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The t he rma l  r e s i s t a n c e  of fiat  l amina ted  meta l l i c  and nonmeta l l ic  s tacks  and meshes  was 
measu red  under vacuum at t e m p e r a t u r e s  f r o m  4 to 300~ The load l imi t s  at the max imum 
t h e r m a l  r e s i s t a n c e  were  a lso  de te rmined .  

In the design and const ruct ion of conta iners  and conduits for  s to rage  and t r a n s p o r t  of c ryogenic  
liquids it is v e r y  impor tan t  to min imize  the flow o f h e a t a l o n g s u p p o r t s  and hangers  . In some  kinds o f v e s s e i s  
this  heat  amounts  to app rox ima te ly  one half  the total  heat  leaking in. Supports  built  in the fo rm of laminated  
s tacks  contr ibute  g r ea t l y  to a reduct ion of this heat  flow [1-3]. 

The authors  have t r i ed  to de t e rmine  the t he rma l  r e s i s t a n c e  of laminated  s tacks  at t e m p e r a t u r e s  
f rom 77 to 4~ a t  the cold su r face  and to s e l ec t  the op t imum range  of loads under which such s tacks  p e r -  
f o r m  mos t  efficiently.  

Fo r  this purpose  we have  developed and ref ined  the design of a c ryos t a t  with a s ing l e - s t age  l e v e r  
m e c h a n i s m  for  loads up to 1500 kg. 

The e ryos t a t  cons is t s  of  a he l ium vat 2 and a ni t rogen vat 1 (Fig. 1) fas tened to center  red 3 which, 
fo r  reducing  the hea t  leaking in, is made up of t h ree  segments  s epa ra t ed  by s tacks  of 5 = 0.5 m m  thick 
Texto l i te  s p a c e r s .  

The rod s e r v e s  for  t r ansmi t t i ng  the load to the spec imen  and, in o r d e r  to p reven t  d i s tor t ions ,  is 
connected to the e ryos t a t  cove r  4 through a socket  s c r e w  5. 

Specimen 6, a pa i r  or  a s t ack  of disks  28 or  25 m m  in d i ame te r  and in good contact ,  r e s t s  on a 
c a l o r i m e t e r  7 which is in contact  with a heat  sou rce  8 welded to the bot tom of the c ryos ta t .  The upper  end 
of the spec imen  is a t  a t e m p e r a t u r e  c lose  to the t e m p e r a t u r e  of the liquid fil l ing the lower  c ryos t a t  vat 
(i .e. ,  at  77-4~ The c a l o r i m e t e r  is a rod of a m a t e r i a l  with a t h e r m a l  conductivity known over  the en-  
t i r e  t e s t  r ange  of t e m p e r a t u r e s .  

The heat  source  is a cell  in which, depending on the t es t  condit ions,  e i ther  a liquid at  a given t e m -  
p e r a t u r e  can genera l ly  be c i rcu la ted  or  a hea t e r  e lement  can be instal led.  

In o r d e r  to p reven t  l a t e ra l  heat  leakage  to the spec imen and to the c a l o r i m e t e r  f rom the heat  jacke t ,  
they a r e  both covered  with mul t i l ayer  insulation and a shield along which the s a m e  t e m p e r a t u r e  d i f ference  
is maintained.  In our  e x p e r i m e n t  the t e m p e r a t u r e  d i f fe rence  between shield and c a l o r i m e t e r  was checked 
with a d i f ferent ia l  t he rmocoup le  and did not exceed 3~ resu l t ing  in a 2-4% e r r o r .  

F o r  an e a s i e r  motmting of the spec imens  and the c a l o r i m e t e r ,  they were  p r e s s e d ,  p r i o r  to the i r  
instal la t ion in the c r y o s t a t ,  agains t  the cen te r  rod  by means  of Textol i te  pull rods  9, the l a t t e r  coupled 
to the c a l o r i m e t e r  through a r igid co l la r .  

The space  inside the e r y o s t a t  was evacuated down to 10-4-10 -6 t o r r  mad mainta ined at  that  p r e s s u r e  
leve l  by means  of an adsorpt ion ca r t r i dge  containing ac t iva ted  charcoa l  and mounted on the upper vat .  

The t e m p e r a t u r e  measur ing  s y s t e m  cons i s t s  of  s e v e r a l  d i f ferent ia l  the rmocouples  instal led along 
the c a l o r i m e t e r  and the spec imen  so that  the t e m p e r a t u r e  drop a c r o s s  the spec imen ,  m e a s u r e d  with a 
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Fig. 1. Schemat ic  d i ag ram of the e ryos t a t  for  m e a -  
sur ing the t h e r m a l  r e s i s t a n c e  of f lat  d isks  in contact .  

d i f ferent ia l  t he rmocoup le ,  can be  checked by the t e m p e r a t u r e  dis t r ibut ion on the c a l o r i m e t e r  and the 
loading rod.  

F o r  t e m p e r a t u r e  m e a s u r e m e n t s  we used c o p p e r - c o n s t a n t a n  the rmocouples  with 0.1 m m  (diameter)  
w i r e s  in the 77-273~ range  and g o l d - c o b a l t - c o p p e r  the rmocoup les  below 77~ such the rmocouples  
being the only ones sui table  for  the en t i re  273-4~ 

The null junctions of the the rmocoup les  were  the rmos ta t i zed  with liquid ni t rogen and hel ium, the 
t e m p e r a t u r e s  of which were  checked by means  of s tandard TSPN p robes  and a carbon r e s i s t o r .  

The t h e r m a l  flux was de te rmined  f r o m  the known the rma l  conductivity of the c a l o r i m e t e r  ma te r i a l  
and the m e a s u r e d  s t e a d y - s t a t e  t e m p e r a t u r e  drop a c r o s s  it. The the rma l  flux readings  were  checked 
aga ins t  the amounts  of liquid evapora ted  f r o m  the lower  c ryos t a t  vat ,  the re la t ion between both quantit ies 
having been es tab l i shed  in spec ia l  expe r imen t s .  The d i f fe rence  between t h e r m a l  flux readings by both 
methods did not exceed 5%. 

The t h e r m a l  r e s i s t a n c e  of s p e c i m e n s  was calcula ted f r o m  the m e a s u r e d  t e m p e r a t u r e  drop a c r o s s  
them and the  t h e r m a l  flux pass ing  through them under  a given load: 

J7 = AT deg. m2/W. 
Q 

F r o m  the t e s t  r e s u l t s  we then de t e rmined  the t h e r m a l  r e s i s t a n c e  of and the t he rma l  flux through a 
spec imen ,  as ftmctions of  the load.  

The spec imens  t e s t ed  in this  c ryos t a t  we re  cyl indrical  rods ,  25-28 m m  in d i ame te r  and f r o m  27 
to 40 m m  long, made up of f ia t  meta l l i c  and nonmeta l l ic  disks and m e s h e s .  

The disks  we re  made of co ld - ro l l ed  s t a in less  s tee l  6 = 0.5 m m  thick with a 6-7 su r face  finish, of 
Textol i te  l amina te  6 = 0.5-1.0 m m  thick,  and of  noncor ros ive  meta l l ized  Lavsan  gauze.  

In o r d e r  to es tab l i sh  the effect  of the loading cycle  on the t h e r m a l  r e s i s t a n c e  of contacting d isks ,  
we p e r f o r m e d  an exper imen t  with the spec imen  made up of 59 g r ade  Kh18N10T s ta in less  s tee l  disks 5 
= 0.5 m m  thick each.  This  spec imen  was g radua l ly  loaded (Fig. 2a) f r o m  0.1 to 12 1VlN/m 2 in 2-3 iVIN/m 2 
s teps  and h e l d a t  each load leve l  for  3-12 h (point hi). Then, in the r e v e r s e  sequence,  the spec imen  was 
unloaded down to the min imum leve l  of  0.1 iVIN/m 2. After  being held unloaded for  20 h, the spec imen  was 
again loaded up to 17 M N / m  2 (point n2). The second loading cu rve  coincides he re  with the unloading curve  
to point n 1. Under loads co r respond ing  to point n 1 the t h e r m a l  r e s i s t a n c e  of the spec imen  s e e m s  to have 
d e c r e a s e d  somewhat  f r o m  its value dur ing the f i r s t  loading. 

The  t e s t  r e s u l t s  for a s ingle disk  a r e  compared  in Fig. 2b with the data f r o m  [2]. Our t e s t  values  
a g r e e  within the l imi t s  of m e a s u r i n g  accu racy ,  which is an indicator  of the i r  re l iab i l i ty .  

Values of the t he rm a l  flux and of the t he rma l  r e s i s t a n c e ,  both as functions of  the load,  a r e  l i s ted  
in Table 1 for  the few m a t e r i a l s  with t e m p e r a t u r e s  77-273~ at  the r e spec t i ve  ends. 
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Fig. 2. Thermal resistance:  a) stack of grade Kh18N10T 
steel disks, 59 pieces 5 = 0.495 mm thick each; b) single 
disk of grade Kh18N10T steel; temperature at the cold 
end: 1) first loading; 2) unloading; 3) second loading; 4) 
data from [2]; 5) test results. 

TABLE i .  Thermal  Res is tance  of Specimens,  Tee = 77-273~ 

Grade KhlSN10T Grade Khll~ll 0T Tcxtolit~, n = 25  Tcxtoltte § grade Textoll~e § glade 
steel, n=591x~, [ steel, n = ~7 ~ i  pr 5 ~ L  04 mm KhlSNIOT st*el KhlSN1OT tte~l Psp ~ =o.8 ram 6 = 0*4 mm mI:sh, 11=19+19 pe~ racIh, nffi18418 pe~ 

0,53 
1,29 
1,59 
2,95 
4,48 
5,33 
7,86 

10,2 
11,89 
14,35 
t5,79 
17,54 

I 
2770 ] 0,0672 [ O, 053 662 3480 I E4 
39-80 } 0,0-454 I 978 
4833 / 0,0366 I 1025 
5864 ]0,0294 1155 
6607 0,0257 1223 
7507 0,0219 1276 

0,02 8086 
_ I 1 ~ 6  

9~6 [ 0,0159 I 1418 
11017 0,0136 1460 

0,298 

0359 
0,199 
0,189 
0,168 
0,158 
0,152 

0540 
0,136 
0,132 

518 0,377 

5511 0 43 
658 [ 0,296 
823[ 0,235 
938 ] 0,205 

1062[ 0,181 
1157 0,166 

1 09 0546 
0739 

f 

Q R 

46~,, 6 0~427 
511 0,389 
643 0,310 
685,4 0,290 
689 0,287 
777 0,255 

800 0548 
826 0,24 
849 0,233 

1059 O, 184 

1~4 0,166 
1394 O, 139 

1~4 0505 
27 9 0,o88 
2407 0,078 

2~4 0,076 

On the basis  of this tes t  se r i es ,  one may conclude that the maximum thermal  res i s t ance  is obtained 
with supports made up of al ternat ing Textolite disks and stainless  steel  meshes .  Evidently, the thermal  
res i s t ance  of a support  will increase with decreas ing  thermal  conductivity and increasing hardness  of the 
mater ia l .  Supports made up of metall ic disks in success ion offer the lowest  thermal  res i s tance  of all. 

In the second tes t  se r i e s  we have established the limits of specific loads under which supports made 
up of various mater ia ls  offer the highest thermal  res i s tance .  The exper iment  was per formed on a fol-  
lowing specimen:  the load on the specimen was increased stepwise to a definite level (threshold n 1, n 2, n3, 
n4) , whereupon the specimen was unloaded to the minimum level and then loaded again stepwise to the next 
higher  threshold.  In this way, during the tes t  a specimen was success ive ly  loaded and unloaded over  the 
0.1-22.2 M'N/m 2 range.  

Typical curves  represent ing  the thermal  res i s tance  as a function of the load a re  shown in Fig. 33, b 
for a specimen of grade  P]~TFL insulation and for a specimen of Textolite 5 = 0.5 mm thick al ternating 
with per fora ted  noncor ros ive  meshes ,  with t empera tu res  77-273~ and 15-273~ at the respect ive  ends. 

Thus,  the loading and unloading curves  form a hys te res i s  loop for each specimen,  and ra is ing the 
load l imit  causes a downward shift of these hys te res i s  curves .  The thermal  res i s tance  of specimens c o m -  
pr is ing steel meshes  with a 40% perforat ion a rea  is twice as high as that of the specimen with solid disks. 

A comparison of these resul ts  with those of ea r l i e r  tests  involving other meshes  suggests  the ad-  
visabi l i ty  of using meshes  with a high poros i ty  for supports .  The thermal  res i s t ance  of specimens  is higher 
with 15-273~ than with 77-273~ tempera tu res  at the respect ive  ends, with approximately the same {with- 
in i0%) s teady-s ta te  thermal  flux in each case.  

In Fig. 3e are  shown the resul ts  of tes ts  involving a specimen made up of Textolite disks 5 = 1.00 
mm thick and steel meshes  6 = 0.4 mm thick, with grade  KhlSN10T stainless  steel spherical  segments  
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Fig. 3. Thermal resistance of specimens, a) stack of P]~TFL in- 
sulation; b) stack of alternating Textolite disks (5 = 0.5 mm) and 
grade KblSN10T steel meshes (5 = 0.1 ram); c) support with grade 
Kh18N10T steel spherical segments; dashed lines) ].8-273~ at 
the respective ends; solid lines) 77-273~ at the respective ends. 

at both ends. An analysis of the relation R = f(P) indicates a higher thermal resis tance of this specimen 
than of the s imilar  one with just alternating Textolite disks and steel meshes. The most favorable con- 
ditions for such a specimen prevail within the load range up to 7 MN/m ~ (thermal resis tance R = 1.6-0.6 
deg. m2/W), inasmuch as a spherical segment of the support is then evidently in a state of elastic strain. 
The performance range of such a support can be extended (R can be increased by using stronger and 
harder  materials for a spherical support). 

Holding the support trader the maximum test  load of 22.2 MN/m 2 for 60 h lowered the thermal r e s i s -  
tance of the specimenwith Textolite disks and steel meshes. 

Q 
R 
P 
5 
l 
AT 
nl, n2, n3, n4 
Tee 

N O T A T I O N  

is the thermal flux through a specimen, W/m2; 
is the thermal resis tance of a specimen, deg. m2/W; 
is the load on a specimen, MN/m2; 
is the disk thickness, m; 
is the specimen length, m; 
is the temperature  drop across a specimen, ~ 
are  the load l imits,  MN/m2; 
are  the temperatures  at both ends of a specimen, respectively. 
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