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1. The Thermal Quadrupole Formalism

2. Estimation of thermophysical properties by random heating

3. Thermal diffusivity mapping from spatial random heating

4. Conclusion

The Thermal Quadrupole Formalism.

Application to the estimation of thermophysical properties

by random heating
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Many Thermal Engineering problems

do not require the

knowledge of temperature and heat flux

in the whole domain

Heat transfer parameters measurement

Looking for

analytical relationships between

temperature and heat flux

at some given locations

Motivation
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Thermal Quadrupole Formalism

Carslaw & Jaeger 1959

A. Degiovanni et al. LEMTA, Nancy, France1988

J.C. Batsale et al. 1994

Laplace space, quadrupole network

2000 Thermal Quadrupole BookD. Maillet et al.

D. Maillet, S. André, J.C. Batsale, A. Degiovanni, C. Moyne
Thermal quadrupoles : Solving the heat equation through integral transforms
Wiley, London, 2000

2D, 3D…Integral transforms

A. Degiovanni
Conduction dans un «mur » multicouche avec sources : extension de la notion de quadripôle,
Int.J.Heat.Mass.Transfer. Vol 3, 553 - 557, 1988
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Thermal Quadrupole Formalism
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Thermal Quadrupole Formalism
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Thermal Quadrupole Formalism

Time-dependent periodic case

s
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Multilayer System
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Semi-infinite medium
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Interface conditions

Thermal contact resistance
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Internal heat sources and initial temperature imbalance
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Cylindrical coordinate system
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J.C Batsale, D. Maillet, A.Degiovanni
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Multilayer example : super insulating materials characterization
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For long times :

0 

0)( 

=−

=−

ce

ec ssp

ρ

ρ L

Qb
Rct

cL

Qb
tT

p

+=
22 )(

),0,0(
ρλπ

n

n

n n

n
c

beth

b

e
R

α

α

α

α

λλ

)sin()(2

1

∑
∞

=

+=

Initial guess for k

as a quite good approximation

t

Analytical Model

Asymptotic expansion

L

Qb
Rc

Multilayer example : super insulating materials characterization



19

V

Extension for thermal charaterization of liquids in Couette flow

Transfer of technology :

« Capthermic » start-up

Thermal

conductivity

Viscosity

Compressible

material
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Analytical relationships in the transformed space

Direct local relationships between measurement points

No grid = it is not necessary

to compute the solution

in the whole domain
No time discretization

Exclusively limited to linear systems

Asymptotic expansions

Simplified models

Multilayer systems Matix multiplication

No accumulation of errors / t

Main characteristics of the Quadrupole formalism
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Implementation of the method

Quadripôle 1

Quadripôle 2

Quadripôle 3
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Some examples of applications
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Mean Temperature analytical quadrupole
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1. The Thermal Quadrupole Formalism

2. Estimation of thermophysical properties by random heating

3. Thermal diffusivity mapping from spatial random heating

4. Conclusion

The Thermal Quadrupole Formalism.

Application to the estimation of thermophysical properties

by random heating
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Linear estimation : minimization of the prediction error e(t)

The cost = biased estimador
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Thermophysical properties measurement

in semi-infinite medium )
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Pseudo-random heating
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Pseudo-random heating
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Pseudo-random heating

Convective coefficients mapping

0 10 20 30 40 50 60 70 80
0

5

10

ré
p
o
n

s
e

0 10 20 30 40 50 60 70 80
0

2

4

time

fl
u

x

Thermal characterization

of cyclist casque

hFlux

C

hT)t(
dt

dT
C −= ϕ

Characteristic frequencies are estimated :
C

h



37

1. The Thermal Quadrupole Formalism

2. Estimation of thermophysical properties by random heating

3. Thermal diffusivity mapping from spatial random heating

4. Conclusion

The Thermal Quadrupole Formalism.

Application to the estimation of thermophysical properties

by random heating
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Thermal diffusivity mapping from spatial random heating
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Initial

randomly distributed

temperature field

Sample

Thermal diffusivity mapping from spatial random heating
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Final

temperature field

Estimated

thermal diffusivity

field

Thermal diffusivity mapping from spatial random heating
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1. The Thermal Quadrupole Formalism

2. Estimation of thermophysical properties by random heating

3. Thermal diffusivity mapping from spatial random heating

4. Conclusion

The Thermal Quadrupole Formalism.

Application to the estimation of thermophysical properties

by random heating
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4. Conclusions

- Limitation of numerical performance of hybrid quadrupoles

- Complex Geometry

- Both time and spatial random heating

- Thermal tomography

Lost quadrupole
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A última pergunta ?

Cadê a melhor receita da Caipirinha ?


