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The in-plane diffusivity measurement techniques �

� Solution in the case of a semi-infinite medium submitted to a heat step stimulation :
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Assumptions:
- Semi-infinite medium
- One directional heat transfer
- Insulated   

Method � : 1 position and 2 different times (Steere, 1966 & Harmathy, 1964)
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φ a: thermal diffusivity 

λ: thermal conductivity 
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Steere, 1967
Another technique:



The in-plane diffusivity measurement techniques �

Method � : 2 different positions at a given time (Katayama, 1969)
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Drawbacks:
- Heat Flux Distribution must be perfectly known
- Heating element is ideal (no capacity) and in perfect contact with the sample- Heating element is ideal (no capacity) and in perfect contact with the sample
- Medium is assumed to be perfectly insulated
- 1D Heat transfer

Method � : Laplace transform (Kavianipour & Beck, 1977) ( ) ( )( ) ( ) ( )
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The solution is independent of the in-time heat flux distribution
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The in-plane diffusivity measurement techniques �

Method � : Fin’s method (Hadisaroyo, 1992)
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Both diffusivity a and heat losses h
are taken into account

(semi-infinite medium is assumed)
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Interest of the infrared camera:
- Non-necessary in space uniform stimulation
- 1D transfer in the case of insulating materials



The Fin’s method in Transitory Regime

To measure λx, the sample is stimulated in x=0 by a non necessaryuniform andconstant 
heat flux ϕ(y,t) or temperature step T0(y,t). The averaged temperature is then considered: 

� Heat Transfer Equation :
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� Boundaries Conditions :

� Initial Condition : 
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Theoretical Model: Solution in the Laplace domain

The solution is obtained in the Laplace domain (integral transform)

( ) ( )( ) ( ) ( )
∫

∞ −==
0

exp dttftfpF ptL

The Quadrupole formulation allows to linearly links the Laplace transforms of the inner 
and outer temperatures and fluxes: ( )TL=θ ( )ϕL=Φ
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Two reference temperature profiles are chosen in x=x1 andx=x2

( ) ( ) ( ) ( ) ( )pxFppxFppx ,,, 2211 ⋅+⋅= θθθ with: ( ) ( )( )
( )( )12

2
1 sinh

sinh
,

xx

xx
pxF

−
−=

α
α and ( ) ( )( )

( )( )12

1
2 sinh

sinh
,

xx

xx
pxF

−
−=

α
α

( )xx ehap λα 2+=



measured by infrared camera

Theoretical Model: Solution in the Time domain

In the time domain, the solution can be written as a sum of two convolution products:
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Direct Model: Test Case

� In-time Variations: � In-space Variations:

Temperature

Temperature step in x=0 Insulated in x=L

Test Case:   square sample L=40mm and e=1mm
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Inverse Model: Parameter Estimation

Ordinary Least Squares Method:
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Optimal choice of the reference profiles

� 2 static profiles: � 2 moving profiles:
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Choice:

x1=0  and x2=Lx
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Direct Model 0.011 0.036 0.015 0.743 

General Model  

01 =x  Lx =2   0.011 0.036 0.015 0.743 

01 =x  12 += kxx   0.090 0.397 0.106 0.562 

11 −= kxx  Lx =2   0.135 0.529 0.180 0.676 

11 −= kxx  12 += kxx   0.882 24.389 3.652 0.787 

 



Effect of a non-uniform heat transfer coefficient �
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Effect of a non-uniform heat transfer coefficient �
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Experimental Results

� Thermograms (line source stimulation):

� Temperature profiles and thermograms:

1 profile over 10

� Estimation:



Conclusions

An in-plane diffusivity estimation method by convolution method for 
low conductive materials has been presented.

It is a very simple and semi-analytical method that allows us
using two reference measured temperaturesas boundary
conditions

• To measure the in-plane diffusivity of low conductive materials

• Whatever  the In-Space and In-Time stimulation heat flux,

• And heat transfer coefficient variations are.

Thank you for your attention …


