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Abstract

In this study, three-dimensional imcompressible viscous flow analysis and optimization using response

surface method are presented for the design of a jet fan. Steady, imcompressible,
are used as

Reynolds averaged Navier-Stokes equations

three-dimensional

governing equations, and standard k-¢

turbulence model is chosen as a turbulence model. Governimg equations are discretized using finite
volume method. Sweep angles are used as design variables for the shape optimization of the impeller
in response surface method. The experimental points which are needed to construct response surface are
obtained from the D-optimal design and finally the shape of impeller is achieved from using a
numerical optimization for the response surface which is obtained from CFD.
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Table. 1 Experimental points

No Case | C%SG Case I
Y om 7t
1 -1.0 -1.0 \% A%
2 -0.5 -1.0
3 0.0 -1.0 \Y
4 05 -1.0
5 1.0 -1.0 \% \%
6 -1.0 -0.25
7 -0.5 -0.25
8 0.0 -0.25
9 0.375 -0.25
10 1.0 -0.25
11 -1.0 0.0 \%
12 -0.5 0.0
13 0.0 0.0 \ \%
14 0.375 0.0
15 1.0 0.0 \
16 -1.0 05
17 -0.5 0.5
18 0.0 0.5
19 05 05
20 1.0 05
21 -1.0 1.0 \Y \Y%
22 -0.5 1.0
23 0.0 1.0 \% \%
24 05 1.0
25 1.0 1.0 \Y% \%
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Table 2 Results of ANOVA and regression analysis

R 't Adjusted | Std. error of
R the estimate
Case 1 994 988 984 1.59E-04
Case 11 998 9% 987 1.760E-04
Case | 1.000 1.000 1.000

(d) Case I(by D-optimal)

Fig. 3 Response surface
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Table 3 Coefficients of response surface function

Case 1 Case I Case I
Std. Std. Std.
Coeff. orTor Coeff. orror Coeff, orTor

Bo | 0.0372 {0.001 [ 0.0372 | 0.001 | 0.03863 | 0.000
B: { 0.0039 {0.001| 0.0047 { 0.001 | 0.00276 {0.000
2 | 0.0107 {0.001 | 0.0103 | 0.002 | 0.01395 | 0.000
Bs | 0.0124 {0.000} 0.0126 | 0.001 | 0.01104 | 0.000
Ba | -0.0091] 0.000 | -0.0088 | 0.001 | -0.00830 | 0.000
5 | -0.0062 0.000 | -0.0062 | 0.001 | 0.00760 | 0.000

Table 4 The results of optimization

£ 7
Ym | Ye | (®RSM) |( RANS)| ErTor
7.12e-5

) -1.344
Case 1[-0.6539| '5**| 002876 | 0.02882 |22

Case |_ -1.337 7.16e-5
0.6533 A 0.02875 | 0.02883 0.959%

Case |_ -1.285 2.17e-5
0.6366 P 0.02879 | 0.02881 0.08%
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Fig. 4 Streamlines on the pressure, middle and Suction
surface for initial shape

Fig. 5 Streamlines on the pressure, middle and Suction
surface for final shape
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