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Results are  presented f rom an experimental  study of heat t r ans fe r  in the vaporiz ing zone of a 
miero thermosiphon with capi l la ry-pore  s t ruc tures  present  on the heat-emit t ing surface.  

The use of thermosiphons to cool devices which emit  heat locally - par t icu lar ly  semiconductor  devices - 
requires  h igh-ra te  heat t r a n s f e r  to a limited surface a rea  of the vaporiz ing zone. It is well known that one 
method of intensifying heat t r ans f e r  during boiling is covering the heat-emit t ing surface with lyophilic or  lyo- 
phobic cap i l la ry-pore  s t ruc tures .  However, there is no unambiguous and sys temat ic  experimental  data on these 
topics in the l i terature.  

Presented  below are  resul ts  of an experimental  study of heat t r a n s f e r  in the boiling of distilled water  in a 
ver t ica l  micro thermsiphon with a supply of heat to the end, which was covered with different combinations of 
b ras s  grids and perforated teflon sheets.  The "micro"  re fe r r ing  to the thermosiphon indicates the smal l  size 
of the heat-emit t ing surface,  comparable to the mean separat ion d iameter  of vapor  bubbles of the working liquid. 

The experimental  method and conditions were descr ibed in [1]. The heat-emit t ing surface of the copper  
end of the micro thermosiphon had a roughness of 6.3 # m  and a d iamete r  of 4" 10 -3 m. Two sizes of b ras s  grids 
were used: a grid of 0.05- 10-3-m-d iamete r  wire with an inside mesh of 0.08.10 -3 m (grid 0.08); a grid of 
0 .14 -10 -3 -m-d iame te r  wire with an inside mesh of 0.28" 10 -3 m (grid 0.28). The grids were held in acetone and 
washed in distilled water  before use. The teflon sheets had the following pa ramete r s :  6 =0 .1 -10  -3 m, n=7,  d=  
0.8"10 -3 m (sheet No. 1); 5 = 0 . 6 - 1 0  -~ m, n=7,  d = l ' 1 0  -3 m (No. 2); 5=0 .6"10  -3 m, n=3,  d = l ' 1 0  -3 m (No. 3); 
5 = 0 . 1 "  10 -3 m, n=4,  d=0.8"  10 -3 m (No. 4). The grids and sheets were pressed tightly to the hea t -emi t t ing  
surface by a special  s t a r - shaped  inser t  with three copper  a r m s  0.4- 10 -3 m thick. The inser t  was p res sed  to 
the heat-emit t ing surface by a spring. The height of the liquid layer  during boiling was kept within the range 
(5-10). 10 -3 m. 

Figure 1 shows the resu l t s  of the tests ,  involving boiling water  under a tmospher ic  p r e s s u r e  on the end 
surface covered with a brass  grid. It is apparent  from the figure that the presence  of the grid significantly 
intensifies heat t r a n s f e r  compared to boiling on a free end-surface ,  especial ly in the region of relat ively smal l  
AT. The mesh sizes and the location of the grids relative to each other in a mult i layered packet have no effect 
on heat t ransfer .  This is in accord  with the representa t ions  in [2] on the role of the geometry  of the capi l la ry-  
pore s t ructure ,  as well as with the data in [3]. 

F igure  2 shows the results  of tests  of boiling on an end covered with the perfora ted  teflon sheets.  

The pronounced lyophobic proper t ies  of teflon facili tate formation of the vapor  phase in the boundary layer  
of the liquid and thus help increase  heat t r ans f e r  [4]. The data in Fig. 2 shows that this takes place when 
"steaming" of the hea t - t r ans fe r  surface  is avoided. Thus, re la t ively thin (0.1 " 10 -3 m) sheet No. 1 was e las t ic  
enough to form a cavity with the heat -emit t ing  end to allow circulat ion of the liquid, thereby increas ing  the heat -  
t r ans f e r  rate in the region of small  AT. Heat t r ans f e r  of the same intensity was recorded  in a special  se r ies  
of tes ts  using a s ta r - shaped  teflon inser t  with five a r m s  0.5 �9 10 -3 m thick and 5 �9 10 -3 m high placed on the end 
without grids.  Sheets 0.6 �9 10 -3 m thick, being more rigid, were laid on the heat -emit t ing  sur face  without an 
intervening gap. Heat t r a n s f e r  was thus reduced in this case due to "steaming" of the surface as a result  of 
there  being no inflow of liquid. Steaming also led to a low hea t - t r ans fe r  rate for  thin sheet No. 4, since the 
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Fig. 1. Dependence of q (W/m 2) on AT (OK) with b r a s s  gr ids  on the sur face  and P = l  bar;  1) grid 0.08;2) 
0.08 + 0.28 (henceforth, the f i r s t  gr id is in contact  with the end and the second grid l ies on top of the f i rs t ) ;  
3) 0 .08+0.28+0.28;  4) 0.28; 5) 0.28+0.08; 6) 0 .28+0.08+0.08;  7) 0.28+0.28; A) no grids  on end, ca lcula-  
t ion f r o m  [1]; B) calculat ion f r o m  Eq. (2). 

Fig. 2. Dependence of q (W/m 2) on AT (~ with pe r fo ra t ed  tef lon sheets  on the su r face  and P =1 bar :  1) 
sheet  No. 1; 2) No. 2; 3) No. 3; 4) No. 4; 5) 0.08+No. 7; 6) s t a r - s h a p e d  teflon inser t ;  A) f ree  end, ca lcula-  
t ion f r o m  [1]; B) f r o m  Eq. (2); C) f rom Eq. (1). 

Fig. 3. Dependence of q (W/m 2) on AT (~ with capi l la ry  s t ruc tu r e s  on the su r face  and p =0.3 bar :  1) 
0.08; 2) 0.08+No. 2; 3) No. 3; A) f ree  end, calculat ion f r o m  [111 B) calculat ion f r o m  Eq. (2). 

f rac t ion  of i ts  f ree  c ross  section,  equal  to 0.16, was insufficient  to p e r m i t  f ree  outflow of vapo r  f r o m  the end 
sur face .  

The t e s t  data for  sheet  No. 1 and the teflon i n se r t  at AT =1.5-25OK is approximated  by the equation 

q = 16.103 (AT 1,6 4- 14.4). (1) 

Heat t r a n s f e r  is intensif ied cons iderably  in the region of sma l l  AT with the p lacement  of gr ids  and sheets  
on the hea t - emi t t ing  su r face  and for  boiling at a p r e s s u r e  below a tmosphe r i c  (Fig. 3). It can be seen  f r o m  the 
figure that, in this case,  the di f ference in heat  t r a n s f e r  for different  cap i l l a ry -po re  s t ruc tu re s  degenera tes .  
This has to do with the fea tu res  of boiling and a reduct ion in the effect  of sur face  conditions on vapor iza t ion  at 
low p r e s s u r e s  [4]. 

The following h e a t - t r a n s f e r  equation was obtained as a resu l t  of ana lys is  of the t e s t  data  for  the in te rva l  
P =0.25-1 bar  with b r a s s  gr ids  on the su r face  

q ~ 8.103 (p1,9 AT 2 + 12.5), (2) 

which cor responds  to an in te rva l  AT =1.5-25~ at P = l  ba r  and AT =3-30~K at P=0 .25  bar .  

NOTATION 

5, thickness; n, number of holes; d, diameter of holes; AT =Tst- Ts, temperature head; q, he~t flux; P, 
pressure; T, temperature. Indices: st, heat-emitting surface; s, saturation. 
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H E A T  E X C H A N G E  A L O N G  T H E  I N I T I A L  S E G M E N T  

I N  A H E A T  E X C H A N G E R  W I T H  A H E L I C A L  F L O W  

B. V. D z y u b e n k o  UDC 536.24 

The cha rac te r i s t i c s  of local heat t r ans fe r  along the initial segment  and along the segment with 
stabilized a i r  flow in longitudinal flow past  a bundle of coiled oval tubes are  established 

The charac te r i s t i cs  of heat t r ans f e r  in heat exchangers  with longitudinal flow past  a bundle of coiled oval 
tubes were examined in a number  of papers  [1-4], wherein it was shown that the observed increase  in heat 
t r ans f e r  is explained by the proper t ies  of helical  flows in channels with a complicated shape. An equation was 
proposed in [2, 3] that descr ibes  the hea t - t r ans fe r  p rocess  in a stabiIized turbulent flow in the range of num- 
bers  F r m  =232-2440: 

N--u = 0.023Re ~ ,8 pr o .4 (1 -F 3,6Frm ~ ,a57) (Tw/Tf)-0.55, (1) 

where 

Re = ~mm deP/~' (2) 

Frm= S~/dde, (3) 

which differs f rom the equation for c i rcu la r  pipes [51 

Nu = 0,023 Re ~ pr ~ (Tw/T f 1 -~ (4) 

by a fac tor  that depends on the number  F r  m. F o r  F r  m numbers  less than 100, the hea t - t r ans fe r  coefficient 
inc reases  to a l a rge r  extent than follows f rom Eq. (1). Thus, for  values of the number  F r m = 6 4 ,  heat t r ans f e r  
in a bundle of coiled tubes can be descr ibed by the function [1] 

N-if= 0.0521 Re ~ Pr ~ (Tw/T f )-0.55 (5) 

However, Eqs. (1) and (5) descr ibe  only the locally averaged heat t ransfer ,  since along the segment  with 
stabilized flow, the experimental  data a re  observed to separate  within a range of approximately  ~15%, as noted 
in [1-3], which must be taken into account in the hea t - t r ans fe r  law. In addition, it is neces sa ry  to establish the 
law governing the change in the hea t - t r ans fe r  coefficient along the initial segment  of the flow. This paper  is 
concerned with solving these problems.  

The heat t r ans f e r  was investigated using a general ly accepted technique on experimental setup descr ibed in 
[1] with a i r  as the heat t r ans fe r  agent. The heat exchangers  consisted of 37 coiled tubes of length 500 and 750 
mm and the poros i ty  for  the hea t - t r ans fe r  agent was m=0.527-0.544.  The tubes were made of Khl8N10T s t e e l  
The tubes were heated by pass ing an alternating e lec t r ic  current  through them f rom a OSU-100 t r ans fo rmer ,  
controlled by AOMK-180 autot ransformer .  C h r o m e l - A l u m e l  thermocouples ,  welded to the in te r ior  of the 
central  tube in the bundle at five sections along its length, were used to measure  the t empera tu re  of the walls of 
the tubes. The densely packed lattice of the bundle had an ordered s t ruc ture  with the coiled tubes touching one 
another at the output par t  of the bundle along the long axis of the oval tube profile. The flow of the hea t - t r ans fe r  
agent entered the bundle axisymmetr ica l ly .  The measur ing sys tem permit ted  determining the Nusselt  number 
with a limiting relative e r r o r  of �9 7% with the following range of pa rame te r s :  S/d = 6.2-34; F r m =  64-2440; Re = 
2 - 103-4 �9 104; Tw/Tf  =1.0-1.73; and x /d  e = 3.75-103. 

The nature of the change in the hea t - t r ans f e r  coefficient along the length of the bundle of coiled tubes can 
be seen in Fig. 1, where the resul ts  of the exper imental  investigation of heat t r ans f e r  ~n the bundle with a num- 
ber  F r m =  924 is shown as the hmctional relation: 
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