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The In-plane diffusivity measurement technigaes
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The in-plane diffusivity measurement techniq@es

Method @ : 2 different positions at a given timi€atayama, 1969)
T, V V 4at

Drawbacks
- Heat Flux Distribution must be perfectly known
- Heating element is ideal (no capacity) and in perfect contaicttiae sampl
- Medium is assumed to be perfectly insulated
- 1D Heat transfer

Method® : Laplace transformKavianipour & Beck, 1977) 8(p)=L (T(t)) = I:T(t)exp(‘pt) dt
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Ay p/ax The solution is independent of the in-time heat distribution




The in-plane diffusivity measurement techniq@es

Method® : Fin's method idadisaroyo, 1992)
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Both diffusivitya and heat lossds
are taken into account
(semi-infinite medium is assumed)

Interest of the infrared camera:
- Non-necessary in space uniform stimulatig
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- 1D transfer in the case of insulating materi
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TheFin’s method in Transitory Regime

To measurel,, the sample is stimulated x+0 by a non necessanniformand constant

heat fluxg(y,t) or temperature step,(y,t). The averaged temperature is then considered:
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Fin's Approximation
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* Heat Transfer Equation :
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Theoretical ModelSolution in the Laplace domain

The solution is obtained in the Laplace domain (integral transf

rm)
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The Quadrupole formulation allows to linearly links the Laplace transforrtiseahner

and outer temperatures and fluxes: 6=L(T) ®=L (p)

6

X

)

X

6,

e

()

e

&
q)O

QX
q) X

A B,
CX DX

&
@,

o le oo ] L)l

Two reference temperature profiles are chosexrixy andx=x,

‘9()(’ p) ~ ‘91( p) [ Fl(x’ p) + Hz(p) LF, (X, IO) _ sinhla(x; ~x))

with: F(x, p)= sinh{a(x, - x))

A, =D, = coshkx)
B, = sinh(kx)/k

C, = Ak [sinh(kx)
= Jo7%)
and F,(x, p) = sinh(a(x-x,))

sinh{a(x, - x,)

[a =/p/a, +21/el,)




Theoretical ModelSolution in the Time domain

In the time domain, the solution can be written as a sum of two convolubiduncps:

T(xt)=T,(t)0 f,(x )+T,0)0 f,(x,t)] with: f,(xt)=L*(F(x p)

measured by infrared camera

f,and f, are functions of the unknown parameters:
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Direct Model: Test Case

Test Case: square sample L=40mm and e=1mm a= 510" m*s™

Ho(p) = (T

Temperature step x=0
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Insulated inx=L

Temperature 6 (x,p)=

T,-T.
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* In-time Variations:
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Inverse ModelParameter Estimation

Ordinary Least Squares Method: E: { a} Unknown parameters
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Optimal choice of the reference profiles

* 2 static profiles:

* 2 moving profiles:
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Effect of a non-uniform heat transfer coefficiént

In-space varying
heat transfer coefficient
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Effect of a non-uniform heat transfer coefficiént

a =4.98e-007 H = 20422
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Experimental Results

 Thermograms (line source stimulation)
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* Temperature profiles and thermograms e Estimation
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Conclusions

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

It iIs a very smple and semi-analytical method that allows us
using two reference measured temperaturas 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 ...



