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Abstract

This case demonstrates the melting of ice. It’s a example of phase change process. The present
case uses a multi-region approach to simulate the phase change process. The simulation is carried
out in OpenFOAM v1906 using the solver chtMultiRegionFoam and the phase change is handled
by solidficationMeltingSource source term. The geometry is a 2-D pipe and the flow is laminar
and transient. The volume fraction of melting water is obtained from the simulation and is analyzed.

1 Introduction

The purpose of this case is to simulate the phase change process of melting of ice inside a cylindrical
pipe. This case study introduces solidficationMeltingSource source term which governs the mushy
phase change process. The simulation is carried out in OpenFOAM v1906. The solver employed here is
chtMultiRegionFoam a conjugate heat transfer solver with coupled heat transfer between solid and
fluid.

2 Case Setup

2.1 Geomety

This case considers the transient simulation of conjugate heat transfer. Figure 1.a shows the dimensions
of geometry considered in study. The geometry is a 2 dimensional case of a copper cylindrical pipe of
outer diameter of 30 mm and thickness of 5mm with infinite dimension along Z direction. The geometry
is made of blocks to aid hexahedral meshing as seen in Figure 1. The geometry is modelled and meshed
in Salome-Meca.
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Figure 1: Geometry of the Computational Domain
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2.2 Mesh

The mesh is created using Salome-Meca hexahedral mesher. The patches are named as well the zones
are also names as solidZone and fluidZone and the mesh is exported as UNV file from Salome-Meca. The
ideasUnvToFoam utility is used to import the mesh into OpenFOAM case. Using splitMeshRegions
utility the mesh is seperated into fluid region and solid region from the named zones. The meshes of
both solid region and fluid region are listed in Figure 2. The solid region has a cell count of 3600 and
the fluid region has a cell count of 4500.
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(a) Solid region Mesh (b) Fluid region Mesh

Figure 2: Computational Mesh

2.3 Boundary Conditions

The initial and boundary condition for patches are specified as in 0/ directory. The solid and fluid
zones have a coupled patch through which the temperature is transported. The outer walls of solid
region is maintained at a constant temperature of 298 K. The boundary Conditions are lised in table 1
and table 2 for fluid and solid regions respectively.

Boundary fluidFrontAndBack fluidZone_to_solidZone

p empty calculated

p_rgh empty fixedFluxPressure

T empty compressible::turbulent TemperatureCoupledBafleMixed
U empty noSlip

fluidZone:alphal empty zeroGradient

cellToRegion zeroGradient calculated

Table 1: Fluid Boundary Conditions

Boundary solidWall solidZone_to_fluidZone
p calculated calculated
T fixedValue compressible::turbulent TemperatureCoupled BaffleMixed

cellToRegion zeroGradient calculated

Table 2: Solid Boundary Conditions



2.4 Melting Source

The source terms which governs the melting of ice is solidficationMeltingSource which is enabled
by using fvOptions utility. This source is designed to model the effect of solidification and melting
processes, e.g. windshield defrosting. The phase change occurs at the melting temperature, Tmelt. The
presence of the solid phase in the flow field is incorporated into the model as a momentum porosity
contribution; the energy associated with the phase change is added as an enthalpy contribution. The
model generates a field ”zoneName:alphal” which can be visualised to to show the melt distribution as
a fraction with values ranging from 0 to 1. The details to be enterend in the fvOptions file is as follows

fluidZone //name of the zone

{

type solidificationMeltingSource ;
active on;
solidificationMeltingSourceCoeffs

{

selectionMode all; // Cell selection mode

Tmelt 273; // Saturation temperature [K]

L 334000; // Enthalpy of fusion for water [J/kg]
thermoMode thermo; // Retrieve thermo properties

beta 50e—6; // Thermal expansion coeff [1/K]
rhoRef 916.8; // Reference Solid Density [kg/m"3]

3 Result and Discussion

The simulation carried out with adjustable run time which adjusts the time step in accordance to
Courant Number. After the simulation is done post processing is done.

3.1 Post Processing

The post processing is done using paraview software. The Scalar field alphal is visualised to under-
stand the melting of ice along with velocity U and temperature T. The command paraFoam -touch-all
is used to read all the data from all regions then paraview is opened up and the file postProcess.pvsm
loaded up for visualizing the results.

3.2 Results

From the Figure 3, the melting front is being visualised on the left for time from 10s to 1000s, in
which the black coloured contour region represents the fluid phase and the gray colour represents the
solid phase. There is no velocity in the solid phase as the solver ignores the cells with alphal = 0 since
while solving momentum equation. The melting front start fast adnd slows down as more solid phase
melts into fluid.

From the Figure 4, the melting of solid takes place at a very slow phase, the solid phase takes a time
of 2870 s to completely melt. After which the simulation changes to natural convection of the melted
fluid.
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Figure 3: Contour plots of alphal, T, U
at different time steps
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Figure 4: Contour plots of alphal, T, U
at time 2000 s, 2500 s and 2870 s.

1.6e-02




References

[1] OpenFOAM Extended Code Guide Class reference on solidificationMeltingSource. URL: https://
www.openfoam.com/documentation/guides/latest/api/classFoam_1_1fv_1_1solidificationMeltingSource.
html.

[2] Mahdi torabirad. “solidificationMeltingSource: A Built-in fvOption in OpenFOAM®) for Simulating
Isothermal Solidification: Selected Papers of the 11th Workshop”. In: Jan. 2019, pp. 455-464. ISBN:
978-3-319-60845-7. DOI: 10.1007/978-3-319-60846-4_32.

[3] C. R. Swaminathan and V. R. Voller. “A general enthalpy method for modeling solidification
processes”. In: Metallurgical Transactions B 23.5 (Oct. 1992), pp. 651-664. 1SSN: 1543-1916. DOT:
10.1007/BF02649725. URL: https://doi.org/10.1007/BF02649725.

[4] V.R. Voller and C. Prakash. “A fixed grid numerical modelling methodology for convection-diffusion
mushy region phase-change problems”. In: International Journal of Heat and Mass Transfer 30.8
(1987), pp. 1709-1719. 1sSN: 0017-9310. DOIL: https://doi.org/10.1016/0017-9310(87)90317-6.
URL: http://www.sciencedirect.com/science/article/pii/0017931087903176.



