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PIV Measurements of Non-cavitating and Cavitating Flow in
Wake of Two-dimensional Wedge-shaped Submerged Body
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ABSTRACT: The vortex flow behind a bluff body has been a subject of interest for a very long time because of its engineering applicability such
as to vortex induced vibration. In the near wake of a bluff body, vortices are periodically shed in two shear layers, which originate in the trailing
edges. The far wake is made up of the classical Karman wvortices, which are connected together by streamwise and spanwise vortices. These vortex
formations have been studied in many experimental and numerical ways. However, most of the studies considered non-cavitating flow. In this
study, we investigated cavitating flow in the wake of a two-dimensional wedge. Experiments were conducted in a cavitation tunnel of Chungnam
National University. Using a particle image velocimetry (PIV), we measured the velocity fields under two different flow conditions: non-cavitating
and cavitating regimes. We also investigated the vortex shedding frequencies using an absolute pressure transducer mounted on the top of the test
window. Throughout the experiments, it was found that the shedding frequency of the vortex was strongly affected by cavitation, and the Strouhal
number could exceed its value in the non-cavitating regine.

.M 2 gow, olejd A7 Avhk= ) 8 o] 234 Avte HFsh=r
48314 AFEE T 9tk ATk o] AL] PIV AT ThEELS 3]
Ry GAAEE EASS A AL 50 5 FOI WS BSFU A% 5 FElolA ol Foixl 4Y 2 9%

Ay

A wislol] gk A JrU) sty JHy gutdoes
3719k 22 A9 A EFS A E AR gae
A& S0 R Iy |7} ofHTh 18] Wil 5% =3 Aot

Flhsle 7148 AAATE Qg ARE S3Eo] ko B dAFodA e 2aH 718 2ds tid o= siulEolA |
e A=ANE w3 ddsts ot IF ARG E AFES FYFYoH, 53 FUS 7 =olA HE UlR
(Particle image velocimetry, PIV)E UAF W (Particle tracer HH= At HlZF et 35 FHE TSt de
method)?] U2 554 Yol T34 YA golAe} 7hets AF EFA FRolA HE 5143 /58S PIVE A3t
ALg3le] B4 A7 B9t 0]53 kY] ATE F3sl 54 o JHAERIL, fU]Ee MERY S A b ofe
o] WzlE AZshs o Tt §A f50 7 Aol 718 58S vlal, Bskaat skt

AREE T QT FF 54 Y frE S dTFEE 231
A (Ro et al,, 2001; Park and Kwak, 2004; Jang and Lee, 2008)2}
% (Hyun et al, 2000) 5] F-5olMHE FFe] & £X

tlele] Zgoll B3k W&ol tiitelm, & 5ol 52 =
B
= T

Ao A LAYE= FF-7-5(Cavitating flow)oll th3F PIV G

N of
b
2 > o W

Al
=

gt
o

N

%

x| &

ik

Aol #3F A7HSuh and Kwang, 2011) 2 Bk Aduk = 21 43 I
o] WHF FE(Lee et al,, 2009))l | 27| 7kA] FHE A ALRH I A3-e sk FnlH ol Bld(Fig. 1)olA 3=,

Received 8 August 2018, revised 2 December 2018, accepted 13 December 2018
Corresponding author Byong-Kwon Ahn: +82-42-821-6625, bkahn@cnu.ac.kr ORCID: http://orcid.org/0000-0002-0339-6069

(© 2019, The Korean Society of Ocean Engineers
This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

26


http://orcid.org/0000-0002-0339-6069
http://orcid.org/0000-0002-0339-6069
https://orcid.org/0000-0002-0857-4661
https://orcid.org/0000-0002-0857-4661
https://orcid.org/0000-0002-5903-2563
https://orcid.org/0000-0002-5903-2563

PIV Measurements of Non-cavitating and Cavitating Flow in Wake of Two-dimensional Wedge-shaped 27

| 7.500 |

3

[l Test Section (HxBxL)

_ 100x100x1400 _
e+

FT wIT

00¥'T

CNU-CT Specifications
Motor Power: 90kW (120HP) Centrifugal Pump
No.1 Test Section: 100mm x 100mm (Contraction Ratio 15:1)
No.2 Test Section: 120mm x 50mm (Contraction Ratio 25:1) @]

009°€

Max. Flow Speed: 20m/s (No.1), 30m/s (No.2)
Pressure (abs): 10kPa ~ 300kPa

Vacuum Pump  5x10~Torr (750W)
Air Compressor 8kgf/cm? (SHP)

Fig. 1 CNU-CT and specifications
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Fig. 2 Test model and schematic view of the wake flow of a wedge-shaped body
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Fig. 3 Experimental setup
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Fig. 5 Instantaneous flow field: u, v velocity, vorticity and streamlines
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Fig 6. Comparison of u velocity components at different Reynolds numbers
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Fig. 7 Comparison of v velocity components at different Reynolds numbers
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Fig. 9 Instantaneous high speed images and vorticity distributions at a time difference
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Fig. 10 Flow speed v.s. Vortex shedding frequency

=12 )

A7NA f, d, U= 247w g ERAY B, 7Y £5
oty HIFE AHY w9 Strouhal = ¢F 0.28E YA A &
A= F 3% AEjol A= FlnlH ol (o) 1.2991A4 <F 0.32
7 Z7FI9 T ThA] Zashe AL 31e 4= ok duky

L] Cavity
. Non-cavity

St

e

()
I

C e -
® . 2% o — o

028 e ot 8 - 00 —.
0.26 —
024

022

0.2 T I T R

Fig. 11 Cavitation number v.s. Strouhal number

o7 Z A e npst o] HlEF ZHjddAe 7 W)
o Zgaglol LAsA Uehds Karman oH79] whe] 540] &
Fo| WA= 54 M E tEA JYeidt= As &
Atk F, Strouhal 57} F7FetE A &R Uig v F
o] Bl ITRRITE ZoR, B9 ARE HEHe

Karman $}&¢] 1FA0] ZolEthe AE on|si o]2igh A
< Fig. 129] ¢}% siMAFAE FalA &A= otk Hhe] F
o] Hof e T4 SHF(Restricted vortex)ol A BAE FE
o] Aol7}t #71e] FA(d)F B A7|2 A 24 LAY
st o] & FhR|Eo] T} Wobd T ob 7Tt T ARl H
A Karman oH79] ¥e] S H3E AdHI9E Zolxith o
gk AMS FY EA A B ool did s
5

A(Kim et al,, 2018)2 EA= A=Ak

N



32 Ji-Woo Hong, So-Won Jeong and Byong-Kwon Ahn

Rn o St vorticity
1.8x10° 3.87 0.27
1.8x10° 1.61 0.33

Fig. 12 Comparison of different cavitation numbers
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