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Abstract ] To evaluate the hydraulic resistance behind bodies in a large scale grid numerical model, a drag
stress term which is formulated by the drag force is introduced in the depth-integrated Reynolds equations.
And also, the applicability and problems of this model are discussed through various numerical experiments
where the analytical solutions exist. In the case of a single body, the error range of velocity difference between
analytical and numerical solutions is within +10% and the wake width behind the body shows a good
agreement with the analytical solution. When the drag coefficient and the eddy viscosity are precisely decided,
the numerical solutions behind a row of bodies will be efficiently used in real situations.

Keywords : drag force, wake, numerical model, large scale grid, time averaging flow
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Table 1. Numerical calculation conditions for island cases.

Run Handling Eddy Viscosity Free Stream Velocity Remarks
RUN-11 Island e1.0U.H D=1.0m
RUN-12 Island e=0.0222C,DU U=1.0 m/s Ax=Ay=1 m
RUN-13 Drag Force e=0.0222C,DU C,=0.35

U.=friction velocity
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Fig. 3. Distribution of x-dir. velocity in cases of RUN-11
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Table 2. Numerical calculation conditions for various Reynolds number.
Run Reynolds Number Drag Coefficient* Free Stream Velocity Remarks

RUN-21 Re=1x10° C=0.35 U=1.0 m/s

RUN-22 Re=5x% 10’ C,=0.60 U=0.5 m/s D=0.1~10 m

RUN-23 Re=1x10° Cp=125 =0.1 m/s €=0.0222C,DU

RUN-24 Re=5x%10" Cp=1.25 U=0.1 m/s Ax=Ay=1 m

RUN-25 Re=1x 10" Cp=1.05 U=0.1 m/s

*see Idelchik (1960)



rof M @) 2L e
AEEA w$e] 0|3
15— . —T T
r —— ANALYTICAL . v 1x10°
510~ ¢ 1xie® v 5610 B
g ® 5x10° o ixiot
\j '>
<, 05
il
0.0
1 1 Lo 1
—10 —05 0.0 2.5 1.0
/B
1.5 L T T 1 - ——
—— ANALYTICAL v 1x10°
& t
= o 1x10
£ 4
5
e}
<
"
.
E
&
)
~
5
=

Fig. 6. Relative velocity difference and wake width in
cases of RUN-21 to RUN-25.

BS 04-526% AER o}F G, FHRES ha|
Yoz BE H9o) Yol F Axsht $39 AAA
o Fhrtel A% AAael Blstel 1 Fo] Hopxi
A%e weltt,

D, AAX BAZ Fold B FUANA 47|

o] Fig. 6 @ <oz E99 Fig. 8, 99 x=90m &2
XD =90(AFE AN $2 AAAA 10 32 “*01
7 A9yl A e datel ol 5 ANAAR A

FZo) 707} shAshell vlahe] HolRirt, o];ﬂg o
ez 2o MAANN 2E FrFe] EHste

gt & ANEA Dol dgd R, Fig 7% ZEL
o] AarAlolA MAA Aole] Aalrt HolX W, 7|
R vpe}t o), $FEo A7 A sl 7 oE]
g}, &, ARbrdor AP 9= BE H
ol 2lolA (G, j)=(101, 50)o.2 nAgA Ao, 2
o] Zol& H% w¥FEUT} 50,100 m T 58, A
FEA NN 5 AR A7A 2b2E 10, 60, 110 2 2k
& oA A st

4.3 HAkAXIe| 37| Wl o2
4.2 Hol|l M= ANARTE S

HE
as

Al

qergAsl 493 5

of BE Az} 5H R 89
N
—— ANALYTICAL Re = 1)(‘06
@ BASIN LENGTH = 201 ™ 0% = 1 m
® BASIN LENGTH = Z51 m 8 S
BASIN LENGTH = 301 m

L v

X/0 -~ 90

U B
0

1.5
Y/8
Fig. 7. Variations of numerical solutions according to the
distance between a resistance body and the right-
hand side open boundary.

I35 1 thekdk Reynolds 7ol wpE 2 239l A
£4& HEsHoh 2y, A4 B Fol i 25
& AXke AL ] H2 49s e sy A
A TS HoFslr] §iste] ARPAREALR olof F8t
of AAstA et olefdt A e MEAEA
GHA L AAA L] G Ao v]ate] ofF A HE

2 o] 2AE Pl A AN Ak e 4
1 "ol Eole uhek o] o] HAle| % JFe
AE ke BESE 9] e ek, B el Me
AFEAS B o BE 3AL AU

& uhie] JhAA B mgel Mgl o HFS A

3}01E} _’_X]/d a%}jd% Table 33} 2},

NeX
=

25y

-m

9. g A
A, A el A A Aol A8E W Aelel
e xee H=L HH}O:] x/D =70, 80, 90¢] 4] o
Holl ofdt s A Jehldah 2 AMAE H
A &R0l YeERE y/B =004 A= x/D =70¢]
A 9.9~+11.1%, x/D=802] 7% -7.3~+12.0% 1%
I ¢D=909] A$ 45~+123% AR Yehton,
Ax/D =191 A% HAAAERS o271 78 ZA U
B} AyD =291 2% +10.0% FEe] © 245 ehy

3 AYD =331 A HNAERE0] -9.9~-4.5% HI 2

N

Table 3. Numerical calculation conditions for various grid

space.

Run Grid Space Diameter Remarks
RUN-31  Ax=Ay=1 m Re=1x10°
RUN-32 Ax=Ay=2 m D=1.0m U=1.0 m/s
RUN-33  Ax=Ay=3 m £=0.0222C,DU
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Fig. 9. Relative velocity difference and wake width in cases
of RUN-41 to RUN-43.

Table 4. Numerical calculation conditions for various shape of body.

Run Shape Drag Coefficient Diameter Remarks
RUN-41 Cylinder Cp=1.25 D=1 m Re=1x10°
U=0.1
RUN-42 Ellipse Cp=1.60 D*=1 m & L**=2 m 01 mfs
€=0.0222C,DU
RUN-43 Rectangle Cp=2.20 D=L=1m Ax=Ay=1 m

*D=minor axis of ellipse
**L=major axis of ellipse
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Table 5. Numerical calculation conditions for a row of bodies.

Run Reynolds Number Free Stream Velocity Drag Coefficient Remarks
RUN-51 Re=1x10° U=1.0 m/s Cp*=0.35 D=1 m
RUN-52 Re=5x 10’ U=0.5 m/s Cp*=0.60 o+ =0.7(;/2022i'DDU
RUN-53 Re=1x 10’ U=0.1 m/s Cp*=1.25 Ax=Ay=1 m
*Cp and £ are assumed as the values of a single body resistance.
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Fig. 10. Relative velocity difference and wake width behind
a row of bodies in cases of RUN-51 to RUN-53.

Ayt ow
dAE A} FYsth BHE FAAGIE kAol
| B2 P

o
9 LANAT FY + AL Aow B
B, B 2ARY e EAAATE e
ov}, 22 Aol M aol A EolE g} gol, T
2l 4 (10} gol of® 538 Fojut AR
slow, ole@ E¢A A Aol v



92 vl - o]
Eold weirtu sPgsted A (1D 2L Gortler
(1942)¢] s & o] &st3A} stol e b AT 4
F7t EA) L, & ARMEo] fdh 4] (20)9] ey}
Zol, xo tieh FrRFE HER FoiAA ok 1
Zuh, B FRARFAA S o TE A (0 2
o gy zﬂoﬂ o3 Ro g 7HF3te] # 2| AL Tsk AT

o E’.

& =Ka(umax—umjn)=_— (20)

AR, & o|F BA| wiFelr e A7t AdE

Ao FEAS D FA o AAA 2L EAS nefs
2} 23 s e 2 Fol glon, oy gzﬂoﬂ 4
3 552 nAEH Fea4E aeE E3ln

o F7)3pv E Alolebe el A Edsh %EHOIE
2, o] siMar} dAHe) d4e 2 TdE 5 U=
A7} 3= Aol = o] F-2] oA 7} vk

A @7bE s o d FERE e ATTE A Est
A Brreehd, B FARF o e E olE '
A v FoMe = <
Ao g e

k1o

ook ol
=y

i

Ll

A
oo
o

rlr
=
—
)
3

BN

[
2
_‘):
)
o%
ot
;-)&‘
=2

glo mxl o
of
=)

- 2
r
38
oft,
1o
2
oo

A7) EAE FAEH o EZM «lf& e
& 4 glon, §A53 A2 H 7Hstd &
Axtetd EA &) §& 27 2 FRF

T ojud Afdde AoEstHEE, B B3
"é—% d5E T NG
Q) SGAEA dAM AFRSel 27 Hatel 23
SEE Reynolds o] wh A4 EH, A Aol A 9]
44 AR 913 AdAA e A7) Wl 2HE %
FAAY, 223 g o] AFEAA 2HE

2 5449 o) Aol ofshel

A2 Ay X e

1, A8 A ol

A

3=

thatol frel 7)ol SloiA +£10% FEe] oA
£ vehile 32 9N Bgon $REY arE 4
Aol QoA siAjshsh 2 s

O) QAL o Attt vigiel 92 o
Aol Bg AT Be eAE malrh o R
S ol Al e HAAS D HEREATE 3
7} olele A3 HHAE sl gloiy
AGEA] B4t ofe] 7] 7ol ol kAol b

\0 i

anEs
o] F A, WAEF, 1995. 3] YA A ] 2@ fAat
o) Prhel %58, shEakstE] 7], 28(5): 607-623.

Arakawa, C,,

engineering, Univ. of Tokyo Press.

1994. Computatlonal fluid dynamics for

Falconer, R.A., 1994. An introduction to nearly-horizontal
flows, In Coastal, Estuary and Harbour Engineers'
Reference Book, editted by M.B. Abbott and W.A.
Price, E and FN SPON, an imprinted of Chapman and
Hall.

Gortler, H., 1942. Berechnung von Aufgaben der freien
Turbulenz auf Grund eines neuen Niherungsansatzes,
ZAMM, 22, pp. 244-254.

Gran Olsson, R.,
turvertreilung hinter einem Gitter bei Turbulenter
Stromung, ZAMM, 16, pp. 257-267.

Idelchik, LE., 1960. Handbook of hydraulic resistance, U.
S. Department of Commerce, National Technical Infor-
mation Service, Report AEC-TR-6630 (translated from
Russian).

Munson, B.R., Young, D.F. and Okishi, T.H., 1994. Fun-
damentals of fluid mechanics, 2nd Ed., John Wiley &
Sons.

Reichardt, H., 1951. Gesetzmissigkeiten der freien Tur-
bulenz, VDI-Forschungsheft 414 (1942), 2nd Ed..

Schlichting, H., 1930. Uber das ebene Windschattenproblem,
Diss Gottingen, Ing.-Arch., 1, pp. 533-571.

Schlichting, H., 1979. Boundary layer theory, 7th Ed., Mc-
Graw-Hill, New York (translated by J. Kestin).

1936. Geschwindigkeits und Tempera-



