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An Improvement of the Approximate-Factorization Scheme and Its
Application to the Analysis of Incompressible Viscous Flows
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Abstract

A modification of the approximate-factorization method is made to accelerate the convergency
rate and to take sufficiently large Courant number without loss of accuracy. And a stable implicit
finite-difference scheme for solving the incompressible Navier-Stokes equations employed above
modified method is developed. In the present implicit scheme, the volume fluxes with contravar-
iant velocity components and the pressure formulation in curvilinear coordinates is adopted. In
order to satisfy the continuity condition completely and to remove spurious errors for the
pressure, the Navier-Stokes equations are solved by a modified SMAC scheme using a staggered
grid. The upstream-difference scheme such as the QUICK scheme is also employed to the right
hand side. The implicit scheme is unconditionally stable and satisfies a diagonally dominant
condition for scalar diagonal linear systems of implicit operator on the left hand side. Numerical
results for some test calculations of the two-dimensional flow in a square cavity and over a
backward-facing step are obtained using both usual approximate-factorization method and the
modified one, and compared with each other. It is shown that the present scheme allows a
sufficiently large Courant number of 0(10%) apd reduces the computing time.
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Table 1 Comparision of numerical solutions for model equations:

(a) Case |
P, Solutions
Exact solution Usual A-F Modified A-F & LU SGS

P.. 4.76 0.83 4.76
P.s 7.03 1.58 7.03
P,. 8.11 2.26 8.11
P 7.03 1.58 7.03
P3r3 11.46 3.01 10.38
P, 14.08 4.32 11.97
P,. 8.11 2.26 8.11
P,s 14.08 4.32 11.97
P,. '18.17 6.18 13.81
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Table 1 Continued
(b) Case [
Solutions
P Exact solution Usual A-F Modified A-F LU SGS
| 6.60 1.79 6.31 6.05
| 9.67 3.16 8.73 8.27
P24 9.96 3.51 8.81 8.40
Py, 9.67 3.16 873 8.63
Py, 15.17 5.57 12.06 11.62
Py, 15.95 6.20 12.18 11.47
P2 9.96 3.51 8.81 9.20
P.s 15.95 6.20 12.18 12.11
P, 16.91 6.90 12.29 11.64
(o) Case 1

P, Solutions

Exact solution Usual A-F Modified A-F LU SGS
P, 11.87 5.08 9.29 9.94
P,s 1493 6.66 11.07 10.88
Py 11.87 5.08 9.29 857 -
P, 1493 6.66 11.07 10.88
Pss 18.98 8.74 13.20 12.37
Ps, 14.93 6.66 11.07 10.08
P,. 11.87 5.08 9.29 8.57
P.s 1493 6.66 11.07 10.08
P.. 11.87 5.08 9.29 8.59
—(+ lal + | ) et e thimgn+ cF o thisnim) = Coliik (31
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Table 2 Comparision of the numbers of floating operations

Addition(+) Multiplication(*) Division(/)
' 2-D 3I+D 3A+D 20+1)
A-F method
3-D 3I+J+K) 30+J+K) 2(I+J+K)
2-D 41+ 41 21
LU-SGS (I+)) (I+1) I+n
3-D 6(I+J+K) 6(I1+J+K) 20+J+K)

I, J, K are the numbers of grid points in the &, 7 and ¢ directions, respectively

Case I cif=ci=8 ci=ci=2
Case I cf=ci=5 ci=ci=5
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