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This  a r t i c le  descr ibes  the method and exper imenta l  apparatus for  determinat ion of the ther -  
mal conductivity, the rmal  diffusivity, and specific heat capaci ty of mate r ia l s  as functions of 
t empera tu re  at low t empera tu re .  

The thermophysica l  cha rac t e r i s t i c s  of liquid and powdered mater ia l s  (therrhal conductivity k, ther -  
mal diffusivity a, and specif ic  heat capaci ty c a r e  important  for  calculation of the the rmal  reg imes  of va r i -  
ous devices  operating at low t e m p e r a t u r e s .  Existing methods have a number  of drawbacks, pr incipal ly  
long exper iment  duration, complex apparatus,  and the need to employ different  devices to de te rmine  each 
cha rac t e r i s t i c .  In this connection, high-speed composi te  methods based on solution of nonsteady state 
thermal  conductivity problems with internal  heat sources  of constant  power a re  v e ry  promis ing.  

It has been suggested that the thermophysical  cha rac te r i s t i c s  of liquids, ice, powders,  mois tu re -  
containing sys tems,  and other  mate r ia l s  be investigated by a composi te  method based on solution of the 
equation for  the t empera tu re  field on an unbounded hollow cylinder  with a uniform in ternal  heat supply [1]. 
The initial t empera tu re  of the hollow cyl inder  is assumed to be zero,  i . e . ,  the readings a r e  taken f rom 
the initial constant specimen t empera tu re .  The the rmal  s t r e s s  on the inner surface  of a cyl inder  of radius 
R 1 is assumed to be constant .  The t empera tu re  at a point located at  a distance r f rom the cyl inder  axis 
with a heating tame is then ~" [1] 

Fig. 1. Diagram of exper i -  
mentaI apparatus: 1, 2) thin- 
walled s ta inless  s teel  cyl in-  
ders;  3) mate r ia l  to be t es -  
ted; 4) heating element; 5) 
additional shielded heating 
element;  6) r es i s t ance  the r -  
mometers ;  7) adiabatic jac-  
ket; 8) vacuum-tight  beaker;  
9, 10) valves; 11) tube; 12) 
outlet conduit; 13) helium 
cryos ta t .  
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T A B L E  1. E x p e r i m e n t a l  Data  on T h e r m a l  Conduct iv i ty  of C e r t a i n  
M a t e r i a l s  
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Note: kexp) our data; ktabl ) data of [2-5]~ 

qoR, 2ax -4- ~ -- R~ In r_r_ -} Rx 

where  X n a r e  the roots  of the cha r ac t e r i s t i c  equation 

[~ (X) Y~ (-~ X) -- I~ ( - ~  X) Y~ (X) = O, (2) 

It(X) and Yt(X) a r e  type  I and II  f i r s t  o r d e r  B e s s e l  func t ions .  

Equat ion (1) d e s c r i b e s  the t e m p e r a t u r e  f ie ld  under  a n o n s t e a d y - s t a t e  r e g i m e  dur ing  hea t ing  of a ho l -  
low cy l i nde r  with an i n t e rna l  heat  s o u r c e  of cons t an t  power ,  whi le  the equat ion for  a q u a s i s t e a d y - s t a t e  r e -  
g i m e  has  the f o r m  

R~ In R__~2 

= i r~ 1 q~R~ .2a~ + - -  R~ In r Rt 3R~ + R~ (a) 

T h e  t e m p e r a t u r e  d i f f e r e n c e  be tween  two points  in the s p e c i m e n  a t  d i s t a n c e s  R 1 and R 2 f r o m  the c e n t e r  a t  
the ins tan t  ~ is  then 

2)~ (R~-- R~) - ~  . (4) 

Hence, 

(5) 
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By different iat ing Eq. (3) for T, we readi ly  obtain a computat ional  formula  for  the t he rma l  conduc- 
tivity: 

1 dt (R~--R~+2R~ln  R~_~) (6) 
a 4At dr 

The specif ic  heat capaci ty  is de te rmined  f r o m  the formula  

c = q~Rl (7) 
dt (R~ --  R~) y 

The fo rmulas  obtained a r e  valid for  adiabatic  heating of the spee imen .  

In o rder  to invest igate  the the rmophys iea l  c h a r a c t e r i s t i c s  of ices,  powders ,  ice- l ike  composi t ion sys -  
t ems ,  and other m a t e r i a l s  over  the t e m p e r a t u r e  range 4.2-400~ we designed an appropr ia te  exper imenta l  
appara tus  (Fig. 1). 

The chamber  cons is ted  of two coaxial ly  a r r anged  s ta in less  s teel  cyl inders  with a wall  thickness of 
0.07 m m  and a welded bot tom.  The tes t  m a t e r i a l  was placed in the gap between them (4-5 m m  wide). The 
t e m p e r a t u r e  s enso r s  n e c e s s a r y  to m e a s u r e  the t e m p e r a t u r e  drop and absolute spec imen t e m p e r a t u r e  were  
at tached to the cyl inder  walls in the gap.  The senso r s  were  c o p p e r - c o n s t a n t a n  thermocouples  in the liquid- 
ni t rogen t e m p e r a t u r e  range and plat inum r e s i s t a n c e  t h e r m o m e t e r s  in the l iquid-helium range.  The the r -  
m o m e t e r  readings  were  continuously r eco rded  on paper  tape by a &point  t~PP-09 record ing  po ten t iomete r .  
In o rder  to ensure  adiabat ic  heating conditions, the exper imenta l  chamber  was p laced in a hea t ing-e lement  
jacket ,  the power supply to which was adjusted automat ica l ly  by a different ia l  thermocouple  that es tabl ished 
the t e m p e r a t u r e  di f ference between the spec imen wall and jacket .  

A shielded heating e lement  was a lso  used to compensa te  for  the heat  flux within the cy l inders .  Using 
a s y s t e m  of shielded heating e lements  with automat ic  regulation, we were  thus able to ensure  adiabatic 
heating of the t es t  m a t e r i a l  f r o m  the t e m p e r a t u r e  of liquid hel ium to room t e m p e r a t u r e .  

The p roposed  method is pa r t i cu l a r l y  convenient because  it p e r m i t s  s imultaneous determinat ion of all  
the the rmophys ica l  c h a r a c t e r i s t i c s  ( thermal conductivity, t he rma l  diffusivity, and heat capacity) of a wide 
range of m a t e r i a l s  over  a broad  t e m p e r a t u r e  in terval  within a compara t ive ly  short  t ime  (4-5 h). 

We invest igated a number  of m a t e r i a l s  and the data on some of them were  compared  with those of 
other authors  (Table 1). As can be seen f rom this table,  the exper imenta l  e r r o r  did not exceed 5%. 
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N O T A T I O N  

is the t he rma l  conductivity,  W / m ' d e g ;  
is the t he rm a l  diffusivity, m2/sec; 
is the specif ic  heat  capacity,  J /g -deg; 
is the t empera tu re ;  
is the dis tance f r o m  cyl inder  axis; 
a r e  the radi i  of in ternal  and externa l  cyl inders ,  respect ively;  
is the time; 
is the heat flux pe r  unit surface;  
is the ra te  of t e m p e r a t u r e  variat ion;  
is the densi ty.  
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