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Abstract

The  full  numerical  simulation  of  quenching  process  requires  tackling  several  phenomena:  multiphase  flows,  fluid
structure interaction and wetting, phase change, heat exchanges, etc. On the one hand, an adaptive Eulerian framework for
the simulation of boiling phenomena that captures the most part is presented. However no solid-liquid contacts in parallel
with boiling is allowed. On the other hand, a discontinuous Galerkin finite element method applied to the coupled unsteady
Stokes/Cahn-Hilliard equations is presented. This framework provides simulations of wetting phenomena on simple cases.
The opportunity to combine both frameworks for a full simulation of quenching process is discussed.
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Quenching  processes  with  liquid  media  are
complex  multiphase  systems.  Understanding  the
physics  of  boiling  behind  is  of  high  interest  to
predict  the  cooling  of  metal  alloys.  As  boiling
phenomena  are  tricky  to  describe,  Computational
Fluid Dynamics (CFD) is a good way to improve our
knowledge on the flow structures in plays.

First,  a  framework  is  developed  to  capture
multiphase flows with implicit surface tension [1]. A
stabilized finite element method is coupled with a
level-set method to track the gas-liquid interface. A
mass transfer model is added to take into account
evaporation.  Thanks  to  an  immersive  volume
method tackling thermic fluid solid interactions [2],
numerical  simulation  of  quenching  processes  are
run.  Results  are  satisfactory though the  numerical
scheme does not take wetting into account.

In  parallel,  triple  line  dynamics  is
investigated  using  a  phase  field  theory.  The
coupled Stokes/Cahn-Hilliard equations are solved
using  a  discontinuous  Galerkin  finite  element
method  [3].  The  Stokes/Cahn-Hilliard  solver  is
tested on two problems: the capillary rising of a
liquid  in  a  tube  and on  the  drop  wetting over  a
horizontal  solid wall  (see Fig.  1).  The two cases
offer good results.

The  aim  is  now  to  merge  these  two
frameworks  to  model  wetting  phenomena  during
quenching processes. This would allow us to study
the  structure  of  fully  developed  nucleation  and
transition boiling. This would also give us a film
breakage criterion, as well as some insight on the
impact  of  external  vapor  influx  and  on  vapor
pocket stability. Finally, the combination of phase
change and wetting which raises some numerical
issues will be discussed.

Fig. 1. Drop wetting over a horizontal solid wall
simulation using a Stokes/Cahn-Hilliard model

discretized using a discontinuous Garlekin FEM method
[3].
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