202243 A &k HLodk 2= i %553 % 43 W

doi:10.6041/j. issn. 1000-1298.2022.03.018

E T =712 VLES #&= & iy i3t 7k ith Ik <R EE R L

HEL F B hET

(MR G REIREN I R Be , #0 225127)

FEE . JT Bk W AE KR i AROK 25 00T 2t B T, )™ IR R R D WA B R BT R BT, A
HEOH AR SR AL S 454, SR ] S — CLSVOF J5 i 2 /K < 52 S i , 3 & TR & RANS/LES J7 i ¥ (¥ VLES J7 1 i
BT i T 3 2540, 40 B 7 A% 55 1 G0 el ) X B0 4 SR 1 5 HHTEE%T VLES #8145 R R . VLES B8 Al
LA A b, U0 R <304 98 3 v A SO R 3 A 5 A TR T 8 kT TR B 43 A 55 R o WA 1 A A B R R e N, A AR
VLR I RE R B Gk 1 0 (10°) BT *Efﬁ'.—ffﬁxﬂﬁmzlfﬁﬁﬂmE’J*WtWiT#ﬂlzkﬁ%ém/%um% LI )
TR 20 2 J5 7T 5 10 s RVl A2 AR SC b HE (0 B 5K, 3k — 25 38 4 3+ 330 I [) S Bl 78 W <030 67 B 5 A0 X I A3 10 8 A K1
HEFEAS A vy, VLES #5855 (1 fif A7 18 32 B2 52 i L FR 43 RUBE 1) 5 0, 76 30 B TH1 2 RANS A6 2 L R AR I B ThT o0 A% 225K,
T 7E I WA O X IR & RANS/LES DI i i

KR KM AR ; VLES; S— CLSVOF; H{A )

hESES: TV6TL SCERARIRED : A M EHS: 1000-1298(2022)03-0183-06 OSID .

Numerical Simulation of Air-entrained Vortex in Intake Based on
Three-equation VLES Model

HUANG Xianbei GUO Qiang QIU Baoyun
(College of Electrical, Energy and Power Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract; Under the condition of large flow rate and low water level, the free surface vortices vortex is
easy to appear in the open intake, which will develop into suction vortices when it is serious, affecting the
safe and stable operation of pump station. In order to accurately simulate the flow structure of the vortex,
the S — CLSVOF method was adopted for capturing the water-air interface and the VLES, one of the
hybrid RANS/LES methods, was used to resolve the turbulence. The effects of mesh and computational
time on the results were analyzed in detail, together with the characteristics of the VLES model. The
results showed that the VLES model can accurately predict the velocity distributions in the air-entrained
vortex flow field. The effect of different grid order of magnitude on the velocity distribution and relative
air-entrainment rate was small. To decrease the required computational resources, it was recommended to
adopt the mesh with an order of magnitude equals to 0(10°). According to the variation of relative air-
entrainment rate with time, the time when the air-entrained vortex reached stability can be judged. After
that, another computation of 10 s was necessary to satisfy the corresponding standard for clearly
identifying the free surface vortex. Further prolonging the calculation time did not change the variation of
the position of the air-entrained vortex and the relative air-entrainment rate. In this case, the resolution of
VLES was mainly affected by the turbulent integral length scale. In the near wall region, VLES behaved
as RANS to decrease the demand on the mesh resolution near the wall, while in the turbulence core
region, it turned to hybrid RANS/LES to increase the accuracy of the simulation. The research results
can be used to guide the simulation of the air-entrained vortex in hydraulic intakes.

Key words: intake; air-entrained vortex; VLES;S — CLSVOF; numerical simulation
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