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The opt imum procedure  for  m e a s u r i n g  the t he rma l  diffusivity of m a t e r i a l s  using d i l a tomete r  
methods  is der ived analyt ical ly .  The theore t ica l  conclusions obtained a r e  i l lus t ra ted  with 
expe r imen ta l  data. 

A se r ious  disadvantage of d i l a tomete r  methods of de te rmin ing  the t he rma l  diffusivity of m a t e r i a l s  
is  the c o r r e c t  choice of the kinetic stage of the m e a s u r e m e n t s ,  since an exact  co r re spondence  between the 
fundamental  theore t ica l  re la t ions  and the actual  t he rma l  expansion p r o c e s s  of the p r i s m a t i c  spec imens  
being tes ted is only obse rved  ove r  a ce r t a in  t ime in te rva l  [1], the beginning of which co r r e sponds  to the 
fact  that the t e m p e r a t u r e  of one of the ba se s  of the p r i s m  is  equal to the t e m p e r a t u r e  of the h e a t - t r a n s f e r  
med ium (as a r e su l t  of which there  is  a t e m p e r a t u r e  jump at this end of the spec imen  [2]). The t ime i n t e r -  
val  tl, during which m e a s u r e m e n t s  should not be made (i.e., the Lime which e lapses  f rom the instant  when 
the end comes  in contact  with the medium until the end acqu i res  i ts  t empera tu re )  depends both on the hea t -  
t r a n s f e r  coeff ic ient  a between the end and the med ium,  and on the heaL- t rans fe r  p a r a m e t e r s  of the m a -  
t e r i a l  of the p r i s m ,  namely ,  the t he rm a l  conductivi ty X and the t he rma l  diffusivity a as  given by the in -  
equal i ty  [1] 

a 7 -  **>>1 (1) 

with a sys t emat i c  e r r o r  less  than ~2/2at ta2 .  In pa r t i cu l a r ,  by ass igning the sy s t ema t i c  e r r o r  as 0.5%, we 
have,  in the genera l  case  the following re la t ion  fo r  the c r i t i ca l  t ime in te rva l  tt: 

100 k 2 
tl >/ (2) 

a ~z 2 

On the o ther  hand, the upper l imit  of the p e r m i s s i b l e  kinetic m e a s u r e m e n t  t ime t 2 m u s t  re f lec t  the 
fac t  that t h e r m a l  exci ta t ions  p ropaga te  in a p r i s m  of finite length l accord ing  to the laws which hold for  
semi inf in i te  med ia ,  or ,  in o ther  words ,  the m e a s u r e m e n t  t ime mus t  not exceed the t ime t 2 when the t h e r -  
m a l  exci ta t ions  r each  the end opposite to the heated or  cooled end. The c r i t i ca l  value of t 2 is given in [2], 
and is defined by the condition 

exp (( 1. (3) 
4at 2 

Thus,  s t a r t ing  f rom the r equ i r emen t  that the sys t emat i c  e r r o r  mus t  not exceed 0.1%, it is easy  to 
obtain the following re la t ion  for  t2: 

[2 

t , ,~ - -  
32a 

(4) 
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It  follows f rom conditions (2) and (4) that the kinetic m e a s u r e m e n t  in te rva l  At in the d i l a tomete r  
method is l imited by the condition 

100 ~z l 2 
.~At .< - -  (5) 

a a 2 32a 

Moreove r ,  it follows f rom the c r i t i ca l  inequali t ies  (1) and (3) that these c r i t e r i a  cannot by any means  
a lways be sat isf ied s imul taneously ,  but only in those c a s e s  when the spec imen  being invest igated has  a 
length which sa t i s f i es  the r equ i r emen t  

al 
--~)I. (6) 

It is noteworthy that the main  assumpt ion  when der iv ing c r i t e r ion  (6) is the fact  that the ins tants  t 1 
and t 2 coincide. Phys ica l ly  this means  that the m e a s u r e m e n t  in te rva l  reduces  to a point,  i .e . ,  the t e m p e r a -  
t u re s  of the hea t - t r ansmi t t i ng  med ium and the heated end a re  equal  at  the instant  when the t e m p e r a t u r e  
pe r tu rba t ions  r e a c h  the opposite end. Within the l imi t s  of the e r r o r s  mentioned above,  a suitable si tuation 
occu r s ,  as  can eas i ly  be ca lcula ted ,  when ~ l / k - >  50, or ,  changing to the Blot c r i t e r i on  

Bi > 50. (7) 

The above d iscuss ion  Only hides an impor tan t  drawback of the d i l a tome te r  method,  namely ,  the 
need to opera te  with an overa l l  heating (or cooling) t ime which is m e a s u r e d  f rom the instant  when contact  
is  made between the end of the spec imen  and the hea t - t r an smi t t i ng  liquid, ineluding the s tage that p r ecedes  
the m e a s u r e m e n t  in te rva l  

tl -~ At -4 t~. (8) 

Hence,  the use of the theore t ica l  re la t ion  der ived  p rev ious ly  [2] 

Al(t) : 2[3AT | /  at (9) 
V 

(where fl is the coeff icient  of t he rm a l  expansion of the p r i s m ;  AT is  the t e m p e r a t u r e  jump at the heated 
(cooled) end; and A/(t) is the absolute t h e r m a l  change in the d imens ions  of the spec imen  in the t ime t), is 
i n c o r r e c t  and involves la rge  sys t emat i c  e r r o r s  in view of the fact  that Eq. (9) only holds during the t ime 
in te rva l  (8). Hence,  a change f rom an ove ra l l  heating t ime t in the theore t ica l  re la t ions  to t ime in te rva l s  
l imited by re la t ion  (8) should lead to a cons iderab le  i nc rea se  in the accuracy  with which the coeff icient  a 
can be de termined.  

When there  is such an inc rease  in accu racy  it is of i n t e re s t  to c o m p a r e  the t ime in te rva l s  71 and 72 
that follow one a f t e r  the o ther ,  at  which the length of the spec imen  has  the same  value L, provided that 
both in te rva ls  T1 and 72 lie in the range  given by (8). By calculat ing the length L f rom a ce r t a in  value t 
to t + 72 we obtain 

tZ" 

L =2[~AT ]// ~ (]fli+~2--V'[). (io) 

The length with the s ame  value L a f t e r  an in te rva l  7 i immedia te ly  preceding  the in terva l  72 (i.e., 
the t ime f rom the in te rva l  t -~ - i  to the instant  t) can a lso  be calculated f rom Eq. (9) and is  given by 

: - / ,  i -  (11) 

Substract ing Eq. (11) f rom Eq. (10) and s implifying the r e su l t  we obtain 

On the o ther  hand, by adding Eqs. (10) and (11) we obtain 

(12) 

(13) 
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To proceed fur ther  we must  square Eq. (13), thereby obtaining 

L~ =: (IgAT) 2 a_12l  : % - - h - - 2 | / t  .... T21 t - - ' q )  (14) 

and Eq. (12) 

Equations (14)and (15), 
following equation: 

2 l - - %  : ~ , - -21  f-: T~ l~t--T~. 

af ter  simple algebra involving eliminating i r ra t ional i t ies ,  lead to the 

(15) 

.x L 2 
- -  T . -  Tit 

2 a (t3_~T): 
(16) 

which is important  in the sense that the time intervals  in it belong only to the measurement  interval  (8). 
Express ing the quantity fiAT in t e rms  of the limiting relative change in the length of the specimen A l  o / I  

in t e rms  of the equation 

~5T.-- A.__~/, (17) 
I 

it is easy to obtain the final theoret ical  relation 

L212 
~ . . . . .  ~ , ( 1 8 )  

2 -~[0 (l" 2 - -  T1) 

which is free from the above-mentioned drawbacks. The choice of the portion of the kinetic curve Zx/(t) 
that r epresen t s  the interval (8), is fair ly simple to make,  if we use a number of specific features c h a r -  
ac te r i s t ic  of this part ,  which Eq. (16) enables us to reveal.  

Indeed, the constancy of the left side of Eq. (16) in effect represents  that a third time interval  ~-3 
exis ts ,  direct ly  following the time 72 (i.e., next to it) which simultaneously obeys an equation s imi lar  to 
Eq. (16), namely,  

~L'-' 
" % -  r . , .  ( 1 9 )  

2a (13AT) ~ 

From Eqs. (16) and (19) we obtain a rule which must  be satisfied in the measurement  interval  (8) 
by any three adjacent time intervals ,  during which the specimen changes in dimensions by the same amount 
(more accura te ly ,  three equal time intervals  following one another),  namely, 

1 
�9 ~ = - -  (~1 + ~3)- (20) 

2 

It is worth emphasizing the pract ical  value of the rule (20) since it enables us to determine the 
interval  (8) without ca r ry ing  out any additional experimental  measuremen t s ,  such as measur ing  the t em-  
pera ture  of the ends of the specimen (since a concrete  calculation of t 1 and t 2 is not possible from relations 
(2) and (4) without data on the thermal  conductivity, which in turn must  be determined). 

The opt ica l - in ter ference  di la tometer  is of undoubted experimental  convenience both for determining 
the interval (8) and for calculating the thermal  diffusivity from Eq. (18). It can be used to measure  small  

displacements  (the distance between al ternate in te r -  
ference maxima and minima cor responds  to a speci -  
men length of a quar te r  of a wavelength of the light). 

We determined the thermal  diffusivity of copper 
(and confirmed the c o r r e c t n e s s  of relation (20)) using 
a di la tometer  with an opt ica l - in ter ference  at tachment 
for measur ing  small  displacements  using an OKG-11 
h e l i u m - n e o n  laser  (wavelength 0.6328 p [2]). An 
in te r fe rogram il lustrating the kinetics of the thermal  

Fig. 1. In te r fe rogram of the initial stage of expansion of copper  is shown in Fig. 1. It follows 
the kinetics of the thermal  expansion of a f rom the experimental  data, in par t icu lar ,  that for 
specimen of copper,  a specimen length l = 15 cm and using melted Wood's  
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alloy as the hea t - t ransmi t t ing  medium,  the rule (20) begins to be satisfied 2 sec a f te r  contact  is made 
between the Wood' s alloy and one of the ends. 
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N OTA T I O N  

the thermal  diffusivity; 
the hea t - t r an s f e r  coefficient;  
the thermal  conductivity; 
the thermal -expans ion  coefficient;  
the time; 
a t ime interval ;  
the length of sample;  
the sample at some t ime T; 
the cu r r en t  value of absolute the rmal  chsnge in sample dimensions in t ime t; 
the limiting absolute thermal  change in dimensions;  
the t empera tu re  jump at the heated (cooled) end; 
the Blot number.  

1, 

2. 
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