potent iometers  were used for recording the emf of the thermocouples .  Photocompensated 
m i c r o v o l t - m i c r o a m m e t e r s  of type F-116/1 served as reference  instruments .  For  controlling the transi t ional  
p roces se s  an ~PP-09M3 automatic potent iometer  was used. The accuracy  of the tempera ture  measurements  
was �9 0.1~ and of the heat flux �9 5 W. 

In the experiments  we determined the dependence of the local t empera ture  of the  evaporation head and the 
heater  on the supplied heat flux T =f(Q). 

The f i r s t  variant  of the evaporator  is a porous cyl inder  [d=50 and l -- 70 m m  (Fig.2a)].  During the in-  
vesfigation of the operat ion of the f i r s t  variant ( temperature of the cooling water  20~ horizontal orientation, 
filling volume 123 cm 3) the t empera tu re  at all the control  points in the chamber  increased l inearly with the 
increase  of the supplied power.  At the heat-flux intensity of ~350 W the t empera tu re  inside the heater  T 8 was 
equal to 275~ at the surface of the heater  the t empera tu re  was T s = 67~ and the radial drop along the wick 
AT was 6.1~ The hea t - t r ans fe r  coefficient at a t empera ture  of the heater  equal to 300~ was ~ 300 ~ 0.79 �9 104 

b 

W/m 2 �9 ~ (Table 1). A fur ther  increase  of the power supply led to a sharp increase  of the t empera tu re  inside 
the heater  (curve 1, Fig. 2a). 

The visual observat ions in the experiments  with a i r  showed that the evaporation of the hea t - t ransfer  
agent at small  powers occurs  mainly f rom the surface  of the mater ia l  of the wick and for heat flux of ~350 W 
a vapor sublayer  is formed inside the evapora tor  near  the heating surface.  The vapor emerges  f rom the posi -  
tion of the seam of the wick and the heater ,  which indicates the need for organizing vapor removal  f rom the 
heating surfac e . 

In the second, third,  and fourth construct ions of the evaporation head the dimensions, number, and a r -  
rangement  of the vapor channels were  changed. The second variant of the evaporator  differs by the presence  
of 17 open axial vapor channels of 2.5 m m  diameter ,  welded at a distance of 1.5 mm from the inner surface 
of the head. The axial channels di rect  the vapor flow to the end faces of the chamber .  The number and diam- 
e te r  of the channel insure a sufficiently small  res i s tance  to the flow of the forming vapor.  

In the third and the fourth variants 300 radial  Channels of 1.5 mm diameter  and additionally 9 axial chan- 
nels of 7 rain d iamete r  were  made.  

The fifth var iant  of the evaporat ive head and radial  windows of 7 m m  diameter ,  direct ly  connect the 
axial channels to the condensation surface (Fig. 2b). The t r anspor t  a rea  of the wick of the evapora tor  was 
sufficient fo r  stable operat ion up to a power  of 600 W, as shown by the exper iments .  

For  apower  supply of,~ 350 W the tempera ture  at the surface of the heater  T o (curve 2) changed to 46~ 
the t empera tu re  drop over  the wick decreased  to AT = 3.5~ The supplied power at a t empera tu re  T 8 = 300~ 
was Q300 ~ =395 W (Table 1). A sharp increase  of the tempera ture  at all measurement  points was not observed 
up to a power of 600 W compared with the fizst  variant of the evaporative head. The organization of the vapor 
flow in the sample  and improvement  of the vapor  removal  f rom the evaporat ion zone led to an increase  of the 
hea t - t r ans fe r  coefficient changing f rom the f i r s t  variant  to the last .  The maximum value of ~300 o= 2.12" 104 
W/m 2 �9 ~ is attained for the fifth evaporation head. 

AI~ the changes in the construct ion of the evapora tor  were made success ively  on a single porous sample.  
Each of the subsequent variants  differ f rom the proceeding by a weight reduction. The weight of the las t  var i -  
ant decreased  by about 35% compared to the f i rs t .  

Est imates  of the heat removal  due to thermal  conductivity of the mater ia l  of the chamber ,  obtained by 
dry (without hea t - t r ans fe r  agent) tests  (curves 4, 5, 6) showed that these losses  do not exceed 10% of the sup- 
plied power.  Similar  resul ts  are  obtained f rom an est imate of the removed power f rom the readings of the 
differential thermocouples  7 (Fig. 1) and the flow rate  of the liquid through the cooling jacket. 
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The change in the or ienta t ion of the evapora t ion  head {horizontal and ver t ica l  posi t ions)  and a lso  the in-  
c r e a s e  in the t e m p e r a t u r e  of the cooling w a t e r  to 60~ had an insignif icant  effect  on the amount  of the r emoved  
power  and the t e m p e r a t u r e  within the hea te r .  

N O T A T I O N  

d, l, d i ame te r  and length of the porous  sample ,  respec t ive ly ;  T1-TI0 , t e m p e r a t u r e s ,  measu red  by the 
the rmocoup les  1-10 (Fig.  1) ;AT =Ts-T3, r a d i a l t e m p e r a t u r e  drop along thewick;  Q, supplied power; Q300o, q300 o, 
~00, supplied power ,  supplied hea t - f lux  dens i ty ,  h e a t - t r a n s f e r  coeff icient  at t h e t e m p e r a t u r e  T8=300~ , re*. 
spee t ive ly .  
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T H R E E - D I M E N S I O N A L  R A D I A T I V E  

P R O B L E M  W I T H  S H A D I N G  

V .  F .  K r a v c h e n k o  a n d  V .  M.  

H E A T - T R A N S F E R  

Y u d i n  UDC 536.3 

The p rob l em  of radia t ive  heat  t r a n s f e r  between diffuse g ray  su r faces  bounding a closed volume 
of a r b i t r a r y  conf igurat ion i s  d i scussed .  

Often in calculat ions of the heating of a i r f r a m e  s t ruc tu r e s  it is n e c e s s a r y  to solve p r o b l e m s  of radia t ive  
heat  t r a n s f e r  between the su r faces  of var ious  s t ruc tu ra l  e lements  forming the in te r io r  compar tmen t s  of an 
a i r c r a f t .  In many  c a s e s  the ent i re  bounding su r face  is nonconvex and has such a complex  configurat ion as to 
p r e s e n t  se r ious  diff icult ies in applying the zonal  method.  

�9 For  si tuat ions in which one of the d imensions  of such a bounded volume is much g r e a t e r  than all  the res t ,  
we have p roposed  [1] a method for  solving the p lana r  radia t ive  h e a t - t r a n s f e r  p rob l em with al lowance for  shading 
and have demons t ra ted  the substant ia l  influence of this f ac to r  on the dis tr ibut ion of qinc ove r  the su r face  of 
c o m p a r t m e n t s  of r ea l  s t r u c t u r e s .  In the p r e s e n t  study we e labora te  the method of analys is  of rad ia t ive  heat 
t r a n s f e r  with al lowance for  shading in the th ree -d imens iona l  case .  

We cons ider  the p rob lem of rad ia t ive  heat t r a n s f e r  between diffuse g ray  su r faces  bounding a closed vol-  
ume  of a r b i t r a r y  configurat ion.  An open volume can  be c losed by the addition of a f ict i t ious su r face  with e = 1 
and T = (qoo/a) 1/4, where  qoo is the diss ipated heat flux f rom the surrounding medium,  

We a s s u m e  that  the bounding sur face  c o m p r i s e s  N plane faces  having the shape of a convex rec tangle .  
These  a r e  actual ly  the kind of su r faces  that occur  in the ma jo r i t y  of rea l  p r o b l e m s ,  and any continuous su r face  
can a lways  be approx imated  with sufficient  a ccu racy  by a s y s t e m  of plane faces .  The t e m p e r a t u r e  and e m i s -  
s ivi ty dis t r ibut ions  ove r  each face a r e  va r iab le .  

The radia t ive  heat  t r a n s f e r  in such a region is descr ibed  by a sy s t em of Fredholm integral  equations of 
the second kind in the incident flux density:  

N 

qinc (p~) = ~ .I {cre (p~.) T r (p~) @ [1 - -  e (pj)] qinc (P~)} K (p~, pj) dFj, (1) 
i=I F i 

i = 1 ,  2 . . . . .  N, 

where  K(Pi, pj) is a function of the angular  coeff ic ients :  
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