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Aerodynamic Shape Optimization Study of a Three-centered Cylindrical
Roof of Coal Bunker Based on Surrogate Model

LI Jianhong,QIU Ye " ,SAN Bingbing
(College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract; This research focused on a three-centered cylindrical roof of coal bunker. Kriging surrogate
model was adopted to optimize the aerodynamic shape of the roof structure. First of all,the flow charac-
teristics of a three-centered cylindrical roof were numerically simulated by using standard k—&,RNG k-
¢ and SST k-w turbulence models, and compared with the wind tunnel data. Secondly, radius-to-span
ratio (R/S) and central angle (6) of middle arc of the three-center cylindrical roof were optimized with
the minimum peak negative pressure on roof surface and the minimum absolute value of vertical dis-
placement as the optimization objectives. The results show that when R/S=1.26 and 6 =45.8°, the
peak negative pressure on the roof surface is lowest. When R/S=0. 56 and 6 =14. 1°the absolute value
of vertical displacement of the roof under mean wind loads reaches the minimum value.
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Fig. 1 Schematic diagram of computational domain
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Fig. 2 Grid system near the roof
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Fig. 3 Comparison of the mean pressure coefficients on the roof

surface between numerical simulation and wind tunnel test
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Tab. 1 Boundary conditions of the computational domain

THE R R
NEEUE FRBORFNM u/u = (2/2,,) ", i 0a=0. 15, 3% 5 2,,=0.2 m A AP RGE u,, =10 m/s
RHISBuR S FI H1 9 (Outflow)
BET 1 5 T TR -5 PSR B FR 5E ( Symmetry ) |, 15800 1T = 55 26 0N I AL IR (Wall)




41 o

T AR R A R =0 PR T 2

KSMEARALHTIE 11

B4 =0 [RIA:TH E o T AR AR 2
Fig. 4 Schematic diagram of geometry model of the

three-centered cylindrical roof
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Fig. 5 kriging model prediction surface of

negative pressure peak
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Fig. 6 A comparison diagram of the predicted value of the
Kriging agent model optimized by peak of negative pressure

and the real value of the objective function
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Fig. 7 Mean pressure distributions on the roof surface with

optimal (C1) and near optimal (C2 & C3) shapes
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Fig. 8 kriging model prediction surface of

vertical displacement extremum
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Fig. 9 Vertical displacement distributions of roof with optimal

solution ( W1)and reference points (W2 & W3)
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