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Three dimensional numerical simulation of morning glory shaft spillway with swirling flow
SHT Chur Rong', GUO Xirr Lei’, YANG Kat Lin®, ZHAO Lir Ming', XIA Qing fu’
(1. H ebei University of Engineering, Hand an 056021, China; 2. State K ey Laboratory of Simulaiion and Regulation
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Abstract: The morning glory shaft spillway with swirling flow is a new kind of environmentally friendly inner energy dissipa

tion. Compared with the traditional morning glory shaft spillway, morning glory shaft spillway with swirling flow has obviously

different flow pattern, corrosion mechanism, and energy dissipation. As a new type of morning glory shaft spillw ay, its complex

flow characteristics are not illustrated clearly. In this paper, the shaft spillway of Qingyuan pumped storage pow er station was

selected as the study object. Based on the RNG k € two equation model for turbulent flow and VOF method, three dimensional

turbulent flow in the inlet and outlet of morning glory shaft spillway with swirling flow was simulated. Analytical calculations

were performed to characterize some hydraulic parameters. T he variation law of flow pattern, pressure, velocity, and cavitation

number was obtained. The calculated results were in good agreement with the observed data. The discharge capacity and high ef

ficiency of energy dissipation were verified by the numerical simulation.

Key words: swirling flow; inner energy dissipation; morning glory shaft spillw ay; submersible blocks of spiral flow generator; mr

merical simulation

FRIEVEAL VG B R BK A TR A7 T iy (e it X, 2K Sk
e, WM, 05 AN BE AR H 4 BT 55, 002 1 2 X
THIAR M A 300, 0 7 5 2 18 i IR o Dby vl AL it K 5 50
YT BE VO R AZ o, £ S LI BE AN v, YR K,
R A N £ B 1 NG R O Vs e S 2 A i A
JA R TR AT YRR LR bR, — Rl S0 L MK SR
(K33 BEAE 55 MR SR e 72 B P9, BR T 0 A2 ZEAS 10 ittt 205K,
I LS T kR R A AR BRI H . AR
1 B )R AR e L RERS SBL I 2 1T, JF HLH RE A,

: 2014 1F 15 120150712

8 24 i T 3 AR — A HE B R W S A T 1
¥4k, B W AN SRR A T BE K D4 PEIRRIE ST
SR A R A T i e I Xl e — e St AR K P i
) 20, HENMRAETE I KR SR, SR T FH
PN A — BRI T M s I, 2% BT AR B iR T e 1)
I HE B S L, LA AN T IR 7K AT S AR I RE BT AL
BES i RegAT . MR AE T 2 [ AR I RE U 5T
(FIHT IR, 2R G 1A BB AU B R R DAY SOk 0 . 5 R 3
PRI IR AE K D G5 R AR R AR T AR AR A, HIRTE

12015 09 24

: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20150924. 2030. 009. htm1
s [EZR T S SERF TR B AR 9737 15 H (2013CB036405) 3 th E K R ZK L RFABF 5T I & E 4 (K 4E 1313)
R (1987-) , L), )P E A, BB FKFIK R TR 5. B mail: SCR825@ 163. com
D EBHIE (1980~ , Y, WAL HHE N, LRI, Wk AR SUE, E NGRS F TG, B mail: guox inlei@ 163. com

* 910+ X ¥ TR



oA B o RTIYAE R = U AR B

St AN e SR F AT SR K 2 2 B AR I, SR AR e AR
T 6 75 e e s FL R 28 K R, TRLRTT BT AT T
(17K i BB AN PR 20 AL T 90 AR A Y. AL
IRTH (¥ 2 &5 257 e 7K B8 B Pl TR K A 7R, 3
TR PR T 8 S I BEAT = i U I BB, 3 %K
I BRI, IF L5 S g RO AT XL, D 2 — 2 Bk
T R A T M e 3 ] % 38 0 AR A P A AR

1

TG HK B B A T AR IE T, 5 MBS
75 kmo FEEHEHL B 1280 MW, fimid Kk 502 7 m,
AR TR K RGO T B 5 4 A A B 4
FL o 2009 A E K FIK AR SR K 722 BT B LR
JEE 1B Y b R A AR A K B iR s e 7 RHEAT T — R A
TR A 3RS R TR, 3 H — ol nty A Tt 2 T 358 1) 37 28 e v B A
TEHE U3 SH I T, A5 A T R 6 S A = 2R AR e 1 S s e
TR 7, T BRPE A2 Dl F AR U, AR B I
W BA R KILE A8 E R . B RTZ 8k Bt
TAE SRR ORI BT AR /K 2 A8 HLsli I B 1 itk i
VeV R T 2 I b K KGR TR PR 1
B I P EE K B KR L TR AR K T it RS
RGBT (F 1) .

1 (FAAL: m)
Fig. 1 M odel test and recommended scheme of shaft spillway

in Qingyuan lower reservoir (unit: m)
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Fig.2 T hree dimensional volume model of the calculation area
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Tab.1 Constants in the model
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Fig.3 Flow path in the shaft
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Fig. 4 FVelocity distribution in the inlet of morning glory weir
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Fig.5 Flow pattern of the shaft spillway
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Fig.6  Flow pattern of the throat
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Fig. 7 Com parison of calculated and observed dow nstream w ater surface
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Fig. 8 Velocity vector in some typical sections of the shaft
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Tab.2 Hydraulic pressure of morning glory weir and shaft 9.81 kPa
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Fig.9 Pressure distribution of typical sections
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Fig. 10 Cavitation number distribution of the shaft
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