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Incompressible SPH - FVM coupling for two-phase flows in complex geometries
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Abstract:
The main objective of this work is to develop an hybrid incompressible SPH - FVM approach to describe the
global dynamics of multi-scale liquid-gas flows with a controlled level of fidelity and computational cost. To
this aim, we propose to use the advantages of a Lagrangian methodology to follow the strong liquid dynamics
and of an Eulerian one to describe efficiently the gas dynamics on a coarser grid.
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Introduction:
Liquid-gas flows with dynamic multi-scale interfaces are encountered in various industrial applications such
as gearboxes and fuel injection systems. Mastering turbulent two-phase flows in such components is crucial
to ensure their performance. To this end, predictive and low CPU-demanding numerical simulation is of high
interest. The present work presents a two-way coupling of the incompressible Smoothed Particle Hydrody-
namics method (SPH) [1] with the Finite-Volume Method (FVM) on unstructured meshes [2]. The Lagrangian
representation of the liquid phase allows to solve its dynamics and follow the deformations of the interface
accurately with a resolution given by the computational particles. On the other hand, the Eulerian description
of the gas phase is used to efficiently simulate the strong dynamics of the large turbulent scales on a coarser grid.

Numerical Method:
While the numerical approach for the incompressible SPH describing the liquid phase is standard, the FVM
advancement of the gas phase taking into account the presence of the liquid is more complex. The combined
advancement of SPH and FVM requires two coupling ingredients: i) penalization of the Eulerian velocity in the
liquid region with the SPH projected velocity, ii) computation of the additional source term in the liquid SPH
momentum equation to conserve momentum. This strategy is inherited from the Volume of Solid approach [3,
4], in which an Eulerian composite velocity is introduced: u = αSPH

l uSPH
l + αgug with ·SPH

l the projected
liquid particle properties and α the volume fraction. The Eulerian composite velocity advancement reads:

∇ · (u) = ∂

∂t

(
αSPH
l

)
+∇ ·

(
αSPH
l uSPH

l

)
∂

∂t
(u) +∇ · (u⊗ u) =

∂αSPH
l uSPH

l

∂t
+∇ ·

(
αSPH
l uSPH

l ⊗ uSPH
l

)
− 1

ρg
∇ (αgPg) +

1

ρg
∇ · (αgτg)

+
1

ρg
∫ Γ (−PgI + τg) · dA︸ ︷︷ ︸

Exchange term

(1)

with Γ the liquid-gas interface. The main challenge then lies in properly modelling the exchange term in (1). A
first attempt would be to use an IBM-like penalization [4] of the Eulerian velocity u in the liquid region with
the SPH projected velocity: F pen = χl
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with χl the mask equal to 1 in the liquid region and zero

elsewhere, and η = β∆t the penalization time. On the other hand, a source term appears in the incompressible
SPH momentum equation by interpolating the penalization force on the particles:
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Preliminary results:
The methodology, implemented in the low-Mach number platform YALES2 [2], is applied to a 2D test case
where a droplet of diameter Dd undergoes a constant volume force F . The configuration consists of a periodic
domain of size Lx = 16Dd and Ly = 8Dd occupied by air and a water droplet initially located at (2Dd 4Dd).
The grid resolution is given by ∆x/Dd = 8 while the SPH resolution is given by ∆SPH

x /Dd = 32. The
calculation is compared with a level-set based simulation [5] with Adaptive Mesh Refinement (AMR) consid-
ering a one-fluid formalism for the velocity. In this full Euler simulation, the grid resolution at the interface
is ∆x,Γ/Dd = 32 i.e. similar to the SPH resolution. The observations from these initial results indicate that,
although the wake is similar, the drag force exerted on the droplet is underestimated.

Figure 1: Velocity field at time T = 0.0005 s obtained with SPH - FVM coupling [left] and full Euler [right]

Conclusion:
This work represents a first step of a two-way SPH - FVM coupling for two-phase flows. Further work on the
penalization formulation has to be achieved but the preliminary results are promising. In addition, this work
intends to go towards more complex configurations to validate the methodology.
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