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Motivation
Porous Carbon Fibre Reinforced Polymers

pore

epoxy resin

carbon fibre

1 mm

Reasons for Porosity:

• Improper autoclave parameters

• Uneven wetting of the fibres

• Incomplete chemical reactions

• Degassing of contaminates

• Improper debulking

0 2 4 6 8
30

40

50

60

70

80

90

100

110

120

130

Porosität  / (%)

In
te

rl
a
m

in
a
re

 S
c
h
e
rf

e
s
ti
g
k
e
it
 

 /
 (

M
P

a
)

 

 

P.A. Oliver et al. (2007)

M.L. Costa et al. (2001)

S.R. Ghiorse (1993)

D.E.W Stone & B. Clarke (1975)

Porosity Φ / (%)

In
te

rl
a
m

in
a
r 

S
h
e
a
r 

S
tr

e
n
g
th

 τ
/ 

(M
P
a
)



slide 3

Introduction
Thermal Diffusivity as a Probe for Porosity

Ultrasonic C-scan images
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Active Thermography – Diffusivity images
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k … Thermal Conductivity
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Introduction
Effective Medium Theory for Porosity Evaluation 
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Experiment Thermogram Results
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Effective Medium Theory (EMT)
Maxwell-Garnett Approximation (MG)

Effective thermal conductivity (MG – Approximation):

Effective thermal diffusivity:

Model: Aligned ellipsoids 
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Porous CFRP: real microstructure 
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3D Xray Computed Tomography
Equipment

Voxel sizes: (2.75 µm)3 and (10 µm)3

Volume: (5 x 5 x 5) mm3 and (20 x 20 x 20) mm3
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3D

2D

Heat Conduction Model
Depolarization Factor 

2D – Depolarization Factor:
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3D – Depolarization Factor [3]:
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Aspect Ratio: m = a / b

[3] H.I. Ringermacher et al., In: QNDE 21, pp. 528-535 (2002). Aspect Ratio
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Finite Element Simulation
Subdomain and Boundary Settings

Steady – State Model:
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reflection mode: z = 0

transmission mode: z = L

Finite Element Simulation
Post Processing – Steady State Model

Effective Thermal Conductivity:
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Volumetric Heat Capacity :

       
MPeff

ccc   1

Effective Thermal Diffusivity:

 
eff

eff

eff
c

k


 

(ref.)q(trans.)q
meanmean

 

Heat Flux (W / m 2)
z = 0
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Detailed View
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Finite Element Simulation
Post Processing – Transient Model

Unsteady Temperature Field (K)
z = 0

z = L

Reflection mode

Transmission mode
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Finite Element Simulation
Post Processing – Transient Model

CT - cross section plot ( Porosity = 3.5 % )
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Finite Element Simulation
Post Processing – Transient Model

Porosity Specimen:  = 2.5 %
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Thermal Diffusivity Profiles

Porosity Specimen:  = 1.3 %
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Results
Verification of the Heat Conduction Model
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Conclusion

• Numerical results of the steady state and the transient 
simulations in transmission configuration follow the 
analytical heat conduction model as the aspect ratio is taken 
into account.

• Transient simulations in reflection configuration diverge
in their predictions for the effective thermal diffusivity due to the 
strong dependence on the pore morphology.

• “Dethermalization Theory” can be verified as a 
quantitative model for the prediction of the effective 
thermal diffusivity of porous CFRP.
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