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A method is descr ibed and resul ts  are shown of measur ing  the charac te r i s t i c s  of capi l la ry-  
porous wicks for heat pipes on a single test  stand. 

Many studies have been made recent ly  which show the effect iveness of using heat pipes as a solution 
to various problems in heat t ransmiss ion,  thermostat izat ion,  thermal  protection,  etc.,  but never theless  
there has been no reliable theory developed yet  for the design of heat pipes. The descript ion of heat and 
mass  t rans fe r  in some known theories  is concerned mainly with the wick charac te r i s t i c s ,  which indicate 
the limitations on the heat t ransmit t ing capability of a heat pipe. 

Such charac te r i s t i c s  of porous mate r ia l s  used for wicks are:  a) the size (radius) distribution of 
pores :  the integral  w(r) and the differential dw/dr ,  b) the total poros i ty  17, c) the maximum height of feed 
hma x, d) the permeabi l i ty  as a function of the mois ture  content K(U), and e) the total permeabi l i ty  of a 
specimen K. 

These charac te r i s t i c s  are  usually determined experimental ly only, by means of var ious special  test 
devices.  
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Fig. 1. Schematic d iagram of the e lec t r ica l  apparatus for  
the capacitance method of measur ing  the mois ture  content 
(I); mois ture  content in a wick as a functionof the height, 
at var ious instants of time (1I). 

Institute of Heat and Mass Transfer ,  Academy of Sciences of the Beloruss ian  SSR, Minsk. T r a n s -  
lated f rom Inzhenerno-Fiz icheski i  Zhurnal, Vol. 23, No. 4, pp. 606-611, October,  1972. Original ar t ic le  
submitted March 22, 1972. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g/est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1223 



O0 

gO 

/oo goo 3O0 r I 
,f(rl 

F i g .  2 .  

Fig. 3. 
function of the height in this wick (2). 
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Integral (1) and differential (2) size (radius) distribution of pores ,  w (%). 
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Kinetics of the feed front in the capi l la ry-porous  wick (1) and velocity of the feed front as a 
Velocity v (cm/sec) ,  time t (min), 1/h (cm-1). 

In this ar t ic le  the authors outline a method of calculating the charac te r i s t i c s  of capi l la ry-porous  
wicks f rom the curves  of feed kinetics which have been measured  on a single test  stand. 

The feed kinetics in a capi l la ry-porous  wick will be understood here  to mean the time variat ion of 
the longitudinal mois ture-content  profile in a wick U (h, t). 

The feed kinetics are  measured  by various methods on the basis  of: superhigh-frequency T - r a d i a -  
tion, change in the e lec t r ica l  res is tance  with changing mois ture  content, o r  change in the e lec t r ica l  capaci-  
tance with changing mois ture  content. Our procedure  for determining the feed kinetics was based on the 
use of the e lec t r ica l  capacitance as the measure  of the mois ture-content  field, analogous to the procedure  
in [1], but with the following modifications. It was not feasible to use two frequencies,  because the rate of 
capi l lary feed action was especial ly high at the s tar t .  For  this reason,  the calibration curves  were plotted 
not by calculation, as in [1], but experimentally,  somewhat complicating the test  ser ies  routine but also 
reducing the e r ro r .  The calibration was done by drying a porous specimen. 

The apparatus is shown schematical ly in Fig. 1, I. The mois ture -conten t  field in porous glass  fiber 
was measured  with 18 capaci tors ,  with the specimen in a ver t ica l  position. The common plate of all capa-  
c i tors  was a metal cylinder on which glass fiber has been" wound. Wire r ings (1 mm thick) retaining the 
glass  fiber served also as  the second capaci tor  plates.  Such a s t ructure  of a porous  specimen is analogous 
to the s t ructure  of wicks used for heat pipes and, therefore ,  this is then a di rect  method of determining the 
charac te r i s t i cs  of such wicks nondestructively.  

The e lectr ic  c ircui t  (Fig. 1, I) contained capaci tors  C 1 and C 2, by which the uniformity of the e lec t r ic  
field between the plates of each capaci tor  could be gaged. In o rde r  to eliminate the mutual interference 
between the fields of the capaci tors ,  the high-frequency signal was sent sequentially to each capaci tor  
alone through a stepper switch. 

The method of calculating the charac te r i s t i c s  of capi l la ry-porous  wicks for low-tempera ture  heat 
pipes is i l lustrated on the feed kinetics of a grade ASST-b-2 wick (7 layers  in 3 mm), measured  as shown 
here.  

The U(h, t) curves  of feed kinetics for this wick have been plotted in Fig. 1, II. 

F r o m  the curve which represen t s  the mois ture-content  profile af ter  the end of the feed p rocess  
U(h)t=~ (Fig. 1, II), and by calculation according to the formula in [2] 

w = U Yo , (1) 
Y, 

we obtain both the integral and the differential distribution of pores  in the capi l la ry-porous  wick in a heat 
pipe (Fig. 2), and these yield the data about the minimum pore radius rmi  n -- 28.4 t~, the mean or  the p r e -  
dominant pore radius r m = 30 t~, and the poros i ty  II = 530. 
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Fig. 4. 1) Dynamic permeabi l i ty  of wick Kdy n as a 
function of the pore radius during feed action; 2) total 
(integral) permeabi l i ty  K.  101~ cm 2 as a function of the 
pore radius.  

The maximum height of capi l lary feed, according to measurements  on the basis  of the mois tu re -  
content profile (Fig. 1 , I  I), was 52 cm. 

Curves represent ing the kinetics of the feed front in the porous specimen are  shown in Fig. 3, plotted 
f rom the values of the front height h and the corresponding values of time t in Fig. I at points a, b, c, d, 
etc.,  and also the rate of front r ise  as a function of the height. It is to be noted that the v = f(1/h) relation 
cannot be approximated by a straight  line, as is usually done for determining the maximum feed height. 
The reason for this is that porous specimens of glass f iber have a polycapi l lary s t ructure .  

On the basis  of the mois ture-content  fields (Fig. 1, II) one can determine the dynamic permeabi l i ty  
Kdy n - an important  wick proper ty  - which is related to the total permeabi l i ty  K somewhat like the dif- 
ferent ial  size (radius) distribution of pores  to the porosi ty  II. Since we are  dealing with feed action here,  
the dynamic permeabi l i ty  must  be t reated as the permeabi l i ty  of the base of capi l lar ies  which at a given 
instant of time part icipate in forming the feed front. On the other  hand, Kdy n represen ts  a modified ve r -  
sion of the capil lary conductivity ~4r which appears  in the equation of liquid flow during free feed action 
[21- 

i= • (2) 

From Darey's Law one obtains the following equation of liquid flow during free feed action: 

2(~ cos 0 
- -h  

V. rm,, (3) 
V = Kdy n % ~hUinst ' 

where coefficient Kdy n is a function of the height h. 

The quantity Uinst, the mois ture  content at height h of the feed front, cor responds  to the initial value 
of each p iecewise-constant  approximated mois ture-content  profile in Fig. 1, lI. Since the radius of intaking 
capi l lar ies  and the fract ion of such capi l lar ies  vary  according to the size (radius) distribution of pores ,  
hence the relat ion Kdy n = f(h) may have a few maxima. With the aid of Eq. (3), one can then determine this 
relation. 

In Fig. 4 is shown a portion of this curve for  our porous specimen. 

The application of D a r c y ' s  Law to our case is justified on the basis  of data available in the technical 
l i terature  concerning the validity of this law to transient  p roces se s  [3]. 

The integral  permeabi l i ty  of the specimen can be calculated by graphical  integration of the Kdyn(r) 
curve according to the formula 

( K d y n ( r )  dr. (4) 
I 

g ( r )  - r - -  rm,~ 
rmin 
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Fig. 5. a) Po re  radius  as a function of the height, according to the 
Joureue  formula  (1); radius  of po re s  forming  the feed front,  as  a 
function of the height (2). b) Cosine of the wetting angle cos 0 as a 
function of the height during feed action, for  a wick of g lass  f iber  
(1), according to the fo rmula  iu [5] (2). Height h (cm). 

The shape  of this in tegral  pe rmeab i l i t y  curve  K(r), a por t ion  of which is shown in Fig. 4, should be 
analogous to the shape of the curve  r ep resen t ing  the s ize (radius) dis t r ibut ion of po res ,  i . e . ,  K(r) --* K as  
r ~ r m a  x, where  K denotes the total pe rmeab i l i t y  of a spec imen.  

In formula  (3) there  appea r s  the radius  r ,  which is re la ted  uniquely to the veloci ty  of the feed front ,  
the radius  of the base  of cap i l l a r ies  which fo rm the feed front .  The re la t ion between such a capi l la ry  radius  
and the front  height is shown in Fig.  5a (curve 2), which has  been calculated f rom the same  curves  of feed 
kinet ics  in U(h, t) coordinates  (Fig. 1, IT). 

With the in tegra l  pore  dis tr ibut ion curve  and the final instantaneous mo i s tu re  content Uinst(h) 
= N~-r2Ah, one can r a t he r  eas i ly  de te rmine  the radius  of cap i l l a r i e s  with a given instantaneous mo i s tu re  
content. The cha rac t e r i s t i c ,  shown in Fig.  5a (curve 2), is  also of in te res t  because  it gives some indica-  
tion about the magnitude of the inrush angle. 

Data in the technical  l i t e ra tu re  [4] indicates  that the dynamic wetting angle d e c r e a s e s  during feed 
action, i . e . ,  that the cosine of this angle i nc r ea se s .  According to calculat ions in [5], the cos0  = f(h) curve  
is a s t ra ight  line s i m i l a r  to curve  2 in Fig.  5b. The calculat ions in [5] a re  based  on the s impl i f ied  Navier  
-S tokes  equation for  capi l la r ies :  

with r m i  n in the place  of r(h). 

cos 0 = 4~th dh _~ r (h) ghT.  , (5) 
r(h) ~ dt 2~ 

Actually,  the base  radi i  of cap i l l a r i e s  par t ic ipa t ing  in the fo rmat ion  of the feed front  va ry  according  
to curve 2 in Fig. 5a. The re fo re ,  inser t ing  r(h) into (5) will yield the re la t ion r ep re sen ted  by curve  i in 
Fig.  5b. Such a t rend of the curve  is explained by the d ivers i ty  of pore  s i zes  in a porous  body. In capi l -  
l a r i e s  with a la rge  radius  the feed veloci ty  is r a t he r  high while the feed height is low and, there fore ,  at the 
s t a r t  of feed action the menisc i  in cap i l l a r i e s  fo rming  the feed f ront  a re  close in shape to those of stat ic 
menisc i .  

It is to be noted, in conclusion, that the method shown he re  is well suited for  the determinat ion of 
n e c e s s a r y  c h a r a c t e r i s t i c s  of porous  wicks for  heat  p ipes .  The c h a r a c t e r i s t i c s  thus obtained can then be 
used for  calculat ing the heat t r ansmi t t ing  capabil i ty of a heat  pipe.  

N O T A T I O N  

w is the volume of po re s  pe r  unit volume of porous  body; 
I] is the poros i ty ;  
r is the radius  of pores ;  
K is the pe rmeab i l i ty ;  
U is the moi s tu re  content; 
x is the space coordinate;  
t is the t ime;  
h i s  the height; 
T 0 is the density of dry  porous  spec imen ;  
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is the density of the liquid; 
is the viscosi ty;  
is the mass  flow rate;  
is the capi l la ry  potential; 
is the veloci ty of the feed front; 
is the mois ture  content (step) at the boundary of the feed front.  
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