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High—Fidelity Ship Airwake CFD Simulation Method Using Actual Large
Ship Measurement and Wind Tunnel Test Results

Jindeog ChungT-Taehwan Cho-Sunghoon Lee*Jaehoon Choi-Hakmin Lee
Korea Aerospace Research Institute

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/oy—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Developing high—fidelity Computational Fluid Dynamics (CFD) simulation methods used to evaluate the airwake characteristics
along a flight deck of a large ship, the various kind of data such as actual ship measurement and wind tunnel results are
required to verify the accuracy of CFD simulation, Inflow velocity profile at the bow, local unsteady flow field data around the
flight deck, and highly religble wind tunnel data which were measured after reviewing Atmospheric Boundary Layer (ABL)
simulation and Reynolds Number effects were also used to determine the key parameters such as turbulence model, time
resolution and accuracy, grid resolution and type, inflow condition, domain size, simulation length, and so on in STAR CCM",
Velocity ratio and turbulent intensity difference between Full—=scale CFD and actual ship measurement at the measurement points
show less than 2% and 1.7% respectively. And differences in velocity ratio and turbulence intensity between wind tunnel test and
small—scale CFD are both less than 2.2%, Based upon this fact, the selected parameters in CFD simulation are highly reliable for
a specific wind condition,

Keywords : Airwake(0f|0{€|013), Flight deck(H|ZHZEh, Actual ship testing(AlM =), Unsteady Flow—field(H[HA& RS20, Wind
tunnel Testing(Z2SA|&), CFD simulation(ZA S| sH{A17 ). STAR CCM*
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N Table 2 Velocity ratio and turbulent intensity at the bow
- and stern locations
u Bow region measurement points
1 , Ship speed 8.22 Ship speed 2.06
| Wind speed 1.38 Wind speed 10.56
,;E 8 N Relative speed 9.6 Relative speed 12.62
: ; Point| S.R. Tl Point| S.R. T
et 4 6 | 1.03 0.42 6 1.02 3.69
g ! 7 | 1.02 0.43 7 1.01 3.77
® [] : 8 | 1.01 | 048 | 8 | 1.00 4.24
- ! 9 1.03 0.70 9 0.99 4.07
5 u N 10 1.03 0.55 10 0.99 4.29
11 1.00 1.15 11 0.95 6.33
o A HELZ SEH Stern region measurement points
0z 00 02 04 06 08 10 12 Ship speed 5.09 Ship speed 1.92
Fig. 6 Inflow velocity profile for 3 velocity components Wind speed 706 Wind speed 10.18
Relative speed 12.15 Relative speed 12.31
Table 1 Turbulent intensity of inflow flow—field Point] SR. T Point] SR. T1.
Height u v w 6 | 1.03 3.28 6 | 1.02 4.54
10m 1.74 1.78 1.54 7 | 1.04 2.15 7 1.02 4.88
8m 1.78 1.82 1.45 8 1.04 2 66 8 0.98 8.21
6m 1.82 1.86 1.52 9 0.98 4.76 9 0.95 5.96
4m 1.87 1.93 1.88 10 1.01 3.24 10 0.96 6.45
2m 1.86 1.95 2.02 11 0.96 5.74 11 0.94 7.92
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Fig. 12 Results of unsteady flow—field measurement at the various wind directions
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Fig. 14 The wind tunnel configuration for small-scale CFD
simulation
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