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Abstract. In this paper, a hybrid lattice Boltzmann flux solver (LBFS) is proposed for
simulation of viscous compressible flows. In the solver, the finite volume method is
applied to solve the Navier-Stokes equations. Different from conventional Navier-
Stokes solvers, in this work, the inviscid flux across the cell interface is evaluated by
local reconstruction of solution using one-dimensional lattice Boltzmann model, while
the viscous flux is still approximated by conventional smooth function approximation.
The present work overcomes the two major drawbacks of existing LBFS [28–31], which
is used for simulation of inviscid flows. The first one is its ability to simulate viscous
flows by including evaluation of viscous flux. The second one is its ability to effectively
capture both strong shock waves and thin boundary layers through introduction of a
switch function for evaluation of inviscid flux, which takes a value close to zero in
the boundary layer and one around the strong shock wave. Numerical experiments
demonstrate that the present solver can accurately and effectively simulate hypersonic
viscous flows.
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1 Introduction

As fast development of computer hardware and numerical approaches, computational
fluid dynamics (CFD) plays a more and more important role in industrial applications.
The CFD is to apply a numerical method to solve governing equations (Navier-Stokes
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equations) on the computer. Currently, there are a number of numerical methods avail-
able [1–17]. Among them, the finite volume method (FVM) [7] is widely used. The ap-
plication of FVM is in line with application of physical conservation laws to a control
volume. Thus, its major advantage is to keep numerical conservation of physical quan-
tities. It is also flexible and suitable for solving problems with complex geometry. The
key issue in applying FVM is to develop an appropriate numerical scheme, which is also
known as flux solver, for evaluation of inviscid and viscous fluxes at cell interface.

In the conventional application of FVM to simulate viscous compressible flows, eval-
uation of inviscid flux and viscous flux is made by different ways. The viscous flux is
evaluated by using a smooth function approximation such as polynomial approxima-
tion, while inviscid flux is computed by using various upwind schemes such as Roe
scheme [10], van Leer scheme [11], and AUSM (Advection Upstream Splitting Method)
scheme [12]. Roe scheme is widely used in simulation of compressible viscous flows due
to its high accuracy for boundary layers and good resolution for shock waves. How-
ever, for the simulation of hypersonic flows, the Roe scheme often exhibits carbuncle
phenomenon and induces numerical instability [13]. Van Leer scheme has a good per-
formance in solving Euler equations, but may smear out the solution of boundary layers
and also lead to inaccurate stagnation and wall temperature for simulation of viscous
compressible flows [14].

An alternative approach for evaluation of fluxes is the Boltzmann equation-based
flux solver, which is also known as gas kinetic scheme. Different from the conven-
tional CFD approaches, the Boltzmann equation-based schemes evaluate fluxes by local
reconstruction of solution for the Boltzmann equation at a cell interface. This kind of
scheme can be used to simulate both incompressible and compressible flows. Kinetic
Flux Vector Splitting (KFVS) scheme [15] and gas-kinetic Bhatnagar-Gross-Krook (BGK)
scheme [16,17] are the commonly-used Boltzmann equation-based flux solvers. Basically,
for the KFVS scheme, the collisionless Boltzmann equation is solved in the gas evolution
stage, and the collision process is controlled by a numerical time step. As a result, the
KFVS scheme usually gives poorer results than those obtained from Roe scheme [10] and
AUSM scheme [12]. Unlike KFVS scheme, the gas-kinetic BGK scheme considers the par-
ticle collisions during the gas evolution stage by the BGK model. As a consequence, the
dissipation in the streaming process is controlled by the collision time rather than by the
numerical time step. Numerical results showed that the gas-kinetic BGK scheme can ac-
curately simulate both inviscid and viscous flows [17, 18]. On the other hand, as far as
we know, most of existing gas kinetic schemes are based on the Maxwellian distribution
function [15–18]. Due to complexity of the Maxwellian function, these schemes are usu-
ally more complicated and less efficient than the traditional numerical schemes [10–12].

Recently, lattice Boltzmann method (LBM) [19, 20] receives more and more attention
due to its kinetic nature, simplicity, and easy implementation. However, the conventional
LBM is only limited to the simulation of incompressible flows since its equilibrium distri-
bution function is approximated from truncated Taylor series expansion of Maxwellian
function in terms of Mach number. To simulate compressible flows by LBM, one has to


