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Optimization and design mnethod of non-smooth surface at
stepped back MIRA mode’s tail
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Abstract: To explore the optimization and design method of non-smooth surface on vehicle body, dimple,
convex and groove non-smooth surfaces are respectively arranged at the rear of the MIRA model. CFD and
wind tunnel test are adopted to analysis the reduction effects and the drag reduction effects are compared
with the original smooth model. The results show that the aerodynamic drag decreases with the decoration
of non-smooth surface. In the article, the distance and the height of non-smooth surface are considered as
the design variables. Aerodynamic drag is the objective evaluation functions. Sample points are obtained by
Latin hypercube sampling method and Kriging approximate model is set up according to sample points and
response values. The fitting precision of approximate model is tested. NSGA-II is used in genetic
algorithms. Drag reduction effects and mechanism before and after optimization of non-smooth surface
model are compared and analyzed. The simulation and test results both show that the aerodynamic drag
coefficient are further decreased and the aerodynamic drag reduction rate of dimple, convex and groove non-
smooth surface are 6.92%, 4.03%, 4.24%.
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Fig.5 3d Model of Non-smooth structure
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Table 1 Boundary Conditions Table 2 Numerical Simulation Results
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Fig.6 Wind Tunnel Test of Non-smooth Model Fig.7 Optimization Flow Chart
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Table 3 Sample Points and Response Value

FEAS H/mm L/mm Ch Cre Chs
1 0.000 0 42.11 0.315 1 0.3151 0.316 6
2 0.421 1 67.37 0.314 6 0.315 6 0.317 2
3 0.842 1 75.79 0.312 3 0.314 6 0.317 5
4 1.263 0 54.74 0.313 6 0.314 6 0.315 7
5 1.684 0 63.16 0.304 6 0.309 4 0.310 2
6 2.105 0 61.05 0.302 7 0.303 3 0.304 1
7 2.526 0 50.53 0.314 2 0.312 9 0.310 4
8 2.947 0 56.84 0.308 6 0.307 9 0.306 5
9 3.368 0 44.21 0.317 2 0.301 2 0.314 8
10 3.789 0 73.68 0.313 6 0.314 0 0.313 7
11 4.211 0 80.00 0.316 2 0.314 9 0.315 9
12 4.632 0 46.32 0.307 8 0.308 5 0.309 0
13 5.053 0 69.47 0.294 5 0.301 5 0.301 8
14 5.474 0 65.26 0.305 6 0.306 3 0.304 9
15 5.895 0 52.63 0.309 6 0.312 7 0.311 5
16 6.316 0 77.89 0.320 5 0.321 7 0.320 6
17 6.737 0 71.58 0.314 9 0.319 7 0.318 6
18 7.158 0 58.95 0.302 8 0.306 7 0.309 8
19 7.579 0 40.00 0.311 3 0.314 5 0.314 9
20 8.000 0 48.42 0.311 2 0.310 8 0.311 8
x4 ENERUSHEERR
Table 4 Accuracy Test of Approximate Model
H L/ CFD A w2/
mm P EH B %

5.036 45.26 0.311 7 0.316 6 1.57

1.634 57.34 0.304 3 0.310 9 2.16

2.958 60.37 0.301 7 0.307 3 1.85

6.295 72.33 0.312 8 0.318 1 1.69

7.643 42.64 0.315 7 0.319 8 1.29
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Table 5 Drag Coefficient Contrast Table 6 Validation of Optimization Results
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Fig.8 Velocity Contrast of Non-smooth Model before and after Optimization
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