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The cap i l l a ry  absorpt ion  kinet ics  in m e t a l - f i b e r  wicks for  l o w - t e m p e r a t u r e  heat  pipes is in -  
vest igated.  The expe r imen ta l  r e su l t s  agree  with the p r e l i m i n a r y  conclusions concerning 
op t imum wick s t r u c t u r e s .  

The growing in t e r e s t  in the development  and invest igat ion of heat  pipes is due to the poss ibi l i ty  of 
uti l izing them success fu l ly  in va r ious  b ranches  of mode rn  technology. The m o s t  impor tan t  s t ruc tu ra l  e l e -  
men t  of a heat  pipe is the wick,  in which a liquid h e a t - t r a n s f e r  agent  moves  under the action of the cap i l -  
l a ry  potential .  

The l imi ted  h e a t - t r a n s f e r  capaci ty ,  which is a r e su l t  of the t r a n s p o r t  p rope r t i e s  of wicks ,  is one of 
the basic  f ac to r s  in the opera t ion of l o w - t e m p e r a t u r e  heat  pipes.  The t r a n s p o r t  p r o p e r t i e s  of a wick,  d e t e r -  
mined by the c h a r a c t e r i s t i c s  of the porous  m a t e r i a l  (porosity,  pore  dis t r ibut ion,  raean pore  d i a m e t e r ,  and 
pe rmeab i l i ty ) ,  a r e  es t imated ,  in the final ana lys i s ,  with r e s p e c t  to the flow ra te  and the m a x i m u m  r i s e  
height of the opera t ing  liquid. The flow ra te  and the r i s e  height a re  a lso  affected by the wett ing contact  
angle. However ,  this p a r a m e t e r  depends only on the su r face  phenomena at  the w i c k - l i q u i d  in ter face .  

A [though the s t ruc tu r a l  and hydrodynamic  c h a r a c t e r i s t i c s  of porous  wick m a t e r i a l s  have been in -  
ves t iga ted  in many  pape r s ,  few of them a re  devoted to expe r imen ta l  invest igat ions of the cap i l l a ry  a b s o r p -  
tion ra te  [1-3]. These  invest igat ions  w e r e  not concerned  with opt imum porous  s t ruc tu res .  G las s  fabr ic  
was  used as the wick m a t e r i a l  in [1, 2t, and Ref raz i l  (mate r ia l  based on s i l icon dioxide f ibers)  was used 
in [3]. However ,  in mos t  c a s e s ,  it is advisable  to use me ta l  wicks  (gauze, powder,  o r  f ibrous ma te r i a l s )  
in heat  pipes.  

We provide  h e r e  the r e su l t s  of an expe r imen ta l  invest igat ion of the c h a r a c t e r i s t i c s  of cap i l l a ry  a b -  
sorp t ion  by wick spec imens  made  of h igh-poros i ty  f ibrous  copper  m a t e r i a l s .  

An invest igat ion of the s t ruc tu r a l  and hydrodynamic  c h a r a c t e r i s t i c s  of m a t e r i a l s  with di f ferent  r a t ios  
of the length of init ial ,  monod i spe r se  d i s c r e t e  f ibers  to thei r  d i a m e t e r  ( l f / d f  = 45, 75, 150) was c a r r i e d  
out before  the expe r imen t s  desc r ibed  he re  we re  pe r fo rmed .  In pa r t i cu l a r ,  dependences of the p e r m e -  
abi l i ty fac tor  K, the mean  pore  d i a m e t e r  Dme , and the cap i l l a ry  pump p a r a m e t e r  K / D m e  on the poros i ty  
I] w e r e  de te rmined  for  the range II = 58-96%. The re la t ionships  obtained led to p r e l i m i n a r y  conclusions  
concerning opt imum porous  s t ruc tu r e s ,  which a r e  the following: 

1. Wicks with a m a x i m u m  value of K / D i n e  a re  bes t  for  heat  pipes opera t ing in the hor izonta l  p o s i -  
tion. 

2. Wicks opera t ing  agains t  the force  of gravi ty  should be opt imized f i r s t  with r e spec t  to the mean  
pore  d i a m e t e r ,  which d e t e r m i n e s  the requi red  height of cap i l l a ry  r i se .  Then f rom the obtained 
s t ruc tu re  va r i an t s  with the s a m e  mean  pore  d i ame te r ,  the s t r u c t u r e  with the l a rge s t  value of 
K / D i n e  is chosen.  

Our a im was  to inves t igate  the kinet ics  of cap i l l a ry  absorp t ion  by f ibrous  wicks with different  s t r u c -  
tu res  and c o m p a r e  the r e su l t s  with the p r e l i m i n a r y  conclusions concerning opt imum s t ruc tu res .  All of the 
nine tested spec imens  w e r e  made in the shape of p la tes  with a length of 500 ram,  a width of 45 m m ,  and a 
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TABLE 1. Resul ts  of Investigation of the Structure,  Permeabi l i ty ,  
and Capi l lary Equilibrium Height of Fibrous Wicks 
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thickness of 2 mm (the s t ruc tura l  cha rac t e r i s t i c s  of the wicks a re  given in Table 1). The specimens were  
fastened inside glass  tubes with a length of 510 mm and an inside d iameter  of 87 mm. The liquid f rom a 
feed buret  was supplied at the end of the porous specimens.  Ind ica tor  paper  s t r ips  with a width of 3 mm 
were  secure ly  fastened to the wick surface by means of clamps at cer ta in  distances from each other. The 
c lamps were  connected through a multipoint switch to one terminal  of an ohmmeter ;  the other  terminal  was 
connected to the clamp in d i rec t  contact  with the metal l ic  surface of the wick. The movement  of the liquid 
f ront  was determined with r e spec t  to the wetting and the res i s tance  drop of the indicator paper. 

Liquid evaporat ion f rom the wick surface was reduced to a minimum. This was achieved by hermet ic  
sealing of the glass tube and by saturat ing the space around the wick with vapor of the operating liquid for  
a period of 1-2 h before s tar t ing an experiment.  The design of the device made it possible to switch the 
position of the specimen f rom the horizontal  to the vert ical .  In testing ver t ical ly  positioned specimens,  
we also recorded the maximum height of capi l lary r ise;  each exper iment  was performed over  a period of 
1 to 3 days in o rde r  to ensure  this. 

Distilled water  and acetone at t = 20 =L 2oc were  used as the operating liquids. 

All specimens  were oxidized at t = 300~ in o rde r  to improve the wetting of the porous s t ructure .  
The movement  of the impregnat ion front along the wick was a l s o  observed visually on oxidized specimens.  

A s a resul t  of p rocess ing  the experimental  data, we determined the distr ibutions of the impregnation 
front  velocity along the wicks by means  of graphic differentiation of the absorption kinetics curves.  

According to the ea r l i e r  exper iments ,  the capi l lary pump pa rame te r  K / D m e ,  which cha rac te r i zes  
the t ranspor t  capaci ty of the wick in the horizontal  position, inc reases  with the porosi ty and the d iameter  
of initial f ibers.  However,  the maximum attainable porosi ty  of the mater ia l  diminishes with an increase  
in the f iber d iameter .  The maximum poros i t ies  IIm of s t ruc tu res  with the rat ios  / f / d r  = 150, 75, 45 lie in 
the ranges 93-97%, 88-93%, 80-85%, respect ively.  Since the possibil i ty of improving the capi l lary pump 
p a r a m e t e r  is limited by the maximum poros i ty  of each type of mater ia l ,  the maximum vatues of K / D m e  
were  achieved in the previous  exper iments  for a s t ruc ture  with l f / d f  = 75 (IIm = 93.3%). Lower values 
of K / D i n e  were  obtained for  s t ruc tu res  with a smal le r  ( / f / d r  = 150; IIm = 94.6%) and a la rger  ( / f /d r  = 45; 
II m = 85%) fiber d iameter .  

The horizontal  impregnat ion rate curves  for specimens of three types of s t ruc ture  with maximum 
poros i ty  a re  given in Fig. 1. The specimen w i t h / f / d r  = 75 and II = 88.5% had the g rea tes t  t ranspor t  c apac -  
ity. The kinetics of horizontal  absorption remained virtually unchanged af ter  switching from one operating 
liquid to another.  This is explained by the a lmost  equal values of the liquid pa rame te r  cr//~ for water  and 
acetone,  which cha rac t e r i z e  the rat io of capi l lary  forces  to v i scos i ty  forces  and determine the horizontal  
impregnat ion ra te .  

F igure  2 shows the curves  for permeabi l i ty  factor  versus  mean pore d iameter ,  obtained from the 
resul ts  of the p re l iminary  investigations. Analysis  of the curves  shows that for any fixed value of Dme, 
which de te rmines  the capi l lary  p res su re ,  the s t ruc ture  with l f / d f  = 75 possesses  the highest  permeabil i ty  
(the lowest hydraulic res is tance) .  The assumption that this s t ruc ture  is also the optimum one for  operat ion 
against  the force of gravi ty is confirmed by the velocity--distribution curves .  F igures  3 and 4 show the 
resu l t s  for  specimens with three different  types of s t ruc ture  and with a lmost  equal mean pore d iameters .  
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Fig. 1. Velocity of the impregnat ion front for water  and acetone at 
= 0 ~ (v, m m / s e c ;  l, mm): 1) l f / d f =  75 and l] = 88.5%; 2) 45 and 

79.2%; 3) 150 and 95%; 4) three layers  of No. 02 gauze; 5) three 
layers of No. 008 gauze. 

Fig. 2. Permeabi l i ty  fac tor  K (m 2) as a function of the mean pore 
d iamete r  Dme (In): t) l f / d f  = 75; 2) 150; 3) 45. 

The specimen w i t h / f / d r  = 75 and II = 70% displayed the highest  t ranspor t  capacity in operat ion against  
the force of gravity.  The effect of the gravi tat ional  field on the motion of liquids with different s u r f a c e -  
tension coefficients causes  sharp differences between the absorpt ion kinetics of water  and acetone. 

Figure  4 shows the curve of the ver t ica l  rate of impregnation of unoxidized and oxidized specimens 
with acetone. A compar ison  between the curves  demons t ra tes  the importance of wick oxidation. If water  
is used as the operat ing liquid, wick oxidation is not only desirable ,  but also necessary .  

The permeabi l i ty  factor ,  the mean pore  d iameter ,  and the height H of capi l lary equil ibrium for  the 
specimens  arc  given in Table 1. The values of the mean pore d iameter  determined in previous exper i -  
ments  with respec t  to viscous fr ict ion of argon agree  with the mean d iameter  values calculated with respec t  
to the r i se  height (for cos ~ = 1). Specimens with maximum porosi ty  constituted an excep%ion, which can be 
explained by the considerable  effect  of capi l lary  hys te res i s  in their  nonuniform s t ructure .  Experiments  
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Velocit ies of the impregnation front  for wa te r  (soLid curves} 
and acetone (dashed curves)  at c~ = 15 ~ (a) and for  water  at  ~ = 90 ~ 
(b): 1) ~ f /d f  = 75 and I] = 70%; 2) 150 and 79%; 3) 45 and 61.2%; 4) 
three layers  of No. 0056 gauze (a) and 10 layers  of ASTT S-2 glass  
fabric [2] (b); 5) 120-mesh gauze [5] (v, m / s e c ;  l, mm). 
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Fig. 4. Velocity of the impreg- 
nation front of  acetone for oxid-  " 
ized (solid curves)  and unoxid- 
ized (dashed curves)  specimens  
at ce = 90 ~ (v, m m / s e c ;  l, mm):  
1) / f / d f  = 75 and II = 70%; 2) 45 
and 61.2%. 

on the lowering of the liquid in a previously soaked wick (these 
conditions a re  c lose r  to the actual p rocess  in a heat pipe) would 
obviously yield l a rge r  values of the height of  capi l lary equilibrium 
and, correspondingly ,  smal le r  pore d iameters  for  specimens 
with maximum porosi ty;  

Thus, the experimental ly  investigated kinetics of capi l lary 
absorpt ion in meta l - f ibe r  wicks agrees  with the resul ts  of the p r e -  
l iminary analysis  of their  s t ruc tura l  and hydrodynamic c h a r a c t e r -  
ist ics.  

Of the investigated three types of fibrous mate r ia l s ,  the 
s t ruc tu re  w i t h / f / d r  = 75 has the highest t ranspor t  capacity. Wicks 
with maximum poros i ty  should be used for  heat pipes operating in 
the horizontal  position. The poros i ty  of a wick operating against  
the force of gravity: should correspond to the pore d iameter  en-  
suring the required height of cap i l la ry  equilibrium. 

Table 2 pr~vfdes a compar i son  between the charac te r i s t i c s  
of fibrous and latticed wicks with respec t  to two pa rame te r s :  the 
capi l lary  r i se  height f o r  water  and the complex KH. As in the case  
of K / D m e ,  the s e c o n d p a r a m e t e r ,  taken separately ,  cha rac t e r i ze s  
the horizontal  t ranspor t  capacity of the wick. Operation against  
the force of gravi ty is evaluated by consider ing these two p a r a m -  

e te r s  simultaneously.  An analysis  of Table 2 shows that fibrous wicks have considerable  advantages over  
latticed wicks,  especial ly in operat ion against  the force of gravity.  This conclusion is confirmed by di rec t  
compar i son  between the impregnation ra tes  of var ious porous wicks (Figs. 1, 3a, and 3b). 

The above investigations have provided a rat ional  basis  for designing heat pipes with efficient fibrous 
wicks.  
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NOTATION 

is the ratio of fiber length to fiber diameter; 
is the wick porosity; 
is the maximum porosity; 
is the mean pore diameter; 
is the permeability factor; 
is the height of capillary equilibrium; 
is the velocity of the impregnation front; 
is the wick length from the starting point of impregnation; 
is  the angle between the longitudinal axis  of the wick and the hor izonta l  plane; 
is the wetting contac t  angle of the wick ma te r i a l ;  
is the s u r f ace - t en s i on  coeff ic ient  of the liquid; 
is the dynamic v i scos i ty  of the liquid. 
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