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Numerical Simulation of Surge-Propagation with

Secondary-Flow Effect

Student: Hau-Rong Chung Advisors: Jinn-Chuang Yang
Te-Yung Hsieh

Department of Civil Engineering

National Chiao-Tung University
ABSTRACT

The purpose of this study is to numerically analyze the effect of the
secondary flow on the surge propagation through a bend. The secondary
flow effect was embedded in the dispersion stress terms of the flow
momentum equations by adopting the vertical velocity profile proposed
by de Vriend (1977). Based on the two-step split-operator approach, the
momentum equations were decomposed into dispersion and propagation
steps and were solved by using both explicit and implicit techniques.
Compared with hybrid upwind scheme and TVD (Total Variation
Diminishing) scheme, the MacCormack scheme is most suitable for
solving the advection term on simulating the positive surge. The
experimental data conducted by Bell al. (1992) was compared with
simulating results to examine the accuracy of the proposed model. The
vertical shape functions embedded in the model is not appropriate for the
flow simulation in the sharp bend. Contrarily, results of the case with the
smaller secondary intensity show the better agreement. Results indicate
that the simulations either in a sharp bend or not, the simulation
considering the secondary flow effect shows better agreement.

Key words: depth averaged, MacCormack scheme, secondary flow,

surge
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341 FE 2N A BT FHRPEREAE ZEGLBE S f2N) He o

Ll E S ERE ki
2400 #) 4800 # 7200 %) 9600 #
FhE 1200 2400 3600 4800
1 MacCormack = 1200 2400 3600 4800
TVD ;2 1200 2400 3600 4800
g WE- 1200 2400 3600 4800
0.5 MacCormack = 1000 2200 3400 4600
TVD 1000 2200 3200 4200
F R 1200 2400 3600 4800
0.375 MacCormack = 1200 2200 3400 4600
TVD 1000 2000 3000 4000
fE47 % 1200 2400 3600 4800

42 BB EN A PV Rl B E (LB A5

Him:aeig

v E O kel
2400 #) 4800 #; 7200 #; 9600 #)
FhE 10 10 10 10
1 MacCormack = ;= 10 10 10 10
TVD 2 10 10 10 10
L WPES 7.549 5.9 4.99 4.4
0.5 MacCormack = ;% 9.88 9.59 9.1 8.62
TVD ;2 8.24 7.32 6.72 6.32
B WPES 6.99 5.34 448 3.94
0.375 MacCormack = /% 9.82 9.45 8.91 8.4
TVD 2 8.22 7.36 6.85 6.56
fE47 i 10 10 10 10
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2400 #; 4800 % 7200 #; 9600 %/

B WPES 0% 0% 0% 0%

1 MacCormack = /% 0% 0% 0% 0%

TVD 0% 0% 0% 0%

L WPES 0% 0% 0% 0%
0.5 MacCormack = =  16.67% 8.33% 5.56% 4.17%
TVD 16.67% 8.33% 11.11% 12.5%

L WPE 0% 0% 0% 0%
0.375 MacCormack = ;* 0% 8.33% 5.56% 4.17%
TVD 16.67% 16.67% 16.67% 16.67%

44 FcE 2 20 BV FHOAGREE LB 2 250

v e !
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2457 FRERFFEGT 255 =% (Burgers = #2583 % 1.8 7))

A(F)
. ) 0.1 0.05
% ‘/Z
Hoffmann(1993) * 2.8 2.8
L) NPES 2.8 2.8 2.8
MacCormack * 2.8 2.7
TVD ;= 2.8 2.5 2.3

Hiz:0x
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% 4.6 7 I pFE F Ecndp 3% £ (Burgers * 4253t % 1.8 §))

At

Lo 0.2 0.1 0.05
=
FHhoE * 0% 0%
MacCormack ;# * 0% 3.571%
TVD ;2 * 10.71% 17.86%

47 - BEFHFLS R RA (R 30 )

o B T8 P f2+7 f2 MacCormack ;=  k
TR @ B B (m/s)  5.692 5.51 5.418
A B R (m) 5.079 5.359 5.467
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2 51 WH SR BT % EAM G0 R

S1=2.13 S1=0.89
PEN R FEOR FGR R P
B2 0.956 0.924 0.91 0.936
B4 0.935 0.961 0.967 0.988
B 6 0.93 0.928 0.961 0.91
B 8 0.94 0.825 0.97 0.964

202 F R mEIaI LI R

SI=2.13 S1=0.89
FEM B PER FEP R PR
Bz 2 0.015 0.012 0.019 0.011
Bl 4 0.016 0.016 0.01 0.009
BH6  0.014 0.021 0.006 0.009
B8 0.035 0.027 0.011 0.011

ZO3HREFEFTRECH R R

SI1=2.13 S1=0.89
FENR R SN R SR
Blxk 2 1.062 1.054 1.069 1.046
Blzk 4 1081 1.059 1.042 1.032
=k 6 1.052 1.08 1.028 1.038
Blek 8 1147 1.091 1.053 1.05
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¥R = RS n
PEMR PR FPEMR PER
Bk 2 0.97 0.964 0.941 0.939
Bk 4 0.967 0.988 0.966 0.982
B 0.961 0.91 0.952 0.83
Bk 8 0.97 0.964 0.969 0.95
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S e Y e
FEMR R FEMNR PE R
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TR T R e i
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B 6 1.028 1.038 1.041 1.069
B =k 8 1.053 1.05 1.041 1.069
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=4 R ] I R i
5 R g ki SR g b
B2k 2 0.956 0.924 0.964 0.954
Bk 4 0.935 0.961 0.91 0.913
Blzk 6 0.93 0.928 0.611 0.589
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4 510 = =t P 893 43 £ v i (Test 21)
=4 S * |
PEMR SR SRR SR
B =k 2 0.015 0.012 0.008 0.018
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Bzt 8 0.035 0.027 0.022 0.032
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% g = I A
PERB FEOH . PR g
Pl 2 1.062 1.054 1.031 1.056
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PlHE 6 1.052 1.08 1.188 1.290
PlH 8 1.147 1.091 1.073 1.127
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