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On the Effect of Ship’s Loading Condition upon the Propulsive Performance

-——Investigation into two bulk carrier ships having

different particular dimensions

Tsuyoshi Yanacinara and Yoshiro Kawakami

Abstract

To investigate the effect of various loading conditions of a ship upon the propulsive perform-
ance, the bulk carrier ship models having different particulars were tested.

The main results are as follows:

A: Test’s conditions are all even keel and various loads,

1) Form factor (K) is minimum under nearly fully loaded conditions.
2) Form factor is minimum in case of minimum dipping amount at A.P. under the defined Fn.
) Residuary resistance coefficient (7,) is minimum under nearly fully loaded condition.
) Wake fraction increases with the decrease of ship’s loading, but thrust deduction factor and

relative rotative efficiency are almost independent of ship’s loading.
(5) The speed decreases by 6 ~ 7% for overfull load condition (1.2 V) and increases by about
10% for ballast condition (0.5 V), comparing with the speed under the defined DHP of fully

loaded condition(V ).

B: Test’s conditions are various trim for ballast conditions.
(1) Generally, from factor increases and wake fraction decreases with the increase of the trim by

stern, for ballast load conditions tested.
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Table 1 a Principal particulars of the ship (model A) Table 1 b Principal particulars of the ship (model B)

Ship A Ship B
Lpp (m)* : 6.00 Lpp (m)* : 4.80
Lpp/B : 6.58 Lpp/ B : 4.0
B/d : 2.60 B.“d : 3.06
Cs : 0.82 Cs : 0.78
Cr : 0.83 Ce :0.79
CwM : 0.99 Cum : 0.99
lc (% of Lpp) : —1.8 lce (% of Lep) : —3.3
¥ Full scale 200 m ¥ Full scale 206 m
Lowr =1. 025X Lpp LowL =1.02X Lpp
LWL Lw ) / LWL LwiL
> o
B A AP 1/ /2 3 ’ 9 FP o b

Fig. 1 a Body plan, stem and stern shapes (model A)
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Fig. 1 b Body plan, stemand stern shapes (model B)
Table 2 a Particulars of the propeller (model A) Table 2 b Particulars of the propeller (model B)
Propeller A Propeller B
Diameter (m) : 0.1787 Diameter (m) : 0.2233
Boss ratio : 0.180 Boss ratio : 0.180
Pitch ratio : 0.800 Pitch ratio : 0.800
E.A.R. + 0.550 E.A.R. : 0.550
B. T.R. : 0.050 B. T.R. : 0.050
Angle of rake : 10° Angle of rake : 10°
No. of blades 1 4 No. of blades : 4
Blade section : MAU Blade section : MAU
. KEOBARET ) AB{LORBRE M I INZ 72,
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Table 3 a Test conditions (model A)

I(;::(;‘iition dw(m) Trim (m) * v (ut) S (ut) ]Z:‘;) of L;:;
1.2 VF 0.4149 0 1.8957 9.2591 —1.301
1.1 Vr 0.3829 0 1.7378 8.8648 —1.527
1.0 Vr 0.3495 0.120 1.5800 8.4678 0.845
” 0.3504 0.060 1.5799 8.4684 —0.477
” 0.3509 0 1.5798 8.4649 —1.787
” 0.3515 —0.060 1.5798 8.4534 —-3.075
7 0.3515 —0.120 1.5798 8.4292 —4.334
0.9 Vr 0.3187 0 1.4219 8.0535 —2.071
0.75VF 0.2689 0.120 1.1840 7.4529 0.776
” 0.2697 0.060 1.1871 7.4397 —0.889
” 0.2703 0 1.1895 7.4042 —2.479
4 0.2686 —0.060 1.1850 7.3449 —4.015
0.6 Vr 0.2202 0.120 0.9494 6.7909 0.954
” 0.2196 0.060 0.9489 6.7439 —0.977
” 0.2185 0 0.9485 6.6967 —2.793
7 0.2168 —0.060 0.9476 6.6470 —4.528
0.5 VF 0.1862 0.120 0.7903 6.3147 1.338
” 0.1851 0.060 0.7902 6.2675 —0.814
” 0.1842 0 0.7933 6.2366 —2.882
% Trim by bow is defined by negative values.
%% The position of Ics forward from midship is defined by negative values.
Table 3 b Test conditions (model B)
E;:;iition dwm (m) Trim (m) < (nt) S () l(c‘;) of L;;i
1.2 Vr 0.4623 0 2.1174 8.6829 —2.747
1.1 Vg 0.4275 0 1.9410 8.3225 —3.042
1.0 vr 0.3922 0 1.7646 7.9495 —3.349
0.9 Vr 0.3564 0 1.5882 7.5605 —3.651
0.75VF 0.3013 0 1.3236 6.9422 —4.039
0.5 VF 0.2057 0 0.8824 5.9441 —4.371
” 0.2076 0.048 * ” 5.9602 —2.983
” 0.2094 0.096 * 0.8825 5.9787 —1.574
* Trim by bow is defined by negative values.

#3% The position of IcB forward from midship is defined by negative values.
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Fig. 2 a Draft conditions (model A)

4. BBERRUEE

EHEELLUTEEMAICE TS Fn=016, B &
VBRI BIZB T 5 Fa=0.14 OREBZERE % DI TIZTE
‘3‘0

BEEUAG A BHAM B
BEKkBZE(L( ) A=0) Fig. 3a~c Fig. 4 a~c¢

100% vV, bYALZE{t Fig. 5a~c

75% V& v Fig. 6 a~c

60% V& v Fig. 7a~c

50% YV« ” Fig. 8 a~c Fig. 9 a~c¢
PR TR Fig.10a Fig.10b

INOHDORMPHRDEH B ENDL D,
A M) La=0THKBETILLZHBS

(1) EREEFHK (Y-~ R—-2R) Offiik
Pk (BEREOHKBEDOH) ICE->TED,
BUEZRT DL, FIFI0~100% VA RETH S,
90~100% Ve RED 6 HIKBH AL T 5 &,
BOIhIicLTd K OEIEEMT 5,

(2) MEMEOUTEOHM, K OBEINITFIEL
TWn3,

(3) FREIFHE i dHKBRICE > TRELEY,
ZOR/IMEZRT DL, K R, 90~100% ViR
Thb, a5, FABROELITHIELT
S/2V DA Fig. 3 a# kU Fig. 4 a 1ok &
nTwas,

47

1%
Ly

-\ -079%

%

AL

AP kP

Fig. 2 b Draft conditions (model B)

(4) Fig. 4 alZaon 5 &5 ITHEEIM B D50% Vi
RE (FJLkL) O KD, thoREIZL 5T
KIBITEVDIZ, (BE) BUKSHEBEICERS T, #
BiEE Lotk > nREBTHARDHDEEZ SN
%, (Fig. 2 bBIR) AMOD L HIZ60% Ve VRER
INTHWIY, 75% Ve &50% Ve DI, B
THATH 5,

(5) BMEBERDD HLEFRE Wris, HkBHICHIEL
THEEIIEILLTWS110% V.7 560% V(B
AR TI375% Vi) T TORI, BB OHEE
WI-W, OHEBICHBF T 25, FhEBx5&
1- W, DELIZRBRDI B,

F12, 110% Ve &£60% Ve (BRTIZT5% Vi)
OED1—-W; OHABHIZH T 2L, Tox
JEREBKO KBRS T A ERNCTEN
BLTWV3B,

BRI B D50% VREEICHB LT, Fig. 2 b
IKRAND LDz, TuxsBEREOLESHREK
L VEBROWI0%AKELITHTWS 120, TEBA
HPEY, 1-WrHEB &L > THKEHE & DB
FVEERM ADBEER TS, UL, B
MADEHIZ, 60% Ve DBRBINTHENVDT,
ZOMPAHT, BHETRRLTH 5,

(6) HENWAEK 13, FKBHOBLICE>TE DT
ZLUTWEBELHHD, WTHIZLTS, 20

(129)




48

Zidl~2%DBETH S,

(7) TuRIWERE i, 1—¢ SRR, FPKERIC
EBERUIDL, 1~2%LUATH S,

(8) {Z:2EF) DHP O EITY - Tid, HABRELH
U <AC=—0.00010%#H L, EMOHERBED
HEICRBOREZ ZFERL L, ERHKH AD
F,=0.16, HEHH B © F,=0.14 IZ5 F 5 FEHRK
1. DHP % H#k4 %5 &, HERE (100% Vi) &
0 PEAK B D % U over full load k¥ DHP i3, i
#ikee DHP ioxd U THIKBHICIZ IS L TH
me s, —4, HBERELIVHEKEDODORE
(ballast %) @ DHP 12, ##iiR#E® DHP icxfL
7 (1 - (HkBR)) oBiiziEdiE L TP L
TWAB I ENbh b,

DB/ERREL S,

(2) 75% Ve RU60% V:REIZH TS b LKL

2, 1% L, DME LY A, FY) A0, 1%RT
2% Lo, DME b VATH B,

mid1% Lo MAE MY ADBRNTHILOED
Ei3HVA, BME M) ADEIMIT LIz ->THEMYT
%, K OE{LEHV,

PRI 1— Wy AR P Y L DEIIC U 2o
THEIML, 1—t bR OEAPH DN, i
EAERIELIZL,

DHP % Cadm i3, 1% Lo, ME FY) AD5E,
FENIERETRT, LALLM ABLOBEED
Zi3bu,

(3) 50% VARET MY LE2EALEEER, MLk
UL oMB M) L%1%,2% Lo EBLTYLL,
Kt nnbti¥izisd,

BREZRTE, 1-W: ik, ME L) A0

(9) MR n 13, HOKBELOBDICUL RN > TH
Du—"_éo
1) 7 K3 FuT 4 %K Cadm i3, 3 T ERE

100% VD& EHREEERT
BHMGEEEDT KR ROAE ST, BRINIC
BOMREE LT HEZ 5N 5 Codm 23, FEIRE
IZB T best I 5D, MOREN, REICE
LET, BEBEATITDR, £V EVREMSELN
BEHINHEBEBOBNNERNORTELALTHS
Do
1) FEEIREEI00% Ve IiCH T B F,=016 (A#) B
kU F,=0.14 (B#) © DHP #H# . LT, ftho
EWakee (b oz L) ODHP EHET AL, £
OREEIZ B HEEET (b L3 &, bk
REEREE LT, BKBHOEMT 2BALBDY
LIPS ETEOUENRSE, DL, WHEIREIC
HRT120% VD over fullLIREETIIH 6 ~ T %D
HFEETEXL, 75% VO ballast RREET 13495 %
DOEERMINE LD, XHIT50% VeilT5E, AM
DIBEIE, BEEICEMT 55, B#IZGNIBN
rEEC LV EINOEENE->TL %o

B: M) AE{LORE
(1) FEEIREEL00% Ve IilBWVTIE, +Y L0 EHD
17, RERVINL1I%RT2% Ly Db LK
(CRE ATz, ZHICEBE, YL ODRKRES
BHLEHWK R rERT,

1— Wr ZME P 20BN U225 - THINT
Lh, 1—t i, 3iF, PV LAODREBTRKREE
TFU, midZEs720, DHP, Cadm& b+ 40

(130)

UL ->THme 35, 1—: 13 AME BETHE
BMSRY, pnREEAEELLL,

DHP, Cadm & &1, MU AR UDBE LV
BERT,

ERO~C)DBE, HHRETREE LTEDR
EHTHERY AL, BHARBIIHVT, PJLL
L5 2% L, DMEF) A%D205&, K11~
2%DHEERTEL S,

5. ¥ B

NSz EYYX2HRBIIOVWT, BAICEEREZ
Ex CHEEMRERREIT - 12,

VAHWVS S EEREOMEE S HEREE & B L TH
ST, T2, WLOHD, REIIBVWTHY
LOEENEDHNT,
EMEHOREHEOFEITE, XL, ACD
L0FH, EHEFEEPHENBORORDFFIIONT
BELEINTVED, CAHDTF—F2bEIlL
T, Bk IREBIC BT A HGEMEER R N OME 21T
AT EWTRETH B,

2 2 XM

1) RigssE BRI LB AEEERD 5> EMOHER
BHERTEST HHORFICIOVT, BEEMRF
AEEE4805, BHUFEECR




(1€T)

T T T

T T T T
TRIM: 0, Fn=0.16 (1)
DIPPING (% of Lpp)

(]
o.1 M__GW\GAP
2 \-o‘

F.P

§| TRIM BY BOW (% o Lpp)
0.2

04 K

o3 w
02

(3

1.3

[2 ("R / (r)ee

.1

1.0

09

1.2 (v2vh) /(savhy,

It

.0

105

b5

.05

o9

08
20

10, Fa=0.16 (2)

(7')/(7R)Vr
A4 [ L] i a
- )/0-t)w

05

DRAFT OF SHIP /DA OF PROP.

06

U-W/ (- Whoe

v
o7 08 09

[Ke]

L1
Lo
09
De

=T
o - N

T= 1=
V8- Vi, 9¢ ) /(vs 0p)

|

k)

=
o -

05

T T T T T

TRIM: O, Fn=0.16 (3)

(Cadm) /(Cogm) ve

//0—‘—“’—“’\,\ v

(DHP)gg , Fn-016: Const .

[7”/(7]%

M

(Der-i’iz/
0—"—0—"
Vr

Fig. 3 Comparison of results for various loading conditions (model A)

6%



(ze1)

T T

TRIM:0, Fn=0.14 (1)

TRIM: O, Fn=0.14 (2)

T T

TRIM: O, Fn=0.14 (3)

T T T T

0§

o N I i}
gl s o i AR 7% / (1 wde, 10 (Cotm./ Catmron ]
bz omee DIPPING (% or Lpp) o B g = O mmmm ]
03 T o oFp omTTTTTT R
;|z oo TRMBYBOW (%o Lop) 09 (-t (-t 1 L. ; (DHPlge .¢a- 014 © Const.
—— 12 & ]
o3 \o-\_o_&____o 10 o-—— __ __ —— - - 0.1 &_ <:».~‘\\\“~ |
1.0 ; *’\o-‘_o\o\o 1
07 K (K] 09 . ]
o6 e~ , 2 —° (|-WT]/ (1 -wilge g
os o~ Lo .1 D/ (N ]

09 o~ _ _ ] 1.0 .
L2 (rn]/(ra]v, ‘‘‘‘‘ \_\

P \\c___ﬂ—-——o ) oo
o .
Lo =Y 1.5

o7 1 ps

Fig. 4 Comparison of results for various loading conditions (model B)



(ger)

o
o1
0.2
0.3
o
D.|

02
03

e
0.3

02

L3
1.2
1.1

1.0

100% Ve, Fn=0.16 (1)

DIPPING (% of Lpp)

6—4—’_”4__——6———0 AP

T s

TRIM 8Y BOW (% of Lpp)

O\\N\o

K

0\0-\0—0*0

(re) /(1o

W

BY STERN ~—  TRIM(%orLpp) —— BY BOW
2 | o] f 2
"

T T T T T

100% V¢, Fn= 016 (2)

| (7% (780
h.o
ot
! -t
G-t /(-1

Lo

Q/-’A—O\'O\o
09
Ly {-wrl /(1 wrlo
Lo \“\\
)

BY STERN ~——  TRIM (%orLpp) — BY BOW
2 i Q L g
b

Lo
o)

= % &5 =
(V§- V8,01 /s 0]

S = = = T 1=
o O =N v O

T T T T

100 % V¢, Fn=0.16 (3)

Cadm) / (Cagmlo

o/o—'_o\o‘o

(OHP)ge, Fa-016: Const.

>

(7)/[7]0
m/'»'——__o.\o——_o

[DHP]/(DHP]O

0\0\0/0———0

BY STERN ~— TRIM (% or Lpp) — BY BOW
2 | o] | 2

L It i 1 1

Fig. 5 Effect of trim on propulsive performance for 100% ¥ load condition (model A)

IS



(¥€1)

T T T T

75% Ve, Fn=0.16 (1)

DIPPING (% ofF Lpp)

TRIM BY BOW (% ofF Lpp)

(re) / (rr)o

0\0\0_0

1 Il i

BYSIHiNo——I TRM ('é-oerp) l—-B(BgII
i

1

T T T T

75% W . Fn=0.16 (2)

TR~ 7rlo

0-t 1-1),

R"\M

O-W /(- wodo

\\

BY STERN ~— TRIM (Y%eorFLpp) — BY BOW
2 | o] 1 2

1 i £ 1

T T T T T

75 % Ve, Fn=0.16 (3)

L (Caam) / (Caam)

Lo — oo

o9

L1 9
o (DHP)Vs , Fn-0.16: Const
P

10 \ 0
2 o

09 .,
2

i1 (M9

1o o _»

09

T [DHP]/[DHPIO

1.0 ——

BY STERN -— TRIM (% orLpp) —= BY BOW
2 l (o] | 2

Il i e

Fig. 6 Effect of trim on propulsive performance for 75% Vload condition (model A)

28



(S€T)

T T T T T

60% Ve, Fn=0.16 (1)

DIPPING (% of Lpp)

o AP
D2 F.P
o TRIM BY BOW (% or Lpp)
o.1
02
04 K
b3 i
o2 r)_\—0\"’\0
L2 (rR) /(rRlo
Lt
0
09
BY STERN-—  TRIM (%orLpp) —= BY BOW
2 ! o | 2
a

60 % V. Fn=0.6 (2)

T T

(78} /(7a)o 1

r———o——— o — o -
G-t /- tde 1
———o o . |
U-w¥_~t-wil,

BYSTERN-——  TRIM (%or Lpp) —BY BOW
T i N

i |

11
1.0
09

5
VE-V6.0)/(w5.0)

T

ST
©

60 % Ve, Fn=0.16 (3)

[C“"J/(Cﬂdm]o

e

(DHPJye, Fnec.16: Const.

%

(M7

(PHP] / (DHPYo

D\\c

BY STERN~— TRIM (%of Lpp) — BY BOW
2 | [¢] | 2

Fig. 7 Effect of trim on propulsive performance for 60% V rload condition (model A)

€S



(9¢T)

0.1
o2
03

0.!
02

04
03
02

1.3
12
1)
1.0

50% V¢, Fn=0.16 (1)
DIPPING (% of Lpp)
32——4(2 AP
F.P
TRIM BY BOW { % of Lpp)

0-\_0\0

(I'R]/( relo

—

BY STERN=—  TRIM (% of Lpp)
2 | o] 1

! T T T

50% % , Fn=0.16 (2)

(7"]/ (7R)o

1

T T T

50% Ve, Fn=0.16 (3)

Il cl) (Cadm) / (Cadm)o
s . —
(N ’3
S (OHP), Fn-06: Const.
1o N\
.°~ o__o_____,.—o
3
©3
L1 (7 / (7
1.0
oS
L2 (DHP)/ (pHP],
1
o D\\
09
BY -— %
?ERN '. mag(/m.gi)
c

Fig. 8 Effect of trim on propulsive performance for 50% V. load condition (model A)

¥S



(LET)

) — T T T T T al T r T
50% Vs . Fn=0.14 (1) 50% Vr.Fn=0.14 (2) 50 % Vr . Fn= 0.4 (3)
DIPPING (% or Lpp)
R [ osem PO R
0.2 F.P : o o——0 i ;.9 - / :
o TRIM BY BOW (% oF Lpp) il 09 ] 1 '_} (OHP)g, M 014 Const. ]
0.1 \ ] a,.o:)’: - oo |
02 i 1 G- /-t ] 09> l
>
Lo ho\o | o (7)/ () |
07 K 1 Lo — ]
o6 °\°\0 ] 09 B o) i
o° 7 (- wy)
Lt TY/0-we IS oHP :
0.3 (re) /(rayo | (OHP)_/(onp)o
1.2 | 1.0 ~——— o 4 o Tre—
L1 i
Lo | 09 ]
05 ]
BY STERN-—— TRIM (% 8Y STERN «—  TRIM (% or Lpp) -— %
2] 'l (?uerp)! % ! °l oF PP, BV_"SIEFN l mm(()/orup)l
a b c

Fig. 9 Effect of trim on propulsive performance for 50% ¥ load condition (model B)

Sg



56

Fn= 016

Z LWL

ST

/
7/

FULL LOAD CONDITION

s

L4
4
M

Wake distribution (model B)

Fig.10 b

Wake distribution (model A)

Fig.10a

(138)




