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PIV Analysis of Free Surface Effects on Flow Around a Rotating Propeller

with Varying Water Depth
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Department of Mechanical Engineering, Pohang University of Science and Technology™

Abstract

The free surface influenced the wake behind a rotating propeller and its effects were
investigated experimentally in a circulating water. channel with the variation of water depth.
Instantaneous velocity fields were measured using two—frame PIV technique and
ensemble—averaged to study the phase—averaged flow structure in the wake region. For an
isolated propeller, the flow behind the propeller is affected only by the propeller rotation
speed, the loading on the blades and the proximity of the propeller to the free surface. The
phase-averaged mean velocity fields show that the potential wake and the viscous wake
developed on the blade surfaces. The interaction between the tip vortices and the
slipstream causes the oscillating trajectory of tip vortices. The presence of the free surface
greatly affected the wake structure, especially for propeller immersion depth of 0.6D. At
small immersion depths, the free surface modified the tip and trailing vortices and the
slipstream flow structure downstream of X/D = 0.3 in the propeller wake.
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Fig. 1 The geometry of propeller model

o
rr
ol
o
10
Ol
N

g e o

B
alo
1o
e Y]
fo
Y
e
o
n
rr

0
[l
md
ol
{El
Hu

o

g
=)
=
)

(cavitation) gl&t2 222!
452 MotAIZ =
OZ EoIX L1 &Y

N2 (x
oM
IR @ i 10

=l
2

o o ooy T

2
A0
=
2
é
T
S [
1o
R
[k oo
Hu Mo
[
iy L;.ﬁ o
iz =
J4 o
112 E—'E J
e
M 2E N heonx

ZEY HE 48 A
=0 ASLL, 2H A2 FH
gto] E4-(draft)2 QIdH
depth)0l
H ECh
A= 3l
£ olsHat
OF &Lt
YN
ASEHN ©
o =&Ch 24
0IErZ (hull wake

1
0z

ton I
r
o

<2

rr

-

> 2
9 >
Ja
|0
HU
m 4 =
Ee
o =
for)
T

mJn — =
ol

o ke
2
1o
ol 0f
nt

i)
o ®

ok
=
o]l
-
J

€0

.{

Hu
iz}
U

@ X e
iz
1o
!
(P}
0x

g == 0 40

0x

2 0
_O'j
2
>
10
]
H
0
=

o 20 ox
joi
o
1
30

0¥ o

2
i
:
0.
boor

02 Q@ x

oo

10 for
r
_o'y
i

up
s
Il
Hu
[

>

b

ron
[
-
B =
o
o
=
x
=

.

I o>
o o
i Ik
U0 J
x o &
-

ol
=

VI
FH
2
|

[}

=2
0x
e

=2 8 A4 o
10 Ao 30

0o =2
o n
[
¥ oox
0 e oqr
H =
=T
& o
@ =
|1 Y
rir

o
e
10

B2

s

x

P
H
e
o
=}
1<)
fo
ol
fw

b

s o
0x e |H
1o
rr 02
o
=)

x
9'2

H
L=
o
o
o 4

[
o
m
[
HU
=}
0 &

o
ol
O

o
AL
>

oA o
(11
o

=2

10
i

Qﬂ

4%

0

>
0
ju s

B L |

Of Chet &l
ol DEE

XNSDX =
bvLt

[

o
&
=}

e @

H

0
=
TH
=
0o

HD 1
&

3

g
(=1

e L
=
syog

L
ro
m q0 o

[
H—
Ju
o <
to
44

I
0x
on
fr
&
32
flo
=

Optics Dual-Head
Nd:Yag Laser
Circulating water A
channel Servo-motor
Il_l“z.l,ile II\I‘IIIIIIIIII EEEEREREEN
-» >
A U X
- CCD Camera
P
IBM PC v
Grabber - Controller
- Low pass filter
- Synchronizer

Fig. 2 Schematic diagram of experimental set—-up

Ch S8l 22 9498 A4EIo S8 2
MBI QSiME SEE == ®2 A0 A2
SICH olof eral PIV(particle image velocimetry)
£ X =ZMI|HE OIZ26HH HH RS2 2Hddl
A g0, H2 g9 RS B2 AlZE o =
A& 4 QICt. 220 Controni et al.(2000)1 &

221 O|&F(20028) 2 ©E22 3l¥ole =2
By 232 22 PV PTV(particle tracking
velocimetry) £ & SZJIEE 0IE6tK HAst
ACH. Sal, W22 olAE  (2002b) 2
SPIV(Stereoscopic PIV)E 0125t TZEH &
2 oI5 CeH 1 Z2uUsE 2

29| 3N RSEH

X2 PV 2 HIWSHIE St CHLee and Paik
2004). £t RN O[AFE (2003) 2 ANREH
0] Y= Z2, d2 PN 2N 3|&ols =
ZHP =2 |SE PV S SHIEREZ X
MBIGCH 0 ZUEES NREHE HOSISS
Ao Z2dy F2 RSA HlWsHIT SHACH

{Paik et al. 2005).

HU
ton
P
9,l
fr
1A
HU
1
o
i
I
2
()
o
pal
30
t
(2
10 1

o
for
P
x
¥l
tor
i
o
e
>
o~
no
i
=
o
fob
N
(=)
(=]
[S)]
n
o
M0



Y/D

YD

Level UUo

29 1332
27 1237
25 1142
23 1.047
21 0952
19 0.857
17 0.761
15 0.666
13 0571
11 0476
9 0.381
7 0.286
5 0.190
3
1

(I

0.095
0.000

() T/D=2.5

Levei UiUo

29 1332
27 123
25 1142
23 1047
21 0952
19 0857
17 0761
15 0.666
13 0571
111 oa4rs
19 0381
7 0286
5 0190
3
1

T TITD

0.095
0.000

(b)T/D=0.6

Fig. 3 Phase-averaged axial velocity at ¢ = 0°
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