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Fig. 1 Single line diagram of siphon outlet conduit (unit; mm)
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Fig.3 Flow patterns in siphon outlet conduit
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Tab. 1 Calculation results of head loss for siphon outlet conduit under different grid numbers

R K R IR AR B K SR/ m
10*4> S-A VBP S-ASBP  Standard k-&  RNG k-g¢  Realizable k-¢  Standard k- SST k-w  Reynolds Stress
15.0 0.289 0.287 0.309 0.299 0.308 0.307 0.306 0.274
17.1 0.285 0.285 0.305 0.295 0.306 0.304 0.303 0.272
22.0 0.283 0.284 0.303 0.293 0.304 0.302 0.302 0.270
25.0 0.281 0.283 0.302 0.292 0.303 0.301 0.301 0.268
28.2 0.281 0.283 0.302 0.291 0.302 0.300 0.301 0.267
33.7 0.281 0.283 0.302 0.291 0.302 0.298 0.301 0.266

38.6 0.281 0.283 0.302 0.291 0.302 0.298 0.301 0.266
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Tab.2 Head loss of siphon outlet conduit in different turbulence models

R T Kk TIE Ik R A AHXS R Tk gk TIE R R A AR
i K/ m (10742 +m~%) 1R/ % LA K/ m (104> - m™) 2/ %
S-A VBP 0.281 2.58 -9.35 Realizable k- & 0.302 2.77 -2.58
S-A SBP 0.283 2.60 -8.71 Standard k- @ 0.298 2.74 -3.87
Standard k- & 0.302 2.71 -2.58 SST k-w 0.301 2.76 -2.90
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Fig.5 Flow field of siphon outlet conduit in different turbulence models
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Applicability analysis of turbulence model for numerical calculation of
hydraulic performance of siphon outlet conduit

XU Lei', YAN Shikai', SHI Wei*, WANG Gang’, JIN Yujie', ZHOU Xinyu', SUN Shihong'

(1. School of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou 225009, China; 2. The Eastern Route of
South-to-North Water Diversion Project Jiangsu Water Source Co. , Lid. , Nanjing 210019, China; 3. Institute of Water Conservancy
Works Design of Xuzhou, Xuzhou 221000, China)

Abstract; In order to find a turbulence model suitable for numerical calculation of hydraulic performance of the
siphon outlet conduit in a large-scale low-head pumping station, a transparent conduit model experiment method is
used to conduct experimental studies on the siphon outlet conduit in the large-scale low-head pumping station in this
study. The head loss of the flow through the conduit is measured, and the flow regime in the conduit analyzed.
Further, based on the grid-independence analysis, some of the commonly-used turbulence models, including the
one-equation turbulence model (S-A turbulence model) , two-equation turbulence models ( k-g turbulence model
and k- turbulence model ), and Reynolds Stress turbulence model, are selected to numerically simulate the
hydraulic performances of the siphon outlet conduit with three-dimensional (3D) turbulent flow, and the numerical
calculation results are compared with the model test results of the conduit. The research results show that the two-
equation turbulence model is superior to the one-equation turbulence model and the Reynolds Stress turbulence
model in the calculation of the head loss of the siphon outlet conduit. The relative errors of the head loss calculated
by the three two-equation turbulence models (i. e. standard k-& turbulence model, realizable k- turbulence model
and SST k-w turbulence model) are less than 3% . Among them, the flow field calculated by the Standard k- &

turbulence model is the most consistent with the model test results.

Key words: siphon outlet conduit; hydraulic performance; turbulence model; numerical calculation; model test



