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Operating resul ts  are  presented for heat pipes where the t ranspor t  of a hea t - t r ans fe r  agent is 
caused by rec iproca t ing  motion of the pipe itself. The experimental  resul ts  are  general ized 
with the aid of a correlat ion.  

An interest ing member  of the d iverse  family of heat  pipes is the pipe where t ranspor t  of a hea t - t r ans fe r  
agent resul ts  f rom rec iprocat ing  motion of the pipe itself. These pipes find application in components of 
machines and mechanisms  that experience rec iprocat ing  motion and require  cooling. In this type of pipe, as 
in the ro ta ry  heat pipe, the hea t - t r ans fe r  agent is set in motion by the pipe motion. Pipe length and diameter  
that would be mos t  probable for pract ica l  use were chosen for an experimental  investigation. The oscillation 
amplitude of the heat pipe was chosen to be comparat ively smal l ,  0.075 m, so that a considerable fract ion of 
the pipe would be occupied by a nonordered liquid flow. For  reasons  of manufacturing simplici ty,  wickless 
pipes,  both with a noncondensible gas and without it,  were chosen for the investigation. To obtain data on the 
hydrodynamics and to determine the quantity of the hea t - t r ans fe r  agent, some of the tests  were car r ied  out 
with a t ransparen t  unheated and heated pipes. In the exper iments ,  the var iables  were the frequency of heat 
pipe motion (the heat pipe moved only its axis), the t ransmit ted power,  and the orientation relative to the 
direction of gravity.  Ethyl alcohol was the working liquid. 

The experimental  investigation was conducted on equipment consisting of an e lec t r ic  motor ,  a crank 
gear ,  the pipe, and measurement  and control equipment. The glass pipes had a length of l = 0.14 m and a 
d iameter  of ~ = 0.013 m. They were heated with an insulated Nichrome spiral  and cooled by means of a cop- 
per coil ca r ry ing  water .  The pipes were filled with a hea t - t r ans fe r  agent to one-twelfth,  one-fifth,  and one- 
third of their  volume. 

Copper heat pipes of length 0.1 and 0.3 m, and diameter  0.01 and 0.016 m,  with an insulated t ranspor t  
zone were  heated by the ohmic heating and cooled with water  f rom a constant level bath, passing through a 
water  jacket. The tempera ture  at the pipe surface in the evaporat ion,  t ranspor t ,  and condensation zones 
was measured  as a function of pipe length at 9-12 points by means of thermocouples  and a type KSP-4 r e -  
corder .  The pipes were filled with the hea t - t r ans f e r  agent to one-fifth and one-third of the volume. The 
e lec t r i c  power var ied in the range 50-600 W, and the frequency of motion varied f rom 0 to 60 rps.  The 
experimental  conditions are  shown in Table 1. 

Observat ions of the liquid motion in the unheated t ransparent  ver t ical  pipe showed that, beginning at n = 
4 rps,  the hea t - t r ans fe r  agent completely i r r igated the internal surface,  moving over  the entire pipe 
volume. When n = 6 rps was reached,  the spraying in the top par t  of the pipe became droplike in nature. 
With an increase  in n the drop size became steadily smal le r  and the number of drops increased  signi-  
ficantly. Of the hea t - t r ans fe r  fillings of one-twelfth, one-fifth,  and one-third of the pipe volume examined, 
the last  two were chosen. 

Visual observat ions of the vapor space under conditions where the pipe was heated with the lower loca-  
tion of the condensation zone indicated that the vapor forming with increase of power prevents  motion of the 
drops ,  and this acce le ra tes  drying up of the liquid film on the wall. 

Most of the tests  were ca r r i ed  out with copper heat pipes,  filled to one-fifth and one-third of their  
volume. All three pipes operated successful ly in the range of pa rame te r s  investigated. It can be seen f rom 
Fig. 1 that for a heater  power of 50 W, the t empera tu re  drop between the evaporator  and the condenser for 
all three tubes decreased  sharply with increase  of frequency in the neighborhood of n = 4 rps.  A fur ther  
increase  in the rps up to 10 improved the heat t ransfer ,  but the relative velocity effect did not increase  
as rapidly. Therefore ,  an increase  in the rps has a s t rong influence on the heat t r ans fe r  when the number of 
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TABLE 1. Exper imen ta l  Conditions 
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Fig. 1. T e m p e r a t u r e  dis t r ibut ion along a ve r t i ca l  heat  
pipe as a function of its length and d i a m e t e r ,  the amount  
of h e a t - t r a n s f e r  agent ,  the posit ion of the condenser ,  the 
f requency of mot ion and the p r e s e n c e  and absence  of non- 
condensible gas,  for  Pel  = 50 W: 1) n = 4; 2) 5; 3) 6; 4) 10; 
5) 0 rps .  The f rac t ion  of the pipe fi l led with the hea t -  
t r a n s f e r  agent  and the locat ion of the condenser  were :  
q~ = 0.016 m ,  a) 0.2, condenser  below; b) 0.33, below; c) 
0.2, above,  with noncondensible gas;  d) 0.2, above; e) 0.2, 
below; q~ = 0.01 m,  f) 0.2, below. The length is 0.3 m (a, 
b, a n d c )  and 0 . 1 m  (d, e ,  andf ) ,  a ,  b,  and c re la te  to 
heat  pipe No. 1, d and e r e f e r  to No. 2, and f r e f e r s  to 
No. 3; t is  in ~ 

cycles  is smal l .  In the t e s t s  with the pipe of length 0. 3 m,  a s ignif icantly g r ea t e r  t e m p e r a t u r e  drop was ob-  
s e rved  than fo r  the pipe of length 0.1 m. The t e m p e r a t u r e  drop d e c r e a s e d  with i nc rea se  of the amount of the 
h e a t - t r a n s f e r  agent  in the pipe f r o m  one-fif th to one- th i rd  of its in ternal  volume (Fig. lb).  F o r  a sma l l e r  
in ternal  d i a m e t e r  of pipe (0.01 m) the t e m p e r a t u r e  d rop  along the length is l a r g e r  than for  q5 = 0.016 m ,  but its 
dependence on the f requency is l e s s  (Fig. If) .  

Severa l  t e s t s  we re  conducted with a Pipe No. 1, fi t ted with a h e a t - t r a n s f e r  agent  without pumping out the 
a i r .  With an inc rease  in the f requency ,  the negative influence of noncondensible gas on the pipe opera t ion was 
considerably  reduced  (Fig. lc) .  This  may  be explained by the fact  that the liquid t r aps  the noncondensible gas 
and re tu rns  it to the evapora t ion  zone. 

F o r  P = 50 W and n = 4-10 rps  the posit ion of the condenser  (above and below) has l i t t le  influence 
on the operat ion of Pipe No. 2 when ve r t i c a l  (Fig. ld  and e). With i nc rea se  of P to 400 W the t e m p e r a t u r e  drop 
along the pipe i n c r e a s e s  f r o m  30 to 70~ 

An inc rease  in the hea t e r  power  up to 400 W for  Pipes  Nos. 1 and 2, and up to 200 W for  Pipe No. 3 (the 
data a r e  not shown) does not change the nature  of the heat  t r a n s f e r  with inc rease  of the f requency,  but the a b -  
solute magnitude of the t e m p e r a t u r e  drop  along the pipe becomes  l a rge  r (the m a x i m u m  values  of At for  n = 8 
rps  fo r  P ipe  No. 1 is 85~ fo r  No. 2 it  is 750C, and for  lifo. 3 it is 95~ 
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Fig. 2. Correlat ion of the test  
data (NuM = 0.0138 Rel~i~ I) heat 
pipe No. 1, II) No. 2, III) No. 3. 

Tes t s  were  also made with Pipe No. 1 horizontal ,  filled with a hea t - t r ans fe r  agent to one-fifth of its 
volume. The absolute t empera tures  obtained fell between the t empera tu res  in the tests  with a ver t ical  p ipe  
with the downward and upward positions of the condenser.  The influence of frequency on heat  t r ans fe r  begins 
to show up at a smal le r  frequency,  n = 1 rps.  

The tes t  data were corre la ted  using the relation [1, 2] 

NuM = [ (Re~,). 

in which 

Nu~ ql ,  Re~ wbl* q 
�9 ~ . , . : - - - ~  [ f f } b ~ - -  

(te --/c) Zl vl rPb 

The charac te r i s t i c  l inear dimension was taken to be /,, proport ional  to the size of the vapor bubble at the 
moment  of its origin:  

epl Pl ~  t~ - -  t c 
I, -- (tpb)Z , where tav= 2 

The physical  proper t ies  were  taken at tav [3]. 
heat pipe between the heater  and condensation zones. 
sca t ter  of 20% they cor re la te  with the relation 

�9 1 0 8  Nulv I O.OI.38Re~' , 

Here ( t e - t c )  is the la rges t  tempera ture  drop along the 
A corre la t ion  of the data is shown in Fig. 2. Within a 

q = 0.0138 
(re --  tc} ;"l Re~i~ 

l. 

This relation is valid for a film condenser  in the range of pa r ame te r s  l = 0.1-0.3 m, qSin = 0.01-0.016 m, P = 
50-200-400 W, n = 4-10 rps. This relation was used to cor re la te  the data on operation of Pipe No. 1 in the ho r i -  
zontal position for the case P = 50-200 W and n = 0-10 rps .  

n 

l 

6 
q 
t 
h 

r 
P 

N O T A T I O N  

Is the number of crankshaf t  rotations,  rps;  
~s the heat pipe length, m; 
is the pipe d iameter ,  m; 
is the pipe wall thickness,  m; 
is the amount of heat removed,  W/m2; 
ts the t empera ture ,  ~ 
Is the thermal  conductivity, W/m.  ~ 
ts the kinematic v iscos i ty ,  m/sec ;  
ts the heat of vaporizat ion,  J/kg; 
is the density,  kg/m3; 
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ff  

P 
is the su r face  tension,  N/m;  
is  the hea te r  power ,  W. 

S u b s c r i p t s  

c is the condenser ;  
e is the evapo ra to r ;  
l is the liquid; 
a is adiabatic;  
av is the ave rage ;  
in is in ternal .  

1. 
2. 
3. 
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S T R U C T U R E  P A R A M E T E R S  O F  M E T A L - F I B E R  

H E A T  P I P E  W I C K S  

M. G.  S e m e n a  a n d  A .  P .  N i s h e h i k  UDC 536.248.2 

The r e su l t s  of an exper imen ta l  invest igat ion of local  and ave rage  values  of pe rmeab i l i t y  and 
effect ive pore  d i am e t e r  for  m e t a l - f i b e r  wicks ,  using a l a s e r - D o p p l e r  ve loci ty  m e a s u r e m e n t ,  a re  
p resen ted  and d iscussed.  

Cap i l l a ry -po rous  s t r u c t u r e s  made of me ta l l i c  individual f i be r s  or  powder a r e  used success fu l ly  as the 
wicks of heat  p ipes  [1]. Exis t ing methods  of p r e p a r i n g  powdered and f ibrous  m a t e r i a l s  do not yield comple te ly  
uniform s t r u c t u r e s  for  these m a t e r i a l s .  The p r o p e r t i e s  di f fer  with d i rec t ion  and c r o s s - s e c t i o n a l  a rea .  

One of the mos t  impor tan t  c h a r a c t e r i s t i c s  governing the choice of s t ruc tu re  for  a speci f ic  applicat ion is 
the permeabi l i ty .  The methods  of m e a s u r e m e n t  in [2] usual ly  give the ave r age  value the spec imen  pe rmeab i l i t y ,  
f r o m  which one cannot a s s e s s  local  nonuniformit ies .  The authors  of [3-5] t r i ed  to solve this p rob lem by m e a -  
sur ing the ra te  of f i l t ra t ion with t h e r m i s i s t o r s  of min ia tu re  tubes displaced along the spec imen sur face .  The 
defects  of these  methods  a re  that they give indirect  informat ion ,  r equ i re  ca l ibra t ion ,  have iner t ia ,  and cannot 
m e a s u r e  a r a t e  of f i l t ra t ion that v a r i e s  with t ime.  In addition, the range  of t h e m e a s u r e d  quantity is quite 
nar row.  A new method was suggested in [6]. However ,  he re  a lso  one cannot avoid e r r o r s  introduced by the 
source  of t h e r m a l  pulses .  

The p r e s e n t  pape r  s tudies  the bas ic  p r o p e r t i e s  of p e r m e a b l e  cap i l l a ry -po rous  bodies using a l a s e r - D o p -  
p le r  ve loci ty  m e a s u r e m e n t  (LDVM). With this method one can obtain local  pe rmeab i l i t y  coeff icients  Ki, the 
dis tr ibut ion of pore  d i a m e t e r s  with s i ze ,  the d imension of the m a x i m u m  and min imum p o r e s ,  and their  number .  
With this informat ion one can e s t ima te  the quality of the m a t e r i a l ,  compare  I ts  c h a r a c t e r i s t i c s  with other  types 
of s t r u c t u r e s ,  and reach  a conclusion as to the sui tabi l i ty  of a speci f ic  manufac tur ing  technique for  specif ic  
i t ems .  It is a lso  poss ib le  to c a r r y  out t e s t s  to r e j e c t  i t ems  with a la rge  s ca t t e r  in the i r  p rope r t i e s .  

The m e a s u r e m e n t s  we re  ca r r i ed  out on an equipment  whose main e l emen t  is a type LG-75 gas l a se r .  
The working sect ion is a hollow cyl inder  with an inlet for  gas ca r ry ing  sca t t e r ing  pa r t i c l e s  and a p r e s s u r e  
pickoff.  The spec imen  is a t tached in the upper  p a r t  in such a way that the gas flow p a s s e s  through the ent i re  
sect ion of the porous  inser t .  Sealing is  done at  the end sect ion on the mount su r face  (Fig. 1). 
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