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WALL EFFECTS ON LAMINAR FLOW OVER A CUBE

Dongjoo Kim'

Laminar flow over a cube near a plane wall is numerically investigated in order to understand the effects of
the cube-wall gap on the flow characteristics as well as the drag and lift coefficients. The main focus is placed on
the three-dimensional vortical structures and its relation to the lift force applied on the cube. Numerical simulations
are performed for the Reynolds numbers between 100 and 300, covering several different flow regimes. Without a
wall nearby, the flow at Re=100 is planar symmetric with no vortical structure in the wake. However, when the
wall is located close to the cube, a pair of streamwise vortices is induced behind the cube. At Re=250, the wall
strengthens the existing streamwise vortices and elongates them in the streamwise direction. As a result, the lift
coefficients at Re=100 and 250 increase as the cube-wall gap decreases. On the other hand, without a wall, vortex
shedding takes place at Re=300 in the form of a hairpin vortex whose strength changes in time. The head of
hairpin vortex or loop vortex, which is closely related to the lift force, seems to disappear due to the nearby wall.
Therefore, unlike at Re=100 and 250, the lift coefficient tends to decrease more or less as the cube approaches the

wall.
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Fig. 1 Coordinate system and boundary conditions
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Fig. 2 Mesh near a cube on the (z,y)-plane for the case of
L/H=1. Thick lines denote the surface of the cube
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Fig. 3 Variation of vortical structures behind a cube far away
from the wall with respect to the Reynolds number (In this
study, A, =—0.005 is used for the vortex identification

method of Jeong & Hussain[19].)
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Fig. 4 Variation of vortical structures behind the cube
depending on the distance from the wall at Re=100
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Fig. 5 Flow fields associated with a pair of streamwise vortices
near the wall at L/H=0.5 for Re=100: (a) streamlines at
x/H=3; (a) streamwise vorticity contours at x/H=3
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Fig. 6 Temporal variation of drag and lift coefficients at L/H=0.5
for Re=100: (a) drag; (b) lift (—, C; ------ , C)
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Fig. 7 Pressure distribution near the cube at L/H=0.5
for Re=100
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Fig. 8 Variation of vortical structures behind the cube
depending on the distance from the wall at Re=250
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Fig. 9 Temporal variation of drag and lift coefﬁcients at L/H=1
for Re=250 : (a) drag; (b) lift (—, C/; ------ ,C)

1/:

(repulsive force)S W=

5 5. 1 (029
A8l A E, A

AsE & T Utk Zé%‘ Al o & £, oW A
AFE 037908 ¥ 2 , i
o] ’E}EH Ao vt} W}F/}H, e zfolel] ofgh e 9 A
e}

FE

3.2.2 Re=2500l| M 2| &

Fig. 82 Re=250014 L/Ho| W& ReElx Fxo] W3tz
UeRd Zlolt), BlweA Jujdoz W] "ojdl L/H=2
o] 7%, #He] gL w9 Ho} wo] %i“ 73$Fig. 32|
Re=250)¢} H|wE wf ®EXo] Fx} o] Zjo]7} A
Oit} ARl L/ H7E 1 olstd o Bw gt yepr] Al

2=, L/H 19 2% 9= Wsk Rulay) F7)3o

2 Adslo] A o] ok e, Blo] HE kY
A L/H=0.57} 5 SnEA% fr53e] oAl et

e F)A0 R AYHA &

Atk o A5 FHE 9w
1, A 99 B DA FelAe W glo) kgHew
AT, of ks ol Al o AANAT 8 79
FEe BAPAE olAlsks Tt vk AL AAlwh
W9, 5ol nwg Fig 8014 & 5 Qo] L/ 1o

>
2
2
2
o
ol
ol
S
2al
®
QE
o Flo
2

o] thgelt.

0 5 xH 10 15

(a) viewed from —+z axis

(b) viewed from -y axis

Fig. 10 Variation of instantaneous vortical structures behind the
cube depending on the distance from the wall at Re=300

ju7)

144 9= L/ H=19] 7% o3
2 a9 Al Al w}% Wske A HokkFig 9).
9 ok A} #7180l Wake ol ol FfE
weEl AgEAdN Frdo BAse R olEs
7 Wl g A ¢, 2 ¥ AF 00 FoAE fi
—E['—i}-?lfF(St:fH/uoo)i oF 0.105°), HElx Fde] Fut
Sof ATk aw, ¥ A% 0= B} Gol] f570)

(2R AP AT 5 o)

)

o4 5ol ¥

odt

o

Y 3
09~'
o% I i

%

ol
-

¢

3.2.3 Re=3000lM 2| &

Fig. 102 Re=300°14 L/Hol W& &7+ f-5742] nelx
T2 WEE Jepd el AFE fad BE L/HY o
3 e HAA HdiAoH, diAWE Re=300014% A
(x,y)-3Wo] vk L/H=2°] 7%, Ho| §l& Z-Fig 3
9] Re=300)¢} PIRVIAZ REX7E Fr]H oz WhASEA| R
wezo] gt o) 7] dFsiAE vk 5, 2"dA 9
o7 FAJE F3(loop) FEIQ] FE7F ofH #d FlolE
A7t S AAY AR she, 1 AR oY ATt o

o
B BHS ZRethRg 11 B, BE, L/H=1 3

lo



88 / sk L& Seks| K| HEF
0.2
(@) 14} G\S\Q @)
0.1F
12}
Cy c — 6 Re=100
Of------------------------------- d - - % - - Re=250
C, s A Re=300
-0.1p Xso N
0.8} R
-0.2 L 1 ! 1 X
200 250 300 350 400 0 1 2 3
tu_/H L/H
0.2 0.2
(b) (b)
0.1F
FAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/
C
Cy Of - - - mmmm C, o1
z
0.1
0200 250 300 350 400 % 3

tu_/H

Fig. 11 Temporal variation of lift coefficients at Re=300
(—, C;------ , C): (a) L/H=2; (b) L/H=0.5

Y

. o
= F2 e T3t WEks] wasA] ekon, nEso]

F7Ieheh dAskh
3] BE 2 e} o Ao AaEAlE dotny] 9l
3] Fig. 113} o] L/H=2 % 05 T 73l el ¥y Al
TE A R JERSIh BE 't A9 gle
L/H=20°] 7%, A4d%= EEM,] Awst ZE7ei 93
34 7] w4 A o 7F vl Fuke AR vt
s o F Atk T BAS & BA Tl F
AEo] AR, s REs l‘ﬂ F719 ¥ 3101 A
otk gk, Hol uflg- 7P/H L/H 0.5¢] 7Z--oll=
Qe BEx Zert ek dAsieg o}LH T
RS 7 AL gk el disl ¢ S C o AlE
S W, vlo] 7k L/H=0.5 750l dEdel
T

5 % o1h % 5ol JHE F
e

324 Bt &Y ¥ 2 A
Fig. 12 &3 A59 42

L/H

Fig. 12 Time-averaged drag and lift coefficients as
a function of L/H: (a) drag; (b) lift

Ebd Aoz HAY 59 Afols AR st e ARE
Ik AtE e RE golmRyoa ASuAs 8
Aol A7t A wet &8 Age dx F7FERiTh
e, e Alge Hile 7M7} gl wel dnkdoeg
ZIkelE AES Ho|X|uk Re=3009X4= L/H7} 2014 12
Aage] wit 4 AlGTt v Aadth Re=1002 2509
Al ARz Holl PJMMH upg} go] Frtehe AL

& U 2y *7P EPEIOWI “HTOM.

AEHA 9ol Hol EAE w, B
A= 9
o

Ag)7b ASAA] F9] f-5o mx= Faol] g x4
A AFE eIt AT R A9 delgzye
100, 250, 30001, ASAA} He] Age AFHA] dole]
058104 2874 E Ao Fgith B A7E Ea
theFst glolm=ge) Bo) A digl 3a BEs F2E

3
ek, wels ash JEAAe] 485

P
B % 9k



ASUA 9 SF frEol <A ¥Ho] wA= 9F

A164, A1s, 2011. 3 / 89

%
£
it
=)
oX,

7W7ke] EAsH,
Cha sk 4

o] A=

3}

[e]

A%el S4je] doluzgsl wel Aelel] uel 2
1

A Fie] wele Fre} g9 2
RS
A7} ol 719)
uoyaok E.Eﬂ/\7}- 1;-10 7L§}E]—r Okezl
S7Fetslth. SHARE Re=30014%= 5
3 g weas) oAls T e
S HY s, g Al Agos=
S wE delzge] ﬂu 74?47} e
AG7E S8 @,

dol gl 399 7o) EAlske 3ol Aoldle] WA
Qe Flel Ho] gl 4%, WAy 5ol tgve 34
57 gk SR el ot Bebd & QA o &
Ak Aol B (rg)BW, F FHE PEE LIS
Mo 549 JHoE WAL ol BHL ¥ Ao
A gAele T e FEANE BRI o)
A7 ANE voR FFE & dolEEiel B &
Fol 0lg A2 FAF Aol

= 7

(1]

4]

(6]

A7l o8 d7E =1

1990, Strykowski, "On the
formation and suppression of vortex shedding at low
Reynolds numbers," J. Fluid Mech., Vol.218, pp.71-107.
1996, Williamson, C.H.K., "Vortex dynamics in the cylinder
wake," Annu. Rev. Fluid Mech., Vol.28, pp.477-539.

1996, Kwon, K. and Choi, H.,
shedding behind a circular cylinder using splitter plates,"
Phys. Fluids, Vol.8, pp.479-486.

1990, Sakamoto, H. and Haniu, H.,
shedding from spheres in a uniform flow," J. Fluids Eng.,
Vol.112, pp.386-392.

1999, Johnson, T.A. and Patel, V.C., "Flow past a sphere
up to a Reynolds number of 300," J. Fluid Mech., Vol.378,
pp.19-70.

1999, Mittal, R.,

PJ. and Sreenivasan, K.R.,

"Control of laminar vortex

"A study on vortex

"Planar symmetry in the unsteady wake of

a sphere," AIAA J., Vol.37, No.3, pp.388-390.

[7] 2002, Kim, D. and Choi, H.,
rotating in the streamwise direction,"
Vol.461, pp.365-386.

[8] 2006, Yun, G., Kim, D. and Choi, H.,
behind a sphere at subcritical Reynolds numbers," Phys.
Fluids, Vol.18, pp.015102-1-14.

[9] 2008, H&F, “7t FH] HAY AR B v FE
o] BA) shlirAI & El3l X, A3 Al4E, pp.39-44.

[10] 1990, Raul, R., Bernard, P.S. and Buckley, Jr., F.T., "An
application of the vorticity-vector potential method to
laminar cube flow," Int. J. Numer. Methods Fluids, Vol.10,
pp.875-888.

[11] 1991, Raul, R. and Bernard, P.S.,
of the turbulent flow field generated by a stationary cube,"
J. Fluids Eng., Vol.13, pp.216-222.

[12] 2004, Saha, AK.,
of the transition of flow past a cube," Phys. Fluids, Vol.16,
pp-1630-1646.

[13] 2008, A&, “HFHAE A= F7 75 50
FA1E83] 4], A13H A, pp.5T-62.

[14] 1978, Bearman, P.W. and Zdravkovich, M.M.,
a circular cylinder near a plane boundary," J. Fluid Mech.,
Vol.89, pp.33-47.

[15] 1998, Kim, M.S.
investigation of the ground effect on the flow around some

"Laminar flow past a sphere
J. Fluid Mech.,

"Vortical structures

"A numerical investigation

"Three-dimensional numerical simulation

"Flow around

and Geropp, D., "Experimental
two-dimensional bluff bodies with moving-belt technique," J.
Wind Eng. Ind. Aerodyn., Vol.74-76, pp.511-519.

[16] 2008, Nishino, T., Roberts, G.T. and Zhang,
RANS and detached-eddy simulations of flow around a
circular cylinder in ground effect," J. Fluids Struct., Vol.24,
pp.18-33.

[17] 2005, Balachandar, S. and Fischer, P,
"Wall-induced forces on a rigid sphere at finite Reynolds
number," J. Fluid Mech., Vol.536, pp.1-25.

[18] 2001, Kim, J., Kim, D. and Choi,
boundary finite-volume method for simulations of flow in
complex geometries," J. Comput. Phys., Vol.171, pp.132-150.

[19] 1995, Jeong, J. and Hussain, F., "On the identification of a
vortex," J. Fluid Mech., Vol.285, pp.69-94.

X., "Unsteady

Zeng, L.,

H.,, "An immersed



