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Why ?

A body subjected to thermal shock will develop tensile stresses within itself.

T
At micro-level, local stresses accumulate at the boundaries

Leads to crack formation.

T0 > Tf




Approaches

Taylor Series Expansion
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Fig.1: Thin Interphase. Image taken from the
thermal paper by Hashin.

Re-scaling approach
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Fig.2: Image taken from the elasticity paper
by Mishuris et al.



Development of Transmission Conditions for a thermal
conductive interphase
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GOVERNING EQUATIONS

1. Heat transfer equation: V-(kVT)+Q=cp %{

2. Fourier's Law: q=-k(T)VT

Literature Background

Thin interphase/imperfect interface in conduction

- Z.. Hashin — Taylor Series expansion



Transmission Conditions

Planar interface transmission conditions (without a heat

source)
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Transmission conditions for a planar interface with a heat

source QO0:

LGl = (kiV‘E T + Qo) t




Comsol: Geometry

Label: Parameters 1

v Parameters
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L

a
epsilon
k1
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ki

beta
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Qo

temp

Expression

130[m]

1[m]

0.1[m]
 10[W/m/K]

1IW/m/K]

1e-6[W/m/K]
-1[K/m]
293.15[K]
0.001[W/m*3]

Value

430m

Tm

01m
10 W/(mK)

1T W/(m-K)

| 1E-6 W/(mK)
_-1 K/m
1293.15K
10.001 W/m?
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Comsol: Temperature without Heat Sources
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Comsol: Temperature with Heat Sources

Line Graph: T-TO (K)
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Comsol: Heat Flux without Heat Sources

2
Line Graph: (x/(x?+y?)~(1/2))*ht.thuxx+(y/(x*+y?) ~(1/2))*ht.tfluxy (W/m?)
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Comsol: Heat Flux with Heat Sources

2
Line Graph: (x/(x?+y?)~(1/2))*ht.tfluxx+(y/(x*+y?) ~ (1/2))*ht.tfluxy (W/m?)
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Development of Transmission Conditions for
an elastic “spring-type” interphase



Linear Transmission Conditions

First transmission conditions
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Label: Parameters 1

v Parameters

» :
Name Expression

L 30[m]

a 1[m]

epsilon | 0.1

nut 10.20

nu2 1035

nui 1030

beta . 1

E1 24e9[Pa]

E2 2.7e9[Pa]

Ei 6.552e9(Pa

disp
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lacement
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Comsol

Line Graph: Displacement field, X-component (m) Line Graph: Displacement field, Y-component (m)
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Development of Transmission Conditions for
an thermoelastic interphase
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Thermoelastic Transmission Conditions

GOVERNING EQUATIONS:
1. Hooke's Law: o =Atr(e)I+2ue—m(T - Tyl

2. Energy Equation: pcpT =—-divg+Q— mTytr(¢)

Literature Background

e Interface Models in Coupled Thermoelasticity - M. Serpilli,
S. Dumont, R. Rizzoni, F. Lebon 7T/ /




Transmission conditions for a planar interface

Displacement
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Transmission conditions for a planar interface

Stresses
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v Parameters

Comsol: Geometry

Value

_30m

Tm

01m
10 W/(mK)

1 W/(m-K)

(1E-6 W/(mK)
»-1 K/m
1293.15K
10.001 W/m?

0.2

035

03

12.4E10 Pa
27€9Pa
'6.552E9 Pa
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Name Expression

L 30[m]

a A 1[m]

epsilon 0.1 [m]

k1 10[W/m/K]

K2 IW/m/K]

ki 1e-6[W/m/K]

betaTH -1[K/m]

T0 | 293.15[K]

Qo 0.001[W/m*3]

nul 0.20

nu2 1035

nui A 0.30

E1 24e9[Pa]

E2 | 2.7e9[Pa]

Ei 6.552e9[Pa]

betaEL -1

_ >
disp

Description

| Length of the domain

radius of inclusion

‘ thickness of the interphace
thermal conductivity of...

. thermal conductivity of in...

| thermal conductivity of in...

ambient temperature

heat source inside the int...

: PR for matrix

PR for inclusion

: PR for interphase

YM for matrix

_ YM for inclusion
_ YM for interphase

force
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Next Steps

Rescale approach

Derive
for the Use benchmark .
: : thermoplastic
thermoelastic problems to verify -
.. transmission
transmission the TCs. ..
I conditions.
conditions.
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