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Measurement of Pressure Distribution on a Full Scale Propeller
—Measurement on a Conventional Propeller—

by Yoshitaka Ukon, Member Tatsuro Kudo, Member
Yuzo Kurobe, Member Hikaru Kamiirisa, Member
Hajime Yuasa, Member Hironao Kubo, Member
Yoshiki Itadani

Summary

This paper describes the first development of sophisticated pressure measurement technique for a
full scale propeller and the success of the measurement. First of all, the special pressure pick-ups with
Helmholtz chamber were designed. The full scale measurements were carried out on the training ship
“SEIUN-MARU”. Six pressure pick-ups were equipped at each of four propeller blades. The pressure
signals were transmitted from the pressure pick-ups on the propeller blades through slip-rings to FM
receivers and analyzed using static pressure calibration data obtained in the dock before the voyage.

This ship was operated so carefully that the working conditions at each propeller revolution rate
were kept constant, that is, Kr=0.210. Then, the measured non-dimensionalized pressure distributions
were simllar at each condition, except cavitation regions. Except the lowest revolution rate, sheet
cavitation or tip vortex cavitation was observed and the influence of cavitation of other blades on the
pressure measurement was found out. The present measurement techniques have the accuracy of #0.03
kg/cm® By the pressure coefficient, it amounts to £0.3 at 70 RPM and *0.07 at 149 RPM, respectively.

The measured pressure distributions were compared with the theoretical ones obtained by the
existing lifting surface theory. In this calculation, the estimated nominal wake distribution was
employed, including the tangential wake based on the measurement in a towing tank. Excellent
agreements with theory were found at most of the measurement points, especially the fore part of the
blades. These results clearly demonstrate that the use of this estimated wake and the lifting surface
theory with the concept of the equivalent two-dimensional profile is quite reasonable for a conventional
propeller principally. Near the angular position of the top, some discrepancies between the measure-
ments and theory were observed probably due to the deformation of the nominal wake and the leading
edge separation. The present full scale measurements indicated that there still exist some problems on
the lifting-surface theory and the use of nominal wake.

These measurements also confirmed that the measured pressure in the sheet cavitation region was
nearly equivalent to the vapor pressure at each working condition.

The present study has provided a number of invaluable standard data to validate the numerical
computational techniques on marine propellers at high Reynolds number.
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Table 1 Specifications of Pressure-Gauge

I PS-2KB

] PS-5KB

Input Parameters

Pressure Range 0-2kgf/cm® 1 0-5kgf/cm*
Pressure Limits 150% rated Pressure
Impedance 1200
Maximum Electrical Excitatlon 3V pC

Output

Full Range Output

0.8mV/V+ 25%
at 1600 ¢ straln

0.8mV/V+ 20%
at 20004 straln

Natural Frequency 25~ 40Kkllz
Impedance 120Q
Non-Linearity 1% FRO
Hysteresls 1% FRO
Environmental
Comp ted Temperature Range 0~+50"C

Operational Temperature Range

-20~+70° C

Within 0.3% FRO/ C | WIthin 0.2% FRO/ C
Within 0.3% FRO/ C_| Within 0.2% FRO/ C

Thermal Zero Shift
Thermal Sensitivity Shift

79
6®

25°

Silicon Oil

/ Adhesive Filler
I

05

1

Pressure lw

06
Gauge °]
9
10
12~14

K" (M20x15)

Outer Adapter

o]

24] Inner Adapter
M

4-‘&, unit :mm
12

20

Fig.1 Presuure Pick-up for Full-scale Measurement
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Fig.2 Arrangement of Pressure Pick-ups and Strain
Gauges

Table 2 Arrangement of Pressure Pick-ups

cP
0. 5R|{0. 7R|0. 9R|0. 95R
10% B 784
F : 3
15% B )
F 3
25% B 5 5
F
40% B 4 284 2 4
F 5 345 3
60% B 4 5
F
30% B 28 4 2
F 3 3
B: Back Side F: Face Side

Numbers in table indicate blade number
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Fig.3 Flowchart of Measurement
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Fig.4 Arrangement of Measuring System
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General Arrangement of SEIUN-MARU
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Table 3 Principal Characteristics of SETUN-MARU

LENGTH b.p. 105.00 M
BREADTH 16.00 M
DEPTH 8.00 M
DRAFT (DESIGN) 5.80 M
Ce 0.578
DISPLACEMENT 5,781.3 TON
MAIN ENGINE
DIESEL 5,400 PS X 176 RPM
PROPELLER CENTER FROM BOTTOM 2.01 M
PROPELLER
DIAMETER 3.600 M
PITCH RATIO 0.950
EXPANDED AREA RATIO 0.650
NUMBER OF BLADES 5
BLADE SECTION MAU
BLADE THICKNESS RATIO 0.0442
SKEW ANGLE 10. 5 DEG
RAKE ANGLE 6.0 DEG
MATERIAL A1BC3 (Ni-A1-BRONZE)
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Fig.6 Experimental Condition Ship Speed, Thrust,
Power versus Propeller Revolution Rate.
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Fig.7(a) Variation of Averaged Pressure during One Revolution —70RPM—
SEIUN-MARU Conventional Propeller SEIUN-MARU Comventional Propeller SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propelier
N=90RPM - -
0.5R_40%C _ N<9ORPM 0.7R_10%C _N=90] - .TR_25%C N=90RPM 0.7R_40%C__N<90!
" N, 7 <
:/ e H V4 o Ve
N - P / T S : 4 = 7
— 7 AN / I Dt R S e PP
ot
o =S~ o S cp cp
~er] . o \ g N RS
M".w \ // ,/-7'*\7 ; ﬂ; -
e T L g L8 T
Anguler Position 8 Angular Position © Angular Position € Angular Position ©
SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propeller
Q.7R_§0XC__ N=30RP] O.7R_BOXC N-SORPM ] _OOR I5%C NsSORPM Wﬂ_:_\mc__ﬂ;@m_*_
: i i I i i -,
s W‘—" 1 cp - H ] CD' N % cp
f S
R — - - gy A
I/\V.M*\. ,_/-\/\-«r\\\
: S
i L7 )
T e ko T e L T
Angular Position 8 Angular Position © Angular Position & Angular Position 8
SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propeller SEIUN-MARU Conventional Propeller
0.9R 40%C _ N-SO0RPM 0.9R B0%C__ N=90RPM 0.9R_BOSC N=90RPM 0.95R 40XC _N=90RPM
N i - :
H D ’___/' o H -
¥ - i : :
ce : cp H
" R

L kg e w \.U " L
Angular Position € Angular Position © Angular Position © Angular Position ®

Fig. 7(b) Variation of Averaged Pressure during One Revolution —90RPM—
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Fig.9 Pressure Signals before Data Averaging
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Fig.8 Scatter of Measured Pressure during Data Acquisition
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Fig. 10 Chordwise Pressure Distribution at 0.7R & 0.9R Fig. 11 Radial Pressure Distribution at 40%C
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Fig. 12 Axial and Tangential Wake Distribution Esti-
mated by Sasajima & Tanaka’s Method
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