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ABSTRACT

A development of density based implicit solver using LU-SGS(Lower Upper Symmetric Gauss Seidel) algorithm in
OpenFOAM was performed. Within OpenFOAM as standard solvers, compressible flow equations are addressed using
different approaches such as pressure implicit based or density explicit based solvers. In this study, a new density based
Navier-Stokes solver was developed. A faster convergence and more accuracy are expected from this new type of solver.
In addition, there are no characteristic boundaries in OpenFOAM so that the boundary condition, namely Riemann
invariant, was implemented as well. To validate the solver developed for using in OpenFOAM, some validation models
which are widely used to validate developed codes were analyzed. Preliminary results indicated that our setup in
OpenFOAM was correct and additional results showing the comparison between an experimental and computational
data of aircraft and fighter will be shown in the nearest future.

Key Words: OpenFOAM(SLZ3%), Density Based Implicit Code("dX= 7|9t 214 H=), LU-SGSILower Upper Symmetric
Gauss Seidel), Open Source Code(2Z 4~2~7=), Riemann Boundary Condition(2]WHE A1 Z7)
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‘ Open Source Field Operation and Manipulation (OpenFOAM) C++ Library ‘
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Fig.2. Overview of OpenFOAM Structure
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Fig.3. Equation Representation

NS
N
kU
[N
oy
0l

221 RE HIT L

eEEe AHARE HUAZ A oA
AT 9 ¥ AFlMe == Apte Aes o
H 43 g



D - T

Pressure based Tmplicit N-S code l

Density based Explicit Euler code
Ex) centralFoam (Inviscid)

- R = [

Density based Explicit N-8 code
Ex) thocentralFoam (Only Laminar)

- T

Density based Implicit N-8 code
Ex) compressibleSteadyFoam

Ex) rhosimpleFoam / sonicFoam

Density based Explicit N-S code
Ex) transonicMRFDyMFoam
(Laminar or RANS)

Fig.4. Outlines for the developed density based
implicit code in OpenFOAM
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Table 1. Flow conditions (Altitude 15km)

oo 1.4216E-05 Ns/m"2
T 216.65 K

P, 12111.4 Pa

Ao 295.07 m/s

M, 15

Fig.5. Grid system for verification of the code

Table 2. Boundary Conditions

Left Side Fixed Value (P, T, and U)
Right Side 1st order Extrapolation
Top/Bottom 1st order Extrapolation

Table 3. Numerical Schemes (Explicit code)

Time discretization Explicit 4" Runge-Kutta
Space discretization Roe scheme
Convergence criterion Double precision
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Fig.6. Residuals of Explicit density based code
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Table 4. Numerical Schemes (Implicit code)

Time discretization LU-SGS
Space discretization Roe scheme
Convergence criterion Double precision
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Fig.7. Residuals of Implicit density based code
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Fig.10. Grid system of RAE2822 airfoil (Close-Up)

Table 5. Flow Conditions

T 255.5 K
Py 108987.393 Pa
Mo, 0.729
Angle of Attack 2.31 degree
Characteristic length 1
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Fig.11. OpenFOAM Boundary Conditions
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Table 6. Flow Conditions

Uoo 1.78E-05 Ns/m~2
To 288.88 K
P, 101352.58 Pa
M, 2.5
Wedge half angle 15 degree
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Fig.15. Grid system for wedge
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Table 7. Comparison (Theory vs. Computation)

Inviscid, Steady, and Compressible flow

Theory | OpenFOAM | Error (%)
Pressure ratio 2.4675 2.4655 0.08
Temperature ratio 1.8665 1.8641 0.12
Density ratio 1.3219 1.3236 0.13
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Fig.16. Pressure distribution along the wall
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Table 8. Flow Conditions (Altitude 15km)
Uoo 1.4216E-05 Ns/m"2
T 216.65 K
P, 12111.4 Pa
Ao 295.07 m/s
M, 8
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Fig.177. Pressure contour of flat plate
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