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Summary

The problem of propeller-ice interaction is very important for ice going vessels, and this phenomenon
is not cleared yet. Since the classical works of Jagodkin in 1963, some calculation models have been
presented, but none of them can be widely accepted. One of this reason is that quite a few full-scale
measurement data used to verify a model can be seen. Besides, the nozzle propeller has been used for
propulsion system of icebreaker recently because of its excellent features, but full-scale measurement
data of the nozzle propeller are rare.

This paper describes the results of full-scale data of mnozzle propeller concerning propeller-ice
interaction. These data were obtained in the full-scale trials of the patrol icebreaker “TESHIO”,
which were conducted in the sea of Okhotsk in February 1996. Some strain gauges were attached on
the port side shaft, so the regular component and the fluctuations component of shaft thrust, shaft

- torque and shaft revolution were measured while the ship was going in ice sea. The maximum
fluctuations component of shaft horsepower (SHP) was almost as same as the regular component of
SHP. The interval of interaction was also proportional to the regular component of SHP. The
comparison on the interval of interaction between full scale data and model test data were also shown.
It shows the same tendency that the interval of interaction was shorter as the ice thickness become
thicker.
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Table1 id, REBREMHEO—E T, HEIILEETI6E 7 —X
Totz. FHKTEHEMITHAER (Continuous Test) Tl,
EBEREID 1/4, 2/4, 3/4, 4/4 &£, TRE% 4588
ZAEZ B ZTo 7, B, BAFEHEHIZ 18T
1800 PS TH 3, th/7F#A% 1L, FAPFTONNY — % — T 124t
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XE HI0E
Tablel Experimental Conditions of Full Scale Tests
Date Exp.  Test Species Ship Blade Engine |Ice ice
number Speed Angle ev.  Thick. Level

(knot)  (deg) (rom) _ (cm)

2/24 2402 2/4 Continuous 6.7 25 710 28 10/10
2404 3/4 Continuous 6.7 29 710 34 10/10
2406 4/4 Continuous 8.1 30 750 35 10/10
2408 1/4 Continuous 3.4 18 710 34 10/10
2409 3/4 Continuous 9.7 29 710 25 10/10
2/25 2501 1/4S.S.Tumning - 18 710 31 10/10
2502 1/4 P.S. Turning — 18 710 38 10/10
2503 1/4 Continuous 1.9 18 710 36 10/10
2504 2/4 Continuous 5.7 25 710 36 10/10
2505 3/4 Continuous 6.9 29 710 40 10/10
2/27 2701 2/4 Continuous 5.7 25 710 36 10/10
2702 2/4 Dual Line-IB 6.5 25 710 37 10/10
2703 2/4 Dual Line-IB 6.0 25 710 47 10/10
2704 3/4 Continuous 3.8 29 710 46 10/10
2706 2/4 S.S. Turning - 25 710 30 10/10
2707 4/4 Continuous 4.3 30 750 53 10/10
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Table 2 Particulars of Propeller and Nozzle

Propeller
Type CPP (2-shaft)
Diameter 1950.00 (mm)
Boss Diameter 680.00 (mm)
Number of Blades 4
Tip Thickness 19.00 (mm)
Angle of Rake 0°

Nozzle
Inside Diameter 1980.00 (mm)
Outside Diameter 2411.30 (mm)
TipClearance 15.00 (mm)

Thrust Measurement

Gauge 1
Tokyo Sokki
FCB-6-350-11-3LDA

Battery
Taleyama Denshi 1256

N/
Transmmer
Tateyama Denshi 8366

Torque Measurement

Gauge 2
Tokyo Sokki

Receivor L
Taleyzma Denshi 560B

Digitat Data Recode
SONY PC216A

FCB-6-350-11-3LDA

B Calibrator
Tateyama Denshi 715
H
H

Battery
‘Tateyama Denshi 1256

h 4 N .
TGO‘;‘;g:S‘,m Transmmer RCCCiVO' | |
FT-2-350-45-1LDA-11 T:neyama Denshi 8366 Taxeyama Denshi 5603

Revaolution Measurement

Revolution
Counter -
Ono Sokki TM-8110

Photoelectric Sensor c Switch
Omron E32-DC200 Ommn E3X Tl 1

Fig.1 Measuring System of Ship
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Fig.2 Arrangement of Torque and Thrust Measuring
System

Fig.3 Arrangement of Measuring System
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Fig.4 Section of Oil Shaft
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Fig.5 Arrangement of Shaft Revolution Measuring

System
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Fig.6 Torque, Thrust and Revolution (Port Side

Shaft)
(1/4 Continuous Icebreaking Test: 1996.2.24
14:23-)
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Fig.7 Torque, Thrust and Revolution (Port Side
Shaft)
(2/4 Dual Line-Icebreaking Test: 1996.2.27
9:48-)
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4.2 BBADT -SRI L BRELEBRIEE & DS
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Trapping Ice Block

Nozzle Blockage

Fig.8 General View of Nozzle Blockage and Trapping

Ice Block
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Fig.9 BHP Comparison between measured by Fuel
Consumptio and measured by Gauge
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FTLToo Nipp i Ler EREDEMELTER) DT 4
Ay ayERED, E6D2FRKEVHOD, HEHOE
EHSPKEVEZETBHEETIE 2 2ERBR >N 3,
I LBEROE—DERE LT, RESTITT 2BOR:
KERIL, KBECHFIT 2720, EERIBREWIFEX
FOEBIIEML T, KED RS cHILALEE LS
IR ENEZ NS, Fig 13073 705 EIcEHL
72 2 DS, MIARICHNTKERREWT -5 THB I Lo
5h, ZOZEVBEMfFONE, EZOHERELT, B1E
NOEERFBRECIZFERBIRKREL LD, »AILHE
RELBLGDHIEEZIONDS, DAIAREVEES
&, Ay N ETHBERIEREN NS 5,
ZhoBEx DEROES L LT, BMIENOEERKS, T
5y, THHEEOCEGREH Z2BEEHHETE 25, FHlixk
HZOOVTETEHEEIC OV TDE SIZEEL LTSN E
Th3,

5. 1REIRERC DOLEE

BB RIEAT R O KRB K E TITh 2 F
HOKPERBROBERD S, K& a5 L OFBHEE
DB TEET L HAEERDEMSES Table3 IR T, 2
DEBRTHHEEZEABRESRALTB D, &g
FrEALTEEBRE—ERECENL, BN F 2225

Table 3 Experimental Conditions of Model Tests

Exp. Ship Ppropeller Blade Ice
number Speed Revolution  Angle Thickness
(m/s) (rps) (degree) (mm)
204 0.312 8.98 22.26 27.4
210 0.156 14.03 22.26 43.8
213 0.779 12.03 22.26 26.6
216 0.312 16.50 22.26 49.4
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Fig.13 SHP vs. Propeller-Ice Interaction Interval
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Fig. 14 Propeller Torque and Thrust and Revolution
of Model Test (Port Side Shaft)
(Vs=0.312m/s, n=8.98 rps, h=27.4 cm)
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Propeller-Ice Interaction
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