N
N Simulation and Validation of a Three-Phase Flow Model
CONTEXT Step 2 - Relaxation step : Starting with W5~ compute W™

The modeling and the accurate simulation of steam explosion is an impor- approximate solution of.

tant topic for nuclear safety analysis. This phenomenon may occur when
some very hot liquid (molten metal for instance) flows down in a quiet Do, = S (W)
liguid component such as water. In this case the heat transfer might lead .

to the rapid creation of large volumes of water vapour, so rapid that it can Opmy, = 0 .
be explosive [1]. O(myUy) = Si (W)
Ol Br) = >0 o (W) %t = SE(W)

THREE-PHASE FLOW MODEL |

Within each phase, o <€ 0,1}, pr, mu. = agpr, U D This time scheme complies with the entropy inequality (5). A 3D Finite Vol-
er(pr, pr) and Ep = 1/2pUp.Ur + prer(pr, pr) represent respec- ume scheme is built. The first evolution step - that accounts for convective
tively the statistical fraction, the mean density, the partial mass, effects - involves an explicit scheme (Rusanov scheme was implemented),
the mean velocity, the mean pressure, the mean internal energy whereas the relaxation step is implicit.
and the mean total energy of phas £ = 1 — 3, we note

W = (ag, a5, my, mo, ms, myUr, moUs, msUs, a1 By, an B, asEs)" the NUMERICAL RESULTS

state variable. The set of PDEs that is considered is (see [6]):

(9% + V(W) Ve, — SO(W) Verification test case : Riemann problem
amk _|_ v (mkuk> - O B I Comllergence Rate :| P_k I Phase Pressures
8ngtuk - V.(mUy @ U + agpild) + Zz L (W) Ve = S)(W) e

8@§tEk | V(OékEkUk -+ @kpkuk) Zl Ik Hkl(W)%Otél . SE< ) L
(1) |

The statistical fraction a; complies with: a; = 1 — ay — a3, since phases
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are immiscible. We restrict here to the case where: V;(W) = U; (phase 1 -
denotes the liquid metal), thus following [6]:
[115(W) = I15 (W) = II3(W) = p» ) ’ et ! wo
J---lg(W) — ____31(W) — ____32(W) = D3 Figure 1: L' norm of the error wrt the  Figure 2: Pressure profiles at the final
mesh size h time 1" = 8mes.

| laws for S¢(W W) take the form:
Closure laws for S¢'(W), Sy (W), SZ(W) take the form Validation test case -

SUW) =377 ik 7w Pk — PI) See [3] for the experimental setup, and [2] for a barotropic approach:
Sk( ) Zz 157&/@[)%1( ) (3) i vl I ;
E(\W
SEW) =370 1 Vi(W).Dg (W) + 377y i S -
where Tkg(W) — Tgk(W), DM<W) — ekg(W)(Ul — Uk) with e;d(W) — CEY UC)VYO%OY N
er(W), and Vy; = %(Uk +U;). 71 and ey are positive bounded functions l closed wall éimplet:ﬁ
(see [4] for pressure relaxation time scales). The heat transfer term is given : [
. . . . ' ' | > X
by ¢ = % ﬂ, where T,Z — Tflﬁ is the characteristic time of heat transfer z =0 0.75 3.0 34 3.75
Tkl | High pressure Low pressure
- —1 ( Oselpe.pr) \ [ Oexlprpr) ) / B
between phases k£ and [, and a; = (s 1( - ) ( . We de-
P g ( k> Opr. » (9)1% Soe oo Figure 3: Sketch of the experimental shock tube apparatus.
: Pk:Pk) Sk\Pk, Pk - . . .
fine s4(pr, o), the specific entropy of phase £: Ck Opr Opk 0, Simulation results for solid droplet test case:
and also the mixture entropy 1(W) and the entropy flux F,(W):
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Main properties: 7 305 A |
The homogeneous convective subset (left hand side of (1)) is hyperbolic l i
unless U;.n — Uy..n = 4., where n is a normal unit vector in R>. Its ol ]
eigenvalues are: o _ |
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A213(W) = Urn £ ci; Ay 15(W) = Un.n £ 37 Aig17(W) = Us.n=£ c3 Figure 4: Mixture pressure on S1 (black) Figure 5: Phase 1 volume fraction in 4
: : : 2 | 4 . Ime | .
The entropy inequality for smooth solutions of (1) reads: 52 (red) 53 (blue) 54 (green) Hme metants
on(W)
| < - 1-
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