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Research on instantaneous flow characteristics of
the falling submerged jet in a pool based on PIV technique
LIU Chao®’, LI Long guo™", LI Nar wen®"
(a.State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuwan University, Chengdu 610065, China;
b. College of Hydraulic & Hydroelectric Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In the past, the point measurement techniques, such as laser Doppler velocimetry( LD V) and hot wire anemometry, or
the turbulent flow numerical model with the hypothesis of the isotropy of vortex were used to investigate the turbulent flow
field in a pool with an oblique submerged jet. All these methods cannot obtain the refined structure characteristics of the instarr
taneous flow field. The particle image velocimetry (PIV) was adopt to characterize the turbulent flow field in a pool with an obr
lique submerged jet in term of the velocity, turbulent energy, and flow vorticity. T he results indicated that( 1) the refined struc
ture of flow fields with instantaneous and random eddies can be obtained, and the shearing and mixing between the jet and sur
rounding water decrease the jet velocity and produce turbulent energy and vortex motion, w hich is the dominant mechanism for
jet energy transmission and dissipation in the pool; (2)with the jet plunging into the pool, the flow rate of jet increases along the
jet path, while the flow velocity and flow vorticity decrease;( 3) in the submerged jet region, the velocity, turbulent energy, and
flow vorticity are approximately in symmetrical distribution. The values of velocity, turbulent energy, and flow vorticity in the
jet downstream are a little higher than those in the jet upstream, indicating that the dow nstream water is more turbulent while
the upstream water is relatively stable; and( 4) in t he walt jet region dow nstream, the jet continues to shear and mix with the wa
ter above to form the flow pattern of a submerged hydraulic jump, and the velocity, turbulent energy, and flow vorticity decrease
in both the vertical and horizontal directions.

Key words: oblique submerged jet; particle imaged velocimetry( PIV); flow field structure; energy transmission; energy dissipa
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Fig. 1 Experimental setup and PIV measurement system
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Fig. 2 Photo of a jet in the pool
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Fig.3 Schematic of the pool with a submerged jet
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Fig.4 Vector distributions of instantaneous flow

velocity in different times
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Fig.5 Distribution of average flow velocity
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Fig.6 Contour of the average flow velocity
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Fig. 7 Contour of the turbulent energy k

M7 R4, ) e kT B SR IR A BR AR 40T, 1%
U Ak fERE, RN S NI S B kAW W TR
MIZEBNRER . DR, S5 R0 AR R K bk 3 P o B
R, KARTE N ZE 3, T L AR A BT e RS ISR
BB, SR A TR B 52 20 b T K AR BT D) S, BT
BN TR WK B, 3 A AR R LA B, BRIk 2K B e b
IR/, #il T 0, IF HZEBIRE b ST IR B R0 1. TR
SR DX PRV SRR AU A JiE K 78 0 9 HILBL, S 5 JR] FRK A4 Jsi) 24 B 1)
MRS, 772 T KA AOAS AR RO BE HLIE 2 i, 18 s
KRNI ABEAWIAZ A, BB w BBk, W3R 8hRE & 42
e, DRV SR I DX 3 vy RE 3R B A SR R 0 R B, &
BNRE kA 5 AL S0 S A 2 S 3 T Ja g, B E IR
I3 . X TRy el SR A B K AR TR B D) AR 457 AR
FRIVAL T 1K 3 8 56 A AR AE S L 2%, T PEIZ T e 22 50
Fo W7 PR, EBhRE k BV VAN 4 T BR ) AR,
SRR R Y ZE B R £ AE L RIS ek (ETE ROCLE,
R B ZEBhAE K BOKAER 0 9, i B EEN B BE kKA

<474+ B H R

WKL 0 8o BHAGSHI I gk R BRI 0 1, B RE k 16
AR TR Lt 1) T35 AR, 3 hEe k N RRY
0.6 Z£4( WK S) .

8

Fig. 8 Variation of turbulent energy k along the axis of the jet
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Fig. 9 Contour of the instantaneous vortex in different times
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Fig. 10 Contour of the average vortex
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Fig. 7 Contour plot of pressure distribution for the blade pressure surface
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Fig. 8 Contour plot of pressure distribution for the blade suction surface
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Fig.9 The streamlines for the flowing field of wind rotor
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Fig. 10 The section streamlines of the blade under certain condition



