The Society of Naval Architects of Japan

80

(FEA55 411 B HAEBMFELMEHELC KV THER)

BWMRS T RIEF 7 v <5, o

BT T e

TR B £ ¥ #HF

Influences of Propeller and Rudder on Maneuvering Stability

Derivatives (continued report)

by Akinori Yumuro, Member

Summary

In the previous report, a simplified procedure to predict maneuvering stability derivatives
of a ship equipped with a propeller and rudder from those of the bare hull was suggested.
In the present report, the author shows some experiment results of derivatives obtained by

changing propeller loading in the so-called circular motion tests.

And indicated is the fact

that the above mentioned method is usefull also in predicting the effect of propeller loading

on the derivatives in the former condition.

It was already pointed out that influence of propeller force on derivatives was not negligibly

small in comparison with that of rudder force.

Here, assuming that a ship’s hull can be

replaced by a rectangular plate wing with low aspect ratio, normal force induced on the hull

by the action of the propeller is evaluated by using the linear lifting surface theory.

Accor-

ding to the results of numerical calculation, the author discusses the qualitative trends con-
cerning the effect of propeller loading on the force produced on the hull.

1 &

BB AR TR D BT D\ A HERARE T
TeRXILROM I DOFERL L - T OO BHED
REBREEZLhBY, BEZXIZORENCEWTER
WIS DIXMEEIEDRE L T e R B IOt
BLEBEDOZoORETEREINAZ EPEEL VT
ERIERL, EORBOBBRELLBREORED LR
BWETH—ODBEEEC OV THRN . BT TIIE D
FEOEUREDHL—0D 7 e R FHEEDHSIT DO
TRLIRIIEE » Thichy, KBTI ET e RSHE
E% X% Ba o Circular Motion Test niEE%
AL, TeXTHEEORETAOHEOFEDME
COWTHRHL T\ b, 1oL, & o CIEHMGNEY
BEOXRFEEL T B, ¥, B CRERECRIET
TeRFOEEIMO LR EENTOHTLIERTE
WREITHDZEREEBE L, TeRI0BE I n
T BHCEL N X HEENLFEL 7 e 5D
CXoTHAEREEINDINCIALDONLHED, &
WCREEZEORTEDNTEELT, Thiexd$5

* BENEBBREETEGROEMFER

m

TRRIHEERLLOMOEBE T OWCERN cEAY
EET 2 ExFE AT,

COXSI T rRoHEEOHELHETH LY
BT 5 LI — R O MERBEOREY TR Y
5 ECEAWCEERC L THIEY, SLRIDOFER
model point 7» ship point 2N X 2 7w <F EERH O
g, HAVEEARTEORCHTHREROBIER
BUTHEHCHE B ENTEBLELLR S,

2 HEBCRETTOXRTHEED
FEOHBER

2.1 BEROEH&HBREE

Circular Motion Test OEERFL -EEMOER
% Table 1 wind, #EM (1), (I) BIHFDOI O
CRUTH->TE v —RETH D, BB (V) 1k
CHI AT MZ1-BE S 4+ — R Th D, BEEE
(1), (V) wHIETHEBOE I FRER 300m,
175m CHh %,

AR T ORI DT H BRI TR » T
bo MK T 47 —MBECIIEBRDOEME ORI S LT
0.0198mm OPRE I V AT TH B0 7w 2T EEK

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BRBERCRET 7227, §E0 BB O\ TR 81

Table 1 Principal particulars of ship models

Ship model (1) | Ship model (I7) | Ship model (V)
(Tanker) (Tanker) (Cargo liner)
L(=Lpp) (m) 4.000 4.000 4.000
B (m) 0.867 0.800 0.576
d  (m) 0.253 0.266 0.223
Cb i 0.83 0.80 0.57
Rudder area ratio, Ar/Ld [ 1/61.3 1/49.5 1/53.6
Aspect ratio i 1.35 1.36 1.83
Propeller dia. (m) ! 0.112 0.113 0.148
Pitch retio Ioon 0.57 1.14
Number of blades i 5 5 6 -
Towing speed, Fn i 0.15 0.14 0.29
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Fig.3 Flow-straightening effect coefficients
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Table 2 Values used for predicting derivatives
of ships with propeller and rudder

(n[ng=1)
Ship model (1)  Ship model (11) | Ship model (V)
k 1.33 1.28 1.16
dCn/de 1.57 1.60 1.95
Cp 0.96 0.84 0.58
Cr 1.21 1.23 0.54
AYg' 0.0083 0.0081 0.0185
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Fig.6 Comparison of measured and predicted values for infiuences of propeller and rudder on derivatives

Table 3 (a) Comparison of effects of rudder Table 3(b) Comparison of effects of rudder
and propeller on derivatives (Ship and propeller on derivatives (Ship
model (1)) model (V)
(h (2) M (2)
n/no Derivatives  |Effect of rudder| Effect of (2)/(1) n/ne Derivatives  |Effect of rudder| Effect of (2)Y/(H
force : propeller force jforce propeiler force
Yg' 0.0326 0.0083 0.255 \7% i 0.0244 0.0185 0.758
- e’ £.0230 0.0043 0.187 - Ye! 0.0110 0.0086 0.782
| Nz’ 0.0174 0.0043 0.247 Ng’ 0.0118 0.0086 0.723
N’ 0.0123 0.0022 0.179 Ne' i 0.0054 0.0040 6.741
Y3’ 0.0461 0.0158 0.343 Yg' 0.0333 1 0.0296 0.889
- Ye! 0.0857 | 0.0082 0.230 0 Yr ! 0.0166 ! 0.0138 0.831
Ng' 0.0246 | 0.0042 } 0.333 Ng' . 0.0162 |  0.0138 0.852
N’ 0.0190 ’ 0.0042 ‘ 0.221 Ny’ 0.0081 ! 0.064 0.780
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Table 4 Values used for calculating propeller
effect on derivatives

Ship model (1)|Ship model (V)

22 (m) 3.900 3.866
¢ (m) 0.036 0.043
£ (m) 0.180 0.147
T-w 0.485 0.752
(1-w), 0.522 0.809

(1 =w) 0.448 0.696
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Table 5(a) Calculated results of lateral force
induced on ship’s hull due to

Ship mode! ()
propeller action (Ship model (1)) Yy
o 2 OO experimentol valie_(0.00449)
n/ne ‘ (2)/(1H
(AYp)y (ea18) | (AY, 3)H (eq 21) :
1.0 §.17 x107° E 1.15%107* i 0.0222 . o= 0880 ,
i H 2 1
1.5 1.08x107° o taaxoTt 0.0132 \‘:
; -2 ' -4 i 0 1 1 ! 1 P L
2.0 | 1723x10 | 1.84X10 , 0.0107 0F 05 05 o e on %
0.003f-
; . (aNg'lu
Table 5(b) Calculated results of lateral force

induced on ship’s hull due to 0.002

propeller action (Ship model (V))

0.001
o (AYﬁ;iiqu4) (Ayﬁj:?:qlﬂ @i o
1.0 4.54 x1073 1.80X107¢ | 0.0385
C125 | msaxieTd i 2.23x10f | 0.0261
1.5 1.306x 10”2 2481070 0.0187 Ship model (V)
- : O vl e (000464
(aYg)n '
% Table 5 (07T, SHEWCH Jeltlfi% Table 4 ic ocod |
Ato BMIEZDHETCRILHLVBEREK a=1 2L T |
Who EADERIIESHE (eiLEEEED5), 0,003\~ ez |
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Fig.11 Correction factor for equivalent free-

1EHDE LTSS stream velocity for calculation of
ah—TEELFEEL CT e SHEESE X BED (AY3) and (ANg) (njny=1)
(AYg) g, (AN r OFHERS B Ak O BRI (R
LDHTRLICH DA Fig 12 THBo Kp, AHTE Table 6 Acting point of lateral
BREZRT. iU, EEX Table 1 0EAFH{IC R\ C force induced on ship’s
7w 5 EER LI S BB E R REL TS - o hull by propeller
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Fig.12 Influence of propeller loading on normal force and moment induced on
rectangular plate substituted for ship’s body
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Fig. 13 Influence of gap between stern and propel-
ler position on normal force and moment
induced on rectangular plate substituted
for ship’s body
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Fig.14(a) Chordwise vortiticy distribution on
rectangular wing model (Ship model
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Fig.14(b) Spanwise vortiticy distribution on
rectangu lar wing model (Ship model
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Fig.14(c) Lateral force induced on ship’s hull
due to nonuniform effect of loading
over propeller disc (Ship model (1))
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