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A Study on the Turbulent Flow Characteristics in the Wake
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Abstract : An experiment was carried out to figure out the turbulence flow characteristics in the wake of the transom stern's 2-dimensional section by
2-frame grey level cross correlation PIV method at Re= 3.5%1 0, Re= 7.0x10°. The angles of transom stern are 45°(Model "A"), 90°(Model "B") and
135°(Model "C") respectively. The depth of wetted surface is 40mm from firee surface. Strong turbulence intensity appears at the interaction between the
flow separation of the bottom of a model and the free surface. This study provides statistic flow information such as turbulence intensity, Reynolds stress

and turbulence kinetic energy. Model C type (Raked transom) has low Reynolds stress and turbulence kinetic energy.

Key Words : Transom stern, PIV(Particle Image Velocimetry), Turbulence intensity, Reynolds stress, Mean flow field
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(c) Raked Transom

(b) Vertical Stern
Illustrations of the realistic Transom stern model. (a)

1.

(a) Rocket Transom
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Fig. 2. Schematic arrangement of PIV system.
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Table 1. Experimental condition

Item Specification
Light source SLOC Lasers(GL 532 H - 500 mW)
Sheet light Cylindrical lens(Width = 2 mm)

Working fluid Fresh water(19+1 C)
125 FPS

PVC(p:1.02, ¢: 150 ym)

Time resolution

Particle

Free surface

A Transom Stern Shape C
Inflow P Outflow
Y . .
Bottom Circulating water channel
X (1000 X 300 X 300 mm)
—

Fig. 3. Coordinate system and model setup.
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Table 2. Measurement uncertainties of u-component measured by
PIV system(Units : m/s)

Source  Average R.M.S. Min. Max.
0.11042 0.00540 0.10338 0.11851
Au 0.25393 0.00274 0.25027 0.26133
0.40153 0.00288 0.39878 0.40907
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Fig. 4. Contours of the Time-mean turbulence intensity at Re=
3.5%103.
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Table 3. Maximum values for major feature
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X.Y) xX.Y) X.Y) ar
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Fig. 9. Contours of the Reynolds shear stress at Re=7.0x103.

Fig. 102 Re=3.5x103°]4 =4l v mdda ¥f &
FolA <] %—E—E% EAG Aot 7F AN
FolluA = Bastel 24 AR A H@dE T

T 12 ’2

T.K.E.= LT/O %dt “)

2dl SR AEHddds 23 2HTFIGAA &
' (Free turbulence)?] 542 WRoIUXA 45 9L 32
o i ANFAA RE Sl B
TE HESEY $EIUASE s Bedow 4%
%9 RMS® UrE}‘é Ack e AR I BN = x=
230mm A3 2ol A A dREEllvA Ex7F e
stk ofol] Rbako]l REl Coll A= x =140 mm Aol A HF

S5l A BE7} AA Yeb

120

y-axis(mm)

Model B
Re=3,500

y-axis(mm)

240

0 20

Model C
Re=3,500

y-axis(mm)

L L L
120 60 240

0 20

280 320

L
200
x-axis(mm)

Fig. 10. Contours of the Turbulence kinetic energy at Re=
3.5x103.

Fig. 11 Re=7.0x103%4 EWA v 2ddz d4F &
sollvA e SEEE =A% Aotk Fig. 100 Hlsto] <
ol F7hgel Wl Ao UFEFAUA LI
EQA vl 2HE F2elA FetAl ek 58w

-
At

i A?"%‘Oﬂ*i T

<A R

U el 2xo) walrt 27 tend

I RTRERR HJTOH iﬁl?_ 9}4 P 7t FlE
9 BHoAE o] EAAHS B AR v 523
A AREA o Al FEe] AE JEHE Kol
Atk 2E cPollAe B ABIH HE=A F e o7t
TR o2 WA E s FHsta Ytk
Fig. 132 Re=7.0x103°A EA] An] &
EAgE Aot S Skl wet 9%4 *MX]@O]
o R olFstal HUA o AV|E AAE SA4S UE
Woh AAA o2 o= stRE AA 5017 FHE et
™ o] Foll A EHrZAEo] oo HPow A U
Ebgtt), ofo] A HS =d B o] 7HF shFell A A
ATH

—_

Ir
A

- 357 -



Table 3= 2 AFZAE T3 ASE dFAE, dol=
= A9, dolsx 5488 0 dFeFlux Rl
A Aok Av1et HRAHE FE3] 22 A A4 g
ol e,
=
Aol S8(r,,)8 A L& EFdA L9 AF
13 BEFOI A ek versdel.
z
3 z
5 g
2 >
H
> 40 -
o 4‘0 8‘0 150 WéO 260 Z‘;O ZéO 350 3(‘50 400
x-axis(mm)
120
E 80 g
.% th
> 40 |
0 % £ 7} T8 b0 40 0 50 0 T00 x-axis(mm}
x-axis(mm)
120 o o.?)ooé_/ Fig. 13. Streamlines at Re =7.0x103.
E 80
‘I; 40
, ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ EdH v =/ 5 54 digt 7|2dTE dolu=
40 80 120 160 x.axfg?mm) 240 280 320 360 400 . 1 = o -
T R=35%x103 3 R=7.0x1034 GFAE, SHEE,
Fig. 11. Contours of the Turbulence kinetic energy at Re=7.0x103. M GRoEgUx] EA SO ololrgith EWA Hu] §
e A5 8 AN ggoR duEsle] $F FESAS
BAS A3 eI} 2o WY REEHL 08T 4 3
T ATH
£ HRAEE 2 SR §F e 4¥e] Afsuz
i - - -
28-S T AstA JElSTE fFYREe S E B
o mE cgelA Rl ehgHel BEE Wt w3
dolz ABeHT GHeFIIA S4oAE wel Y

y-axis (mm)

y-axis (mm)

*-ais (mm)

Fig. 12. Streamlines at Re =3.5x103.

3.

- 358 -




B ATE WS SR dFATATR A G
Ao saE AFan
0 g 3

[2] 711,?_;‘(17 H} o] %—(2008) E%]_/H 2w

322-3209.

[3] W&k, SH8-2(1999), 4] & 5
w54, A=y, Al239, Al1E, pp.
1444-1452.

[4] ©17%%, A1, PIV/IES ol g3 Ed4 )
FR AAREY A5, ATFNFVIA, A3,
A10%, pp. 805-810.

[5] elnts, 7d3(2001), PIVZIH & &3 AAkzt A
gl 57l wE A s 54), tg]
Asta] =23, A25A, A10Z, pp. 1417-1426.

[6] & =, A=A, o174 9-2011), AAAE P
FHEE Wt o0& dRHEE A, s FeAE A

71 = %(2008) T FolEY sHH-EA 2717t & &
Rl vAlE 9, DA, A4, A4z

pp. 333-338.

Kyoung, J. H. and K. J. Bai(2004). A numerical method

for a high-speed ship with a transom stern, J. Ship &

Ocean Technology, Vol. 8, No. 3, pp. 8-17.

[9] Yamano, T., Y. Kusunoki, F. Kurarani,, T. Ogawa, T.
Ikebuchi and I. Funeno(2003). Effect of transom stern

bottom profile from on stern wave resistance - an

(8

—_

experimental study-, J. Kansai Soc. N. A., Japan, No. 239,
pp- 1-10.

o

22012 03€Y 062
2 2012 04€¥ 309
A ;2012 08¥ 24

Xoro o
ROR
do o

2

ol ot ¥
% 1o

- 359 -



