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Fig. 2 The setup of high-speed visualization system
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Fig. 1 Setup of cavitation tunnel
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Fig. 6 The particle images in different cavitation stage
N T UL AT A R R L 1 7 5 T AR A S AR A OIRAS TR B I 2 3 5 R
. K7 (b B4 T EIRPIRN TO0T A 2B I R T DU L FE AR 00 L K 3T
Gk 1) 38 E 93 AT BEAS R ], HG 32 DO A BUAE K B J5 8 2 0= 0. 8 I 78 K S ) 18T B9 vp JS o L 2 Hh
A A 0 {1 X3 28 PR A0 IX SN A 3 8 K 0 7E 2. 5m/s i Ay L/ T B . B 8(a) (DA T 7
PIAD T 00T o 7K 38 8] 1L ) B 3] = i) i o 43 A 3 L, = [ i i Oh

_Jdv_du
wz—ax Iy (3)

T SR U T U 2 A T B TR AR A B TR B Y — iz e My B P 8 Cad HR L XL T K SRR
J G T 0 5 0 T A B 57 B 1 BT A e e SR X Il . BT A A I AT S A R DR Ak
F8 i s 7 1) AN T T HG 8 DX I i A R O AN BT R B O T B (/N . TR SCh) ML 45t T fE = iR
TBLCo=0. 8)F + 25 AL Ui 37 1) Hof 12 3 o 43 A7 175 0« G o 7K 35 R 5 b o RUJSE 25 3 1T 1) ik 2l I 7% B 42 5
TGAL T AT E WY AR S B 7K 38 R 2k Ak 1)k T 1 A 380 2 o T el B A 23 1 DX R ) S A T 8 9 1)
Ja B e i R DX o A ) B T8 A g i AT Y 23 B0 A 1 O T LS ) DX S O e e
ZEAE A S T A ] AR OC AR s AR T IR 3 b o R S A A B Dy WA A 3 T
.

(a) 6=2.0 (b) 6=0.8

ulfm/s) 3.5 0 35 7.0 10.5 14 n/s
S @

Bl 7 AT 2 AR RO Y i 3% 3 8 A1

Fig.7 The time-averaged velocity distribution under different cavitation number
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Fig. 8 The time-averaged vorticity distribution under different cavitation number
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Fig. 9 Time evolution of cavity shape in the experiment
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Fig. 10 Cavitation image processing
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Fig. 13 Instantaneous velocity and vorticity distributions at the unsteady cloud-cavitation stage
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Experimental Investigation on Flow Field
Structure of Unsteady Cavitation Flow

HUANG Biao, WANG Guo-yu, WANG Fu-feng, GAO De-ming

(School of Mechanical and Vehicular Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Flow field structure of unsteady cavitation flow around a Clark-Y type hydrofoil was
experimentally investigated. Experiments were carried out in a rectangular test section of a cavitation
tunnel. A high-speed video camera was used to visualize the unsteady cloud cavitation flow pattern,
and a particle image velocimetry (PIV) was also used to measure instantaneous velocity field and
vortex field in cavitation flow field around the hydrofoil. Experimental results show that cavitation
phenomennon has an important effect on flow field structure; whether or not cavitation, the velocity
distribution is basically same around the leading edge of hydrofoil, but there is noticeable difference at
the rear part of hydrofoil. In the unsteady cloud cavitation state, water and vapor mixture phase
locates at the rear part, velocity in this region is lower than that of main flow area, but the vortex is
larger than that in other regions, which indicats that obvious vortex structures exsits at the rear part.
For cloud cavitation, a self-oscillatory periodic behavior of the whole sheet cavitation is obtained, with
large length fluctuations and vapor cloud shedding. The distribution of vapor and vapor-water mixture
phase determines the velocity and vortex distribution in cavitation area. When the attached cavity
continues to grow, the region with lower velocity and high vortex at middle and rear parts of hydrofoil
gradually expands. At the rear part of a cavitation development period, with the development of
revease flow, the flow field structure around hydrofoil is strongly unstable, and more vortex
structures can be seen in the cavitation area due to the frequently mass and momentum
transformation.

Keywords: unsteady cavitation; high-speed video camera; particle image velocimetry



