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1. ABSTRACT S. RESULTS
Refractory devices composed of ceramics are employed wherever there 1s contact with Temperature
molten metals as i1n crucibles filters, furnaces or systems for flow control. The
mechanical properties of these materials are very different from metals. oy |
The presentation focuses on basic equations related to thermal and mechanical _
transmission conditions across an interface between two different materials. These 9
equations are linked to the development of material instabilities and crack propagation
within the ceramics, in the view of application to refractories operating at | — imperfect
high-temperature conditions in steel plants. | J
pe rfect Fig. 5: Temperature jump across a
perfect interface (3-phase problem)
2. INTRODUCTION T e —

Fig. 4: Temperature jump across a perfect and an imperfect interface

We consider a coated spherical inclusion in a matrix, as
shown 1n Fig.1. Consider a thin interphase of constant
thickness ¢ between two regions 1 and 2. The three regions
are 1sotropic,elastic and homogeneous and are labelled as

i, I and 2.

When the interphase conductivity 1s low (2-phase problem),
there 1s a finite temperature jump but no variation in the
normal flux and the coated inclusion effect is that of a
homogeneous superconducting inclusion (fig 4, 5 and 6).

In 3 phase model, the elastic and thermal properties are |
considered to be perfect transmission conditions, as they are
continuous across the interphase.

Fig. 6: Temperature jump across an
imperfect interface (2-phase problem)

Fig.1: Interface condition

Heat Flux
When the thickness of the interphase material 1s reduced, the properties are no longer ]
continuous across the interphase, which 1s leads to the imperfect transmission conditions. They - , .
transform a three phase boundary value problem with perfect interfaces into a two phase 107° 1074 f 10* 10°
problem with imperfect interface. The aim of the work presented here is to derive the thermal 0.5/
and elastic transmission conditions, across the interphase between two materials, for a ﬁ
spring-type interface. The results obtained will be extended to thermoelastic and thermoplastic 1o
materials. e — imperfect
I pe rfect Fig. 8: Heat Flux jump across a
-2.0 i perfect interface (3-phase problem)
3. PROBLEM FORMULATION 25
Elastic Subproblem -3.0

Governing Equation: Across a perfect interface:

Fig. 7: Heat flux jump across a perfect interface and an imperfect interface

Constitutive Equation: ¢ = Atr(g)l + 2ue e displacement: u

} continuous

) GRS t=o.n When the interphase conductivity 1s high (3-phase &
2(S) — 4 (S1) — [ue] problem), there is no temperature jump but a finite jump of e S
Transmission Conditions: uj( ) uj( 1) = [u1, normal flux and the coated inclusion effect 1s that of a Fig, 9: Heat flux jump across an
. . ” ” imperfect interface (2-phase
O-%j (Su) — U}j (S1) = [o1,1, homogeneous superconducting inclusion (Fig 7, 8, and 9). A
Thermal Subproblem 6. CONCLUSION
Governing Equation: Across a perfect interface, The work presented here has resulted in establishment of the imperfect interface conditions

which express the effect of a thin interphase in the context of conductivity. The present
formulation 1s valid for the entire range of interphase conductivity. It is emphasized that the
imperfect interface conditions given here apply strictly to the case of thin interphase.

The method here will be extended to derive transmission conditions for three cases: (a)
Elastic media (b) Thermoelastic media (¢) Thermoplastic media.

Fourier’s Law: q = -k*(dT/dx) o lemperature: T continuous
e Heat flux: q

Transmission Conditions: | [o]=¢'(a+1,0)—¢'(a,6),

¢ 1s the temperature

[g,.]=q.(a+1,0)—q.(a,0).

7. NEXT STEPS

4. MATERIAL AND METHOD Thermoelasticit_v: the transmission conditions across the spring type interface will be

applied to a thermoelastic material. Subsequently, a new set of transmission conditions
would be derived, to study the variation of properties across the interface.

A 3-phase problem consists of a coated sphere (material 1) of another material embedded in

an infinite medium_(material 2), as shown in Fig. 2 The coating of the sphere is of a finite

thickness and i1s made of different material, other than 1 and 2, and 1s denoted as material 3 or Thermoplasticity: the transmission conditions for the thermoelastic material, will be
i. This is a perfect interface condition. The thickness ¢ of the interphase 1s then reduced (t — extended to derive the transmission conditions across the interface of a thermoplastic
0), and the interface conditions are now imperfect. This a the 2-phase problem. materials to study the variation of properties across its interface.
T = -Bz (uniaxial flux) i =P inldsl A 7
Material 2 Material 2
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