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Drops (subgrid)
Bubbles (subgrid) ~_ L~

|_—— Slug (supergrid)

* Philosophy |
— Resolve supergrid scale structures (VOF, embedded interface,
finite elements, level sets)

— Model subgrid scale motion (interpenetrating continua, Euler-
Lagrange, homogeneous

* Advantage

— Subgrid scale motions are more “universal” and hence easier
to model (usually dispersed phase)

— Opverall problem can be treated as a single fluid with variable

density, variable viscosity -- sharp changes at the interface.
Reduces needs for closure relationships
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Schematic picture of the homogeneous specific free energy ¥ as a function of C(left) and
the equilibrium interface profile (right).
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Tgas Free slip boundary
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Steam & water cocurrent or countercurrent
Low steepness wave field ( ak =0.01-0.17,
capillary/gravity ripples)

Variable Pr/Sc, shear velocities u*, and
subcooling/superheating



Scalar transfer: sheared
Interfaces

& Data
RELAPS
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Comparison of RELAPS predicted values for the interfacial heat transfer
coefficient in subcooled boiling vs. McMasters University data
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DNS Problem Schematic

Free Slip Boundary
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Masgs Transfer

Deformable !

Interface | :
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Fractional time step taken in gas and liquid domain S

Finer grid on liquid side for mass transfer calcula tions



i DNS method

- Pseudo-spectral DNS solver (Fourier-Fourier-Chebysh  ev).

» Uses mapping in the gravity direction (De Angelis, 1998).

» Based on a projection method.

 Grid resolution: typically 128X128X129 (each domain )
 Alternate solution of gas and liquid domains

 Fractional steps in each domain: interfacial stress from gas

* Interfacial velocity from liquid to gas
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Boundary Fitting Method

Physical Domain
ﬂ_ + ﬂ_ — ﬂ + ﬂ ﬂ x3 ya
1 1 1 T 1
£3 Mapped Domain

ﬂ_ + 1 — 1 xl// 2 -
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Interfacial jump conditions Mapped Space (§1,52,63)
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Heat Transfer at the Interface

HTC (flat & wavy interface); Pr=1

Interfacial heat transfer

Interfacial shear

0021 0047 0072 0.088 0.123 0.148 0.174 0.200
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1-,Solve Navier Stokes Eqgs. in each domain:
pply Energy jump conditions: G=——
— [ -2 )x]x+ -
(2 -2 )x]x
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