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F o r m u l a s  a re  derived for  calculating the e r r o r  in t empera tu re  measu remen t s  which resul ts  
f rom a dis tor t ion of the t empera tu re  field by t empera tu re  or  the rmal  flux probes.  

During the m easu rem en t  of thermophysica l  p roper t i e s  of a substance by t rans ient  methods,  the t e m -  
pe ra tu re  field becomes  dis tor ted by tempera tu re  and thermal  flux probes ,  as  a consequence of the i r  t h e r -  
mal  conductivity and specific heat being different f rom those of the tes t  specimen. Thesed i s to r t i onsa f f ec t  
the accuracy  of both t empera tu re  and the rmal  flux measu remen t s ,  and thus also the accuracy  of the ex-  
per iment .  In this study here  we will es t imate  such an e r r o r  in the method of a momenta ry  heat source ,  
when the thermophysica l  p roper t i e s  of poor  heat conductors  a re  measu red  with fiat metal l ic  probes  for  
sensing e i ther  the t empera tu re  or  the the rmal  flux. 

The problem is formulated as  follows. In a specimen which s imula tes  an infinitely large medium or  
an infinitely long rod with adiabatic conditions around the la tera l  surface and with the thermophysica l  p r o -  
pe r t i e s  X l, c l, Yl, there is generated at t ime zero  a quantity of heat Q1 in the plane 1--1 (Fig. 1). At a 
distance R there  is located a t empera tu re  or  a the rma l  flux probe of thickness A and with the the rmophys -  
ical p roper t i e s  X 2, c 2, 72. Without a~T probe,  the t empera tu re  at distance R is defined by the relation: 

Q1 exp - -  (1) 
T (0, "0un 2e1"5 V-~al - - - T  

where  a 1 = k I / c l T  1. 

The t empera tu re  is measured  at t ime T m a  x = R 2 / 2 a  1 [1]. Then 

T (0, ~),n ::= Q~ - -  1/' 2c171R - i f -  r~e 

We will now determine by how much T(O, "r)un differs  f rom the tempera ture  read by the probe. An a s sump-  
tion will be made which simplif ies the solution. Inasmuch as the thermal  conductivity of poor  heat conduc-  
to r s  differs  f rom that of the probe ma te r i a l  (usually a metal) by fac tor  of the o rde r  of 104, we let 

~'/~.1 ~-" oo. 

The equation descr ibing this problem can be wri t ten as 

02T1 OT----L (x, "c) = a 1 - -  0 .~s x ~ 0% (2) 
0"c 0x 2 ' 

02Ta OT3 (x, T) := a 1 - - ,  --c~ ~ x ~ - -  A. (3) 
Or Ox ~ 
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Fig. 1. Model of a tempera ture  field for the 
problem of field dis tor t ion by temperature  and 
the rmal  flux probes: IH and I a re  the medium 
with the thermophysical  proper t ies  to be de te r -  
mined, II is a thermal  flux or  a tempera ture  
probe,  1--1 is the plane in which a momentary  
heat pulse is generated. 

TL. (x, x) = Q1 
czyzkA 

The equation of heat balance for the probe 
yields 

f[  Ore _ ( Or, ] = c,v A Ors 
a ' t k  ,,.~ /_,, ~, Ox /o_ o, 

(4) 

The initial conditions are 

r , (x ,  O) = T~(x, O) = T3(x , 0) = O. (5) 

The boundary conditions are  

TI(+ o% ,) = O, (6) 

T~(--  co, "0 = 0, (7) 

T, (0, z) = T~ (z) = T 8 (-- A, z). (S) 

This sys tem of equations is solved by the method of 
the Laplace integral  t ransformat ion 

exp [ - -  |/(~'-~-, 1 (9, 

The original  function of this t r ans form is [2] 

T(x, z ) =  [ - - e x p (  2 R - - x - - A  4 a G ) ]  [ 21 R - - x - - A  
--  : kX + A'A-~ erfc �9 VaxT I 

or  for  x = --A 

T(--A, ~ )=T( 0 ,  1:)= - - e x p \ ~ - t -  A2k2] 

2 ] / -a -~  ~ Q, (I0) 
Ak J q'fikA ' 

2 ia--~- Ak cxT,kA 

The ser ies  expansion of the e r r o r  function 

erfc y = ]/_-~ [exp (-- y~)] �9 Y 2Y 3 

y ie lds ,  a f te r  a few minor  t ransformat ions ,  

T(O, x ) =  Q' R exp ( 1 ) 1 
2cly 1 }/ ~Fo ~ 1 - - ~ k  

R 4 Fo 

1 

2 2 # F-~ Ak 

Taking into account Eq. (1), we have 

T (--A, x) = Tun (R, "0 4al"r - X 
4al"r-  Rhk 

...]. (12) 

x[m_ 1 
2 (  R __ 2 V____~a~ 

V 2a1"~ Ak 

Beginning with Fo ~ Ak/R, one may d is regard  all  t e r m s  in the se r ies  a f te r  the unity and the result ing 
e r r o r  will not exceed Ak/10 R. As a resul t ,  taking into account relat ion (1), we have 

1 
r (o, x) = Tun (0, x) Ak 

1 
R 4Fo 

(13) 

or  for  Fo ~ 0.5 one may expand the f ract ion into a se r i e s  
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A k, 1 ) 
T(0, * ) = T u n ( 0 ,  T) 1 + - - i f -  4Fo ' 

i. e. , 

S T =  Tun (0, , ) - - T ( 0 ,  ,) = ~ k - ~ A  . 1 
Tun (0, ~) R 4Fo 

1 A 
6Tmax = ~ k - -  

2 R 

With the aid of (12), one can find Tma X when the probe is in. 
to ze ro  y ie lds ,  a f t e r  a few simple t r ans fo rmat ions  

Tmax=TmaXun ( 1 - - k  A ) " R  

The d is tor t ion  of the t he rma l  flux is es t imated  in an analogous manner .  F o r  this ,  we find 

5Q ___ Qun (--A, ~ ) -  Q (--A, "r 
Qun (-- 5, ~) 

Here ,  s tar t ing f rom (1) and (10) with all  s e cond -o rd e r  t e r m s  d i s regarded ,  we obtain 

and, a f t e r  a few simple t r ans fo rmat ions ,  

o r  

Differentiat ing (12) and then equating 

Qun(--A, T ) = - - ~ (  dTn'e ) 

Q1 exp - -  ~ 1 
2clv 1 V'aFo R R 2Fo ~ 1 + , 

Q1 
\ dx / _ ~ -  2~rlV~-Vo R 

A k '/2 1 4Fo R R 
) R 4 Fo 

R 2Fo 

A 
6Omax -- ( k -  1). 

R 

(16) 

(17) 

Os) 

(19) 

(20) 

(21) 

The final express ions  (14), (16), and (20) yield an es t imate  of the e r r o r  in the measu red  values of 
the p a r a m e t e r s .  Both /iT and 6Q are  uniquely de te rmined  by the probe dimensions and by the rat io  k of 
specif ic  heats.  Since the probe readings of t em p e ra tu r e  a re  too high, hence an exper iment  yields  higher  
values of the me a su red  p rope r t i e s  ( thermal  conductivity and specific heat) because 

(R) = Q~ 
T , ~  ~,=.x V-2--ffe'-e ' 

cv (R) = Q1 
Tm,.,n V2-~e 

It is possible  to minimize  the e r r o r  in the readings of t em p e ra tu r e  and the rma l  flux by a p r o p e r  
choice of the rat io  A/R, or ,  if that is technical ly  not feasible ,  one may use the p r o p e r  co r rec t ion  a c c o r d -  
ing to fo rmulas  (14), (16), and (20). 

clT1 
T 
Tun 

N O T A T I O N  

is the the rma l  conductivity; 
is the specif ic  heat r e f e r r e d  to volume; 
is the t empera tu re ;  
is the t empera tu re  in the medium under  undis tor ted conditions; 
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Q1 
R 
A 
k 
T 

7max 
Qun 
Q 

Tmax 

is the quantity of heat generated per unit area; 
is the distance frcrn the heat source; 
is the probe thickness; 
is the ratio of specific heats, specimen material  to probe material; 
is the time; 
is the instant of time which corresponds to the maximum temperature on the heating curve; 
is the thermal flux in the medium under undistorted conditions; 
is the thermal flux with the probe in; 
is the temperature at time ~max" 
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