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Abstract. This paper extends the partitioned method to constrained melting of subcooled solids.
Separate solvers for the solid and liquid phase are coupled by exchanging heat flux and displace-
ment at the interface. The difference between the heat flux coming from the liquid domain and
the one entering the solid domain drives the melting. Appropriate mass and energy source terms
compensate for the volume increase and decrease in the liquid and solid domains respectively.
Two validation problems are solved: the two-phase Stefan problem and a paraffin melting cavity
with natural convection. The first simulation shows nearly perfect agreement to the analytical
solution. For the two-dimensional melting cavity, the partitioned approach is compared to ex-
perimental measurements and fixed-grid numerical simulations, showing very good agreement
in terms of interface position, liquid fraction, heat flux, and velocities over time.

1 INTRODUCTION

Melting and solidification play a central role in latent thermal energy storage. These systems
store thermal energy by melting a phase change material (PCM), and this heat is later recovered
during solidification. As such, they fill an important role in the transition to renewable energy
sources by storing excess heat, such as industrial waste heat or electricity converted to heat
during periods of high production, for use when demand is high [1]. Therefore, a thorough
understanding of the phase change dynamics within these systems is vital to optimise their
performance.

Modelling these phenomena poses considerable numerical challenges. The core difficulty
lies in the coupling between the solid and liquid phases across a moving interface, which in-
volves sharp changes in material properties and both conduction and convection as heat transfer
modes [2]. This has led to the development of various numerical methods to simulate melting
and solidification.

Numerical methods for simulating phase change can generally be categorized into fixed-grid
(one-domain) and multiple-domain approaches [16]. Fixed-grid methods solve a unified set of
governing equations across the entire domain using a stationary mesh. In these methods, phase
change effects, such as latent heat release and the absence of motion in the solid phase, must
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be incorporated directly into the governing equations. Latent heat is typically included using
either enthalpy-based or temperature-based formulations. The enthalpy method, for instance,
introduces a volumetric source term in the energy equation to account for latent heat within each
computational cell [3]. These approaches do not explicitly track the phase interface; instead, it
follows from the computed enthalpy or temperature fields, resulting in a diffuse, non-isothermal
transition zone known as the mushy region.

To suppress fluid motion of the solid phase in these fixed-grid methods, a Darcy-like source
term is often added to the momentum equation. This term treats the mushy zone as a porous
medium, reducing velocity as the liquid fraction approaches zero [3]. When combined with the
enthalpy method, this forms the widely used enthalpy-porosity approach, which has been used
in numerous studies (e.g., [3,4]]) and is available in commercial solvers like ANSYS Fluent [3]].
Alternative techniques for immobilizing the solid phase include artificially increasing viscosity
[6] or selectively disabling velocity terms using switching functions [7]].

While fixed-grid methods are relatively straightforward to implement, they have limitations.
For unconstrained melting, such as close-contact melting in LTES systems, they can overly
restrict rigid body motion of the solid phase, exceeding physical constraints [8]. Additionally,
these models often rely on fitting parameters, such as the mushy zone constant, which are
tuned to match experimental data but reduce the predictive capability across different conditions
(9, 10].

In contrast, multiple-domain methods explicitly track the solid-liquid interface, solving sepa-
rate governing equations in each phase. These include transformed-grid methods [11], deforming-
grid approaches [12]], and front-capturing techniques [[13l]. While these methods offer high in-
terface resolution, they are often computationally costly and complex to implement [[14} [15]].
Their reliance on monolithic solvers also limits flexibility and code reuse.

This work builds on the partitioned front-tracking approach introduced in [[16], which aims to
retain the advantages of explicit interface tracking while avoiding the complexity of monolithic
implementations. In this approach, separate solvers for the solid and liquid domains are coupled
by exchanging data at the phase change interface. The present study extends this method to
model convective melting of subcooled solids, where a temperature gradient exists in the solid
and conduction must be resolved. The interface itself, however, is sharp and remains at the
melting temperature.

In the following section, the partitioned method is discussed for a subcooled solid phase.
Afterwards, the method is validated with the two-phase Stefan problem and a two-dimensional
convective melting problem.

2 NUMERICAL METHODS

Melting problems involve a solid and liquid domain, which are separated by a moving inter-
face. In the liquid region, flow typically occurs, requiring the solution of the mass, momentum,
and energy conservation equations. In contrast, the solid region does not allow flow, making the
mass and momentum equations trivial inside the solid domain, especially as this work is limited
to constrained solids. Only the energy equation needs to be solved, with conduction as the sole
heat transfer mechanism.

At the interface, both domains are coupled through a mass and energy balance. The energy
balance, also known as the Stefan condition, relates the velocity of the solid-liquid interface to
the local difference in heat flux between the solid and liquid domain. Furthermore, a no-slip
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boundary condition forces the liquid velocity to be equal to the interface velocity.

In a partitioned approach, the solid and liquid domains are solved independently and the
interface conditions are enforced by iteratively exchanging interface data until convergence.
As illustrated in Figure |1} heat flux ¢ and interface displacement u are exchanged for melting
problems. The liquid solver computes the heat flux at the interface and passes it to the solid
solver, which compares it to the conductive flux within the solid. The resulting difference drives
melting and determines the interface displacement via the Stefan condition. This displacement
is then returned to the liquid solver and is used to update both computational grids.

q
Liquid Solid

u

Figure 1: Scalar heat flux ¢ and vectorial interface displacement u are exchanged to couple the
liquid and solid solvers [16].

The primary focus is on the solid solver, as the integration of a subcooled solid within the
partitioned approach represents an advancement compared to the previously published work in
which the solid was at melting temperature [16].

2.1 Solid domain

The solid solver receives the interface heat flux from the liquid domain and returns the in-
terface displacement as output. In this study, the solid phase may be subcooled, meaning its
temperature field lies below the melting temperature, while the interface itself remains fixed at
the melting temperature. Consequently, the phase change occurs across an infinitesimally sharp,
isothermal interface. The solid is attached to walls and modelled as a constrained rigid body,
allowing only conduction as heat transfer mechanism in the subcooled region.

The solid solver is a moving grid arbitrary Lagrangian—Eulerian (ALE) flow solver and has
been implemented in ANSY'S Fluent 2024R2 for this study. As a result, the convective term only
occurs in the energy equation due to the grid velocity v, not due to flow velocities. Similarly,
the mass equation is only solved to ensure mass conservation on a moving grid.

This section outlines the requirements for the solid solver and its implementation. However,
the numerical treatment of the governing equations and the mesh update procedures are handled
by the selected solver and do not matter to the coupling algorithm, provided the equations are
solved accurately.

Governing equations

Equations [I]and 2] show the integral form of the mass and energy equation solved in a refer-
ence frame attached to the solid, with an ALE formulation for the grid movement.

d
— deV+/ ps(—vg)-ndA:/Sde (1)
dt Jy oV v
d
—/pgth+/ pgh(—vg)-ndA:/ )\SVT-ndA—I—/Sth (2)
dt Jy oV oV v
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Here, ¢ denotes time, V' is the volume of a computational cell, OV its boundary surface, n
the normal vector, pg the solid density, 7' the temperature and g the solid thermal conductivity.
The specific enthalpy A can be any function of 7' the solid solver supports.

Sm and S, are respectively the mass and energy source terms, which account for the loss of
mass and sensible heat in the solid zone during melting. The source terms are only applied to
the computational cells adjacent to the interface because only there, melting occurs. Equations
and [ show the discretised form of the source terms.

- A‘/swe
S = A 2
- h Tm A‘/swe
Sn=—" (V)At - @)

In these equations, At is the time step size and h (7,,) is the sensible enthalpy of the solid
phase at melting temperature 7,,,. In case of a constant heat capacity ¢, s in the solid, i (T,,,)
can be calculated as ¢, sT7,. AVgypep 1S the volume swept by the local cell face on the interface
due to its displacement. Each time step, the mass and sensible enthalpy related to swept volume
should be removed in each cell containing a moving face on the interface, which explains the
negative sign in the source terms. In case of solidification, the solid domain would grow and
the source terms would be positive in order to add the necessary mass and enthalpy.

Each cell face is defined by its bounding face nodes. Consequently, the volume swept by
a moving cell face over a time step is enclosed by the positions of these nodes at the previous
(n — 1) and current (n) time steps. In two dimensions, this swept volume reduces to a surface,
as illustrated in Figure 2. The moving cell face, being a line segment in 2D, is bounded by two
nodes, r; and ro. The resulting swept surface is thus defined by four node coordinates (two
from each time step) and its area can be computed using the Shoelace theorem in [16].
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Figure 2: Swept volume is defined by the face nodes r; and ro at the previous (n — 1) and
current (n) time step.

The foregoing discussion highlights the important role of grid deformation in both the solid
and liquid solvers. The volume change of the computational grid must not only be compensated
by appropriate source terms but also introduce convective terms in Equations [1| and [2| These
terms account for the motion of the grid itself, represented by the grid velocity v, according to
the arbitrary Lagrangian—Eulerian (ALE) formulation [17]]. Furthermore, the time derivatives
in Equations [I]and 2] represent the volume change of the computational cells in time.

The grid velocity depends on the chosen method for grid deformation [17]: spring-based
smoothing, Laplace-based smoothing, radial basis functions, linear-elastic behaviour, etc. Com-
putational cells can be added or removed using layering or remeshing techniques. These choices,
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however, are made in the separate domain solvers and do not affect the coupling strategy in the
partitioned approach. As the focus of the present work is the coupling, the meshing choices will
not be elaborated on further in this paper.

Interface conditions

The interface heat flux coming from the liquid domain is used as input for the solid solver.
The thermal boundary condition at the interface, however, is not the incoming heat flux, but the
interface is fixed at the melting temperature. As such, the heat transfer towards the inside of
the solid phase can be calculated from the temperature gradients in the solid. The difference
between the incoming heat flux from the liquid and the heat flux going into the solid is used for
the melting process itself. This is reflected in the Stefan condition, shown in Equation 5] which
is applied to all cell faces on the interface and allows to calculate the local interface velocity
from the difference in interfacial heat fluxes.

pLVitf = _/\L VT|L ‘n—+ )\5 VT‘S -n (5)

In which —\;, VT'|, and —\g VT'|4 are the interface heat flux from the liquid and solid
domain respectively. A\, and A\g are respectively the liquid and solid thermal conductivity while
VT|, and VT|4 represent the thermal gradient at the liquid and solid side of the interface.
Furthermore, n is the unit normal on the phase change interface, which means that the interface
velocity is assumed normal to the interface, and L is the latent heat of the PCM. Finally, the
interface displacement u during a time step follows from u = vy - At.

At this point, the interface displacement is known at the cell faces, but to update the mesh, the
node displacements are required. To obtain interface displacement at the nodes, values defined
on the faces are interpolated using a linear face-to-node mapping. This procedure must ensure
that the interface endpoints remain on the domain boundaries and that local mass conservation
is maintained. For details on the iterative face-to-node mapping algorithm, the reader is referred
to Van Riet et al. [16].

2.2 Liquid domain

The liquid solver takes the nodal interface displacement as input to update its mesh. It then
solves the governing equations and returns the heat flux at the interface as output. This section
gives a short overview of the liquid solver’s functioning. For a more extensive discussion, the
reader is referred to [[16].

In the current study, the solver is implemented in ANSYS Fluent 2024R2 and the follow-
ing assumptions are made regarding the liquid domain: incompressible and Newtonian fluid,
laminar flow, a two-dimensional geometry and no surface tension at the interface. Furthermore,
the PCM is considered a pure, homogeneous and isotropic material which gives rise to a sharp
interface with isothermal phase change. The solver allows for temperature-dependent material
properties. In particular, a temperature-dependent density can induce natural convection and
cause volume changes during phase change.

The conservation equations for mass, momentum and energy are solved in the liquid domain
with mass and energy source terms to compensate for the added PCM during melting. The
source terms are identical to those in Equations (3| and 4] except for the negative sign, which
becomes positive. Instead of removing mass and sensible heat, it is added to the liquid domain
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during melting. Furthermore, the swept volume, necessary for the source terms, can be calcu-
lated in the same way as in section[2.1] and the volume change can be compensated by the same
mesh deformation techniques.

The interface displacement computed in the solid domain is used to update the nodal posi-
tions at the interface in both the solid and liquid domains. Although the solid may be subcooled,
the interface temperature is assumed constant at the melting temperature 7;,,. While the inter-
face may initially be below 7T;,, at the onset of melting, this study assumes an initial condition
with pre-existing solid and liquid phases separated by an interface at 7;,,. As a result, the early
stages of melting, during which the liquid phase first forms, are not captured within the current
partitioned framework and must be handled separately. Additionally, a no-slip boundary con-
dition is applied at the interface, enforcing that the fluid velocity matches the interface velocity
Vs at the moving boundary.

2.3 Coupling strategy and implementation

Figure [3] provides an overview of the coupling strategy used in the partitioned approach
described above. In contrast to the earlier method for saturated solids presented by Van Riet
et al. [16], the current approach also solves the energy and mass equations within the solid
domain. The coupling code itself is solely responsible for the accurate exchange of interface
data between the liquid and solid solvers, ensuring that the interface conditions outlined in
Section 2] are satisfied. For constrained melting, the exchanged interface variables are heat flux
¢ and interface displacement u.

Liquid solver Solid solver
Unode
1. Setinterface conditions from previous coupling —— 1. Setinterface conditions from liquid solver
iterationi — 1 — Heat flux g; at boundary cell faces

- Interface displacement u;_4 in nodes 2. Calculate swept volume of boundary cell faces
2. Move interface nodes and deform solver grid 3. Solve mass and energy equation

- Using mesh motion techniques of solver — With respective source terms
3. Calculate swept volume of boundary cell faces 4. Calculate interface displacement uy,. at faces

- Based on previous and updated node positions - Using Stefan condition

- Necessary for source term definition 5. Face-to-node interpolation of displacement
4. Solve mass, momentum and energy equation - Upoqe Used as input for fluid solver

- With source terms in mass and energy equation 6. Move interface nodes accordingly and deform
5. Calculate heat flux g; at boundary cell faces q solver grid

- Used asinput for solid solver _— — Using mesh motion techniques of solver

Figure 3: Summary of the coupling strategy.

Each solver is responsible for its own governing equations. The modular design of the cou-
pling code allows integration of different solvers without altering the coupling logic. Only the
solver wrapper interacts directly with the solver, handling communication, execution, source
terms, and interface conditions. While each solver requires a dedicated wrapper, this is a one-
time effort that enables full use of the solver’s capabilities, often more advanced than those
found in typical research codes for phase change problems.

In this work, ANSYS Fluent is used for both liquid and solid domains, which marks a
paradigm shift compared to monolithic front-tracking codes that became overly complex and
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case-specific, even for simple melting problem [15]. The partitioned approach avoids these
issues by delegating equation solving and grid deformation to robust, validated solvers. The
coupling code remains simple, open-source, and modular, with object-oriented design enabling
flexibility. Moreover, advanced grid deformation methods, such as spring-based motion and
remeshing, are readily available within the solvers.

The solvers can be coupled either explicitly or implicitly, depending on whether interface
convergence is enforced. In explicitly coupled simulations, interface data is exchanged once
per time step without checking convergence. Implicit coupling, by contrast, involves multiple
iterations per time step between the liquid and solid solvers to ensure convergence of the in-
terface conditions within a specified tolerance. Gauss-Seidel iterations sequentially pass the
output of one solver to the other. To improve stability in strongly coupled problems, one of
the exchanged variables, being the interface displacement u in this paper, can be modified be-
fore being passed on. Common stabilisation techniques include (Aitken) relaxation and quasi-
Newton methods [17]. For constrained melting, explicit coupling has proven both stable and
accurate, significantly reducing the computational cost of the partitioned approach.

An existing open source coupling code for fluid—structure interaction, CoCoNuT (Coupling
Code for Numerical Tools), has been extended to support phase change problems. Its modular
architecture enables the integration of solver wrappers for phase change without altering the
existing interpolators, predictors, or coupling algorithms. Current implementation limitations
include: only 2D problems, only constrained melting (no solidification problems or uncon-
strained melting yet), isothermal phase change with sharp interfaces and no support for solid
topology changes yet. These are implementation-specific and not inherent to the partitioned
approach.

3 1D VALIDATION: TWO-PHASE STEFAN PROBLEM

This section compares the analytical solution of the two-phase Stefan problem to the results
from the partitioned approach. The two-phase Stefan problem considers conduction-only melt-
ing of a subcooled solid phase in a semi-infinite, one-dimensional domain. The solid, which is
initially at a uniform temperature 7's below the melting temperature 7,,,, is heated from a wall
x = 0 at a temperature 77, > T,,,. The domain is restricted to a finite length 0 < 2 < [ for the
simulation, but a near zero thermal gradient at x = [ is ensured throughout the entire duration
of the simulation to respect the original problem statement.

The relevant material properties used in this paper are based on the PCM eicosane and are
specified in Table Furthermore, the domain length [ is chosen at 0.1 m, the heated wall
temperature 77, is set to 309.15 K and the right wall is kept at the initial temperature 7's, which
is set to 289.15 K.

The analytical solution for the interface position x;; as a function of time ¢ is given in
Equation [6] [14]. The variable ) is the unique root of Equation[7] Furthermore, o7, and ag are
the thermal diffusivity of the liquid and solid phase, defined as kr,/pc and kg /pc respectively.
Sty and Stg are the Stefan numbers of the liquid and solid phase respectively, which are defined
asc (T, — T,,) /L for the liquid and ¢ (T,,, — Ts) /L for the solid. Lastly, v is equal to /[ as.

Litf (t) = 2/\\/ O[Lt (6)

Sty Sts B
exp(A2)erf () vexp (12A\2)erfc (V)) AT 0
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Table 1: Material properties for the two phase Stefan problem, based on eicosane.

Property Symbol  Value Unit
Density ) 870  kg/m?
Specific heat capacity c 2500.00 J/kgK
Liquid conductivity kr, 1.5 W/mK
Solid conductivity ks 0.024 W/mK
Melting temperature T 299.15 K
Latent heat L 179000  J/kg

The simulation is initiated halfway through the melting process, at an initial liquid fraction
of 0.5. Consequently, both the solid and liquid domains have dimensions of 0.05 m in length
and 0.01 m in height, with grids comprising 50 and 10 subdivisions, respectively. This results in
square cells with a face length of 0.001 m. Volume changes in both domains are compensated
using a diffusion-based smoothing technique. The liquid domain is initialised with a zero veloc-
ity field and a temperature distribution according to the Neumann solution for a liquid fraction
of 0.5. The top and bottom walls are assigned symmetry boundary conditions.

Both domains are solved using the finite volume solver Fluent 2024R2. The solvers are
pressure-based, and central discretisation is applied to both energy and momentum equations
due to the absence of non-zero convective terms. A first-order implicit scheme is used for time
stepping, with a time step size of 0.1 s. Although the momentum equation is solved, no flow
velocities are expected due to the absence of convection in the liquid phase. Finally, the solid
and liquid solvers are explicitly coupled.

Figure da]shows near perfect agreement between the numerical result and analytical solution,
which confirms the fundamental coupling strategy and the correct definition of the source terms.
As can be seen in Figure the absolute error never exceeds 10° for the liquid fraction. The
downwards peak indicates the error switches sign at that point.
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(a) Global liquid fraction as a function of time. (b) Absolute error of liquid fraction.

Figure 4: Comparison of partitioned simulation to the analytical solution of the Stefan problem.
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4 2D VALIDATION: PARAFFIN MELTING

The second validation problem is taken from Faden et al. [18] and considers a melting
cavity, which is heated from the left wall. The two-dimensional cavity is square with side walls
of 0.04 m. Initially, the PCM is kept at 291.13 K, which is 10 K below melting temperature.
Att = 0, the PCM is heated from the left wall at a temperature 311.13 K, 10 K above melting
temperature, while the right wall is kept at 291.13 K and the top and bottom walls are insulated.
The material properties of the PCM are based on octadecane [18] and presented in Table[2] The
volume change of the PCM during phase change is compensated by a small outlet located on
the left side of the top wall. The outlet is kept at zero gauge pressure and measures 0.0004 m in
width. All other walls have a no-slip boundary condition.

Table 2: Material properties of octadecane used as PCM, based on [18]].

Property Symbol Unit Solid Liquid

Density P kg/m®  867.914 979.826 — 0.674 - T

Heat capacity c J/kgK  —1029+9.797 - T 3247 — 8.861 - T+ 1.821-1072-T%
Thermal conductivity & W/mK 0.334 0.246 — 3.121-107*.T

Dynamic viscosity 1 kg/ms — 1073 - exp (—5.353 + 2026.013/T)
Melting temperature T, K — 301.13  —

Latent heat L Jkg — 236980 —

The partitioned simulation is initialised at a global liquid fraction of 0.02, at which point
only a narrow liquid gap has formed near the heated wall. Consequently, convective currents are
negligible and only conductive heat transfer occurs, resulting in a straight solid-liquid interface.
Accordingly, the square cavity is initially split in a rectangular liquid and solid domain with a
width of 0.0008 m and 0.0392 m respectively. Furthermore, the temperature field of the liquid
and solid domain is initialised with the analytical solution of the two-phase Stefan problem.

Figure [5] shows the grids for both domains. The liquid domain employs an unstructured
mesh with two rows of rectangular boundary layer cells at the interface. Domain boundaries
are discretized into 800 segments along the vertical walls and 16 along the horizontal, with 8
segments on the top wall designated as the outlet. The solid domain uses a structured mesh with
800 vertical and 400 horizontal subdivisions. Boundary layer cells matching those in the liquid
domain are added on the solid side of the interface.

To accommodate volume changes during phase change, the liquid domain uses spring-based
smoothing and remeshing, while the solid domain applies diffusion-based smoothing. Bound-
ary layer nodes follow the interface displacement to maintain constant thickness, shifting the
interface motion to the outer cells. Both smoothing and remeshing are constrained to a maxi-
mum cell skewness of 0.4, using ANSYS Fluent’s unified remeshing algorithm [S]].

The partitioned simulations are run with two instances of Fluent 2024R2, both using a
pressure-based solver. A second-order upwind scheme is applied to convective terms in the en-
ergy and momentum equations. Velocity and pressure are coupled via the PISO algorithm, with
least-squares cell-based gradients and body-force-weighted pressure interpolation [3]. Time in-
tegration uses a second-order implicit scheme with a time step of 0.01 s. The solvers for both
domains are explicitly coupled, as stated earlier.

To compare with the partitioned approach, the same problem is solved using the enthalpy-
porosity method as implemented in Fluent 2024R2. Once again, a second-order upwind scheme
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Figure 5: Close up of the liquid and solid computational grids.

is applied to the convective terms with least-squares cell-based gradients, but the velocity and
pressure are solved in a coupled fashion and the standard pressure interpolation is used [3]].
Based on the grid convergence study in Faden et al. [18], the equations are solved on a structured
200 by 200 grid.

As shown in Figure [0] there is good agreement between the results of the partitioned simu-
lation and those of Faden et al. [18]], particularly with their numerical results. Therefore, the
small discrepancies between the numerical results and experimental validation are not inherent
to the partitioned approach, as they also appear in the results of a fixed-grid simulation. Ac-
cording to Faden et al., the faster melting observed in the numerical results can be attributed to
the absence of heat losses compared to the experiment and the two-dimensional simplification
of a three-dimensional problem [18]].

It is surprising that the Fluent simulation using the enthalpy-porosity method aligns so
closely with the experimental results, giving the impression of superior accuracy. This raises
the question of why it does not suffer from the same assumptions seen in the partitioned method
and Faden et al’s fixed-grid approach. The explanation lies in a combination of errors: the
enthalpy-porosity method fails to fully close the energy balance, resulting in a numerical energy
loss, similar to the experimental case, though in this case caused by incomplete convergence of
the governing equations at certain time steps during the simulation. As a result, melting oc-
curs more slowly, bringing the results closer to the experimental data. Over the course of the
simulation, 176.4 kJ enters the system, while the total enthalpy increases by only 167.7 kJ, a
5% difference. The partitioned simulation is also faster, completing in 12.35 days on the same
machine compared to 18.12 days for the monolithic enthalpy-porosity simulation.

The jumps observed in the heat flux results of the partitioned simulation, most clearly visible
in Figure result from a complete remeshing step in both the liquid and solid solvers, in
addition to the local remeshing that occurs throughout the simulation. These remeshing steps
are necessary to maintain sufficiently small cell faces at the interface, particularly in regions
experiencing intense melting.

To assess grid convergence in the partitioned simulation, a coarser grid with twice the cell
size, and therefore one-quarter of the total cell count, was also tested. The coarse mesh produced
a relative error of 4.44% for the liquid fraction compared to the numerical results of Faden et al.,
while the fine mesh reduced the relative error to only 0.4%, confirming the mesh convergence.

10
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Figure 6: Comparison of the partitioned simulation to the results in Faden et al. [18] and
simulation results from the enthalpy-porosity method.

S CONCLUSIONS

This paper expands the partitioned approach for solid-liquid phase change to subcooled
solids. In this approach, a separate solver is used for the solid and liquid phase, which are
coupled by exchanging heat flux and displacement at the interface. A part of the heat flux com-
ing from the liquid domain now passes into the solid phase; only the difference between both
contributes to the melting.

This approach is first validated with the two-phase Stefan problem, a one-dimensional prob-
lem with only conductive heat transfer. Near perfect agreement is achieved, validating the
coupling strategy. Secondly, the partitioned method is compared to experimental and numerical
results for a two-dimensional melting cavity with convection. Very good agreement is reached
for liquid fraction, heat flux, and velocities over time, especially with the numerical reference.

The partitioned approach departs from complex monolithic front-tracking codes by using a
dedicated flow solver for both phases, allowing robust equation solving and grid handling while
keeping the coupling code simple, modular, and open-source. Future development is directed
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towards melting of unconstrained solids. In such a case, rigid body motion of the solid should
be predicted as well by exchanging pressure and traction forces on the interface.
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