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Study of Ship Wake Characteristics and the Propeller Cavitation by a

Vortex Generator
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Korea Research Institute of Ships & Ocean Engineering'
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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,

This paper systematically investigates and correlates pressure fluctuation and nominal wake characteristics according to the
angle of the vortex generators by introducing the angle adjustment method of the Vortex Generator (VG), The vortex generators
are installed at the port and starboard of a model ship, The vortex generator performance test is executed on a model ship
installed in the Large Cavitation Tunnel (LCT) and the angle of VG is freely controlled by a servo motor, The systematic test
results for the vortex generator show that the well—designed VG is an effective appendage for reducing the pressure fluctuation
level and shows the direction of VG's angular design optimization,

Keywords : Vortex generator(2t72471), Propeller cavitation(ZZ=222{ 7HH|EI[0]4), Wake distribution(ZH=ZE1L), Pressure fluctuation
(HZQf2) Large cavitation tunnel(CHE! 7HH|E|0|ME{)
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Fig. 1 Shape of vortex generator

Fig. 2 Vortex generator installed on the model ship

Fig. 4 Angular control system of vortex generator
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Table 1 Cavitation test conditions

Draft Vi(m/s) Kr oror | SWH(m)
Design w/ VG 6.5 0.1790 2.009 1.48
Design w/o VG 6.5 0.1769 2.000 1.48
Ballast w/ VG 6.5 0.1812 | 1.6703 1.10
Ballast w/o VG 6.5 0.1837 | 1.6692 1.10

Ay Zus sUshl Mgt ol X(oor
=(po. 7w P)/(0.5:p*-DF)= RFZAIZHA| AIEH Mojoin =0
(Stern Wave Height, SWH)S 12{310{ AXSIGCE 2EA[ A
A8 75 (V)2 6.50m/sZ2 1IYsl] 282 g™ Hel2 F
A (K=T/(p-r?-D) B Z=HSICL 047|M plkg/m)E B2 U,
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Fig. 5 Location of pressure sensors

Table 2 Level of pressure fluctuation at design draft
condition (CO0), unit : kPa

g s -0 5 ¢ 5 10°
L | 17020758 1.734°0.837 1.680°0.854
0.509°0.220 0.4850.260 0.370°0.413
™ 1.7490.824 1.756°0.912
0.5270.263 0513°0.272
¢ | 17877078 1.804°0.789 1.822°0.891
0.501"0.222 0.486°0.271 0.355°0.472
P 1.917°0.794 2.002°0.933
0.615°0.318 0.627°0.337
| 1:946°0.809 2.206°0.942 2.2021.198
0.756°0.438 0.8190.460 0.654°0.631

X B E0ka (kPa) w/o VG(design E%):
2.15871.37370.9627°0.951

Table 3 Level of pressure fluctuation at Ballast draft
condition (C0), unit : kPa

g O -0 5 ¢ 5 10°
L 21987318 2.2911.314 2.3991.372
0.480°0.646 0511°0.779 0.865"0.601
" 2.349"1.421 2.2351.320
0.511°0.742 0.6040.794
¢ |22131.463 2.4091.585 2.4861.543
0.800°0.777 0.719°0.859 0.7671.065
P 2.3631.499 2.7148"1.659
0.986"0.863 0.859"1.060
¢ 252571616 2.9101.959 3.677°2.45
1.182°0.646 1.2101.057 1.413°1.651

xAp=d HEZ 42 (kPa) w/o VG(ballast E5):
3.79672.260"1.273"1.813

Table 4 Propeller RPS at design draft condition

Starboard VG Angle (6s)

w/o VG : 38.64 > ” e
PotVG | —10° 40.75 41.06 42.24
Angle 0 39.79 40.12 41.39
(6r) 10° 37.34 37.64 39.06

Table 5 Propeller RPS at ballast draft condition

Starboard VG Angle (0s)

w/o VG : 36.77 e > 7
Port VG -10° 38.41 38.69 39.89
Angle o° 37.26 37.68 38.90
(0p) 10° 34.25 34.52 36.36

N

CHetEMstel=m g M|58H M[1E 20214 28



B =
e axL SLK7 oM QIEAAT| ZMZH{S
6 u 1BPF m2BPF m3BPF m4EPF m5BPF m6BPF Designt ballast 222 ZF0lA 2AFALT] ZHalof
5 oIS =28 3|4 sk SYUSH Z8ks 2=t =20 2t
g 4 n - -?r’é'ié;'ﬂ CiaFst MX|ZUTolM AteAEs slsHH /RE6H At
%, | I 27} sl2lz} Alzsich
g I | Fig. 62 ballast EZ20IM Fig. 52 f2iIA glxfollAd
=T

p2 P1 [el} 51 52 F2 F1 Al A2
(a) w/o VG

u 1BPF ® 2BPF m 3BPF m4BPF m 5BPF = GBPF

Amplitude (kPa)
w
P

P PL CO SI s R F Al A
(b) gp / as = 10°/ 10°

= 1BPF m2BPF = 3BPF m4BPF m 5BPF m6BEPF

Amplitude (kPa)
w

PP PL CO SIS F2 FL Al A2
(c) gp / as =0°/0°

= 1BPF ®m2BPF m 3BPF m4BPF m 5BPF ®6BPF

Amplitude (kPa)
w

PP PL C0 SI S2 F2 FL Al A2
(d) op / gs = -10° / —-10°

u 1BPF ® 2BPF = 3EPF m4BPF m 3BPF ® 6BPF

Amplitude (kPa)
(7]

ASE HaUHS HoiFECh AFHNT |7 MR(=X| 22 E?
(w/o VG)2F Zt-31 AFMAMT[o| Clokst 2T Z3loilA HE
2k ASZ3E 2oi=C) Fig. 60lAM & mf =} —?—3_4 QLFAIA
719l dx|Zzo]| w2l 2%|E Hat SMo| SALIXI(Co)e
dgs w2 QUct Design EF=HAIME ballast Z=710f|
qe| Aot RASH &S 20 2 =Z0l|M= Table 22| &4
olgsict Z98 ofRMMY| 2ot tiElel F<?= Fig.
B(d)oll LHER RAC

HAZE S0M op/as = —10%/-10° oflA MY =h2
g 2olck HHHol Fig. 6(b)2l ap/as = 10°/10° ofA{2]
2 %2 Fig. 6(a)oll LIEKE bFMMT|7} MX|=[X]|
Ad(w/o VG)e FAISH EME HOECE Fig. 6(e)= &
QLFMAMT| 2o} H(EhAll R (0p/as=0"/-10%)0l| LSt
£ HojFCh o|H2 Fig. 6(d)el H=Q= 4‘-—’-‘-3'—} Akt
Table 40l H= diet Zo| Z2H e 5|4
C o7t ZAsh= Zeks HoiF1 ot E?— HSUH a3}
£ lliMe =-2el obRMMY|of chE ¢ HIHE 2T MR

=

-IO 62 TE 0H1
(2

1ot ro ol I

rE I
H

o]
0
~
o]
“h
(e}
[}
~
)
[e]
H x

r

D% nsjjof & ZHoz Holch
2 A70lM oZ5In Us bFMMT| AsvHe g 7Y
IHIOIHH 12 2235l0{ Clksh 2= xZollM HEQE 7

)
I-r|
N
S [
o bk
N ﬁ

22w
lo on
[

X 1o
i 5@
i
OEI LS
P,L d
[

Pl

o

inl

QI=EMMT | T2
2H2] 7{u[H0lM
MM7| 23t BHREEo| 0|xl=
Ol Bzl ZAguefel 2 E &2

H2 = [

7HH|51|0|*4E1‘—"01|A‘| LDVE o|&3lo

HE|HoAM HHREXS HEAZo2M =

9l HEQl2 EMS Hojslc) Wi, 942

060% 25101 7HHE]|
Aol M e AHE cr 2

E319on], AIEE F52 Table 10l FHH[EfolMd AlE

S 6.5m/sE 7|EC= sIC ZHM B4 %—’F‘EF SHE
M AT 7= S2 124510 designtt ballast 25 25
70mmE F7FIC (Kim et al., 2010a; Kim et al., 2013).

0 LDVE 3&FH H._"%ﬁléoﬂf 20| UM _f':_tél'%k ﬁ—T‘-II:-—E—;‘TﬁDl_I'
P2 Pl 0 S1 S22 R FH Al A2 =10
(e) ap / gs = 0° / —10° ASSRR.

. e 7 ds = N Fig. 72 designt} ballast E4X710|AM JFMAT|E HALS}

Fig. 6 Pressure fluctuation results of ballast draft condition - os =
(a) W/O VG (b) qP / q5 - 100 / 100 (C) qp / qs - x| ‘LDI-: (W/O VG)9|' an_:’ 7—||-_II:_E HXIOE x"*°|-37|- |
0°/ 0% (d) gp / s = —10° / —10°, (e) qp / s = STl HEt SEUF EXES HOIFCL Fig. 82 2HR4eD| 2
0°/ -10° S8 T2 v[tjaoz A 47K| 20l designz} ballast £
JSNAK, Vol, 58, No. 1, February 2021 13



ST (of of3h MAIEHF

2 Z2E2 FH|HoIME So T

Hahnge wo Vo 8 / 8 =107/10° 8/ 8; = 07/ 0 8 / 6 = 107 10°
7 Wy f\ Kl ! 3 =
Dt e e
Draft i ,_.
SO SR
s sl
Ballast X Sl
Draft

Fig. 7 Iso—axial velocity contours on symmetric VG angular position

V.G Angle 8, / 0. =107/ O° 8, / 8, =-107 10° 8, / 8, = 107/-10° B,/ 8s =107 0°
AT Hii
IR R
SRl
Design .‘f;f@w}‘%ﬁ‘{i
1™~
Draft
S Wi
& t"‘,.‘ i K> s A AT ;‘
Ballast g%:ﬁé\(\\\wﬁ%;ﬁ“ - .
Draft

Fig. 8 Iso—axial velocity contours on asymmetric VG angular position

=
95

24zl o

o xfol= UA|

@
OH

o =2
wake contraction) 17}
A4<(w/o VG)2F |15l

X
[m]

= H A

m 02 rfo

O H|TH& VG =M=

op/as=10°/10%]IM= RFMMT|E
°f FAlSH BIREEZE Ho{FEH|, ol

Fugreknt Aol Ux|sp| el

wsie} Chgsiof SRl W

—oHET

Haletr E2MoR ElTeE

2+ 29|

Fig. 92} Fig. 102

ON H

=

o|x S
ek

2
Lle

Haesd =XE 20

HlE2AS
(oLl )

oIl eRYYTIE FASHK]

HollAM 750[ ST =0

o}

s

Z = i 0° 2ol DEER(high wake)
odo| cHE R HMEASS 2 = ACh Fig. 8ol LIERH b}

HEREET H|0fE deks Eolct
k2 A2 (w/o VG)
|

S5 ke AP
ORI M2t

x|
xoz
518 RoiFE

to

2} F£0| U5k 482 designtt ballast 24 ZFoIM &
AFSICE Fig. 99 Fig. 10 oM VG Zztislof m2p =28 2{H
oM FEE7IH0| 2 =M Z He2lstH Table 62 ZTh Table
22} Table 3ofl #7|El HEUH F7|et d|wsl = wf 70| i
ETE HaYy &2 2o{FEct
ddtroz T2EHMHOIM FE0| W2K|H Y FHAT
FAA ™oL Botehs AES Eolct Table 42 Table 5
oM B 226 iFdad| 2ot tHEY 42 o|H dEs

=

[

Lolxl Zte

& LiEfRIRt Blcfale] e of@l Zslo| Shals| Holx| o
o), AE SHZIT(qolM HHZT(g)7} HE 49 54
3} sinie Zsre & LERLKe el S Az (g0l
SHZIE(q0)7} HE Aol 23512 sitfe] ZB0| LiEftct
=%0| AAEel SIS Sslof 2BET} 3K Hslelo|

14



S T O
MR- IE S Y2 e

4714

ZH8f| 8 27} At Fig. 92} Fig. 1004 b7
e FEE7HE gp/as= —10°/-10° 7|&E22

w/o VGt H|walH Z2H 529 I & 2Ug Helst o

Z HiFolM geko| 2 HeZ HojFEch
bS

oln
o
¢
nx

2

g

i
G

N0
[N}

2 E o
N
or |s
ol
il

for.
z 00
0|
u.
g
ini
mju
N
il
inl
Am
ol
o
P
0=
0x 90
N R
nx
- X
[l
ok
rc
ok

x
X
d
o
u
i)
A
g

= 5 f8,=10"i0°
- 8 18,=10°110°
- 6 I6,=10°1-10°
g, f e, =-10% 0°
S ) -10% 10

" g ‘ ‘ ‘ ‘
0.95

K wio VG
DoOH - 8 16,=0°10°

vt b e e bbb
030> 03 04 05 06 07 08 08 1 14
/R
Fig. 9 Circumferential mean axial velocity distribution at

design draft

CE T T
0.95F
E wilo VG
080" 8 9,=0°10°
El—=——- 8, 16,=10°70°
El—— - 8, 16,=10°110°
085 e = 10o 07 J
0.80 — 6,06, =-10%10° e S
- wme B, 16, =107 10° PE
0.75F - - 8,18 =-10%-10° 4
= LAY
0.70F 7 /f:
= 0,65 T 7
E XY/
ot
E i
0.55F ; '-,';/
E FiLf
e Nr
0.50F e
E rd
045F 7
0.40 F
0.35F
:||||||\|||\|\|H\ll\\\l\lll\lllllll\
0'3%.2 03 04 05 0.6!R0.7 08 098 1 1.1
I

Fig. 10 Circumferential mean axial velocity distribution at
ballast draft
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