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Experimental Study on the Ship Stern Wake in Waves

Yukio TAKEI, Hiroyuki KADOI, Michio OKAMOTO, Toshifumi HOR],
and Masahiko MAKINO

Abstract

The studies on the ship stern wake in regular head waves were performed by three

methods mentioned below ;

1) Wake survey by using ring velocimeter.

2) Wake survey by using 5 holes Pitot tube.
3) Visualization of flow on the after body using surface tufts.
Pure car carrier modéls whose length are 4.5m and 6m were tested in the conditions

as follows ;

Froude number : 0.180, Wave height/Model length : 1/66.7, Wave length/Model

length : 0.67, 1.0 and 1.33.
The results are ;

1) From the measuremnts by using ring velocimeter and 5 holes Pitot tube, it was found
that the velocity in the propeller disk in waves is larger than that in still water.
2) Time variation of the velocity distribution in the propeller disk was obtained in

detail.

3) The influence of the working propeller to the flow field in the after body was made

clear by means of surface tufts.
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Table1  Model Ship and Conditions

1.Principal particulars of ship models

Model ship number 0408 0434
Length Lpp [m] 6.0000  4.5000
Breadth B [m] 1.1034  0.8276
Draft d [m] 0.3103  0.2327
Block coefficient Cg 0.5144
Propeller diameter [m] 0.2014 0.1510
Boss ratio 0.180

Pitch ratio 0.977
Expanded area ratio 0.690
Number of blades 5

Blade section MAU-M
2.Test condition (Fully loaded)

Draft [m] 0.3103 0.2327
Trim [m] 0 0
Displacement [m?®] 1.0585 0.4466
Wetted surface area [m?] 6.9366 3.9018
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Table 2

Measuring by
Ring Velocimeter

Model Ship No. 0408
Model Length (m) 6.000
Ship Speed (m/s) 1.398
Froude No. 0.180
Wave Height (em) 9.0
Wave Length (m) 6
Wave Length/ 1

Model Length

Number of Prop.

Revelution (rps
Surging Free

Wave Height/Model Length

7

Fig.1

Ring Velocimeters
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Test Condition

Measuring by Flow Visualization

5 Holes Pitot Tube by Tufts
0408 0434
6.000 4.500
1.398 1.211
0.180 0.180
9.0 6.75
6 3, 4.5, 6
1 0.67, 1, 1.33
—_ 12.1
Fixed Fixed

1/66.7 all
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Fig.2 Results by Using The Ring Velocimeter
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Table 3
A B
r/ro (1-W)w (1-w)s
Fn=0.180 Fn=0.156
1.0 0.790 0.777
0.9 0.774 0.755
0.8 0.742 0.721
0.7 0.694 0.667
0.6 0.641 0.594
0.5 0.577 0.504
0.4 0.473 0.391
0.3 0.252 0.192

Test No.0036

signals of pitch and pressures

Fig.5 Fittng of Recorded Signal for analysis
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1-W Measured by 5 Holes Pitot Tube

. C ;
WE L W
1.02 0.782 1.01
1.03 0.760 1.03
1.03 0.731 1.02
1.04 0.688 1.01
1.08 0.623 1.03
1.15 0.527 1.09
1.21 0.398 1.19
1.3 0.193 1.3
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(a) In Still Water (Fn=0.223)

Fig.6
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(b) In Waves (Fn=0.180)

Velocity Distribution at Propeller Disk
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Table 4 Change of Low Velocity Region Fig.10 Location of The Tufts
Phase 6" di/r S R |
0 32 0.36 0.29 ;

(1/76) = 31 0.40  0.29

(2/8) = 32 0.44  0.31

(3/8) = 30 0.46 0.30

(4/6) = 33 0.50 0.33

(5/8) = 37 0.50 0.35

(6/8) = 37 0.40 0.35

(1/6) = 31 0.40 0.32

(8/6) = 37 0.44  0.32 ) )

i 1
(9/8) = 16 0.40 0.33 Fig. 1 The Tufts Fitted on The Ship Mode
(10/6) = 34  0.38  0.31 . _
ZDTRRFEIHEN T 7 F DSHIUBOEIL, °
(11/6) = 33 0.38  0.29 ' b IROEIL, P

INBEBRPICBITZIEIIVRE Y, HFICHREBRER
(A/L) #1.021.33DFAICEDEIKE N,
DE, BRI, IBEEIRHAT I BEEIMICBIT
LIRRETIE, MIEESH NS w2, 27 Fosn
/& v, BE4.5mICBIT2RETIE, MELHEED
A1 &%), MKEEBKE( XL, 77 D

(461)

S=0PQR/ (1/2) =r?



78

| | I
- F E » - F F
< N i - ~ M~ —
-~ — B — t— ™~ <
_ —~ : L - — t— |
S.S.Mo.1 34 1/2 ]L AP 5.5.No.1 3/4 1/2 1/4 A
WITHOUT PROPELLER IN STILL WATER WITH PROPELLER
— = - — - -
I~ I~ I - ~ I ~ —
— = ~ L — — ™~ : N
p— [~ d f~ [~ — ™ =
— L - — _ L
S.5.No.1 /4 172 1/4 AP S.5.No.1 /4 172 174 AP
WITHOUT PROPELLER WAVE LENGTH 3m WITH PROPELLER
|
| |
— - = = — —~ —
t~ M~ ~—~ - ~ ™~ ™~ |
~ o~ v ~ - T ~
— -~y g | — — | -
—_ — L=
5.5.N0.1 4 12 1|/4 AP 5501 3/4 2 4 AP
WITHOUT PROPELLER WAVE LENGTH 4.5m WITH PROPELLER
Ll S
- - — B [ I
t~ ™ ~ - M~ I~ ~ L
[~ e A\ - ~ ™~ T t~
|~ L e < b~ L - =
|« | ey — I~ o
$.5.No.) 3/4 /2 174 AP §.5.No.1 3/4 172 1/4 AP
WITHOUT PROPELLER WAVE LENGTH 6m WITH PROPELLER
Fig.12 Results of Flow Visualization

(462)




AU HL B, MIKEBORBICFRRL TENE S
TEHECED, BICRMREBICEBITE T TAE
HEIN S 7 FDXINHKRE W, BHE6mOKETII,
4.5mRKEFERRICHAESICRI®L TN 77+
HREL LD, 72, MEIEWS 7 POLNIKE
Kb,

1. HrHré

B By AR ORI DWW T, MBRFLEET &
5L —Eic L 2 ERETB L EE S 7 IS L
LMBHRADTRILZIT- T, WEFHIIBITEERD
EhE AN,

HRIZDENEBNTH S,

(1) MERFEFTS LU5ILE F—FiC L 2FHRI0ER
b, WEPICBWTII 7 o7 ENDFIEHM
EHENL, 2L T7aXT7OHMIIEWIE EME
R E W,

(2) BBEBPICBITE7oIANDTFESHE L R
B2 b ORERELEIRL Z EDTE,

(3) WNOAHRILERD L, WRFOMBOTSG~D
7aRGOBEEMB L NTETZ,

$72, WEPOERICETIERBIZIZZALC,
AEBRRLSBOMEDRBO DD T— 5 DEME
BIDBEVIELLIIEERBTHDL L EZ 5,

Bb0iz, AEBR*ETTL LS OBMELXTRY
7z, LEREEBERTHEN, EREZRLMRMRER
(A, HRBERY) CBEHL T,

* 72, ARBFZEI36E) B RGBS BRMTFIRAT & HHiE
WEN—ETH B, THHEWRZWBEREEOEHK
WWELCBILEBELHIF 5,

BE XM

1) FREPSEHEMD | 7o TN, BBRIS8EMRR
KERRIE, @8 AEBHSHEMFRA, (1983)

2) HHE-M 3T MRoOBIEPHEEEREICEET
LR, HIH~F 58, BHEEMHBREE 158
5, 159%, 162%, (1975~1976)

3) A.B.Aalberset.al.; Unsteady Wake Velocities
Due To Waves And Motions Measured On A
Ship In Head Waves,Proceedings Of 15th
Symposium On Naval Hydrodynamics, (1984)

4) IEEFFEEMY  FEEEMBAEROH, BfEEM R
25, $201%, (1986)

5 | FMh TeRSHEELERICL ZEEF
MRS 2T 4, BB RRRHBIERE,

79

(1984)

6) PIHELATAL ; HIBHRIC BT 5 BB EERERMBO
TaRT AREY, FUEAMTFIFERKLSEEE,
(1984)

7)) BHFHA  BBEPICBT A MBRRAO AR,
FNOTRAL, Vol.5, Suppl. (1985)

8)  FIHELATHY BRI ESERERMOBE T RBER,
A6 R R RS HIHE, (1985)

9)  RAEEAD  WIRPICBIT 2 MBEROEBRIF
7, FI6OMMTIF TR ESHEHE, (1985)

10) FIH3ATHY ; HEVESHERMORBDICE TS
HEEMERR I BT 24T B, ARAR BT R AT,
23%, 4B, (1986)

11) {E¥PEER) BB HEEMERRIC AT T 2 A5 RAEE, B
FEMES, EBUEEFRERQE IR Ry
TATX AL (1984)

12) #EHE B  AMERREE D OFHEIE & 0,
EIMOAEFF R R LHEE, (1979)

F8 AR O

1.1 &

Fig.2 (BR3f) »7RT & 5 ICHEE 4 mDE A4
7T ERAFICHTC, B2 2 miEl0mn R TOL -
eXMEZRTI 2, #OXENURIT 3 ANEHIESIC
BAHF S NE L2k - T3,

TR LZBEERBEICBN T, BLFRMEEV 1.2
m/sbl bz 5 L EBREND ST Y XHKE L BERES
B U5720T, tNl200i 7 —KF7 > S LA E
PEERCL S THBIZOT, FORBRERS D/
VAT /AR T N
1. 2 ®E%

Bk R COBRGLEE 2 B RATL ¢, BW—FEEic
BUABEXAT- 2, 3 NEHCHRFEET % BT,
MEEDEE & HRFLEFHICEB P 25T 22, fF
ML72 340 HEERKASAMIMC-3504-10
Thb,

TrIC B T, THEOAZEML TR 2R
LT, £G4 ZL5IWTHRIZ2» 2 1EKD72,

BIEHEED 1 Fl2Fig. A-LISRT, 2 x XfFHL
THRFEIITHREABRRATH Y, ZokESIER
H106mmTH b, OFNIEBRSZRL, SBITHEEOH
1% #%0.98 (AEDE S EERDOHIWONFE) &
LCHBELLETH 2, RETIHEMBE - T
0% ERBTIRERMENIII V&GS L->Tnb,

(463)



80

F
[gr]
200  —— experiment
---- calculation
100 |-
0 ‘
0 1.0 Vim/s] 2.0

Fig.A-1 Calibration Curve of a Ring Velocimeter

1. 3 BRPIZHETDMENSE

IR % B TR L THNDEE S DIRTE % 515
L7ze Z0ER%Fig.A- 2127,

ARNKE ZIZEEHN6mTH 5, Hid, EEH
6.75cm, Wi 6 mAORAMEH» K TH S,

MBRICRSER 5 & EEC L 2 B EST 5
WEIZE > TET BN Mb b, £DNIZHED 2 F

AF
Lgr]
20
10
0 | | ] | 1
0 0.3 0.5 0.7 0.9 1.1
Vim/s]
Fig.A-2 Force Fluctuation in Waves
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