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Experimental Study at Full-scaled Ship
on Effect and Strength of Free Propeller

by Nobuhiro Baba, Member Yasuo Sasaki, Member
Hidenori Kidoguchi Masato Yakushi
Yukihito Fujinami

Summary

From several years ago, the free propeller (vane wheel), which is fitted at the rear of the
main propeller, is going to be put to practical use for the purpose of the energy saving.
The authors had a chance to measure the effect and the strength of the free propeller in
both conditions before fitted and after fitted on the same full-scaled ship. From this data,
it is found that ; :

a) the number of revolutions of the free propeller is 37.5% of that of the main propeller,

b) the thrust force by the free propeller accounts for 14~17% of the total thrust force,

c) on the blade stress of the free propeller, the mean value is 2.6 kg/mm? and the peak-

to-peak value is 8.8 kg/mm?, and this value is permissible,

d) the blade frequency components of the pressure fluctuations induced by the main propeller

are reduced to 80% and the level of the hull vibrations is also reduced consequently.
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Main propeller

Free propeller.
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Fig.2 OQutline of free propeller
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Measuring point of thrust force
caused by free propeller

Measurlng point of revoiution difference
between main propeller and free propeller

Fig.3 Assembly of free propeller
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Table 1 Principal particulars of measured ship

Particulars
LXBXD 50m X 9.ImX5.05m
Hull Block coefficient 0.71
Gross tonnage 199 ton
Type 4 cycle diesel
Main No. of cylinders 6
engine Bore X Stroke 280mm X 440mm
Max. Cont. Rating 1200ps X 380rpm
Type Highly skewed (50°)
. No. of blades 4
Main Dia. X Pitch 1850mm X 1173mm (0.7R)
propeller | piaterial AIBC 3
Weight 640kg
No. of blades 8
Free Dia. X Pitch 2220mm X 2908mm (0.7R)
propeller | Material AIBC 3
Weight 348kg
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Table 2 Items of measurements

Item Position

Method

Revolution of

free propeller and stub shaft

between free propeller

Strain gauge, magnet
and telemetering

Axial strain Stub shaft

Axial strain Intermediate shaft

Torsional strain Intermediate shaft

Strain gauge and telemetering

Bending strain

Cone part of propeller shaft

Blade strain

Blade of free propeller

Strain gauge, slip ring and telemetering

Hydraulic pressure

induced by propeller (see Fig.5)

Bottom plate above main propeller

pressure gauge

Hull vibration (see Fig.4)

piezo—electric accelerameter
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Measuring position of pressure fluctuations

Note : (V), (L) and (H) means that the direction of the accelerameter

is vertical, longitudinal and horizontal respectively.

Fig.4 Measurement positions of pressure
fluctuations and hull vibrations
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Fig.5 Sensor position of pressure
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Fig.6 Number of revolution of free propeller
(stepwise vibration test)
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Fig.7 Number of revolution of free
propeller (astern test)
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Fig.8 Number of revolution of free
propeller (turning test)
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Table 3 Thrust force generated by free propeller (speed test)

Direction Revolution of Revolution of Thrust force at Axial stress Thrust § b shaft (ton)
N of ship main propelier free propeller |intermediate shaft| at stub shaft rust force at stub sha on
0- rpm (rpm) (with free propeller) (kg/mm?)

ton (a) (b) (c)
| East 340.6 128.0 7.01 0.119 2.28 1.3t 1.09
2 East 341.9 125.6 7.68 0.118 2.26 1.30 1.08
3 West 341.8 127.4 7.55 0.118 2.26 1.30 1.08
4 West 340.5 126.9 7.69 0.117 2.24 1.29 1.07
5 East 378.4 139.2 10.13 0.152 2.91 .67 1.39
6 East 379.0 140.4 10.29 0.192 3.68 2.11 1.75
7 West 380.6 141.7 9.95 0.172 3.30 1.89 1.57
8 West 380.3 139.5 10.00 0.182 3.49 2.00 1.66

(a)  estimated using the factor obtained by calibration test

(b) : estimated using the equation based on strength of materials
(c) : estimated from FEM analysis in which it was assumed that the thrust force was transmitted by the friction
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Fig.9 FEM mesh model of stub shaft
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I 3120 556.0 3306 571.8 .~ (atintermediate shaft)
. . . p/,‘ \Q ,*
2| 342. 554, . . /s /
0 8 341.9 567.5 4.0 ,/ 6th Order ™ 4
3| 343.2 565.8 341.8 553. | o AN ¥
4| 3423 568.2 340.5 563.9 s kY Fd
5 380.9 753.4 378.4 791 .6 \‘ ,*" 3rd Order
6| 380.3 745.2 379.0 818.7 ~ LN
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/*/ \Qn
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B33 N . S~ Ve BB L\ — 4% : F
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e hbd (8EX0.375=3) LA »T, Zhbo propeller, quoted from 3))
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oGauge A (without free propeller)
oGauge B (without free propeller)

eGauge A (with free propeller)

E 1.60F XGauge B (with free propeller)
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Fig. 15 Bending stress at corn part of

propeller shaft
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Fig. 16 =128 4/4 OO EEE 7 » <525 1 [EEx3
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BIOBRNEHEHI D A7y 2002650, it
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Table 5 Blade stress of free propeller (speed test)

No. Blade stress at face side (kg/mm?) Blade stress at back side (kg/mm?)
mean maximum minimum peak-to—peak mean maximum minimum peak—to-peak

| 1.89 6.3 —0.82 7.13 —2.00 0.96 —-6.09 7.05
2 1.91 6.43 —1.05 7.48 —1.96 0.82 —5.94 6.76
3 |.81 6.33 —-1.28 7.61 —1.87 1.1 ~6.06 7.18
4 1. 71 6.23 —1.90 8.13 —1.87 0.96 —5.87 6.83
5 2.87 7.83 —0.46 8.39 —2.73 0.49 —7.23 7.72
6 2.59 7.57 ~1.41 8.98 —2.62 0.71 -~17.01 7.71
7 2.36 7.52 —=1.15 8.67 —2.63 0.58 —-7.16 7.74
8 2.58 7.89 —-1.32 9.21 —-2.59 0.78 —7.26 8.04

note) The negative value represents the compressive stress.
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Fig. 18 Time series data of blade stress of free
propeller (astern test)
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Fig. 20 Spectrum distribution diagram of pressure fluctuation at P-2

(with free propeller)

DIEICHEB LT 2~2.5 {2227 b L DER K E L oo
TEY, FLXRHBTO P-1 KXV P-3p5F—%¢H
BLTHRBROEMAER LT\ 5, & OBEFIL, ik
DRERDT » 7% — 218, ES v v+ —REDAFE
PHDAVEWAWAEZ bRb, 1o L, HHLA
N7 P DICIRIE E e, KR T Fig 19 ¥
LU Fig 20 WRLICAY =L OF ¥HE LT - 700

TTRHREINTB X 5 b, Fig 19 % X 0 Fig. 20
2 DIEBKEEB OB BIRR S H 7 v 5 0iEE
CIOED L THD T LR 5, ETEEERD 4 KK
D3 1 KERABEERS W LTREKELE 4 1

—e— without free propelier
I.5F ~—0~~ with free propeller

0.5

Pressure fluctuations single amplitude (Ton/m?)

1 31 1 " 1 1 1 1 1
300 320 340 360 380
Number of propeller shaft revolution (rpm)

Fig.21 4th order (Ist blade frequency)
component

BLICRERY Fig 2l wWRt, BE e RS&EHF LS
MBEKEZEBOBABREOERE LT, HES =50
TRrRIFPB L DV ET w5 oEERTETOBEKD
MARES LD S LRABCHABENELL, F+EF
—Va VBRI DELI B IDTHL LOER N B B

Table 6 Comparison of principal order com-
ponents on pressure fluctuation and

vibrations
Measurementj Ho. of No. of revolution  (rpm)
item order |300(310]320]330([340]350(360(370[380
Pressure 3 [1.53]1.08[1.02[1.43[1.44]1.98]1.37]1 .31 (1 .88
fluctuation | 4 [0.97{1.03[0.91{0.92{0.85]0.86]0.84(0.80(0.79
p-2 6 [0.85[1.19(1.13[0.71]r.06]t.56]0.88[0.99]0.93
8 [0.85/0.89(0.65(0.57]0.70]0.90]0.810.77]0.79
9 10.79)0.89|1.14{0.730.93]0.82[0.88|1.44]1 66
12 |1.121.13]0.82]0.65[0.45[1.191.01]0.88[0.86
16 10.34{0.72(0.65(0.79]0.88]0.90{1.04]0.75]0.86
Hull 2 el Bl Ml Sl Bl Ml Bl Ml (22
vibration | 4 | — [2.25] — [0.95[0.53(0.53]0.83]0.61[0.67
V-1 6 |1.04(1.34[1.64]0.92]1.21]1.28{0.93]1.04]1.25
8 | —|—|— lo.51]0.82]0.68{0.57]0.52]0.75
9 [1.13]1.30]0.97{1.31{0.98]1.05[1.35] — | —
12 | — | — [1.000.39] — {0.73[1.34]0.69]0.53
16 | —|—|—|—|—1—1o.53]1.58]0.97
Hull 3 [ — | —1{0.76}1.49]1.09[1.43]1.10]0.72]1 .07
vibration | 4 [0.92] — | — | — | — {0.70{0.71]0.76]0.62
V-1 6 |1.06(0.97[1.03]0.92[0.74[0.75{t.10]0.94]0.76
8 | — | — |0.55(0.92]0.70]0.72]0.46]0.81]0.75
9 |[0.86/0.84/0.85[1.13]1.17] — [ — o.74] —
12 [0.700.68] — [0.78]0.57] — | — | — | —

The figure in this table is gotten by dividing the data
measured with free propeller by that without free
propeller.

In this table, the figure is omitted in case that the

both data with free propellor and without free propeller
are less than 5 gals acceleration.
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KB IV IR TEMEREEBLLT LIEML TS
BRI, 12 KRB LTI, 727X 58
A LIRS v RS HWEM N ER DD, BIER
HERERLTUeLy,

3.8 a4 iF B

B ERR O L TRE V-1 (Fig. 4 2R) oE&EK
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wieo T, Fig 25 it BAEZEPH o Jikirg) V-7
DO EWE X8 KRIZDOWTR LTz, Table 6 iz V-1 3
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BTOXTERBERS OB R Lico EROMEIL, #EiE
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Fig. 22 Spectrum distribution diagram of vertical vibration on steering
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Fig. 23 Spectrum distribution diagram of vertical vibration on steering
engine room (with free propeller)
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—o— 4th order (without free propeller) B TEME R RAT » IciEE, HESmes LT, ko
600k —o-~ Ath order (with free propeller) HMENESRTC, :
] et ron (1) =70t B 2t =< omE
& e 33, FHUERERE T 5 300rpm~380rpm ic ¥ L~
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g 0.0 Ao f (2) SRDCHTHHET = <71 LB HND ED
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—o— 6th order (without free propeller) (5) 7w <7 WA 3, BT = 7%
60.0  ~-o-—6th order (with free propelier) St AT 85% MY %o
—&— 8th order (without free propeller) (6) WIRTmZ0RIEZ, B 4/4 CREET
'(—(E ook Tt 8th order (with free propeller) 2.6kg/mm?, Peak-to-Peak {&C 8.8kg/mm? (5HIE
A fEix 4 4kg/mm®D THH, BEHEY LRRLBA, I
- 40.0f BRI, BRI 7 v 2 03K& <, PHERERES
& LTI BEEICH Bo MERRERERICHAT,
.—E?;a SE#ER LU Peak-to-Peak {E & & /V& s,
e (1) WRKEESS, HiE7 =<7 %8H £7m
E ~5 ORAWRHEADES L, BEER T4, 8K
g 20r FIO 12 RTH 20% Dich oo —F, HEET v~
= 5 ORABEHICHS TS 3K, 6KF LU 9k TEE
10.0F B TRAK 90% O¥inEic-7chy, B ERIZ v,
(8) MMHIRENL, MBAKEZHOEET, 7/~
300 320 340 360 380 7 OBRAFERES DB L, TOBIBEERKEEDA
Number of propeller shaft revolution (rpm) TIE50% WELIc, 3B LU 6 REH LIS LA,
Fig. 25 6th and 8th order components of lon- HERHELRBIL v~ Th Do
gitudinal vibration on steering deck HDEognt, SEE Loz =23 2B LT,
Table 7 Comparison of vibrations at 4/4 BEANF-HRODD L, BET =<7 ORIEDE
output LO7 v RGP RIGE OBFICTTO v~ R E R,
e Vibration measring ot LHMEREOEBDROS D - LM FEREI NI, &
order V-i | V-2 V-3 | V-4 V5] V-6 |v-7]v-s ®, BEESr_InRL v XBomfAcikEEhS L FE
3 [2.28) — | — [1.056]2.38|1.36]1.07]1.37 Sh, KEREERLOEMES ET v 5 L O
4 [0.67]0.77|0.43(0.89|0.50 | 0.54 | 0.62 | 0.58 ], BEERTTOEBIKES, FoREL SO CHECHE
6 }.25(0.90|1.14|0.85]1.69(0.94{0.76/1.93 LCHEE LTY L LERS 5, Hea b iug, HiicleE
8 |0.75]0.84|0.46|1.270.86|0.84|0.75 | 0.32 2 e s s
2 [053]0800077] — [076] — | — 1.0 METRIZER LTI HIRRE 2N T & fob,
Notes about the figure in this table as same as that of
table 6. AEFRRATO5wH D, HHBHECL-ERBEGAST
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1) O.Grim : Propeller und Leitrad auf dem For-
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3)

4)

schungsschiff “Gauss” Ergebnisse und Erfah-
rungen, Jahrbuch der Schiffbautechnischen
Gesellschaft (1982).

O. Grim : Propeller and Vane Wheel, Journal
of Ship Research (1980).
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