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Drag Coefficient Estimation of Pile Type Structures
by Numerical Water Basin Experiments
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Abstract : A possibility of the drag coefficient estimation in numerical water basins was discussed where the
numerical solution were calculated by the 3-dimensional hydro-dynamical model (FLOW-3D®) with the RNG
k-¢turbulence model. On the known cases of the drag coefficients for a rectangle, the numerical drag coefficients
got 1.34~1.52 and the wind tunnel values were 1.3~1.5. For a cylinder, the numerical values were calculated as
0.75~0.78 in the range of 0.5<h/D<3.5. Therefore the numerical results showed a good agreement with the
physical experiment in a cylinder body runs. On the unknown cases of a row of rectangle, the drag coefficients
were more increase than the cases of single body because of the interaction of other structures. And also the drag
coefficients had large values as the distance interval ratio of the structures more and more decrease.

Keywords : Drag coefficient, numerical experiments, pile type structure, wakes, turbulence model

LM E

3hd, A9k 9l dnbel] AXH mefe] w7, 3R
O g Ve R 5T 2ol §F TellA ol FRE
o] Wh= g2 F2E AN Fast AAIRIAtoltt, o]
it B AR FERES Tkt gl wE
ATFE RN 9 S 22 éll%l@% &3l Z7stod
2thHBlevins, 1984; Akins et al., 1977). E}X]DP o] &
=84 A A5 AR - 114 A 9 AAPE E ©]

A el HZells FAAR9) 7 R AES
o} get. et AE7A TR oyl AR
Ag-9] gAY wiEel F2ES FEATE A FXA
for AT o= =ath

2 AFelAE o] B2 FEATE APsH] S18te] &
< /I RNG ke RS
13 (Flow Science, 1999)& A8-5}7 &l
i, o] & fIste], AFE WET RS A

ol # Akins et al.(1977)<] <

.

Ao stw &) 9F7] < 8H (Corresponding author: Il Heum Park, School of Marine Technology, Chonnam National University, Yeosu,

550-749, Korea, parklh@chonnam ac.kr)
**SPPE|| YA (F) #

AR&DAIE] (Busan R&D Center, SPP Plant & Ship Building Co., Ltd.)

wek o sl w o 84 &f) &F 3 ¥ (Department of Ocean Engineering, Graduate School, Chonnam National University)



46 ulolE . o

AP oz v - ASEIGIT. o] w) 71x)2] = AFEE
ARGt FR|FEAA F/7E] BE Reichardt(1951)$F
Gortler(1942)9] A8l 5, 1998)9} vl w33 L
Blevins(1984)°l 2J3ll AlA1E A3 AESIIH. €43
T2 5-2- FAVOR (Fractional Area/Volume Representation)
71& At Hdist A8 Ak FRES 94
slalo] 2% XA L, Blevins(1984)2] =A%k
¥} vkt 5, AL G A QA S e
o|F At WEFEC tste] FRERY] 1)
ZE9] giaEoln| o wiglel| wE T AFE A8t
I 1 ARE Btk

2. X123

2.1 X[HHE A

FLOW-3D® %32 19603t Los Alamos National
Laboratoryo 4] 7H¥Fe MAC(Marker and Cell) %3}
SOLA-VOF(Solution Algorithm Volume of Fluid) 4]
S 712 ddEgon 198595 FLOW-3DE
o] AME-E AL Ut} o] % W, A (Shallow Water)
I Z2 ofg 7)so] 23E] Aol g Zrgiow
AT of7]olx] AREshE BIgS FrAlS] A5

212 o} Zth(Flow Science, 1999).

% o o1 -1
o} &t
Q1A 0y Qg S8 =
ot Vgl Tox oy 0z
_1opy g oy pop Rsor, (2a)
pox TN T oV
ov, 1 v ov ov
D L Dyt s D =
ot VF{M o ey Zﬁz}
_1py G oy pop Rsor 2b
pﬂy y ~f}’ y ,OVFV ( )
é’_V_V+_l_ qué)P—)-ﬁ-vA 2’)14—}-f-wAzé)H =
ot Vi Ox ’ oy 0z
10p Rsor
——L+G,+f—b, K 2
oo, 0= Jo=b. pVFW (20

)
~

= Volume Fraction, G, G, Gi= A4 H Y,

A, 223 b, b, bz HEA A A

X

fofr >
Modnes 2
B o

A

R rlr 2
o2
o
)

N
O
n
[t
flo
<l

, A7) A3l 717 At e
AA ] EHEFLL 2 (3)F 2ol VOF(Volume of Fluid)
F Flx, y, 2, 02A AHH, o714 Fe ArEde X
gstal s SAAE FA7F A kAL s 2 AH]
£ YERdTH
%’; + -I;-F[%(FAXM) + j_y(FAyv) + j—E(FAzw)}
=FpirtFsor 3)

A7IA, v AR g ol
Orszag et al.(1992)°] 2J3l] 7= 0171 RNG(Renormali-

zation Group) k-¢ .82 71 k-e 8 Y AFeEs B4

23} o] Lhehict,

2
- C k.
Vesr = V{I-FA/?A/ZJ ®)

A7V, vi= BEAAS, C= 712 ke R BT} o
[e]

v

o}
7H AL 7h) 0.0858 UNHA 0 Alga). 123 o] B
go) WR-eEeIA) kob WRRHA oo Bt S5
<= Ut 2k

k ( ok ok é’k)

—+—|ud =+v4,—+wAd,—| =P+Dp;—

ot VF u Aé,x V. yﬂy w. zé,z pDIF— € (63)

ﬁ—g-i- L(qu@-F vA 0’,—‘S‘+WAZ@)

ot VN ox Yoy oz

C 2
= ]g{]gPJrRJrDD]F_CgZ% (6b)

o71M, P AR, Dy FHAEO)AL

A
C,= 1685 UNHH o & Ag-ict, gk W



30 H N e

&3} 2},

o (1=n/ny)é
1+ﬁ7]3 k

o714, n=JP ke n,=4.38, f=0.0120]t}.

R= (O]

AubAo) ALE0] &2 150 AHn)2k(Skin Friction)
FAISRAL frAllell &3l o] FREe| We HAYE, =
Wb e s Fete] WEFoR AT 9o
ol wf Zt WEks e AE A (8)% o] v
=3
Fx
Cpy = e (8a)
0.5pU>WH
F
=5 (8b)
0.5pULH
e (8c)
= c
0.5pU WL

AVIM, F, F, Fi= x, y, 2832 9, i 722
WE L& F2E9 vhiZo|, e 73259 =], U,
2—1:!./\ o]1;1r

FLOW-3D® 2&ollx] 252 EATE T8k U
FAEE a8 FRE] W o] 37] F o=

Ao] W= 37] F(G, j, b= 2 A (9a)9]- Zro] AAatw
FYL v,y MO Fejato] 2] (9b)%} 2o et
T o, gl e A FEe 2 (90)9)k 2ol
b % gk,

F(i,j,k) = p(i,j, k)dA (9a)
F(i,j,k) = Fii+F j+F.k (9b)

a=0° y >

(a) Dimensions of a rectangle

TE2=e] A A 47

Iotal ZF(I’J’ k) x tora]l TF toral.]+ tota]k (90)

A7IA, pG, j, b= 2 A
£ @A, FG, j, e @ AR F9S vhehinh

FLOW-3D®: 71823 0 2 nigA 452 4=218)E 73}
u, 7o R fIxREH] AgEAe] ehg Ay
/2)]_

3
< 4213 = = FAVOR 71H1S 918 fa14
FAL Ak Yk, AEAE V|RH 0T A wE AF

_‘3?_
&
]

oftt oft

Y HES A, AN A A U9 R
A 9|2 Ao ool 2} el Foll gt
ARFAN A 2 oA Ho] T SRS B

Poisson "] Fejel Qg4 shg ek 1eln

o

.
A A, e vle BeA 2z BEAE Foht
e o) gakar Qlek. T1ela 7 WelA] &, 7t s
2} 5 A% Syl POIshe A0 ARAAZ A}
g3t ook

3.1 AI.JI-%i |:|l=l=__rl.7c

Akins et al.(1977) 5N EAAE o] g3to] ulgd
o3 Az WETREo] W Y AESeleH, 4l
AR O 2= Fig. 1(a)s} 2ol T-252 3ol #3t o
2 dolu|(WIL, H/W)S} the¥t Reynolds 7l tisto] &
HAE =410k 182 FALEE B$-2] Blevins(1984)
o Q&b WIL=1, a=0°, HW=1?] 7Z-$-ol|x 327
FE 1307 484 o

B Ao A A ogt GEAGFE A A
ato] vkt 28 WAIE AR AA, on| &3 = T

(b) Computational grids

Fig. 1. Definition sketch of a rectangle and computational grids.
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Table 1. Simulation conditions for a rectangle in water basin experiments
Basin Dimension Pile structure Dimension Free Reynolds number
WIL HIW (e x yx2) Water depth (/) (W= Lx H) velocity (Re = uliv)
1.0 140 mx 60 m x5 m 22 m 2mx2mx2m
1.00 2.0 140 mx 60 mx7 m 5.0 m 2mx2mx4m
4.0 140 mx 60 m x 11 m 9.0 m 2mx2mx8m
1.0 140 m x 60 m x 5 m 22 m 2mx4mx2m
0.50 2.0 140 m x 60 m x 7 m 50m 2mx4mx4m 0.5 m/s 1x10°
4.0 140 mx 60 m x 11 m 9.0 m 2mx4mx8m
1.0 140 mx60 m x5 m 22 m 2mx8mx2m
0.25 2.0 140 mx60 mx 7 m 5.0 m 2mx8mx4m
4.0 140 mx 60 mx 11 m 9.0 m 2mx8mx8m
1.2
1.0 +—
0.8
0.6 -
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0.0 1 —— Bottom
-0.2 T T . T
A -20 0 20 40 60 80
x(m) 100 120 "'*1;—07——,,,,\, XD
(a) Velocity distribution (b) #/ U along the y=0

Fig. 2. 3-D velocity distributions around a rectangle.
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Fig. 3. Relative velocity differences and wake widths by the
analytical and numerical solutions.
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Table 2. Drag coefficients of a rectangle by numerical simulations
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(a) A cylinder
Fig. 5. Definition sketch of a cylinder and computational grids.

(b) Computational grids

Table 3. Simulation conditions for a cylinder in water basin experiments

Water depth Pile structure Dimension Basin Dimension Free Reynolds number
h) (DxH) (xxyxz) velocity (Re=uDlv)
7.0 m
50m 6
2mx9m 140 mx 60 mx 11 m 0.5 m/s 1x10
3.0m

1.0 m
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Fig. 7. Definition sketch of a row of rectangles and computational grids.

Table 4. Simulation conditions for a row of rectangles in water basin experiments

N Wk N

Basin Dimension Water depth Pile structure Minimum cell Maximum cell
(xxyxz) (h) (W= LxH) Ax x Ay X Az Ax X Ay x Az
1.63 mx 1.83 m x 1.02 m
1.63 m x 1.96 m x 1.02 m
1.63 m x 1.92 m x 1.02
140m*60mx11m 7.0m 2mx2mx9m  04mx04mx01m m m m

1.63 mx 1.88 mx 1.03 m
1.63 mx 1.98 mx 1.03 m
1.63 m x 227 m x 1.03 m
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