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Flow Field Measurements around a Rotating
Propeller at Stern of a Ship Model Using LDV
—Training Ship “Seiun-maru”—

By
Akira Kakugawa®, Haruya Takeshi®, Masahiko Makino*

Abstract

In the study of propulsive performance of a ship under propeller-hull
interaction, the flow field measurement around a ship in self-propulsion
condition is important. The authors measured the flow field at the stern of
a model ship in self-propulsion condition using LDV (Laser Doppler
Velocimeter) in a towing tank at the Ship Research Institute.

The measurements were made at three sections before and after the
propeller. The velocity distributions both with and without a rotating
propeller were measured, from which the mean velocity distribution and
the standard deviation of the fluctuating component were obtained. The
fluctuating component of the flow velocity under the rotating propeller
condition may be decomposed into two parts. One is an ordinary
fluctuation of the wake flow, and the other is the fluctuation due to
rotating propeller blades. Therefore the periodically fluctuating compo-

nent corresponding to the propeller blade frequency was extracted from

the measurements, based on the propeller phase information. As the
result, the flow field which contains the tip vortex and the free vortex sheet
emanated from the trailing edge was made clear in the velocity distribution
behind the propeller rotating in the hull wake.
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Table 1 LDV Technical Specifications

LDV Type

DANTEC model 60X11

Velocity Components

Probe diameter
length
veight
Side-looking capsule
veight

Beam spacing

Beam diameter

Focal lengths in air
Fiber length

Laser vave lengths

Measuring volume

2D

60mm
250mm

1. 1Kg
T2x374nn
3.5Kg(capsule)

38nm

1. 4nm
400nm

10m

488/514.5nm

(Argon-ion)

diameter 0.20m
length 4. lon
LDV Set-up LDV Probes linked by Optical Fibers
in the Vater
BSA
Optics '
Laser Photomultiplier
— = ar-ie
=

o w r' < >
! — I Compuler I

Towing Carriage

Side-Looking Capsule

=

Vm
B et

50 0Omn

LDV Probe

<cere——

Tig. 1 Composition of LDV System
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Table 2 Principal Particulars of Ship Model

Lrv (m) 6.444
Load Water Length Lwr (m) 6.687
B (m) 0.984
Drauft d (m) 0.359
Displacement (m?®) 1.323
Yetted Area S (n?) 8.016
CB 0.576
cp 0.610
CH 0.945
LCB (%L,e) 0.66
L/B 6.563
B/d 2.752
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Table 3 Pricipal Particulars of Model Propeller

Propeller Type
Diameter Dp (m)
Boss Ratio

Pitch Ratio

Expanded Area Ratio
Mean Blade ¥idth Ratio
Blade Thickness Ratio
Blade Section

Number of Blades

Rake Angle (deg.)
Skev Angle  (deg.)

Conventional Propeller
0.22095
0.1972
0.9500
0.6500
0.2465
0.0442
Modified MAU
5
6
0
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p Model

Fig. 7 Stern Profile

Fig. 8 Model Ship fixed at Towing Carriage
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Table 4 Experimental Conditions

Ship model Measuring Sections Velocity
conditions components

LDV to Measure Vx,Vy,Vz

¥ithout Propeller Section 2 (X=159. 7mm, -10%Dp Fore) Vx,Vz
fithout Propeller Section 3 (X=104.5mm,%15%Dp Aft ) Vx, Vy, Vz
Fith Propeller Section | (X=170.7nm, -15%Dp Fore) Vx,Vy, Vz
fith Propeller Section 2 (X=159. 7mm, -10%Dp Fore) Vx, Vz
¥ith Propeller Section 3 (X=104.5mm, +15%Dp Aft ) Vx, Vy, Vz

50-Pitot Tube to Measure Vx,Vy,Vz

Yithout Propeller Section 1 (X=170.7mm, -15%Dp Fore) Vx, Vy, Vz

Note: ”X” is distance from A.P. to a measuring section.
"Dp” is the model propeller diameter. (Dp=220.95mm)
Distance from A.P. to propeller is 137.6mm.
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Fig. 10 Vx-Component distribution at Section
2 without Propeller

Fig. 11 Vz-component distribution at Section 2
without Propeller
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Fig. 14 Vz-component distribution at Section 3
without Propeller

Fig. 12 Vx-component distribution at Section 3
without Propeller
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Fig. 16(2) Vx-component distribution at Sec- Fig. 16(c) Vz-component distribution at Section
tion 1 without Propeller (Pilot-tube) 1 withous Propeller (Pilot-tube)
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Fig. 17 Vx-component distribution at Section 1
with Propeller

Fig. 18 Vx-component distribution at Section 2
with Propeller
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Fig. 19 Vx-component distribution at Section 3
with Propeller
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Fig. 20 Vy-component distribution at Section 1
with Propeller
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Fig. 21 Vy-component distribution at Section 3
with Propeller
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Fig. 23 Vz-component distribution at Section 2
with Propeller

Fig. 22 Vz-component distribution at Section 1
with Propeller

Fig. 24 Vz-component distribution at Section 3
with Propeller
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Fig. 27(a) Data rate of Vx-component at Sec- Fig. 27(c) Data rate of Vz-component at Sec-
tion 3 without Propeller tion 8 without Propeller
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Fig. 27(b) Data rate of Vy-component at Sec- Fig. 27(d) Data rate of Vx-component at Sec-
tion 3 without Propeller tion 3 without Propeller
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Fig. 28(a) Data rate of Vx-component at Sec- -  Fig. 28(c} Data rate of Vz-component at Sec-
tion 3 with Propeller tion 3 with Propeller

Fig. 28(b) Data"rate of Vy-component at Sec- Fig. 28(d) Data rate of Vx-component at Sec-
tion 3 with Propeller tion 3 with Propeller
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Fig. 31(2) ‘Standard diviation of Vx-component Fig. 3l(b) Standard diviation of Vy-component
at Section 3 without Propeller at Section 3 without Propeller
0.05
0.05

Fig. 31(c) Standard diviation of Vz-component
at Section 3 without Propeller

(388)



57

Fig. 32(a) Standard diviation of Vx-component Fig. 32(b) " Standard diviation of Vy-component
at Section 3 with Propeller at Section 3 with Propeller

Fig. 32(c) Standard diviation of Vz-component
at Section 3 with Propeller
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Fig. 33 Distribution of periodic fluctuation in the Vx velocity

component due to Propeller rotation in Section 3
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Fig. 34 Distribution of periodic fluctuation in the Vz velocity
component due to Propeller rotation at Section 3
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Fig. 35 Distribution of periodic fluctuation in the Vx velocity
component due to Propeller roation at Section 3
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Fig. 36 Distribution of periodic fluctuation in the Vx velocity

component due to Propeller rotation at Section 3
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Fig. 38 Distribution of periodic fluctuation in the Vz velocity

component due to Propeller rotation at Section 3
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