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Model Tests on the Propulsive Performance of
a Pure Car Carrier in Waves

By
Hiroyuki Kapoi, Yukio Taxer, Michio OkaMoTo,
Toshifumi Hori, Masahiko MAKINO and Hiroyuki Apachi

Summary

In order to investigate the propulsive performance of a pure car carrier, propeller open
water tests under various conditions, wake surveys in still water, resistance tests and
propeller load varying tests in still water as well as in regular head waves were carried
out.

As the results of the tests, following conclusions were obtained.

1) Propeller performance in regular head waves as well as at forced surge oscilla-
tions, concerning not only the mean values but also the time histories, can be expressed
by using the results of propeller open water test.

2) Effects of the position of measuring plane, ship speed and rudder on the wake
distributions were clarified.

3) Thrust deduction fraction defined by resistance under towing condition in waves
did not agree with that in still water.

4) Propeller interaction factor B, for hull of ship as well as C, for wake in waves were
identical with those in still water.
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Table 2.2 Kind of tests

1. Propeller open water tests

Kind of tests f (Hz) ] Va (m/s)| n (rps)
FERIORBERRT, Z0EEEH, RBREEs POT" in still water oo [
s _ const.
Table 2.1'ic, BERIEH % Table 2.2 IR, 1.05 3.8
POT in regular head 0.72 0.3 20.5
waves 0.59 0.4 1.24 | 15.4
Table 2.1 Principal particulars of P. C. C. and. test 0.51 0.5 const. | 12.3
. Hw= 6cm 0.46 0.6 10.3
condition 9em 0.42
12cm 0.39
1 Principal particulars of P.C.C. POT at forced surge 0.72 0.3 1.21t 250
Model Ship oscillation 0.51 | 0.4 |t 4
0.46 0.5
Length :Lep (m) 6.0000 174.000 2xa= 9cm 0.42 | 0.6 | 072 clozn-s(i
Length : Lowe (m) 6.1562 178.500 12cm 1.45 ‘
ot o [ LS LB e
: m . . —
raft — - Prop. position (P.P.) | V(m/s) | Rudder
Block coefficient : Cs 0.5144 PP 1.215 without
Prop. diameter  : Dp {(m) 0.2014 5.840 P.P. 1.735 without
: . P.P. 1.735 with
Boss ratio - X8 0.180 0.2D fore P.P. 1.735 | without
Pitch ratio (0.7R): Pos 0.977
Exp. area ratio : ae 0.690 3. Resistance & propeller load varying tests
Number of blades : z 5 Kind of tests Fn Hw/L A/L
Blade section MAU-M Resistance test’ 0.505
2 Test condition h:nl'll 0.27
Fully loaded condition ‘S)V;ter Propeller load 0.16
Draft (m 0.3103 9.000 varying test 0.826
Trim (m 0 0 Resistance test | 0.18 | 1/100 | 0.83
Displacement (m3) 1.0585 25816.5 in 0.223 % gg 7 . 575
. 5833.7 regular :
Wetted surface area (msz) 6.9366 head Propeller Toad AT 66,7 083
waves varying test 0.223 1/50 §
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0.7—  M.P.NO.0235 in still water Fig. 3.5 ic#imtt (Hyw/De) (272 %, %72, Fig.
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BE7TaRSHOBERY (F23ER) 12k 5%tz
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Fig.3.1  Results of POT in still water 3.3 HBIRIEERET 070~ 5 MR
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M:P.NO.0235 in regular head waves
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Fig.3.2  Results of POT in regular head waves
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in reqular head waves

Hw= 6cm Hw=12 cm J= 0.3
B 5 g B—2n S a 3
20—
V———————Y Vv v—v—v 0.4
1 Of—
A A A A A a A A A A A 205
6——o < o o—0 o—o © o——o—o0 0.6
oL
Qmean (kg-m)
1.0—
J=0.3
B0 a8 B—s B0 r—
0.5 —
———— 3 vy y0.4
A A A A A —A A A A A Ay %0’5
@——0——o0 o——06—=0© © ©——0 o o—00.6
o7 WSy SN SN EU NN S R T S T A e |
3 5 7 9 1 3 5 7 9 1
A(m) A(m)
Fig.3.3  Mean values of T & Q versus A in regular head waves
M.P.NO.0235
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Fig.3.4 Mean values of T & Q versus Hy in

regular head waves
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M.P.NO.0235 in regular head waves

A(m)
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Fig.3,5  Fluctuations of T & Q versus Hy in regular head waves

M.P-NO.0235 in regular head waves
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Fig.3.6  Fluctuations of T & Q versus Tz in
regular head waves
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M.P.NO.0235 in regular head waves
A=6m,

Hw=12cm

J(t)

Kq(t)

K
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Fig. 3.7

0.8— M.PNO.0235 inregular head waves
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Fig.3.8  Results of POT in regular head waves
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lation

YN E %5 (EBDOEEEFEW) it TR
R VEB) AK:, YV KB AKIRE B,
RIZ7 w7 EE) (FikiE) LTwarBanms
a2 D7 uRIEEOE(LE T, FHEFER, E
ERAEF D7 0T BmEABERNETICE W F
BERE—TH 2, eFEHKEN 14l% Fig. 3128 L
Fig. 313 1o ¥, ZORL Y, 7uIH5EH (Fig
B) LTWwaEAIc, 7a-~XSREkomisEiE
LR 2 DELERFOT 0SB L - T
RKBETEDLZ ¥ 5,
(253)



22

M.P.NO.0235 M.P.NO.Q235
at forced surge oscillation at forced surge osciliation
10AKqQ Xa=4.5cm Vp=1.2Im/s 104Kq Xa=4.5cm n=[2rps
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Fig.3.10 Fluctuations of T & Q at forced surge Fig.3.11 Fluctuations of T & Q at forced surge
~oscillation oscillation

0%5_ M.P.NO.0235 at forced surge oscillation
J=0.5, Xa=4.5cm,Ts=2.174 sec.

50/\//“\”/\/

tOKq
Kt
0.50— KQ’(f)

025~ T~ T~ T~
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Fig.3.12 Fluctuations of T, Q & J at forced surge oscillation
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M.P.NO.0235 =
0.8 at forced surge oscillation

Xa=4.5¢cm, Ts=2.174 sec.
0.6 still water
<
0.4 o
[ .
X -
0.20- ~s
o] ! |
0 0.5 1.0

Fig. 3.13 Results of POT at forced surge oscilla-
tion
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propeller position,without rudder,V=1.215m/s ,V=1,735m/8 ===~
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Fig.4.1  Wake contours and velocity components at 0.7R of the propeller
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M.S.NO.0408 in still water
FULL LOAD
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FiFig. 5.1  Results of the resistance tests
4 x1073 M.S.NO. 0408 in still water
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Fig.5.9 Relative rotative efficiency

M.S.NO. 0408 in still water
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Fig.5.10 Self-propulsion factors at “ship point”
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M.S.NO.0408, FULL LOAD
in regular head waves
Fn=0.18, Hw/L=1/66.7, I/50
o .
6a/k¥a pitch Za/¥%a heave Xa/%a surge
)
[.O— g 1.0 1.0
o
8 o8
®
®
0.5 0.5 0.5
o
o o
®
o |/\/L |0 lA/L |0 09 /\/LI
(o] | 2 0 | 2 0 1 2
Ee(deg.) €z(deg,) E€x(deg.)
180 . 180 180
90— g0° ° 90‘: 90‘: g2 ©
Y t j O oo © : {
oe
~ 90— - 90|: - BOI:
o
~180L— -180! -1 80!
Fig. 6.2a Ship motions in regular head waves (Fn=0.180)
M.S.NO.0408, FULL LOAD
in regular head waves
Fn=0.223, Hw/L=1/667, I/50
o L)
©a/k3Za pitch ¢ Za/Ja heave Xa/3a surge
1.0p— s 1-0 og § 10
L]
°
o
0.5~ e 0.5} 0.5(
] ¢ ®
o°
o AL | o AL | o 08® AL |
(o] | 2 0 | 2 O | 2
€o(deg.) €z (deg.) Ex(deg.)
180 — 180— 1804—
®
90| 9809 90l 90| 0go °
0 . i 0 : 1 0 | |
e® ©
- 90 - 90 o8 - 90—
-4IBOL ~180L_ -180L_ 8

Fig.6.2b Ship motions in regular head waves (Fn=0.223)

29

(261)



30
M.S.NO.0408 FULL

LOAD in regular head waves

Fn=0.223, Hw/L=1/50
A/L=1.75,1.33, I.16, .00, 0.83
o a o v x n
R(kg) (rps)
— |
10 R o ’,«ga:‘-’::/;’ 5
F B—< Q(kg-m) MM/
0.4r_ /VLO,M 10
0.3
/Og/ 5
5 — -
0.2|— Q
\ 0.1 /m/
\\
oL N oL T(kg)
L | | L | |
0 5 10 [o] 5 10
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C¢ versus Cr in regular head waves
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AL 1.75, 1.33, 1.16, 1.00, 0.83
\ HW/L=1/66.7 0= Aes B e

Y “ =1/50

e R e s S mmpyi 4

\ in still water _ ey — -

A
-9 -85-0

g\, Fn=0.223

A\
N
N

e

P

\.\\ i—’a—.—*' U\\
N o ey .
‘0 o .__',_/_’,’_’____ o s -
v \\,
* N T
N ‘\\7,"7‘\‘\?__—\7 v.-‘-v‘"_-':@_w”,v
\ *(”"
\ .
< )
\
$e e -
T Xemm X TR
1 1 I 1 ! J
(4] I Cy 2 o] | Cr 2

Fig.6.10 Thrust deduction fraction in regular

head waves
M.S.NO. 0408 FULL LOAD  in regular head waves
AL 1.75, 1.33, 1.16, 1.00, 0.83
Hw/L=1/66.7 o A o v x
* =1/50 . 4 = v +
in still water -_— —— —— -
o—O0-O0— o 0% OO &——
Fn=0.180 o Fn=0.223
A A A A
M" }’A‘___K-—rA-'—"—‘—
A
=
ug o yﬂ’ﬁ-—b—_

o]

O
—

N

head waves

Fig.6.11 Thrust deduction fraction in regular

33

(265)



34

M.S.NO.0408 FULL LOAD in regular head waves
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J M.S.NO.0408, in regular head waves
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Fig.6.15 Results of the propeller load varying
tests
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