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Numerical Simulation of Chemically Reacting Laminar and Turbulent
Flowfields Using Preconditioning Scheme

Bong-Ha Song, Gyo-Soon Kim, Yun-Ho Choi, Byung-Ohk Rhee
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Abstract

The computations of chemically reacting laminar and turbulent flows are performed using the preconditioned
Navier-Stokes solver coupled with turbulent transport and multi-species equations. A low-Reynolds number £ -¢&
turbulence model proposed by Chien is used. The presence of the turbulent kinetic energy term in the momentum
equation can materially affect the overall stability of the fluids-turbulence system. Because of this coupling effect, a
fully coupled formulation is desirable and this approach is taken in the present study. Choi and Merkle’s
preconditioning technique is used to overcome the convergence difficulties occurred at low speed flows. The numerical
scheme used for the present study is based on the implicit upwind ADI algorithm and is validated through the
comparisons of computational and experimental results for laminar methane-air diffusion flame and H,/O, reacting
turbulent shear flow. Preconditioning formulation shows better convergence characteristics than that of non-
preconditioned system by approximately five times as much.
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Nomenclature

: Vector for dependent variables

: Vector for primitive variables

: Flux vector for x, y coordinate directions

: Turbulent and chemical source vector

: Operator for representing the viscous terms
: Viscous coefficient matrices

: Effective viscous coefficient

: Effective thermal conductivity

: Mixture diffusion coefficient for species k

: Binary diffusion coefficient for species k
and |/

: Molecular weight for species k& and [

: Dimensionless collision integral
: Preconditioning matrix

Pp> Prs by, by : Thermodynamic properties

=%
p”"(apl

1 p
P = Pr=—_
For ideal gas, RT B r
h,=0 , by =C,
: Preconditioning parameter
p _ 1 pili-ph,)
Py ,,2 Phr
Pr =pr

: Artificial sound speed

1 1
v =(Phr]2 - phr i
Pl phrpy+ prll—ph, )




