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Abstract DNS of two-phase turbulent flow at Reτ ≈ 360 based on the friction velocity and pipe diameter is performed using the finite
volume method and a conservative level set approach to track the interface between two fluids. Fully developed turbulent single-phase
solution is used as the initial flow field, and a level set function is introduced to represent a second phase immersed in a liquid environ-
ment. The simulation domain Ω = [0, δ] × [0, 2π] × [0, 2πδ] is a circular pipe of diameter 2δ with a periodic boundary condition in
the streamwise direction. The simulation results are averaged to obtain the liquid and gas mean velocity distribution and the local void
fractions. The liquid phase parameters are compared with the corresponding single-phase turbulent pipe flow.

INTRODUCTION

The numerical simulation of interfacial and free surface flows is a vast and interesting topic in the areas of engineering and
fundamental physics, such as the study of liquid-gas interfaces, formation of droplets and bubbles, sprays, wave motion
and others [6]. The continuous improvement of computational power continuously extends the range of affordable prob-
lems. More over, the phenomena we consider often happens on scales of space and time where experimental visualization
is difficult or impossible. In such cases, numerical simulation may be a useful prod to the intuition of the physicist, the
engineer, or the mathematician.
On the other hand, the numerical simulation of turbulent flows is a powerful tool for investigating and understanding the
turbulence phenomena and shed light on the physics of turbulent flows such as high Reynolds bubbly flows. The advances
in computational fluid dynamics (CFD) together with the increasing capacity of parallel computers have made possible
to tackle such complex problems by using high performance numerical techniques such as direct numerical simulation
(DNS) [5, 1]. Thus, considering the actual state-of-the-art in interface tracking methods [2] and DNS of complex flows,
the present work propose an step forward into this line by aiming at the resolution of turbulent multiphase flows such as
"Turbulent two-phase flow".

MATHEMATICAL FORMULATION AND NUMERICAL METHOD

The time dependent Navier Stokes equations in a finite time interval [0, T ] and in a three dimensional domain Ω are written
in conservative form as

∂

∂t
(ρv) +∇ · (ρvv) = −∇p+∇ · µ∇v +∇ · µ(∇v)T + σκ∇φ+ ρg in Ω× [0, T ] (1)

∇ · v = 0 in Ω× [0, T ] (2)

β = β1φ+ β2(1− φ) with β ∈ {ρ, µ} in Ω× [0, T ] (3)

where v is the velocity field, ρ is the density, µ is the dynamic viscosity, g is the gravity acceleration, p is the pressure,
δΓ = δ(x − xΓ) is the Dirac delta function, x ∈ Ω, xΓ ∈ Γ, Γ = {x | φ(x, t) = 0.5} is the interface between two
fluids, φ(x, 0) = 1/

(
1 + ed(x,0)/ε

)
is the conservative level set (CLS) function [2], d(x, t) = min{‖x− xΓ‖} is a signed

distance function introduced by [3, 4], σ is the surface tension coefficient and κ is the interface curvature given by

κ = −∇ ·
(
∇φ
‖∇φ‖

)
(4)

The evolution of φ in a free divergence velocity field is given by the advection equation

∂φ

∂t
+∇ · φv = 0 (5)

A reinitialization equation is added in order to mantain the profile and thickness of the interface constant,

∂φ

∂τ
+∇ · φ(1− φ)n = ∇ · ε∇φ (6)



z x

y

Ω1Ω2

Γ

Ω1 Ω2

φ=1

φ=0

0<φ<1

Ω1

Ω1 Ω1

Ω1

a b

Figure 1. (a.) Simulation domain Ω. Subdomain Ω1 is ocupied by the light fluid immersed in the heavier fluid wich fill the subdomain
Ω2. The duct is periodic in the streamwise direction. (b.) Unstructured mesh.

where τ is a pseudo-time, ε is a smooth parameter proportional to mesh cell size and n = (∇φ/‖∇φ‖)τ=0 is a vector
field of interface normals.
The DNS simulations of gas-liquid two phase flow corresponds to Reynolds numberRe = 5300 based on the bulk velocity
of liquid and tube diameter, including the effect of bubble deformation and coalescence in the flow regime. The two phase
pipe flow simulation is performed using the finite volume method based approach and a Level Set Method for interface
capturing. The Navier Stokes equations and interface propagation equation will be solved on sufficient fine grids so that
all details, including the shape of the bubbles and the flow aroud them, are fully solved. To make the simulation as simple
as possible, the density of the second phase is taken to be one-tenth of the liquid density. The flow is assumed to be
periodic in the streamwise direction, driven by an imposed constant pressure gradient and gravity buoyancy force acting
in the vertical direction.
The complex interaction between gas phase and turbulent liquid flow is numerically resolved and compared with time-
averaged flow characteristics of single phase flow.
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