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Aerodynamic interference characteristics and wind resistance
optimization of the container ship superstructure

SUN Huawei, CHANG Wentian, LI Hongwei, SUN Hanbing
(College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract ; Considering the superstructure of a 20000TEU ultralarge container ship as the research object, a wind
tunnel model for measuring wind load and PIV flow field is tested to optimize the wind resistance of a container ship
with multiple huge superstructures. On the basis of the obtained wind resistance and flow field interference, the
longitudinal spacing and local configuration of the main building are optimized by numerical simulation, and the op-
timization results are verified by the wind tunnel test. The results show that the longitudinal spacing of the main
building is the main factor affecting the wind resistance of the container ship and the aerodynamic disturbance of the
flow field around the deck. By reasonably adjusting the longitudinal spacing of the superstructure and simultaneous-
ly rounding the edges and corners of the building, a layout with enhanced wind resistance performance can be ob-
tained. As verified by the wind tunnel test, the optimized scheme reduces the wind resistance by 47. 19% compared
with the initial scheme. It also has a large optimization space that can serve as a reference for the general layout de-
sign of ultralarge container ships.

Keywords : ultralarge container ship; superstructure ; wind resistance ; flow field characteristics; aerodynamic inter-

ference; wind tunnel test; particle image velocimetry; numerical simulation
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Fig.1 Schematic diagram of wind tunnel force measure-

ment test
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Fig.2 Schematic diagram of the layout of the PIV model
test device
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& 4 A AL AR SR A X S Rl 15~ 25 m/s
(Re=2.0x10°) B4 1 I F- 5 5 BORGH , A [6) 55 4
BUR 25 KAt 2B A K, 2006 1 55 E % B S A5t
PRI Z T 523 S8 s g ol

Op = = = = === . e e )
== CF\'
8 04t ~-C,
Y_j:*: = Cp
g -0.8
“2e====-" - W= === == = = 1
15 20 25
Vi(m/s)

B4 0=0°BAERETXETE R
Fig.4 Wind loads at different wind speeds when #=0°

AN X B XU £ sl R A 5

201

—=-p=15 m/s o~
—o= /=20 m/s LR
—A-)=25m/s 2
/
0.8F .
& 27
U
a7
-0.4F ol
¢
7/
h -
16 N 4 1 . : . :
' 30 60 90 120 150 180
01°)
(QENTRIES (6%
0.9
A * Ne St N
«
0.7F / %
! \
Losp o f \
o) / =\
03 ¢ \
S —-p=15mis b
0.1k —-p=20m/s
—-p=2smis
_01 1 1 1 1 1 1
0 30 60 9 120 150 180
01(°)
(b) BT H R BC,,

0.12r

a— = —=-J=15m/s
, ’ N == )=20 m/s
0.08 F d \ —A=]=25m/s
/
/ \
g / by
C0.04F
/ \
/ \
of x 1
- -\ ]
N4
-0.04 L L L L L Z
0 30 60 90 120 150 180
01°)
(© Wi A REC,,

5 AERERRERTSEERE
Fig.5 Aerodynamic load factor at different wind speeds

and wind direction angles
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Fig.7 Diagram of calculation domain setting and meshing
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