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A di latometer  method for  the comparat ive  determination of the hea t - t r ans fe r  coefficient 
of d ie lect r ics  which is fast ,  accura te ,  and simple is descr ibed.  

~rnen using rapid di la tometry to determine such important  thermal  charac te r i s t i c s  as the hea t - t r ans fe r  
coefficient k of a dielectr ic  layer ,  the method not only possesses  high accuracy ,  simplicity" of the apparatus 
design, and the possibil i ty of recording the Mnetic charac te r i s t i cs  of the thermal  expansion of the objects being 
investigated in a rb i t r a ry  scale units [1, 3], but also,  which is no less important ,  the complete absence of the 
need to measure  the tempera ture  or  the thermal  fluxes in these specimens [4] and, to an equal extent, of the 
layer  thickness h (on which, like the thermal  conductivity of the mater ia l  of the layer  X, depends the quantity 
k = ;~l/h [5]). This fact is par t icular ly  convenient when studying free-f lowing and paste- l ike mater ia ls .  

One of the fundamental theoret ical  assumptions which makes di la tometry at t ract ive for the "nontemper-  
ature" determination of the coefficient k of a dielectr ic  layer  is the behavior of the comparat ive  thermal  ex- 
pansion of two semiinfinite pr ismat ic  bodies ~ t h  a common initial constant t empera ture  T~. Heating (or cool-  
ing) of the specimens occurs  due to sudden simultaneous contact of their  fixed bases with a heat c a r r i e r  (a 
coolant) at a fixed tempera ture  T 2 for  a heat-exchange factor  which is the same for both ends, ensuring uni- 
form heat t r ans fe r  in both specimens,  the side surface of which is heat insulated, and one is justified using 
the laws of heat t r ans fe r  in a uniform infinite hal f -space.  

It is easy to see that the same behavior also holds for bodies in the initial stage of the propagation of a 
thermal  disturbance in objects of finite size when the opposite heated end has an initial t empera ture  T 1 [6]. 
The velocity of motion of this end W is proport ional  to the thermal  expansion coefficient #, its thermal  diffu- 
sivity a,  and the gradient  (ST/0x)(0, t) at the heated end [6]; 

aT (0, t). (1) Y = ~  

The t empera tu re  gradient  at the fixed end (0T/0x) (0, t) immediately after  contact with the thermal  
c a r r i e r  flow depends on the pa rame te r s  a ,  ~, and a [7]: 

- -  ~-(~ T 
Ox \ )~~ J L ~ J ;~. 

where 9(z) immediately af ter  contact with the thermal  c a r r i e r  flow depends on the pa ramete r s  z = ( a / X ) ~  

It is easy to show that the rate of expansion W 0 when t = 0 (at the initial instants of the process)  is inde- 
pendent of the t ime t: 

Vo = @ (T.~ - -  T1) a .  (3) 

If one of the specimens (the charac te r i s t i c s  of which are  exactly the same as the charac te r i s t i c s  of a 
s tandard cylinder) is placed in the same part  of the channel for the flow of heat c a r r i e r ,  but the heated end of 
which is separated f rom the heat c a r r i e r  by the plane-paral le l  layer  being investigated, the rate of expansion 
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Fig.  1. Schematic graphic  calculat ion of the 
ini t ial  veloci t ies  of t h e r m a l  expansion of the 
s tandard  spec imen and the spec imen  being 
invest igated;  A12 (t) and Al 1 (t) a r e  the kinetic 
t h e r m a l  deformat ion  cu rves  of the s tandard 
spec imen  in the p r e sence  of the d ie lec t r ic  
l aye r  being invest igated and when the re  is no 
d ie lec t r ic  layer ;  t 1 is  the instant  when the 
s tandard  spec imen reaches  an expansion Al 1; 
W 0 = t a n ~ A O C ; W  1 = t a n ~  F O C ; A l l = D E ;  
(BC/AC) = 0.57. 

of this cy l inder  at the ini t ial  ins tants  of the p r o c e s s  W 1 will differ  analyt ical ly f rom Eq. (3) by a fac tor  which 
conta ins ,  ins tead of the coeff ic ient  ~ ,  a ce r t a in  effect ive p a r a m e t e r  ~i: 

Wi = ceil i (T 2 __ Ti ) __a. (4) 

The value of the effect ive h e a t - t r a n s f e r  coeff icient  ~1 is de te rmined ,  following the well-known rule  for  
the addition of t h e r m a l  r e s i s t a n c e s  [5], in t e r m s  of the requ i red  cha rac t e r i s t i c  of the l aye r  k and the hea t -  
t r a n s f e r  coeff icient  (~: 

1 1 1 
+ (5) 

O~ 1 k 

Substituting the value of c~ t f r o m  Eq. (5) into Eq. (4) and dividing the equation obtained by Eq. (3), we have 

W 1  k (6) 

W0 ~ + k 

I t  will be convenient  hencefor th  to e l iminate  the h e a t - t r a n s f e r  coeff icient  c~. To do this we exp res s  the 
veloci ty  (1) in t e r m s  of the gradient  (2) and in tegra te  it with r e spec t  to t ime over  the expansion Al (t): 

At (t) = p (T~-- T,) exp (-~2 at~ - -  9 

It  i s  easy  to show by d i rec t  substi tut ion that  the express ion  in square  b racke t s  of Eq. (7) for  a value of 
the a rgumen t  zt given by 

= EV . = 1 ( s )  zl 

has a value of 0.57, and then, taking into account p rope r ty  (3), the expansion of the s tandard  spec imen  Al 1 
f r o m  the t ime  when the p r o c e s s  s t a r t s  up to the instant  t l, calculated f r o m  Eq. (8), r eaches  the values  

All ---- Al (tl) = 0.57 Vo - -  
~2 (9) 

G(% 2 

Multiplying the n u m e r a t o r  and denominator  of the f rac t ion  in Eq. (9) by the t ime  fac tor  t~ and bearing 
in mind Eq. (8), we obtain 

AIj = 0.57 Wotr (10) 

By solving Eq. (10) graphica l ly  i t  is easy  to find the point t 1 at which the expansion Al 1 sa t i s f i es  condi-  
tion (10). However ,  in p r a c t i c e ,  finding the instant  t 1 is cons iderably  s impl i f ied  by the obvious fact  that the 
ra t io  Al 1/ti is  nothing m o r e  than the slope of the sect ion of line which connects the or igin of coordinates  and 
the expe r imen ta l  cu rve  of the expansion Al (t) of the s tandard  cyl inder  without the l aye r  being invest igated (see 
Fig.  1). Consequently,  if by definition the veloci ty W0 is  the slope of the curve  Al (t) at the origin of coord i -  
nates  (see the figure),  then, by choos ing ,  using condition (10), the point B on the sect ion AC such that the length 
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of BC is 57% of the value of AC, it is e x t r e m e l y  s imple  to find the requi red  value of the expansion Al ~ (and 
the point t~) by connecting the point B to the origin of coordinates  and then extending the sect ion OB until it 
i n t e r s ec t s  the cu rve  Al (t) at the point D. 

The value of t 1 obtained in this way and a number  of e l emen ta ry  calculat ions,  re la ted  to changing f rom 
the h e a t - t r a n s f e r  p a r a m e t e r s  X and a to the coeff icient  g = k/~-~ [5], enable us to exp res s  the p a r a m e t e r  in 
Eq. (8) in t e r m s  of the well-known quantit ies g and tl: 

_ g (11) 

F r o m  Eqs .  (6) and (11) we obtain an equation for  calculat ing the h e a t - t r a n s f e r  coefficient  k of the p lane-  
pa ra l l e l  l aye r  in question: 

_ _  Wi ( 1 2 )  

k = g l&7(Wo - -  g , )  

The fa i r ly  sma l l  e r r o r  in record ing  the t ime  sect ion t l ,  not exceeding 0.2%, and also the high accuracy  
of the data on the p a r a m e t e r  g (up to 0.5% in the handbook l i t e ra ture)  for  a smal l  re la t ive  e r r o r  in measur ing  
the c h a r a c t e r i s t i c s  W 1 and W 0 (not g r e a t e r  than 1.5% each) ensure  good accu racy  of the method,  reaching 2-3%~ 

The possibi l i ty  of reducing the length of the sect ion t~ [by inc reas ing  the p a r a m e t e r  a in Eq. {11)] en-  
su res  that  the t h e r m a l  act ion on the m a t e r i a l  will be of shor t  durat ion,  which is pa r t i cu la r ly  convenient when 
studying hea t - lab i le  m a t e r i a l s  (which lose the i r  chemica l  s tabil i ty when the t e m p e r a t u r e  is ra i sed) .  

The "non tempera tu re"  m e a s u r e m e n t  by the d i l a tomete r  exp re s s  method desc r ibed  above for  determining 
the h e a t - t r a n s f e r  coefficient  of d ie lec t r ic  m a t e r i a l s  was checked using g lycer in  in the t e m p e r a t u r e  range 90- 
100~ on the appara tus  descr ibed  previous ly  [8]. The medium being invest igated filled an end disk cavi ty  in a 
cy l inder  of s ta in less  s tee l  (the disk cavi ty  of thickness  1 m m  was coaxial  with the cyl inder) .  

The t he rma l  expansion of the cyl inder  with the g lycer in  was compared  with the kinetic fea tu res  of the 
t h e r m a l  deformat ion  of a continuous cyl inder  made of the same  brand of s ta in less  s tee l .  

The vahm of the h e a t - t r a n s f e r  coeff icient  of the p l ane -pa ra l l e l  l ayer  of g lycer in  of thickness 1 m m  was 
6.4.10 -3 c a l / c m  2" sec .  deg, which is in good ag reemen t  with exist ing data [91. 

N O T A T I O N  

a ,  t h e r m a l  diffusivity; k, t h e r m a l  conductivity; a ,  outer  h e a t - t r a n s f e r  coefficient;  t ,  t ime;  k, inner  
h e a t - t r a n s f e r  coefficient;  fl, t h e r m a l  expansion coefficient;  V, volume; T,  t e m p e r a t u r e .  
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