= mF KRR K e BRI 2B R

A 3D Hydrostatic k-& model for Open-Channel Flow

SEE I R I EE
R P B

LT BL



= RR K- PR RIEY 2 B R

A 3D Hydrostatic k- model for Open-Channel Flow

S S A Student : Yi-Chun Lin
R e Advisor : Jinn-Chuang Yang
EE N Te-Yung Hsieh

R T

L

A Thesis
Submitted to Department of Civil Engineering
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Master
in
Civil Engineering

July 2014

Hsinchu, Taiwan, Republic of China

-h'\\
\
b=

¢ FAR- O

i



ZBFRBK e P RRNRB2ZHFE
F2 ikt R 4
AL

2

AT HEE RT A FE (VAS)2 24 2 B = a8 KR -RIEHSY - E5h §

FonAbA ol B0 R EG A RIER Y B ARRG AR ke KU
BUE AR ARG o BRI RY R T e d D 2 e AR T W M
e A o Bt h b BB A { REITE F B 2 el K AR o ARIE
stz R d SRR T 02 AN ARE R T - s B Y gk kG R
AR E RET G 0 TR RO R LR B RN o REFZ e Bk
IO RETERZ G L R E o TE kg - A T E B E g i A
oo Beld =23 G o kT ~ BEHNE ks e AR TR KR 4B
BREEGME EPEPE R OEFEERATT I R ARG 2 TR ARF i

IR RSS2 A BM > UIRP B TR o

MeEF @ =8~ FALR PR ke Tt T



A 3D Hydrostatic k-¢ model for Open-Channel Flow

Student : Yi-Chun Lin Advisor : Jinn-Chuang Yang
Te-Yung Hsieh

Department of Civil Engineering National Chiao-Tung University

ABSTRACT

A 3D hydrostatic model based on a vertical horizontal splitting (VHS) concept is
developed in this study. The standard k- model, a two-equation turbulent model, and
two kinds of zero-equation models are adopted to calculate eddy viscosity. The
orthogonal curvilinear coordinate system and the sigma coordinate system are used to
cope with the irregularity of channel ‘geometry. The water elevation and the
depth-averaged velocity will be solved-by the 2D depth-averaged model, and then the
velocity profile along the vertical direction will be solved by the velocity defect model.
The implicit numerical schemes-are used to discrete all of the equations to preserve the
model stability unconditionally. Two experimental cases including the flow in straight
channel and sharp bend were simulated by the model. Through the comparison
between the experimental data and simulation results, the eddy viscosity computed
from two-equation and zero-equation turbulent models were examined and discussed

in depth.

Keywords - 3 dimensional - hydrostatic » open channel flow - k- £ turbulent model
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2218 ®n hEcsless R Kk HRE

3B 474 E®n k(mm)
Very smooth concrete surface 0.011~0.015 | 0.15~0.30
Gunite(smooth) 0.016~0.019 | 0.50~1.5
Rough concrete 0.018~0.022 3.0~4.5
Earth channels(straight, uniform) | 0.016~0.02 3.0
Rubble masonry 0.02~0.025 6.0
Untreated gunite 0.018~0.03 3.0~10.0

74 & JR”Flow in Open Channels” Second Edition, K. Subramanya

¥ L

IE 3 o B R AT R 4R

Bl 210 3d RAEEEdET 2 RE
(4 -9 F =, 2011)

=
Il
=1
+
=

AN \\

u
Bl 2.2 KiE it 205 7 L

@5 F it 2le 1 U5 KT omiE © Wnd L8 ) (G400 2 T, 2011)
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(4% 4 p Stephen B.Pope, Turbulent Flows)
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B 3% 2
i1
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vV O @&
FP oV ETERESE T &7 HE0E 508 5+l & T (L) At R 2
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it
\/(u )+_ 2\2
C =1+ At s Ad=d™ —d" ; C, =g/c® i B

=28 ; C 5 Chezy
ko

a2 AN P o BRI - PR RR &A1 b2 (hybrid scheme)(Spalding

1972) £ & » Bapirs 2R AL B HE -MBHAED? L L 02 BFEREWIE LA

32 LR E AN
ke

CE -k R A B KR 0 #H(2.11) 8 (212) 58 52 B

£
B n+1
o0 (Gou, ou avoh v oh sziau -M"  (3.10)
8t h16§ oo . hh) on hlh on d° 0o do
ncw
_ _ _ h n+1
o (vov, gev Wagfuvidy v 0 %] . ()
ot | h,an 60 hh, 0&-hh, & d° oo oo
;\\i‘ ’

ML ahz v ﬁ Xy ia—V\/+(Horlzontal Diffusion in &) (3.12)
"hh, 0¢  hh, 02 dh, 00 02
P R AT AL AT ALY

L n ho§ hos hos hh of

i)

S

>
N
o))
=S
=
o))

~2 — "
+2UU ahl u h1 ﬁa—w+(Hor|zontal Diffusion in 7) (3.13)
hh, 6& hlh on dh 0o on

H# ¥ Horizontal Diffusion in & 22 Horizontal Diffusioniny 5"k 2 w2 5 R4 > 4r
(2.19) ~ (2.20)#751

% ;% 2 #4% Crank-Nicolson method » # pFRF XL & 5 AR 5 A E58 48 My e
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3.3 k- & #i-3t
K &2 ez Rj@m@2 KIBH R - & - KL E 238 0 #(2.28)%
(2.29):c B 5

k = fz5¢

-t + ) AT AL A a7 A2
o Cat oc 0 on d°A 0o oc d°A Oo
(3.14)
Il i
_ B 2 n+l
8_p+p@ ( @+ga—pj+ughza—p+vma—p——zl ﬁ@_ﬂ__pzvt 6—82 =M
o ot oo o) o¢ on-d°A 0o doc d°A Ooc
(3.15)
;\‘46 b
oo L {pv ok a(&} h, 31 8(ov) |, hy A1, 6k+pv ok o (hl]
“hhy| 4 0zec\h ) hos A eg wkéf A on onlh
2
Jhok L dlpv) e pr Ok ﬁ— vhl +G—pg (3.16)
h on A on hl A, 0n
M = 1 {pv os 0 [h j+&8_gi8(pvt)+&pvt 625+pv agi(ﬂj
© hh| 4 005\ ) hosa o5 b A4 9E A ononlh (3.17)
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hléglﬁ(pv) h, pv, 0’ ahé_g
“hona on N 4 on o

- 0¢& & &
-pvh— |+C, =G -C,p—
phl@?]} i Zpk

29 5 G4 (2.30) -
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R GIT R R B R SR 2 AR

F % 6 2L i # ST
FZ (%) 42. 02 31. 34 3.017
F % 8 e 5 P
FZ (%) 61. 25 80. 39 15. 42
2423 BRb|z 0 o efpy 4
EREE AE(m) An(m) Az(m)
81x5x 13 0.25 0.15 L3 (ka4 0 R Fe 8 dh S0 HK)
201x 7 x 15 0.1 0.1 2393 (kw4 B o KRS Sdk)
363x 13 x 21 0.055 005 .| #3595 (ko 4c % o &Ik e & 4 oK)
# 4.3 L IRE R PR 4
£ ¥ % | (Rodi&Nezu 1986)
AR SN e At(s) FEEE P T (S)
81x 5 x 13 F AR 0.01 84
81x 5 x 13 A | 0.01 118
Case6 81x 5x 13 k- e #5¢ 0.01 305
201x 7 x 15 K- & 3" 0.01 3,687
363x 13 x 21 k- € #ic5" 0.001 61,144
81x 5% 13 k- e -5t 0.01 346
201x 7 x 15 F AR 0.01 473
Case8 201x 7 x 15 F AR 0.01 511
201x 7 x 15 K- & 3" 0.01 1,092
363x 13 x 21 k- € #ic3" 0.002 51,117
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244 5% %025 » eREE £

*RFE AZ(m) | An(m) Az(m)
2 F:01
127x 9 x 13 e e 0.1 205 Gk 4B 0 KA S 4 S )
3§15
®E:0.05
217x 17 x 20 e o 0.05 ERCENOS RN Y. OF )
P45
% 45 53 R 6P R 4
% % % 5| (Rozovskii 1961)
EHFE Fimgiest At(s) WP 7 (5)
127x 9 x13 K- & 3" 0.1 6,150
127x 9 x13 F AR 0.1 1,680
217x17x20 = 0.01 88,000
XAy i * CPU 5 17(2.67G Hz.)/8 cores/Max memory:12GB
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