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Table 1  Pipe parameters of Chaudhry’s casel'”
o AR KE Gk Wk R R A
ERE] . . ..
Pinc Diameter  Long Discharge Wave Friction
P /m /m J(m>s™) velocity/(m-s'l) coefficient
1 0.75 450 0.5 900 0.01
2 0.75 550 0.5 1100 0.012

KRR LIER 2 R G RHEAT K10, KR
T AR OK IR DGR THRL S5 R AR 2 R

R2 KERBIRIHTELER
Table 2 Calculation results of pump power failure condition
L ik

. . 7
Jik Rotatlonql -slpeed/ Dlscha_rige/ Head/m
Method (r'min”) (m*s™)
wRAME wAME wKE RME BKME sBOME
Maximum Minimum Maximum Minimum Maximum Minimum
Chaudhry’s
result[% 1100 -1529 0.25 -0.27 87 4.0
2nd-order
GTS 1100 -1528 0.25 -0.27 87 5.1
MOC 1100 -1532 0.25 -0.27 87 5.4

WnE 2 s, ASCH I Godunov #=CHIE A
W R 2L AT K SR B T 5. 55 Chaudhry!'”
RN (3D, KERBEEHEIN 0.25 m’/s;
IK G R 3 1 100 r/min; KIEE IR WEAE IR
87 m. M., WE. KM E/NMIBEAYE.
M, ASCATE N Y Godunov % T A AY BE YH B A
W RGK I AE .
2.2 EFRHRGHSITE
2.2.1 Rsbh¥k

HRIE RGEWE 4 GBRHIIDIZN 3 500 kW 17K
MU, R “2 2% 8173, KE 1 KA. 6.4 m,
KEE 2 KA 315 me 2 GEMSH—F: ®iHHE
H=52.7m, ¥&itiE 0=5.0m’/s, #E##E N=500 r/min,
YR GD*=14.5 tm’, #itfiTh® P=3 500 kW. fi &
T 4 s, EESEWE 3 R
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Fig.3 Results of Chaudhry’s Case
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Fig4 Schematic diagram of a pumping station system

®3 RURZEESH

Table 3 Pipe parameters of the pumping station system

i Hi K ok SRR
Pipe Diameter/m Long/m Wave Ve]loc1ty/ Frlctlgn
(m's™) coefficient
1 3.8 667.39 1272.69 0.017 955
2 4.05 3908 1173.99 0.017 578
2.2.2 HHE#£R

BEX S ML 2R 0 T AT LR S0 A, SR BB B
WA 0, BRI IA] 30's, A SE WRIIHE] 90 s, 15 AL I
ITFFEEN 0.166 7. SEBRIERS RGK 1 ER, MOC — %
SRR 5 i /K RO, DAORIE R BRSO | GHRT &
1: Casel) ; F34MBA R ORFE & B E K BBOEA, FE
BIEUNT 1 GFETE 2: Case2) o

A EEIFEE BN MOC JiE.
Godunov % AEFERIIFEM, LLA 2 Fpil-B 7 Zxtit
BB AA ,  AH N PR RACUE W3R 4.

=4 BAMITELRE CrEUE
Table 4 Cr oftwo cases

MOC 2nd-order GTS
WES
Case (ESEI BiE 2 (ESEI BiE 2
Pipe 1 Pipe 2 Pipe 1 Pipe 2
1 1.0 1.0 0.95 0.90
2 0.76 0.72 0.76 0.72

W 5 AR, HE 1 H MOC J5iERH 18 s 317 1
#, W Godunov AT EEEREIGEE. TE1E
BERRSHNE 5.

2 FOTIERIR IS RGR A R HLJE 120 s /K BRI
o BRI BN 7K IR i K RO Tl B R B =

KA S RN 7T KR DR ERRE IR 6
I
x5 HERFR | hEERGSHLLE
Table 5 Piping system parameter processing in casel

. fts s R X H 4 A ] 25K
ko g PR MEEC O HITER
Method Pipc  Long/m ave vel 10c1ty umber o r ime
(m's™) grids step/s
1 667.39 1334.78 5 1.0 0.1
MOC
2 3908 1184.24 33 1.0 0.1
ond-order 1 667.39 1272.69 5 0.95 0.1
GTS 2 3908 1173.99 30 0.90 0.1

*o6 MHPHEARRTARTERZENHESR

Table 6 Results with different methods in two cases

!ngi el =N sy
N ) s #1% Head/m
WARER Uil Rotational Discharge/ _ _
Method Case speed/ (s /ME KA
(r-min'l) Minimum  Maximum

1 -414 -3.25 5.99 75.86
MOC

2 -492 -3.88 9.56 72.73

1 -417 -3.27 5.39 73.84
GTS

2 -417 -3.27 5.57 73.61
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Fig.5 Results of the pumping station system

RNEFEMREEOT R Rrsem, 78 E3C 2 ANEH)
Heak EWE T RIMATE 4, SERENE T PR,

RT HR3ANBEEE
Table 7 Parameter settings for case 3 and 4
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Fig.6 Simulation results of pump speed of the pumping station system
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Construction of the second-order Godunov scheme model for hydraulic
transients in pumping stations

Zhou Ling®?, Hu Anni®, Wu Jinyuan®
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
2. Yangtze Institute for Conservation and Development, Hohai University, Nanjing 210098, China)

Abstract: This study aims to implement a more efficient and stable numerical simulation of the hydraulic transient in a
complex pumping station system. A finite volume method (FVM) Godunov scheme was established to simulate the simple
pipeline and complex pumping station system. The FVM was then introduced to discretize the mathematical models, while the
Riemann solver was selected to solve the discrete flux. The MUSCL-Hancock method was utilized to reconstruct the
numerical data at the interface of control volumes. The higher numerical accuracy and stability were realized in the Godunov
scheme, compared with the frequently-used method of characteristics. Meanwhile, the MINMOD slope limiter was used to
avoid false oscillation. The boundary processing of the dual virtual unit was then presented for the second-order accuracy of
both the computational region and the boundary, particularly for the simpler computation. The simulation of the improved
model was in good agreement with the exact solution and the classical examples. The sensitivity analysis was also performed
on the Courant and grid number. Furthermore, a more accurate, stable, and efficient performance was achieved in the
second-order Godunov scheme, compared with the method of characteristics. More importantly, there was more outstanding
attenuation with the decrease of the Courant number for a simple pipeline system. The computation time of the second-order
Godunov scheme was 0.017 s at the same accuracy, compared with the method of characteristics (0.227 s). Consequently, a
more stable and efficient performance was achieved in the second-order Godunov scheme. In the actual pumping system with
the multiple-characteristics pipe structure, the second-order Godunov scheme required only a slight reduction in the Courant
numbers, indicating the simple and convenient way for high numerical accuracy. Once the method of characteristics was used
to calculate the hydraulic transition of the pumping station, the Courant number in the pipeline was less than 1 at the same
length or wave velocity of the pipeline. By contrast, the Courant number was 0.72-0.76 in this case, indicating a very different
simulation from the actual. Therefore, it is necessary to adjust the local pipeline length or wave velocity for the condition that
the Courant number was 1. The tedious operation can lead to calculation errors, due to the change in pipeline characteristics.
The accuracy can be improved but with less computational efficiency, if the wave velocity remained unchanged to increase the
number of computational grids. In the method of characteristics, the number of grids can properly improve the accuracy of the
calculation but with the doubled computation time, when the Courant number was less than 1. In the second-order Godunov
scheme, there was little effect of grid number on the accuracy of the calculation but with the longer calculation time, whether
the Courant number was equal to or less than 1. Therefore, a finer grid was preferred in the method of characteristics for the
same accuracy requirements, when the Courant number was less than 1 in the transient process of the simulated pump system.
Therefore, the second-order Godunov scheme can accurately simulate the process lines of rotational speed, discharge, and
outlet pressure parameters during the hydraulic transient of the pump system. Anyway, the second-order Godunov scheme can
be expected to effectively improve the efficiency, stability, and accuracy of hydraulic transient simulation of traditional
pumping station systems.

Keywords: pump station; models; finite volume method; second-order Godunov scheme; hydraulic transition process; method
of characteristics; first-order Godunov scheme



