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Abstract

Background and Obijective: Iran has access to open seas and plenty of sea transit around it has urged
presence of merchant ships in the region. Fuel consumption has always been a matter of concern for
ships. In this study, it is attempted to develop computer models for several container ship cargo
configurations and discuss an optimum configuration at a constant speed front wind.

Method: The paper presents simulation results using ANSYS CFX commercial software for a Post-
Panamax 9000 TEU container ship. The ship is modelled in a 1:4 scale, then using unstructured mesh
the wind filed around it is solved. Drag force, drag coefficient, pressure contour and wind streamline
velocity in ten different loading conditions are compared with each other. Finally, the optimized
container configuration for loading on deck of the vessel is introduced.

Findings: Simulation results demonstrate the influence of container configuration on wind load
distribution. Also the numerical results are verified versus wind tunnel test data. Finally, the influence
of container configurations on fuel consumption and reduction of pollutant emissions was calculated.
Discussion and Conclusion: It is proposed to minimize empty spaces between the cargo containers
and avoid unbalanced cargo distribution over deck in order to reduce the wind drag force and
consequently reduce the fuel consumption and pollutant emissions. Also, it is suggested to make cargo
distribution on the forward and aftward deck areas more streamlined.

Keywords: Container Ship, Computational Fluid Dynamics, Air Resistance, Flow Turbulence, Fuel
Consumption.
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Figure 1. Small model for cargo distribution on a

container Panamax ship (8)
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Figure. 2. Computer model of the container ship in
ANSYS CFX and the coordinate system
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Table 1. Computational domain features
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Figure 6. Convergence of drag coefficient
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Figure 9. Pressure contours for a streamlined cargo
at the fore and aft deck
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Figure 10. Flow Streamlines for the cargo case of

Figure 9
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Figure 7. Pressure contours in a full load state
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Figure 8. Flow streamlines around the vessel

adye S0 ol g ook gl by b -F-Y
s o ,nls gl )l oy il 4 az g b cdl ol o
adye Joboyo Lo yils Lok o)g5 0 jlad ioli8l as i
Blas OVl ;500 4 cons Jlade cpl g Sl ol 23595
= Loy SlS (g9, e jlid rals blie o (] JS8) adly oo
23k S dmae (a3 oS Ceulodd @5 A e Joboyo
oealS (Ve ) cool azdly ia 38l g yas 4 e yoslS (g9,
Al S BSis s e adye o b il i)l (om y08
it 5 g el S ol S sl 0390 (6 S5l Lo
Jo5is g ol Ghlael ol oo polids Sealinag pl JSCS
GalS s al sl e Bl el oo b als S
ool el Hsbd sl Ca @y bn 2l el (m 05
Ay 59y sleyils Gl glo i) ol Cojm

obr plasel als sl ggoge cnl Dl oo Gl ool




e 9 oo

AV 5l VA o)lod o j bnmo ($3gl 9SS g pole A

L Cod ol goae o slajlogaiys a5 205 (o b
OF JS8) Cansl aseiie 5 o alimdlo L5 o,LS, i3l

L plodus gl oy go -F-0

plasas asl o1 Sl wlg oo 00wl Caway (go0e > s
Cenglie (RalS 50 g 0dl aige Joo Silgie Glodez Jow
@l %0 Sazil )58 sl 4 55k b (S8S Sle
1 Loyl plodz i @l jo 518, egh oanl ey
Az lo s, alds JB Jls ¢l aled oo o (i
Ols= s Smle po a5 o)ls (iS ols gl jo (1550
2l Gty iy oe ez )b sl ple oy T el

L5 ol 020 5 aglio ol Bigs iles L qulis o vy 59

20,5 asiie ey goas J> Cdd

TANY 630530 by o030 oz WY JSd
Figure 13. Pyramid cargo loading 98.2% capacity

2500 7500

2968 595 31 gLy bebs paai VP S
Figure 14. Flow Streamlines for the cargo case of
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Figure 11. Irregular cargo configuration with a
maximum height of seven containers
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Figure 12. Flow Streamlines for the cargo case of

Figure 11
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Table 2. Numerical result for drag coefficient at
different wind speeds
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Figure 17. Drag force versus wind speed
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Figure 15. Numerical result for air resistance coefficient vs wind tunnel test data
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Figure 16. Numerical result for drag coefficient
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different loading scenarios
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