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Governing equation
@ Generic equations for 1-dimensional iso-thermal 2-fluid model
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@ For heat transfer, we need an energy equation for each phase.
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Different forms of Energy equation
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@ Total energy
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= APk = Pk = P,‘k.
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Roe-7 model well-posedness

@ To have a well-posed model, the system of equations (SoE) must be
hyperbolic. E.g for SoE using total energy, we have
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ROE Linearization

Weak Formulation of Roe Scheme

@ Since, the governing SoE, 22 + A(U)2 = 0 is non-conservative, the
ROE method cannot be directly used

-
U= [agpe agpgly agpgEg g aipr acupiuy  oupiEf]

@ Solution: The weak formulation of Roe = conservative SoE
% o a(xu) = 0 is approximated by a linear equations system:

ouU
T +A(UL,UR) (7)

= A is the averaged matrix, subscripts L and R denote left and right.

@ Averaged matrix must satisfy 3 conditions:
© Hyperbolicity condition. All eigenvalues of A are real.
@ Consistency condition: A(U;,Ug) = A(U)
@ Jump condition: F(Ug) — F(Uy) = A(U., Ug)(Ug — U;)
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ROE Linearization

ROE-7 Averaged Matrix

@ Based on Toumi 92, for a canonical integral path of
‘D(S;UL,UR): UL+S(UL—UR) (8)

the averaged matrix is obtained such that

U, U

A(U., Ug) = /IA(¢(5; UL, Ur)) ds 9) &

Fig. 1: Integral path

@ Once the eigenvalues and right eigenvectors of A are available, the
Riemann problem with the approximated linear equations system can
be solved by Godunov method:

n n At = n A n n
P = U7 = 2 (A (U - UD + AL, (U7 - U1y)) (10)
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ROE Linearization

ROE-7 Averaged Matrix

@ For our SoE, the averaged matrix A is
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which gives 7 distinct eigenvalues:

A= [0 — &, g+ Cq, G, T, 0y — &, 0+ G, 0]
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3-Fluid Model

Governing Equation
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=> complemented by a1 + ap + a3z = 1.
y

F. Nikfarjam, H.R. Anbarlooei ROE-7 model 21/01/2022 8/9



3-Fluid Model

Hyperbolicity
@ 11 distinct eigenvalues and eigenvectors = SoE is hyperbolic.
A =[u —a, u +e1, U, Uiz, Uy — C, Up +C, U, Uj3, U3 — C3, U3+ C3, u3]
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