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This paper describes the design and technical features of a calorimetric 
device for the investigation of the tbermophysical properties of highly 
efficient insulation in the temperature range 4.2~ ~ K. 

The mos t  eff icient  l o w - t e m p e r a t u r e  in su la t ion  a t  
p r e s e n t  is  the v a c u u m - m u l t i l a y e r e d  type, cons i s t ing  
of a se t  of r ad ia t ion  s c r e e n s  separa ted  by space r s  
with the lowest  poss ib le  t h e r m a l  conduct ivi ty  s i tuated 
in a vacuum.  The m e c h a n i s m  of heat  t r a n s f e r  through 
such insu la t ion  is ve ry  complex and at p r e s e n t  has 
no exact  ma thema t i ca l  so lu t ion  in view of the la rge  
n u m b e r  of in te rdependen t  v a r i a b l e s .  Hence, it i s  of 
g rea t  impor t ance  to de t e rmine  e x p e r i m e n t a l l y  the 
t h e r m a l  conduct ivi ty  of va r ious  types  of v a c u u m -  
mu l t i l aye red  insu la t ion  in r e l a t i on  to the following 
fac tors :  t e m p e r a t u r e  of boundary  wai ls ,  th ickness  
of insu la t ion ,  and mechan ica l  load on the insula t ion .  

Of the exis t ing  th ree  types of c a l o r i m e t e r s - -  
spher ica l ,  cy l indr ica l ,  and f la t - - the  las t  i s  mos t  
su i table  for  the proposed  purpose  in view of the fol-  
lowing m a i n  advantages:  a) the spec imen  can be 
f a i r ly  ia rge  in the fo rm of disks  of v a r y i n g  d iame te r ;  
b) it  can eas i ly  be mounted for  the tes t  o r  rep iaced  by 
another ;  e) the th ickness  of the spec imen  can be 
va r i ed  in a wider  range,  and each s ide  can be in con-  
tact  with a hot and a cold wall;  d) dur ing  the expe r -  
iment  a un i fo rm load can be applied to the s p e c i m e n  
or  the packing dens i ty  can be changed. 

In choosing the p a r a m e t e r s  and type of c a l o r i m e -  
t e r  we used the exper ience  gained in work on e a l o r i -  
m e t e r s  des igned for  s i m i l a r  pu rposes  and de sc r i be d  
in [1-5] .  A r ecen t ly  publ ished pape r  [6] d e s c r i b e s  a 
c a l o r i m e t e r  which is s i m i l a r  in i ts  c h a r a c t e r i s t i c s  
to the one proposed.  We think that the design of the 
proposed  c a l o r i m e t e r  is s i m p l e r ,  the ques t ion  of 
ma in t a in ing  p r e s s u r e  s tab i l i ty  is tackled in a new way, 
and edge effects  a r e  reduced to a m i n i m u m .  

C a l o r i m e t e r .  The c a l o r i m e t e r  was  designed and 
cons t ruc ted  in the Low- T e m p e r a t u r e  P h y s i c o - T e c h -  
nical  Ins t i tu te  of the Academy of Sciences  of the 
Ukra in ian  SSR in 1963-1964.  It has  the following 
ma in  c h a r a c t e r i s t i c s  : 

1. It can be used  to d e t e r m i n e  the t he rma l  con-  
duct ivi ty  of mul t i l aye red ,  powdered,  f ibrous ,  or  
c e l l u l a r  insu la t ion  with a heat  flux densi ty  of 15-  
50, 000 p W / c m  2 through the spec imen .  

2. The cold wall  can have d i s c r e t e  t e m p e r a t u r e s  
in the range 4.2~--240 ~ K, depending on the boi l ing 
point  of the cryogenic  l iquid used.  

3. The hot wall can have any t e m p e r a t u r e  f rom 
273 ~ to 373 ~ K and d i s c r e t e  t e m p e r a t u r e s  in the range  
77~ ~ K or, if an e l ec t r i c  hea t e r  is used,  any 

t e m p e r a t u r e  in the range  77~ ~ K. During the 
expe r imen t  the t e m p e r a t u r e  of the hot wall can be 
va r i ed  and accu ra t e ly  main ta ined .  

4. The s p e c i m e n  can be tes ted at a r e s idua l  gas 
p r e s s u r e  of 13.3 to 13.3 �9 10-6 N / m 2. 

5o A mechan ica l  load of 0 to 1- 105 N / m 2 can be 
applied to the s p e c i m e n  dur ing  the exper iment .  

6. The spec imen  can be up to 60 mm thick. The 
d i s tance  between the hot and cold wal l s  can be var ied  
dur ing  the expe r imen t  and set  to within ~0.1 ram.  

F igure  1 shows a schemat ic  sec t ion  of the c a l o r i -  
me te r ,  the m a i n  pa r t s  of which a r e  the cold wall, 
hot wall, n i t rogen  sc reen ,  and vacuum chamber .  

The cold wall  cons i s t s  of a control  v e s s e l  I of ca-  
pacity 700 em 3 (outer d i a m e t e r  100 mm) and a guard 
vesse l  2 of 5500-cm 3 (outer d i a m e t e r  230 mm) ca-  
pacity.  The heat  flux through the spec imen  is d e t e r -  
mined f rom the ra t e  of evapora t ion  of the cryogenic  
l iquid f rom the cont ro l  ve s se l  1. The guard  ves se l  2 
p r e s e n t s  s t r ay  heat  flow into the cont ro l  v e s s e l  and 
reduces  edge effects .  Tube 3 (26 • 0 .3  1Khl8N9T) 
is used  to f i l l  the cont ro l  v e s s e l  with liquid, to lead 
off the evapora ted  gas, and to r ece ive  the m e c h a n i -  
cal load t r a n s m i t t e d  through the spec imen  to the cold 
wall .  To p reven t  heat  t r a n s m i s s i o n  to the control  
ve s se l  by r ad ia t ion  through tube 3 a copper sp r ing  
s c r e e n  4 suspended on a wi re  is mounted in tube 3 
where the guard  v e s s e l  jo ins  it. Inside the control  
and guard v e s s e l s  the re  a re  copper compensa to r s  5 
to p r e ve n t  t h e r m a l  s t r a t i f i ca t ion  of the liquid at low 
heat fluxes. The copper compensators in the guard 

vessel also act as heat bridges when the level of the 

liquid is reduced. Tube 6 facilitates the exhaustion 

of the space between vessels 1 and 2. 

The hot wall  is in the form of a vesse l  7 of capac-  
ity 6000 em 3, the top of which f o r ms  the working 
stage, on which the spec imen  8 is laid.  The height of 
the hot wall can be adjusted through 60 mm by means  
of the sc rew 9, and the d i s tance  between the cold and 
hot walls  is m e a s u r e d  by the d i sp l acemen t  ind ica tor  
10. The t e m p e r a t u r e  of the hot wall  is kept cons tant  
by pumping  t he rmos t a t ed  l iquid through ves se l  7 or 
by f i l l ing it with a coolant. 

The n i t rogen  s c r e e n  11 of 4500-cm a capacity 
s e rves  to reduce  the ra te  of boi l ing off of cryogenic  
l iquids f rom the guard  vesse l ,  e spec ia l ly  in the case 
where  l iquid hydrogen or he l ium is used. Vesse l  11, 
like v e s s e l s  1, 2, and 7, is made of 1 . 2 - m m  thick 
M1 copper.  

The vacuum c ha mbe r  accomodates  the c ryogenic  
v e s s e l s  1, 2, and 11 and the working  stage 7 with the 
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spec imen  8 and cons i s t s  of two ha lves - - a  top half 12 
and a bot tom half  13. F o r  mount ing  the spec imen  the 
top half  of the chambe r  together  with the cryogenic  
v e s s e l s  is  removed.  The VN-2MG forepump and the 
N-5S diffusion pump in conjunct ion  with the cryogenic  
su r faces  of v e s s e l s  1, 2, and 11 provide  a vacuum of 
up to 13.3" 10 -~ N / m  2 in the chamber .  The vacuum 
in the chamber  is m e a s u r e d  by means  of a VIT-1A 
v a c u u m  gauge with L T - 2  and LM-2 thermocouple  
and ion iza t ion  m a n o m e t r i c  e l emen t s .  Var ious  gases  
at p r e s s u r e s  of 13.3 to 13.3 -10 -6 N /m 2 can be ad- 
mi t ted  to the chambe r  through a leak. 

The t e m p e r a t u r e  d i s t r i bu t ion  over  the spec imen  8 
and the guard  r ing  14 is  m e a s u r e d  by m e a n s  of cop- 
p e r - c o n s t a n t a n  the rmocoup les  and a P-306 po ten t io -  
m e t e r  with an M 17/3 ga lvanomete r .  

Maintenance  of constant  p r e s s u r e  and m e a s u r e m e n t  
of sma l l  gas f lows, Unless  specia l  m e a s u r e s  a r e  
taken, the gas p r e s s u r e  above the c ryogenic  liquid in 
the control  v e s s e l  will  undergo  changes due to the 
b a r o m e t r i c  p r e s s u r e  and this will lead to e r r o r s  in  
m e a s u r e m e n t  of the ra te  of i ts  boi l ing off. The effect 
of this  e r r o r  is g rea te r ,  the m o r e  eff ic ient  the i n -  
ves t iga ted  insu la t ing  ma te r i a l .  To ma in t a in  constant  
gas p r e s s u r e  in the control  v e s s e l  a m e m b r a n e  man-  
ostat,  as shown in Fig. 2, is mounted between the 
cont ro l  v e s s e l  and the device  for m e a s u r i n g  the gas 
flow. The lower  cavi ty  of the manos ta t  is f i l led with 
a i r  to a fixed p r e s s u r e  and h e r m e t i c a l l y  sea led  and 
the whole manos t a t  is i m m e r s e d  in a t he rmos ta t ed  
bath. Var ia t ions  in  b a r o m e t r i c  p r e s s u r e  a re  ha rd ly  
t r a n s m i t t e d  to the control  ve s se l  at all, s ince  the 
d i a m e t e r  of the opening of the manos ta t  nozzle  is  
1 - 2  m m  and that  of the m e m b r a n e  i s  70 m m .  

Fig. i. Schematic section of calorimeter 

The pressure in the guard vessel is maintained 

slightly higher (usually 150 N/m2) than in the control 

vessel by means of a bubbler to avoid condensation of 

gas evaporated f rom the control  vesse l  on the wal ls  
of the d ra inage  tube .  

F igure  2 shows the s y s t e m  for  m e a s u r e m e n t  of 
smal l  flows of gas f rom the control  vesse l .  The gas 
flow is m e a s u r e d  f rom the ra te  at which i t  d i sp laces  
l iquid with a low coeff ic ient  of v i s cos i t y  f rom a g rad-  
uated volume.  To reduce  the m e a s u r e m e n t  e r r o r  the 
l iquid level  in the graduated  and compensa t ion  v e s -  
se l s  is kept the same  dur ing  the m e a s u r e m e n t s .  

Fig.  2. Measur ing  sys tem.  1) C a l o r i m e t e r ;  2) t he r -  
mos ta t ;  3) manos ta t ;  4 ) c a l i b r a t e d  vesse l ;  5) c o m -  
pensa t ion  vesse l ;  6) bubbler ;  7) oil m a n o m e t e r ;  
8) n i t rogen  t rap;  9) N-55 diffusion pump; 10) VN-2MG 

forepump.  

Large gas flows are measured with rheometers 

or GSB wet gas meters. 
Edge effects. In the determination of the thermal 

conductivity on a flat instrument it is assumed that 

the heat flux through the part of the specimen under 
the control vessel is uniform. Radiative heat trans- 

fer between the edges of the specimen and the hot 
surfaces of the instrument, which are at different 

temperatures, leads to distortion of the temperature 

gradient near the edges of the specimen. Owing to 
the great anisotropy of multilayered insulation these 
temperature distortions are transmitted into the spec 
linen. One of the purposes of the guard vessel is to 
reduce the deviations of the heat flux through the cen- 
tral part of the specimen from a unidimensional flux. 

On the attainment of a particular thickness, depend- 

ing on the kind of investigated material and its pack- 
ing density, the guard part of the specimen may be 

inadequate. In most experiments, when the hot wall 

did not have to be moved, we used a foam plastic 
guard ring, the temperature of which over its height 
was close to the temperature distribution in the spec- 
imen, as Fig. 3 shows. The gap between the ring and 

the specimen was 1 ram. An aluminized polyethylene 

terephthalate film was cemented to the inner surface 

of the ring with the aluminum towards the specimen. 

The material of the specimen was riffled polyethylene 

terephthalate film aluminized on one side and 12.5 # 

thick. The height of the specimen was 40 ram. The 
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Effective Thermal Conduetivities of Insulating Materials 

�9 Thicknes.~ 

Material spe::rnen 
m m  

A 3O 
B 3O 
C 44 

packing dens i ty  was 27 l a y e r s / e m .  Longitudinal  win-  
dows 2 -3  m m  high were  p r e s e n t  on the hot end of the 
r i ng  to fac i l i t a te  exhaust ion  of the spec imen.  

Stray hea t  inflow. To d e t e r m i n e  the s t r ay  heat  i n -  
flow to the control  v e s s e l  we kept  the t e m p e r a t u r e  of 
the hot wall, l ike that  of the cold, equal  to the boi l ing 
point  of the l iquid ni t rogen.  Between the hot wall  and 
guard v e s s e l  there  was a copper  r ing .  The expe r -  
iments  showed that when the P r e s s u r e  d i f f e r e n c e  
be tween the guard and control  v e s s e l s  was of the o r -  
der  of 150 N / m  2, the s t r ay  heat  inflow was p r a c t i c a l -  
ly zero.  

2~ - / 

o lo 20 3o 

Fig. 3. Temperature distribu- 
tion over height of specimen 
(solid line) and guard ring 
(broken line), i) Boundary 
temperatures 300~ ~ K. 

2) 300~  ~ K. 

It should be noted that the pe rcen tage  content  of 
n i t rogen  in the guard and control  v e s s e l s  mus t  be the 
s ame .  If not, the re  wil l  be e i ther  an i n c r e a s e  in the 
s t r ay  heat  inflow or  the re  will  be pa r t i a l  condensa -  
t ion of the gas evapora t ing  f rom the control  ves se l .  

Accuracy  of m e a s u r e m e n t s .  The o v e r - a l l  a c c u r a -  
cy of m e a s u r e m e n t  of t he rma l  conduct ivi ty  on the 
de sc r i bed  appara tus  is  ~5% f rom an e s t ima te  based 
on m e a s u r e m e ~ t  of the volume of evapora t ing  gas, 
ma in tenance  of the  p r e s s u r e  in  the m e a s u r i n g  vesse l ,  
and m e a s u r e m e n t  of the t e m p e r a t u r e  of the hot wall.  
The a c c u r a c y  of m e a s u r e m e n t  a lso  depends on the 
t h e r m a l  conduct ivi ty  of the tes ted m a t e r i a l s  and in -  
c r e a s e s  with i ts  i nc r ea se .  

TemperatureTemperature ao~o,t,,Packing Effectiv e thermal Vacuum in 
of I of screen's'/ conductivity, chamber, 

hot wall,~ Cold wall,~ /era " #W/cm.deg N/m 2 

300 I 77/20 20 0.85/0.56 1.3.10 -~ 
I 

300 1 77/20 28 0.68/0. 475 1.3" 10 -5 
300 77/20 - -  138/86.7 5-10 -5  

However, the g r e a t e s t  i n a c c u r a c y  in the r e su l t s  of 
the tes t s  l i es  in the r ep roduc ib i l i ty  of the spec imens  
themse lves .  Since the m a t e r i a l s  used as  s p a c e r s  a re  
not subjec t  to thorough cont ro l  as r e ga r d s  th ickness  
and content  of b inde r ,  t he re  is a d i f fe rence  of up to 
150% in the t h e r m a l  conduet iv i t ies  for  spec imens  of 
the same packing dens i ty  and th ickness ,  but p repared  
f r o m  di f ferent  ba tches  of m a t e r i a l .  T e s t s  of the same 
spec imen  on two s i m i l a r  appa ra tuses  gave p rac t i ca l ly  
the same r e su I t s .  

F r o m  the e xpe r i me n t s  we obtained numerous  data 
r ega rd ing  the t h e r m a l  conduct ivi ty  of va r ious  types 
of insu la t ing  m a t e r i a l s ,  f rom ce l lu la r  to vacuum-  
m u l t i l a y e r e d .  We devoted p a r t i c u l a r  a t ten t ion  to the 
lat ter~ The table gives the data for  the following m a -  
terials: 

A--crimped polyethylene terephthalate film alu- 
minized on one side and 12.5 ix thick; 

B--annea led  a luminum foil 14 # thick separa ted  
by SBR-M g lass  pa pe r  spa c e r s  40 ix thick with e l e -  
m e n t a r y  f ibe rs  of d i a m e t e r  5 - 7  ix; 

C--PSB foam plas t ic .  
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