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Backward-Facing Step Flow Analysis Using the Fourth-Order
Finite-Difference Method

Changcheng SHAO*®, Yasuhiro MATSUDA and Isao NAKAN ISHI

*3 Department of Mechanical Systems Engineering, Shinshu University,
4-17-1 Wakasato, Nagano-shi, Nagano, 380-8553 Japan

In the incompressible viscous fluid low analyses, the backward-facing step flow problem has
been investigated as a benchmark problem with the inflow and outflow boundary conditions for
testing the effectiveness of a new numerical scheme. In this research, the corrected fourth-order finite
difference method is employed for this fluid flow analysis. This method was originally proposed by
authors through the error analysis approach and has been successfully applied for viscous fluid flow
and natural convection problems in a square cavity. In this study, the backward-facing step flow was
simulated for the Reynolds numbers of 800 and 1000, and the steady solutions were obtained. The
effects of the sizes of computational meshes to the reattachment lengths are investigated, and the
mesh-independent solutions are obtained. We confirm the agreement of our results with other
research works and the effectiveness of our corrected fourth-order finite difference method for
viscous fluid flow analyses with inflow and outflow boundary conditions.

Key Words: Fourth-Order Finite-Difference Method, Backward-Facing Step Flow, Error Analy-
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Table 1 Effects of “L”-length in a computational
domain (Re=800)

Meshes 430X90 500X 90-
h, 0.070

At 0.010

L 30 35
X1 11.991 11.987
X2 9.557 9.553
X3 20.610 20.609
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u?+v2=0.1, 0.2, 0.3, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8 Fig. 4 Convergence histories of reattachment

lengths (Re=800) !

Table 2 Computational results (Re=800)

Meshes 180X 60 300X 60 350X 60 500X90 700 X90 1000 X120 1200X 150
At 0.019 0.015 0.013 0.010 0.007 0.005 0.004
(At) 0.020 0.016 0.014 0.011 0.008 0.006 0.005
hy 0.194 0.117 0.100 0.070 0.050 0.035 0.029
¥y 0.001 0.001 0.002 0.003 0.004 0.005 0.006
byrmax 0.29 0.39 0.39 0.39 0.42 043 041
Loop 25260 35400 40270 46750 62700 84450 7 99680
X1 11.36 11.73 11.82 11.99 12.06 12.06 12.02
X2 8.89 9.29 9.40 9.55 9.65 9.65 : 9.60
X3 20.21 20.56 20.65 20.61 20.66 20.58 20.52 |
. |
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Table 3 Effects of boundary conditions (Re=800)

A ®B) ©
Meshes : 500 X90
L 35
At 0.01
by 0.39
Loop 46,750
X1 11.99 11.99 11.99
X2 9.55 9.55 9.55
X3 20.61 20.61 20.61
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Fig.6 Change of X1, X2 and X3 vs. h, (Re=800)
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Table 4 Comparison of X1, X2 and X3 (Re=800)
Manzan et al.® Marcela® Barton"® Gartling"" *
Sources (1995) (1998) (1998) (1990) FWA© FWA©
Meshes 120X8 45020 90X70. 800X 40 1200 150 —
L 30 30 40 60 35 35
by 0.250 0.067 0.440 0.075 0.029 —0
X1 12.12 12.00 12.19 12.20 12.02 12.23
X2 9.60 940 9.75 9.70 9.60 9.83
X3 - 2090 19.40 20.89 20.96 20.52 20.71
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Table 5 Effects of “L”-length in a computational
domain (Re=1,000)

Meshes 480X 100 | 560X 100 | 640X100
h, 0.0625
At 0.008
L 30 35 40
X1 13.069 13.069 13.069
X2 10.343 10.343 10.343
X3 24.655 24.662 24.662

FoIAEEDO Ay V2RI L 2FHERRERT,
LBIDAY VaBIR2OAFIVMEBYDE A v Y
2 312 J1,000/800 % 2 F BT H B0 T DR, T2
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BAD T 2B TENBEN 2BR 10 ICERAY ¥
2 3(1360X170) TOHN B, ME RURED %
T, FREFROMEIEIN3 LRKTH S,

11 43 1360X 170 2 v ¥ 2 TON M- BB H O
Mz, B 12 3 EEEROREILE R,
ChoDEE NV EEBOBONTVE I LD DS,

-
Stream function
==
. _ ———-d
Vorticity
- —_— — e ———————
———— —
Velocity

Fig. 10 Stream function, vorticity and velocity
distributions (Re=1,000, 1360 X 170 meshes)
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Table 6 Computational results (Re=1,000)

Meshes | 560X 100 | 780X 100 | 1080 % 130 | 1360 X170

At 0.008 0.006 0.004 0.003

(A 0.009 0.007 0.005 0.004
hy 0.063 0.045 0.032 0.026
Ty 0.002 0.003 0.004 0.004

bymax 0.38 0.40 0.38 0.35

Loop 65,540 87,360 115,750 152,340
X1 13.07 13.21 13.22 13.20
X2 10.34 10.50 10.50 10.48
X3 24.66 24.79 24.79 24.76
35

30 /

25 T

20 / 7_1

X1, X2, X3

Loop(X 10%)
Fig. 11 Convergence histories of reattachment
lengths (Re=1,000, 1360 X 170 meshes)
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Fig. 12 History of @ (Re=1,000, 1360X 170 meshes)
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