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Abstract

Accurate measurements of fluctuating pressure in the cavitation tunnel are necessary
to predict vibration and noise intensities in full scale ship. In this paper, the results of an
experimental study on fluctuating pressure induced by a cavitating propeller are presented
and discussed. Extensive measurements at several propeller revolutions are made using the
flat plate to understand controversial problems of the effects of propeller revolution in the
cavitation tunnel. The analysis of the uncertainties in experimental measurements and
results is used to estimate the errors in uniform flow.
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Table 1 Measuring section in cavitation tunnel

Alzg el A7 AZEY-o] {4
1A1& 32 60 X 60 cm Ho 12m /sec
2A1 &5 85 x 85 cm Hd 6 m /sec

o] fwkMel ®del “Sydney Express[5,
17]"-% hAAuto g et on o] Mubo] g A

< Table 20| Jeh At Al gol AgE 23
4 F 25L& Table 3o 7vHlo]d Hdo M{RREE
£ Fig. 1l Jehligdch S0 ALS-5 7iule o)A
g A 2 A& dA® Huke] dvhulX|= Fig. 2
o Hyo] nAE ¢ EIr]) 9 HX) = Fig. 39) Wer
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Table 2 Principal dimension of ship

LBP (m) 210.0
LWL(m) 215.80
B(m) 30.5
d(m) 11.0
Cs 0.616
A(m®) 43457.
BHP(PS) 32454,
SPEED(Kts) 22.0

Table 3 Principal particulars of propeller

Ship Model
Diameter(mm) 7000. 250.
Hub ratio 0.167 0.167
P/Dat0.7r 0.97 0.97
P /D at blade tip 0.954 0.954
P /D mean 0.935 0.935
Exp. area ratio 0.78 0.78
No. of blade 5 5

Simulated wake

Estimated full scale wake

Fig. 1 Axial wake distribution
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Fig. 2 Arrangement of flat plate

Direction
of flow

Fig. 3 Arrangement of pressure pick-up

Wit

AHUT7) = 93 Gaeltec AFollA] Az Absol-
ute Strain Gauge &€ A}2-3}l9 =6 Membrane 2]
A go] 3mm o]y LHAFFE BE)A < 20kHz
8 24 WY= —1.0 bar~+0.6 bar o]ch gteld
#79 /AT 2 e N5 F3
F(1kHz o]sh) B} 83 7] wlio AZ4 &)
© e # 4 Uk gtEusy) o M6 e o
2als Hagslrl Ydle 4 E$r1e) Mem-
braneo] H#e] T YX 3T L o-ring H BE,
A G S AHEElY YA GEHEIIE F§)
A= A3 5L AF5Z71(DC-Amplifier) ol A
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Table 4 Test condition

Ko o rps(n)
Uniform 0.233 | 1.0 20, 22, 23, 25
Non-Uniform | 0.184 | 1.826 |15, 17, 19, 20, 22, 23, 25
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Fig. 4 Back cavitation pattern in uniform fiow
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Fig. 5 Pressure amplitude of 1st blade rate at No. 1 pos-
ition in uniform flow
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Fig. 7 Pressure amplitude of 1st blade rate at No. 1 pos-
ition in nonuniform flow
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Table 5 Uncertainty analysis for measurement of fluctuating pressure (20 rps uniform)

Hull Pressure . Total Error Limit
Errors Sensitivity
Error Sources Bias(B) Precision(S)
D 0.250E+00m
Model accuracy 0.500E —04m 0.500E —04m
Temparature 0.231E+02C F.S=0.400E+-02C
1) Thermometer acc 0.500E+00C 0.500E-+00C
2)Reading error 0.500E+-00C 0.500E+00C
Thrust 0.363E+03N F.S=0.204E+04N
1) Dynamometer 0.150E—02/F.S 0.441E+01IN
2)Calibration 0.130E+01IN 0.130E+01IN
3)Measurement 0.000E+00N
Sub Sum 0.441E+01N 0.130E+01N
RPS 0.200E+02rps
1)Signal acc 0.000E+00rps 0.000E+00rps
2)Digital error 0.100E+02rps 0.100E —02rps
3)Measurement 0.000E+00rps 0.000E+00rps
Sub Sum 0.100E—02rps 0.000E+00rps
A-D converter F.S=0.100E+02volt
. 1)Linearity 0.244E—03/F.S 0.244E—02volt
2)Offset Error 0.122E—03 /F.S 0.122E—02volt
| 3)Digital Error 0.244E —03 /volt /bit 0.244E—03volt

Sub Sum 0.274E—02volt

Tunnel Press 0.153E+05PA F.8=0.200E+06P A

1)Sensor 0.300E—02/F.S 0.600E+03PA

2)Calibration 0.173E+03PA 0.173E+03PA

3)Measurement 0.000E+00P A 0.000E+00PA
Sub sum 0.600E+03PA 0.173E+03PA

Height 0.192E+00m F.$=0.300E+00m

1)Length scale 0.250E —03m 0.250E—03m

2)Reading error 0.500E ~03m 0.500E —03m

Fluctating Press 0.574E+03PA F.S==0.100E-+06PA

—Transducer 0.200E—02/F.S 0.200E+03PA

—Calibration 0.400E+02P A 0.400E+02P A

1) Transducer 0.214E—-02 Pst==0,934E+05PA | 0.123E+01PA

2)Calibration 0.428E—03 0.246E+00P A

3) A-D Converter 0.274E —~02volt 0.338E+04PA /volt | 0.925E+01PA

4)Measurement 0.319E+01PA 0.319E+01PA
Sub Sum 0.9BE+0IPA | 0.320E+01PA
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Table 6 Uncertainty analysis for results of fluctuating pressure (20 rps uniform)

Hull Pressure Errors Sensitivity Total Error Limit
Error Sources Bias(B) Precision(S)

Density(kg /m®) 0.997E+03kg /m?

1) Tem(bias) 0.500+00C 0.299E+00 0.150E+00kg /m?

2) Tem(random) 0.500E+00C 0.299E+00 0.150E+00kg /m®

Vapour Press(PA) 0.282E+04PA

1) Tem(bias) 0.500E+00C 0.299E+00 0.849E+02PA

2) Tem(random) 0.500+00C 0.299E+00 0.849E+02P A

Thrust (N) 0.363E+03N

1)Dynamo (bias) 0.122E—-01 0.122E—-01

2)Dynamo (random) 0.358E—-02 0.358E—02

3)Density(bias) 0.150E—03 0.150E—03

4)Density(random) 0.150E—03 0.150E-03

5)rps{bias) 0.100E—03 0.100E—-03

6)rps(random) 0.000E+00 0.000E+00

7)D(bias) 0.800E—03 0.800E—03

8)D(random) 0.000E+00 0.000E+00
Sub Sum 0.122E-01 0.358E—-02
Uncertainty 0.141E-01 0.513E+01PA

Tunnel Press(PA) 0.153E+05P A

1)Sensor (bias) 0.392E—01 0.392E-01

2)Sensor (random) 0.113E—-01 0.113E-01

3)Density(bias) 0.122E—03 0.122—-03

4)Density(random) 0.122E-03 ) 0.122E—03

5)rps(bias) 0.815E—04 0.815E—04

6)rps(random) 0.000E+00 0.000E+00

7)D(bias) 0.326E — 03 0.326E—03

8)D(random) 0.000E+00 0.000E+00

9)Pv{bias) 0.555E—02 0.555E —02

10)Pv(random) 0.555E—02 0.555E—-02
Sub Sum 0.396E—-01 0.126E—01
Uncertainty 0.470E—01 0.7186E+03N

KPi 0.230E—01 Pi=0.574E+03PA

1)Pi(bias) 0.163E—01 0.163E—01

2)Pi(random) 0.557E—02 0.557E—02

3)Density(bias) 0.150E—03 0.150E—03

4)Density{random) 0.150E—03 0.150E—03

5)rps(bias) 0.100E-03 0.100E—03 |

6)rps(random) 0.000E+00 0.000E+00

7)D(bias) 0.400E —03 0.400E—03

8)D(random) 0.000E+00 0.000E+00

9) Hei(bias) 0.130E—02 0.130E—02

10)Hei(random) 0.260E—-02 0.260E—02
Sub Sum 0.163E—01 0.615E—02
Uncertainty 0.204E—01 0.470E~-03

Total Sum 0.446E—01 0.145E-01

Uncertainty 0.531E—01 0.122E—02
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