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An exper imen ta l  study was made concerning the effect  of t he rma l  links on the ra te  of helium 
evapora t ion  in a n i t rogen- f r ee  c ryos t a t  with a few suspension tubes.  As a resu l t ,  the opt i -  
mum number  and location of l inks on such suspension tubes has been es tabl ished.  

When enough heat  is t r a n s f e r r e d  f rom suspension pipes to the gas ,  then the heat conducted in the 
c ryos t a t  f rom the outer  jacke t  and f rom the radia t ion shields through such tubes to the l iquid-hel ium con-  
ta iner  is e i ther  pa r t i a l ly  or  comple te ly  compensa ted  by a change in enthalpy of the evaporat ing helium [1]. 
This  effect  is u t i l ized to the ful les t  extent in n i t rogen- f r ee  hel ium c r y o s t a t s  with h igh-vacuum insulation 
[2, 3]. 

Some c r y o s t a t s  a r e  equipped not only with a feed pipe but a l so  with auxi l ia ry  pipes ,  connecting rods  
for  the t r a n s p o r t  of spec imens ,  and control  pipes for  regulat ing the c ryos t a t  operat ion [4-7]. In s m a l l -  
d i ame te r  pipes  or  in c l ea r ances  between pipes which c a r r y  evapora t ing  helium there often occur  t h e r m o -  
acoust ic  v ibra t ions  with a high energy  content and, as  a resu l t ,  the hel ium flow ra te  i n c r e a s e s  grea t ly .  
F o r  this r eason ,  it is p r e f e r a b l e  to instal l  auxi l ia ry  pipes not c a r ry ing  any helium and to compensate  for  
the heat  leakage with t he rm a l  links between these pipes and those ca r ry ing  the gaseous hel ium [8]. 

F o r  evaluat ing the eff iciency of such links as  well  as  for  de te rmin ing  their  opt imum number  and 
location along the pipes ,  the authors  used  a n i t rogen- f ree  c ryos t a t  with a 0.5 l i te r  capaci ty ,  one radia t ion 

Fig.  1. Schematic  d i ag ram of 
the c ryos ta t :  !)  l iquid-hel ium 
container;  2) radiat ion shield; 
3) jacket ;  4) feed pipe (12 m m  
in d iamete r ,  0.2 m m  thick); 5) 
pipe for  t r a n s p o r t  of spec imens  
(10 m m  in d iamete r ,  0.2 m m  
thick); 6) pipe for  cooling the 
spec imens  (3 m m  in d iamete r ,  
0.2 m m  thick); 7) syphon valve;  
8) vacuum-grade  e l ec t r i ca l  con- 
nector .  
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Fig. 2. Tempera ture  profi le along pipes 4 and 5 (curves 1 
and 2), T (~ amount of heat Q (W) conducted into the helium 
con ta ine rbyap ipewi thou t  helium cooling, as a function of the 
link location (curve 3); distance l (mm). 

shield, and a high-vacuum insulation. The apparatus is shown schematical ly in Fig. 1. Such a c ryos ta t  is 
intended for  attaining intermediate  t empera tures  and its equipment includes, in addition to a feed pipe, two 
auxiliary pipes. The efficiency of links was est imated f rom the rate of helium evaporation, the lat ter  mea -  
sured with a model GZP-45 gas meter ,  and f r o m  the tempera ture  of the radiation shield. 

Measurements  were made under two sets  of conditions: 

1) with pipes 4 and 6 open and with thermal  links between feed pipe 4 and test  pipe 5; 

2) with pipe 4 closed and with thermal  links between cool ing pipe 6 and test  pipe 5. 

The efficiency of links was not evaluated with pipe 6 closed, because shutting off the flow of helium 
vapor through this pipe would give r i se  to thermoacoust ic  vibrations and, along with it, make the evapora-  
tion rate  increase  by a fac tor  of 10 or  more .  

Fo r  thermal  links we used technical -grade copper  wire 2 mm in diameter ,  with the PI~V-1 insulation 
removed.  

Strips 0.3 mm thick, cut f rom copper  sheet, were soldered to the pipes at the contact spots. The 
distance between the links was 12-13 mm, the f i r s t  link was installed 12-13 mm away f rom the container 
for pipe 4, and 20 mm away f rom the container for pipes 5 and 6. 

The tempera ture  profile along the suspension pipes 4 and 5 has been plotted in Fig. 2. The t empera -  
ture profile is known to be l inear along a pipe not cooled with gas (curve 1), but not so along a cooled pipe 
(curve 2) [9, 10]. On the bas is  of these curves ,  we have derived a relation between the amount of heat 
which a hel ium-cooled pipe conducts into the container and the link location along the pipe (curve 3). If 
the links are  assumed ideal, then T 1 = T~, T 2 = T~, and T 3 = T~. For  a pipe not cooled with gas we have 

XS 
O = .  AT. (~) 

l 

According to the curves  in Fig.  2, links become more  efficient when their  point of contact with a 
hel ium-cooled pipe shifts c lose r  to the container.  All this has been confirmed experimental ly.  In columns 
3 and 4 of Table 1 a re  given the evaporation ra tes  of helium and the t empera tu res  of the radiation shield, 
respect ively,  in a setup with a single link or  a combination of links (column 2). The trend of curve 3 (Fig. 
2) has been fully confirmed by tests .  While a 1-3 '  link seems  most  efficient of all, theoretically,  inasmuch 
as AT 1 is minimum and la is maximum then, a heat sink cannot be made perfect  in pract ice  and nonideat 
links do, therefore ,  change the pattern.  

According to Table 1, the shield tempera ture  depends on the rate of helium evaporation as well as 
on the area  of contact between the cooled pipes and the shield. For  example, in spite of the high rate of 
helium evaporation in the second test  mode here ,  the shield tempera ture  was approximately the same as 
in the f i r s t  tes t  mode, owing to the smal l  contact area  between shield and pipe 6. The rate of helium 
evaporation as a function of the number of uniformly spaced links is shown in Fig. 3a for  the two said 
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TABLE i .  

Item 
No. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14 
15 
16 

17 

18 

19 

Efficiency of Thermal Links 
Helium evapora~ Shield tern- ! 

Thermal links tion rate, g/h ~ ] peratum, ~ 

No link 10,6 
I--I '  6,6 
1--2' 7,8 
1--3' 10,0 
2--1' 8,0 
2--2' 8,2 
2--3' 9,0 

1--1'; 2--2' 7,0 
1--1'; 2--2'4 3--3", 6,6 
l-- l ' ;  2--2'; 3--3'; 

4--4 ~ 6,6 
t--1' ;  2--2'; 3m3'; 
~4--4'; 5--5' 6,6 

l - - l ' ;  2--2'; 3--3'i 
4--4'; 5---5'; 6--6' 6,6 

No link 42,5 
I'--I" 27,5 

1'--I"; 2'--2"; 22 
l '--l"; 2'--2"; 

3'--3" 17,0 
l ' -- l";  2'--2"; 
3'--3"; 4'--4" 17,0 
1'--1"; 2'--2"; 
3'--3"; 4'--4"; 

5'--5" 17,0 175 
I'--l"; 2'--2"; 
3'--3"; 4'--4~; 
5'--5*; 6'--6" 17,0 175 

Note 

152 
166 
157 
153 
t68 Pipes 4 and 6 
166 open 
155 
170 
171 

173 

173 

173 
158 Installed links 
170 1--1'; 2--2" 
174 3--3'; 

175 Pipe 4 closed 

175 

c r y o s t a t  ope ra t i ng  cond i t ions .  Curve  G r e p r e s e n t s  the cond i t ion  with the feed pipe and the cool ing  pipe 6 
open,  c u r v e  G'  r e p r e s e n t s  the cond i t ion  with the feed pipe c losed  and with e va po r a t i on  a long pipe 6. A c -  
co rd ing  to the c u r v e s ,  the p r e s e n c e  of t h e r m a l  l i nks  above the sh ie ld  (to the r igh t  of the s h i e l d  on the d i a -  
gram} has  no effect  on the r a t e  of h e l i u m  evapo ra t i on ,  i n a s m u c h  as  the sh ie ld  i t s e l f  cons t i t u t e s  an ef f ic ien t  
t h e r m a l  l ink.  

The r a t e  of h e l i u m  e v a p o r a t i o n  is  shown in  F ig .  3b as  a funct ion  of the l ink  1 loca t ion  a long the 
h e l i u m - c o o l e d  p ipe .  A c c o r d i n g  to F ig .  3b, the r a t e  of he l i um e va po r a t i on  i s  m i n i m u m  when a l ink is  lo -  
ca ted  17 m m  f r o m  the c o n t a i n e r .  With th ree  l inks  i n s t a l l e d  a long  the pipe,  the e va po r a t i on  r a t e  is  m i n i -  
m u m  when the i r  d i s t a n c e s  f r o m  the c o n t a i n e r  a r e  s h o r t e r  than that.  With a pipe s h o r t e r  than 10 m m  or  
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Fig .  3. Ra te  of he l i um 
e va po r a t i on  G (g/h): a) 
a s  a funct ion  of the n u m -  
b e r  of l i nks ;  b) as  a 
func t ion  of the l ink  1-1 '  
l oca t ion  I (mm) a long the 
h e l i u m - c o o l e d  p ipe .  
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with a link connected di rec t ly  to the container ,  the evaporat ion ra te  i nc reases .  

We have also studied the feasibi l i ty of reducing the heat leakage toward the helium container  in the 
following two ways: by enIarging the c ros s  section of an efficient  single link, or by placing a second link 
somewhere  between the f i r s t  link and the shield. Nei ther  a r rangement  resu l ted  in a lower evaporat ion 
ra te .  

It has thus been found that three  links ensure  the most  efficient pe r fo rmance  of a n i t rogen-f ree  c ryo -  
slat  with the pipe not helium cooled. The amount of heat  leaking along pipe 5 was originally 0.03 W. T h e r -  
mal links reduced this amount by 70-80%. As a consequence,  the ra te  of helium evaporat ion dec reased  at 
leas t  1.5 t imes.  

Q 
X 

S 
l 
AT 
T1, T2, and T 3 
T~, T~, and T~ 
G 
G' 

N O T A T I O N  

is the amount of heat conducted by pipe 5 into the container;  
is the mean thermal  conductivity of the pipe mater ia l ;  
is the c ro s s - s ec t i on  a rea  of pipe 5; 
is the length of pipe 5 f rom the container  to the contact  with a link; 
is the t empera tu re  difference between tube at  respec t ive  point and helium tank; 
a re  the t empera tu res  of pipe 4 at the respec t ive  contact points with links; 
a re  the t empera tu re s  of pipe 5 at the respec t ive  contact  points with links; 
is the rate  of helium evaporat ion in the f i r s t  mode; 
is the ra te  of helium evaporat ion in the second mode. 
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