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Investigation into Propulsive Performance of Wide Breadth and
Shallow Draft Ships

——The Effect of Variations in Ship’s Proportion and {¢z upon
Propulsive Performance of the Twin-screw Ships—

By

Yoshiro KAWAKAMI, Tsuyoshi YANAGIHARA and Toshifumi HORI

Summary

This paper deals with researches concerning mainly the effect of variations in ship’s
proportion such as L/B, Cs, B/d and /4cs upon propulsive performance of shallow draft
LNG carriers with twin-screws.

The main results were as follows:

1. The suitable angle of bossing center line to the hull center plane seems to be about
30° for the inward rotating propellers, and about 80° for the outward rotating
propellers.

2. The inward rotating propellers give better propulsive performance.

3. The residuary resistance coefficient 7z and the wake fraction Wr increase with
decrease of L/B and increase of Ca.

4. The Wr increases slightly with decrease of B/d but 7z is independent to B/d.

5. The Wr increases with shifting the fgop position aftwards, but 7z becomes the
minimum at the 4B position between 0% (midship) and +1% L (aft).
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Table 1 Principal particulars of the ships

M.S. No. | 0291 | 0202 | 0293 | 0294 | 0311
Lop(m)¥* 5.8000
Lo/B 6.00
B/d 3.75
Cs 0.703 - [ o.702
Cr 0.712 0.711
Cat 0.987
4oz (% of Lpp) —0.836 -0.927
Bossing angle (°)) 30 55 5 80 30

Load condition Full Load
dm(m) 0.2578
Trim(m) 0
y(m®) 1. 0200/1. 0199)1. 0201}1. 0199}1. 0183
S(m?) 6. 7775(6. 7743/6. 7821/6. 7755/6. 8542
Load condition 80% load
du(m) 0.2112 0.2117
Trim(m) 0. 0435
7 (m®) 0.0435 |0. 8168|0. 8166|0. 8154
S(m?) 6. 1907|6. 1876/6. 19546. 18886. 2732

3% Full scale 270m, LpwrL=1.0222XLpp
Bulb : area 6.84% of Aum

length 2. 04% of Lpp

immersion 72.5% of drun
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Table 2 Farticulars of the propeller

M.P. No. 0132
Diameter(m) ~0.1552
Boss ratio 0.180
Pitch ratio 0.733
E.A.R. 0.720
B.T.R. 0. 050
Angle of rake 0°
No. of Blades 5
Blade section | AU

M.P.NO.0132

Rn(=nD%%)=3.59x10°

J =V /hD
o 0z 03 04 705 06 07
I B [ 1 o

Flg 4 Charac ter15t1cs of propeller, in open
- water )
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(4) EHP XU SHP

EHP SHP
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Table 3 Principal particulars of the ships
(L/B series)

M.S. No. 0201 | o030 | 0321
Lop(m)3 5.8000
Lop/B 6.00 | 500 | 7.00
B/d 3.75
Cs 0.703
Ce 0.712
Car 0.987
fov (% of L) | —0.836 | —0.836 | —0.835
Bossing angle (°) 30
Load condition Full load

dar(m) 0.2578 | 0.3093 | 0.2210
Trim(m) 0

7 (m®) 1.0200 | 1.4668 | 0.7498

S(m?) 6.7775 | 8.1586 | 5.7921

Load condition 80% load

du(m) 0.2112 | 0.2534 | 0.1809
Trim(m) 0. 0435 0. 0444

p(m®) 0.8166 |- 1.1741 | 0. 6004

S(m? 6.1907 |- 7.4495 | 5.2937

3 Full scale 270m
Lpwr=1.0222% Lpp
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Q&, #hEno LiB RIDEICK B XI13720,
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Z L1, EOMINICE T, 72 OBIT 3 2 O
PHIER, 1HROBEKIYUTH S, BHFEOF
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180°

Fig. 152 Wake distributions (L/B=5.0)
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distributions (L/B series)
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Table 4 Principal particulars of the ships
(Cg series)

M.S. No. 0291 | o2 | 03
Lpp(m)* 5. 8000
Lpp/B 6.00
B/d 3.75
Cs 0.703 | 0.750 | o0.651
Cr 0.712 | 0.759 | 0.660
Cu 0.987

fcB (% of Lpp)

~&%6‘—&%1‘-&%9

Bossing angle (°) 30
Load condition Full load
du(m) 0.2578
Trim(m) 0
p(m®) 1.0200 | 1.0862 ) 0.9454
S(m?) 6.7775 | 7.0206 | 6.4950
Load condition 809 load
dae(m) 0.2112 | 0.2104 | 0.2121
Trim(m) 0. 0435
7 (m®) 0.8166 | 0.8695 | 0.7571
S(m?) 6.1907 | 6.4286 | 5.9145
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Fig. 17 Sectional area curves
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374

Fig. 18 Body plans, stem-and stern shapes
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Fig. 22a Wake distributions (Cz=0.75)
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Fig. 23 Axial, tangential and radial wake
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distributions (Cp series)
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Fig. 22b Wake distributions (Cs=0. 65)
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Table 5 Principal particulars of the ships (B/d series)

M.S. No. 0201 | o324 | 0325 | Load condition | Full load
Lop(m) 5.8000 aw(m) | 0.2578| 0.2148| 0.3222
Loo/B 6.00 Trim(m) | 0
B/d 375 | 450 | 3.00 p(m®) 10200 | 0.8498 | 1.2738
Cs 0.703 S(m®) 6.7775 | 6.3380 | 7.4535
Cp 0.712 Load condition 80% load
 Cu 0.987 das(m) 0.2112 | 0.1764 | 0.2647
fow (9% of Lup) | —0.836 | —0.842| —0.8% Trim(m) | 0.0435
Bossing angle (°) 30 P (ms) ' 0. 8166 ’ 0. 6827 I 1.0226
% Full scale 270m S(m®) | 6.1007| 5.8505| 6.7309
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Fig. 25 Trim and mean sinkage (B/d series)

M Utcdi-> TRAT 3 ERZER L TO 5, BLiED
B rr DREBTHEH, 2OZBRMEHLTH B, T

LTEDY bad, B/dOBMC Lizds-THD LT

AY-H
BMEROUNT, e K3 B/d ZLOZB 113

EAERBNISNG, 1—Wr, 1—t Edic, —BH

iid, Bld O~ TEMT 2EmIcH 2,

2L, Bld v —XDEL, BESoxs5OEHES

o L LOAD CONDITION —EE UTHRZET-> T 5, A
AT B0% LOAD CONDITION Hdhic Bld 2Ly, rr LEMESEERES GERR
o MEAN SINKAGE, (adr.+ade)/ 5 Lpp (%) 18, Fn=0.20; 809 4r R#E, Fn=0.23) L% Fig.
o1 ] 26107, B, 7035 QEEHAERED B 54
o . EY I LEEE, 0Ths, 1-Wr i30.8%C
Z, 7R B2~3HEE LB T3,
FuSEO FESTE KO BEEERS % Fig.
27a,b T, 0.7R OEITI, FHEHITE LUHEEH
TRIM BY HEAD (Adr—AdA)/Lpp(%) ®JEJ§EZ5}%H:% L’T Fig‘ 28 bCZT'\“?} §3 ® §4 @ﬁ%
lo ' —_— BREE, 3EONEAEORICKEBEREV, HE
o e FRHEERHMCOVTS, L CERBIEESR
gﬁ feee o lozs 7] LT,
o4 e ,
B/d 6. lop DVHEREMREICRIZIEE (M.S. 0291,
30 P 0 0378 % & U 0379)

6.1 EZHE

A (M.S. 0921) @ g 1335 —1B L TH- 1
P, RED foz WEMIEME 28 E TR, ST
UbE—E BB o0, $7, ERMEEE LT, 25t
LB BEERRED Fic fe REIFICETC &L,
BEERESLERT 3 LIMAERTEEEDNEZOD
T, fo DALEE LT, BERIDBHICHBEHL, 0%
BEROE+ 1B LOBAEREBT A &ic L

I T T T T T
FULL LOAD CONDITION 80% LOAD CONDITION
Fn = 0.20 O—————— INWARD TURNING Fn=023
N e QUTWARD TURNING .
1©.005 0005 - ]
looos & G _lo004 & o S
= P e —
lo.co3 __10003 —
Tk Te -
10 S e - 1 e ]
" ——— —Ho « LS e
109 oo —
‘ -t X 1~
o8 é—-——=—-—=~%::"° —of __’L—_‘. ]
— T —— ]
loz oz ™ —
102 —
08y emmmex- e - ]
T New
oz g _loz 1-¥ _
¥ o
los _los— .
B/d 8/d
300 375 450 300 375 450

Fig. 26 Self propulsion factors in relation to B/d
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Fig. 27a Wake distributions (B/d=3.00)
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Fig. 28 Axial, tangential and wake distribu-

tions (B/d series)
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Fig. 27Tb Wake distributions (B/d=4.50)
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Table 6 Principal particulars of the ships (4cB series)

(17T

M.S. No. | o1 | o318 0379 | Load condition | Full load
Lop(m)% | 5.8000 dum) | 0.2578
LB | 6.0 Trim(m) | 0
B/d } 3.75 y(m?) ] 1.0200 | 1.0201| 1.0196
Cs | 0703 | 0.704 S(m® | 65| e.7902] 67706
Ce 0.712 | 0.713 Load condition | 80% load
Car 0.987 du(m) 0.2112 | 0.2107 | 0.2102
fon (% of Lup) | —0.836 | ~0.007 | +0.993 Trim(m) 0.0435
Bossing angle(°) 30 p(m®) 0. 8166 0. 8167 0. 8162
% Full scale 270 S(m?) 6.1907 | 6.1978| 6.1740
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Fig. 31 Results of self prolulsion tests (4oB series)
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Fig. 34a Wake distributions (4cses=—0.007%)
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Fig. 35 Axial, tangential and radial wake

distributions (4o series)
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