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NUMERICAL SIMULATION OF FLOW PAST A SQUARE CYLINDER
SUBMERGED UNDER THE FREE SURFACE

Hyungsu Ahn, Kyung-Soo Yang™ and Doohyun Park
Dept. of Mechanical Engineering, Inha University

In the present study, two-dimensional numerical investigation of flow past a square cylinder beneath the fiee
surface has been performed to identify the effects of presence of the free surface. An immersed boundary method
was adopted for implementation of the cylinder cross-section in a Cartesian grid system. Also, a level-set method
was used to capture the interface of two fluids. To prevent tramsition to three-dimensional flow, Reynolds number
chosen for this simulation was 150. The cases for Froude number 0.2 and gap ratio(/D) between 0.25 and 5.00
were examined. At the specific Reynolds number, we study the effects of gap ratio on flow characteristics around a
square cylinder by computing flow fields, force coefficients and Strouhal number.
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7374 A (Immersed Boundary Method), ™3 A &1t(Square Cylinder), Level-set 715, A<~ (Free-surface)
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Fig. 1 Computational mesh
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Fig. 2 Computational domain and boundary conditions
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Fig. 3 Comparisons of (a) Normalized mean drag coefficient, (b)
Mean lift coefficient, (c) Normalized strouhal number
depending upon ratio(h/D) with the reference data
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Fig. 4 Instantaneous streamlines at (a) h/d = 0.25, (b) h/d = 0.40,
Re=150
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Fig. 5 Instantaneous streamlines at (a) h/D = 0.55, (b) /D = 0.85,
(c) /D =1.50, Re =150
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Fig. 6 Instantaneous streamlines at (a) h/D = 2.50, (b) h/D = 5.00,
Re=150

S ARFES ofust
HollA e "ozl
2 A2 Jhpdake] ZH¢§¥ 040301 e &4—%
AATHFig. 4). h/D=0.25% 7S-o= vuz &
odo] Whgksl= whdHe| h/D= 04004 &
o] Wddl= Zo7 Hol, h/D7} Fow & A Fdo)
whAEth . deek = gk

h/D7} 0.55-1.5091 A-9-oll= Alegk o] AR A
S Felsiglon, h/D7F 250-5.0090 Aol AR
AUy AUy YFodlA RS AS IS A(Fig 6),
ol& F3A h/D7} 255t AXA Hd AREEo] e E
2 ks WY fF 54T vl FARIRE AS @l
2~
T

43 W/D=1.00|A ZZE £0| H5}

Fig 7 Fro] Wgle] we k4] wsks vepic,
Ao FAE Ao ARFug ondicl 419 AtellA
Ao st/st,7k B h/DE= 1001tk wEb] FHo)
St/ Sty7t LA b/ DM Fr7h f5EAl ojWdt 9
U2 =7k A Egith Fr7h Aak AXEA A
& AT} AFAs AL Foigk &= Qi) o]y sl Ao

Aaks oz A7 A2 Afele 9ol ARl

i) i o

Fig. 7 Instantaneous streamlines and free surface at (a) Fr = 0.25,
(b) Fr=0.35, (c) Fr=0.5, Re = 150
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Fig. 8 (a) Normalized mean drag coefficient, (b) Mean lift
coefficient, (c) Normailzed mean strouhal number
depending upon the Froude number, Re = 150
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