Mem. Fac. Fish. Kagoshima Univ.,
Vol. 40, pp. 157~164 (1991)

NI LEIO T aRSBEHREERICOWT I
— A TRE) - RENEEE - BB E—

BRI, HhAl SESEK HRE—

Comparative Study on the Utility of Highly Skewed
Propeller in Kagoshima-Maru — IlI

The Effect of Highly Skewed Propeller on Hull Vibrations,
Fuel Consumption and Ship-speed

Mikihisa Sekioka® Hisao Tanaka® Joji Shimazato’ Keiichi Miyahara*

Keywords : highly skewed propeller blade (HSB), conventional propeller blade (CB)

hull vibration, fuel consumption, ship-speed

Abstract

In order to confirm the effect of Highly Skewed Propeller Blade, long term tests
were carried out to investigate changes on hull vibrations, fuel consumption, and
ship-speed, not only at a crusing speed, but also at various speed, by replacing
propeller blades.

The results of the replacement are as follows:

1) Vertical vibrations are effectively reduced at the stern part of the hull.

2) Fuel consumption of the main engine was reduced by about four percent.

3) Ship-speed was slightly raised so that sailing distance per day was slightly
pro-longed.
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1, Wheel house; 2, Trawl ramp; 3, Steering engine room; 4, Officer’s mess room,;
5, Crew’s quarter; 6, Engine room bulkhead; 7, Stern tube

Fig. 1. Locations whese hull vibration was measured.
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Table 1. Principal specifications of hull and main engine of
the Kagoshima-Maru

HULL
Class Fisheries training ship
Length. Breadth. Depth 69.27x12.60X 5.45 m
Designed load draught 4.80
Block coefficient 0.585
Gross tonnage 1,292.75 t
Speed 13.00 kt

MAIN ENGINE

Type Single acting 4 stroke cycle geared diesel engine
with exhaust gas turbine

Number of cylinders 6

Diameter of cylinder 320 mm

Length of stroke 640 mm

Maximum continuous output 2,200 psX 280 rpm

Normal output 1,870 psX 265 rpm

Reduction gear ratio 1:1.37

Table 2. Principal specifications of propellers examined

CB HSB
Diameter 3,100 mm
Pitch 2,170 mm
Pitch ratio 0.700
Disc area 75,477 cof
Expanded area 36,984 cnf
Projected area 33,512 crf 33,533 of
Expanded area ratio 0.490
Projected area ratio 0.4440 0.4443
Boss ratio 0.289
Blade thickness ratio 0.0469
Number of blades 4
Rake angle 0°
Weight 1,456 kg 1,500 kg
Material KA1BC;

Skew angle 9.3° 45.0°
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Fig. 2-2. Hull vibrations in the direction of vertical
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Table 3. Hull vibrations in the direction of vertical and measured points

1. Wheel House 2. Trawl Ramp 3. Steering Eng. Room 4. Officer’s Mess Room

CB HSB dif. CB HSB dif. CB HSB dif. CB HSB dif.

Ist —51.0 -52.4 1.4 —51.1-53.0 1.9 —521-53.2 1.1 —46.7-469 0.2

§>ﬁhd—wﬂ—MA—Q3 —45.2-49.7 45 —451-49.1 4.0 —38.8-38.5 —0.3
§§ 3rd —53.9 —54.1 0.2 —41.6 -52.4 10.8 —43.2-52.8 9.6 —435-44.2 0.7
& 2 4th —56.6 —56.5 —0.1 —40.2-52.5 123 —46.4 —55.0 8.6 —53.9-53.9 0
5 & 5th —56.7—56.1 —0.6 —40.0 —50.8 10.8 —46.4—55.5 9.1 —54.8-55.2 0.4
5% 6th —58.8-593 05 —476-533 57 —48.3-57.1 88 —58.2-500 08
5= Tth —58.1-58.1 0 —39.8 -52.0 12.2 —40.9 —54.6 13.7 —56.6 -56.6 0

8th —57.3 —57.3 0 —51.1-52.5 1.4 —485-529 44 —57.4-57.1 —0.3
Average 0.138 7.450 7.413 0.188
C.L —0.368 ~ 0.644 3.609 ~ 11.291 4.083 ~ 10.743 —0.162 ~ 0.538

5. Crew’s Quarter 6. Eng. Room Bulkhead 7. Stern Tube

Measured
CB HSB dif. CB HSB dif. CB HSB dif. Point  Deck Frame No.

. lst —51.6-52.1 0.5 —48.3-521 3.8 —51.0-51.5 0.5 1 W/House 72-73
(4]
= 2nd —48.3 —48.1 —0.2 —51.6 —51.1 —0.5 —48.6 —46.8 —1.8 9 Trawl 9
ggsm—mﬁ—%a 0.1 -—534-540 06 —46.5-47.7 1.2 3 Upper 0
8 2 4th —54.5-554 0.9 —55.4-553 —0.1 —46.8-54.2 7.4 4 U .
5 & 5th —545-559 14 —557-56.0 0.3 —46.5-53.9 7.4 pper
5 6th —58.6 -58.9 0.3 —59.1-50.0 —0.1 —46.5-54.2 7.7 5  Second 23-24
5= Tth —57.4—57.5 0.1 —58.0-58.0 O  —455-52.7 7.2 6 Shaft 33

8th —57.4 —57.2 —0.2 —57.2-57.3 0.1 —48.8—63.7 14.9 7 Shaft 89
Average 0.363 0.513 5.563
C.1L —0.101 ~ 0.827 0.629 ~ 1.655 1.093 ~ 10.033

Note : Unit — dBVr C. 1. — Confidence Interval
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Fig. 3. Fuel consumption and Ship-speed at sea trial
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Fig. 4. Fuel consumption and Ship-speed at cruising
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Table 4. Experimental results for the cruising Kagoshima-Maru

No Shaft revolution| Blade angle Shaft horse Wind direction | Displacement
' (rpm) (deg.) | power (PS) | -force (m/s) (ton)
1 182.8  183.8 | 18.60 18.60 | 1326 1266 5S-3 70S- 6 | 2002 1945
2 183.9 183.8 | 18.60  18.60 | 1440 1264 0 -4 60P-2| 1990 1932
3 183.9  184.1 | 18.60  18.55 | 1445 1357 | 20S- 7 35S- 2 | 1990 1971
4 183.2  184.1 | 18.60 18.50 | 1269 1253 | 30P- 3 70S- 7 | 1990 2020
5 184.1 184.1 | 18.60 18.50 | 1311 1276 5S-3 60S- 8 | 1932 2008
6 184.1  184.0 | 18.55 18,50 | 1470 1289 | 30P-10 120P- 4 | 1902 1971
7 184.3 184.1 | 18.55 18.50 | 1371 1323 0 -10 60S-9 | 1840 1959
8 183.6  183.8 | 18.55 18.50 | 1231 1273 | 15P- 5 10S-11 | 1996 1934
9 185.5 183.3 | 18.55 18,50 | 1279 1273 0 -5 5P-81{ 1996 1990
10 185.6  183.6 | 18.55 1850 | 1428 1284 | 50S-10 0 - 6 | 1940 1990
11 184.0  184.3 | 18.50 18.50 | 1364 1276 | 30P- 4 30P-12 | 1951 1974
12 183.8  184.3 | 18.50 18.50 | 1344 1274 | 15S- 5 30P-12 | 1974 1974
13 183.7 184.1 | 18.50 18.50 | 1315 1246 | 80S- 7 10S- 3 | 1965 1957
14 182.5 183.7 | 18.50 18.50 | 1250 1266 | 60P- 5 20S-10 | 2032 1896
15 183.6  184.1 | 18.50 18.50 | 1271 1297 | 40S- 3 15P-14 | 2024 1879
16 183.3  183.9 | 18.50  18.50 | 1391 1308 | 45S- 5 20S-13 | 2081 1879
17 183.5 184.1 | 18.50  18.50 | 1302 1323 5S- 5 25P-10 | 2076 1835
18 183.7 184.7 | 18.50  18.50 | 1379 1345 | 40S- 5 20P-15 | 2012 1817
19 184.1  184.1 | 18.50  18.50 | 1326 1257 | 10S- 7 70S- 4 | 1949 1967
20 184.5 184.1 | 18.50 18.50 | 1357 1254 (150P- 7 90S- 7 | 1932 1967
21 184.0 184.3 | 18.50 18,50 | 1355 1291 | 45S- 5 60S- 6 | 1926 1949
22 184.0 184.3 | 18.50 18,50 | 1320 1279 | 30P- 1 10P- 5 | 1946 1926
23 183.9 184.4 | 18.50  18.50 | 1277 1293 |[120P- 7 10P- 8 | 1913 1926
24 183.5 184.3 | 18.50  18.50 | 1314 1254 |[170P- 5 30P- 3 | 1940 1929
25 184.6  184.1 | 18.50  18.50 | 1189 1249 5S-3 60S-5 | 1945 1929
26 184.2  184.6 | 18.50 18.50 | 1381 1222 | 30S- 5 180 -10 | 1977 1914
27 184.2 183.9 | 18.40 1840 | 1283 1260 [120S- 7 55S- 8 | 1911 2020
28 184.4 184.6 | 18.40  18.40 | 1273 1262 |130S-10 80P- 8 | 1902 1886
Ave. | 183.9 184.1 | 18.52 18.50 | 1331 1279 — — 1966 1941

Note : left — CB

right — HSB
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