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Numerical simulation of hydraulic characteristics of piano key weir
QI Yuanyuan', LI Guodong', LI Shanshan', MI Tian
(1L Xian University of Technology, Xian 710048, China; 2. Yulin Water Af fairs Bureaw, Yulin 719000, China)

Abstract: The pianc key weir is a new form of labyrinth weir and is characterized by a significant increase in the discharge capacity under
the same weir width and water head condition. We used the RNG k-€ type turbulence mathematical model and the VOF method to deal
with the free w ater surface and to establish a three dimensional mathematical model. Through the calculation of the shape of the piano
key weir in different condit ions, we obtained the flow regime, flow velocity, and other information of the three dimensional flow field.
The results were as follows. ( 1) The software Fluent w as applicable to the numerical simulation of the pianc key weir, and it proved the
remarkable discharge effect of the pianc key weir. (2) The three dimensional flow field of the piano key w eir had a complex flow regime
and the properties of ternary flow. The change of weir head would affect the discharge capacity of the pianc key weir. (3) The flow at
the upper and lower reaches showed the state of open channel flow with a minimum velocity of 0. 2 m/ s. When the flow passed the
weir, it formed water jets with increased velocity. There was air entering from the ventilation holes at the cavities between the water jets
and the w eir wall, forming a w hirlpool. T he air flow velocity was 2m/ s. After the water jets entered the water, there w as air mixed with
the w ater. The numerical simulation technique generated more detailed flow field information, which laid the foundation for further study
of the flow field characteristics of the pianc key weir.
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Fig. 1 The three dimensional stereogram and

geometric parameters of pianc key weir
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Fig. 2 Calculation model and boundary settings of pianc key weir
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Fig.3 Local grid of the pianc key weir
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Fig.4 The dimensions of the piano-key weir model
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Fig. 6 The flow regime of the pianokey weir

B 6 rh it iy s, 2L R KL, T A
LU IR HR AT 2 ) AR AR A Bl L8 K3 4
=Jtii, Hsh s 2% . Gl sl LA H, Bt
VB {7 AU A, K TR A, R0 Bk x
PR, L SR S, B AE R HE A 3 s e A SRR AL,
MIE TG DI sg w2 I A i kv RPIRAS, /K
ZAE LT Bl B A B B AR T 46 SURI R B, K
TARELAS o Vs S [ AR = K A AL e
o, WL e DR S KR, KT e AR, 1~ i
KU LA ENIK, T BGHE WK R, 7K T2k 23T e
SE, TP . MRS EK T 2= 150 mm
Fx= - 160 mm BT 6 AMFFALF] i, 3 1IX 6 4>
TR AT A5 K, 7T LU Gt 6 21 KB sl 2244 o
NI PR, KT ARUE , It 20 AR 3 20 i, g 1
KU 3 A = B, Ferh IR LR i R
BRI A2 i B, LR P IR 20 3 DA O A
AR HE VRS P, I T 0 RER 1R 90 SR
TR BEAT A B 5 5 i R SN Je S AR T A HY
Vb A Pl A3, WA BE 1R S N PN A K D
JKUL R A v, KT 2 H LK 3l K
Jev, R A AR ST K R, B KU
FITRY B sl K TR BE AR R AL B AR, /KT 2 =
(ERRR

HIPEL 5 7Kk 55 R 10 90 AR i 2k n] LA )
skt AR IS, 55 Bt 1) Yt U0 8 B 7K Sk PR 38 g
BEK o TP 6 KU SRS BT LA e 288 b KSkh=

(a)

(b)
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Fig.7 Flow regime at vertical profiles of the piano-key

weir under different weir heads
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Fig. 8 Flow regime at horizontal profiles of the pianckey
weir under different weir heads
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Fig. 10 Cloud charts of the velocity contours of the piano-key weir

Fig. 11 Velocity contours map of entry and exit sections under different weir heads
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