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Measurements of a Ship's Propeller Wake with
Stereoscopic-PIV and Stereoscopic-PTV

Deog Hee Doh, Tae Gyu Hwang, and Sang Joon Lee

Abstract.

Stereoscopic PTV and Stereoscopic-PIV measurements have been carried out for the studies

of the wake of a ship's propeller. Stereoscopic photogrammetry based on a 3D-PTV principle was intro-
duced using two high-definition cameras(lk x 1k, 30Hz). The arrangement of the two cameras was based
on angular position. The pair-matching of the three-dimensional velocity vectors were based on Genetic
Algorithm based 3D-PTV technique. The results obtained by both measurement systems have been com-
pared at the advance ratio J=0.88(290 rpm, d=54 mm). Turbulent properties have also been compared each

other at the same condition.
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Fig. 1. Used camera calibrator.
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(a) before transformation (b) after transformation

Fig. 2. Image of calibrator.
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Fig. 3. Principle of Stereoscopic PTV.
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Fig. 4. Principle of Stereo-PTV algorithm using GA.
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Fig. 5. Experimental setup.
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Specification of Kp505 propellor model
DIAMETER(MM) :54.0 SCALE RATIO :146.3
(P/D)mean :0.950 PROP.TYPE : FPP
Ae/Ao :0.800 SECTION : NACA66
HUB RATIO :0.180 NO. OF BLADE ' 5

Fig. 6. Used propeller.

Fig. 7. Picture of experimental apparatus.

(a) camera 1 (b) camera 1

Fig. 8. Stereoscopic images.
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Fig. 9. Obtained instantaneous 3D vector fields (angle
=0).
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(b) by S-PTV

Fig. 10. Obtained phase-averaged 3D vector fields
~ (angle=0).
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Fig. 11. Phase-averaged turbulent kinetic energy distribu-
tion (angle=0).
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Fig. 12. Relative error(%).

L) Ee Aol W fETE A A, Ay
o] & ] o5t A7MFAZA Bl 71913 AL 7 e}
Stk oA Z2He $F2g0] S-PIvel 93 24
A7} S-PTVe 98 ERARR T 5725 2 6t
TS & F Utk

Fig. 122 & 479 285U S-PIVe} PTVY =
%S YeRdth(=93] 5, 2002). S-PTVY <3k
A7t wikol JolA S-PIvel <3 Axtrct =4
o] et 5S4 4 Ut o] Ak B AT
oix o] S te} withe] B S et o)9) e
o 2AM =, AA Al Yojd F4E A= <)
g oA AAEAZ Qg AFFAFe] o=,
BAgo|R| 9] F AJZtAtel o] BA-F AI7HE Fol
o3 Rog ZolHch

5.d B

2H|¥| 2. PIV(S-PIV)e} ZH|8| 2 PTV(S-PTV)e] A
WS ARESH Ued 2 8o AT
T+ A3

S-PIVel 2% A= SPTVY &3 Atuct =2
] §HEAE 2 PS4 F YU ole 75
7] 3xrAA o) w9 739t HE e ASoll= S-PIVE
o] SPIVEA BT £2 295 HAZ & IS A
Afghct,

S-PIvel 9% YueErol slpulago o] 7hAe
02D =2 ViElston 2 3 (huby%el sl
He AFE02RE A olske] grE2E FH
&g YR st g0 3] A2
< ¢ F A

S-PTVel 9% Az} S-PIVel| oa Asjprr =2
He) gREAE 2 PR Zahs YA 02A, 7]
312 913t FolAFY e AZHHE o] FH-3] BA) Zat
& 708k out-of-plane) 2 2 YAEC] XFHA] X313
o Aol 71918, ol Ad=ady T/ A9}
o] 78K (out-of-planeyd £-o] 743t 321 -5
=9 A, FolA 9 AAE S73] A 25t
oo} gk on)git}, B Aol SWEE 5
Zk(streamwise)> 2 3FH .21} 388k (spanwise, Y-ZH
Moz Sge N e S A4S A
I A Aot S-PIVEAR 9§ Ad= S-PTVEAR
o3 Axprc) G2 o] A wE Gk
2L Ao Yehit)

B Ao H89 S-PIVER 284 daEs2
FAF7 B o SEHESES0] FA He 49
2Bl 7lwsta ot 2ejv SHE e SAR e 2
3ol Yeolo] FAE A FHeolXFAulel EAlsk=
AR AA He BAZ 718 ARG E= §
ARE FESof she 202 Uit

S-PTVEARRL #olAH T4 WMz f-52
uAg 3314 AE-g Hete 4 Qe BAIR, Hag o
A N7 A 44 2 ANG I Fe S
Filo] ZREHFF 72 330l st 5ol
3 BE--soluA, BlolE=8Y 59 AT &
g Ze] Wg DBAlEC] 7FsE AL E AlgErh

zags

1) =935, (1998), PIV AlI&71<, 71414, Vol.38, No.
10, pp.36-41.

2) Doh, D. H., Kim, D. H., Cho, Y. B. and Lee, W. I,

(2002), “Developmemt of Genetic Algorithm Based

3D- PTV Technique”, Journal of Visualization, Vol

5(3), pp.243-254.

=43, ol¢lAl, =8, HE9, WH4d, e,

(2002), ==L PIVS} 282 PTVe] 2|8 24

7+ DREAF A, NPEHITEE 20028048

Ry =230, SEHRE, pp.120-125.

4) Controni, A.,Di, Felice F, Romano, GP. and Elefante,
M., (2000), “Investigation of the Near Wake of a Propellor
Using Particle Image Velocimetry,” Exp. in Fluids,
Vol.29, pp.S227-236.

5) Lee, S.J., Paik, B.G and Lee, C.M., (2004a), “Phase-

3

R



32 =93 - Yot - olE

averaged PTV Measurements of Propeller Wake,” J.
of Ship Research, accepted.

6) Lee S.J., Paik, B.G, Yoon, JH. and Lee, CM.,
(2004b), “Three Component Velocity Field Measure-
ments of Propellor Wake Using Stereoscopic PIV
Technique,” Exp. in Fluids, Vol.36(4), pp.575-585.

7) Lee, S.J. and Paik, B.G,, (2004c), “Stereoscopic PIV

1]

measurements of Flow around a Marine Propellor,
J. of visualization, Vol.7(1), pp.25-32.

8) Paik, B.G, Lee, CM. and Lee, S.J., (2004), “PIV
Analysis of Flow around a Container Ship Model
with a Rotating Propellor,” Exp. in Fluids, Vol.36(6),
pp.833-846.



