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Development of finite volume-lattice Boltzmann method based on circular
function idea in simulation of inviscid compressible flow in curvilinear
grid system
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ARTICLE INFORMATION ABSTRACT

In this research, a finite volume-lattice Boltzmann method (FVLBM) for simulation of inviscid
compressible flows in 1-D and 2-D structured curvilinear coordinate system is presented. In this
simulation, LBM, with new method of circular function instead of expansion or correction of
Maxwellian function was implemented for evaluation of equilibrium distribution functions.

Original Research Paper
Received 23 November 2014
Accepted 31 January 2015
Available Online 04 April 2015

Moreover, in order to capture discontinuities in the flow field, 3rd order MUSCL scheme was
implemented for approximation of convective term. Since in lattice Boltzmann method time step
is extremely limited by relaxation time (Knudsen number), performance of FVLBM was improved
by employing a third-order IMEX Rung-Kutta scheme for temporal discretization of BGK-model
for achieving greater time step and lower CPU time. On the other hand, new D1Q7L2 lattice model
is developed and validated and the simulation accuracy is increased. Consequently, the present
work can be widely used for simulation of actual engineering problems in aerodynamics. Various
gas dynamics benchmark problems and applied engineering unsteady problems in curvilinear
coordinate grid are solved for validation. The numerical results of the presented method are
compared with experimental dates of wind tunnel tests and the results of FVM Euler solutions;
there is good agreement between the results of the present method and those of the references.
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5- Total Variation Diminishing (Tvd)

6- Circular Function (Cf)

7- Finite Volume Method (Fvm)

8- Monotone Upstream-Centered Schemes for Conservation Laws (Muscl)
9- Essentially Non-Oscillatory Scheme (Eno)

10- Implicit-Explicit Runge-Kutta Scheme(Imex Rk)

11- Knudsen Number

12- Mean Free Path
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1- Macroscopic scale
2- Euler/Navier-Stoks Equations
3- Bergures Equation
4- Bhatnagar-Gross-Krook (Bgk)
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3- Particle in Cell Method
4- Vortex Method
5- Vortex in Cell Method
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