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Hull Design Approach for Energy-Saving Coastal Vessels

KUME Kenichi, ICHINOSE Yasuo, KASAHARA Yoshikazu

Abstract

In an effort to reduce greenhouse gases from coastal vessels through hardware modifications, the Japan Society of Naval
Architects and Ocean Engineers formed a research consortium with three shipyards to develop energy-saving coastal vessels.
With the support of the National Maritime Research Institute, the consortium developed highly efficient hull forms with
specifications suitable for implementation in actual ships. Ship owners and operators were surveyed and the preliminary design
was created by the aforementioned shipyards. The developed coastal vessels were a 499 gross-ton tanker and a 749 gross-ton
general cargo ship, which are widely used in domestic shipping. The target energy-saving rate was 16% or more compared with
an average similar ship constructed in the 1990s. This paper describes the part of the method used to design the hull forms and
also reports on the performance of the developed hull forms.
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Lpp[m] 79.000 Hold Type Box
B[m] 13.000 Hold Size [m] 42.0X10.0
d[m] 4.689 DWTIt] 2,420

leb [%Lpp] -0.25 Gross tonnage 749

Dp[m] 2.800 Mariner type flap rudder
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x2 BRTEDMEREHEE

Parameters Initial Optimized | Improvement [%]
k 0.260 0.231 2.1
Cw 0.368 0.325 1.8
T 1.268 1.295 2.1
1t 0.775 0.825 7.7
1-ws 0.611 0.637 -2.5
TR 1.010 1.007 -0.3
1o 0.533 0.551 33

b, HAIxE

51 BHFE

T E T8 b BB AR L, RBEIRE O FEERI L CE T, 2 2 BIEFEREO FIR TR
FEEINTZ 499 b LT T — VR OPEREIZ DWW T b oRT
5.1.1 749 & + B — iR E YA

TR OIS FH IS LB HEE IEARERACK 13 0.4x10° & W =, RRFFR I D RS B R 8 e 13 RIR T v — b 97
HFLNDMEICRERESE LT 1/1.03 2F U, £z, HlEES BHP OFEIZHW R DIy 12T
1/1.03, AEET 2E0d A (FIEREOEE 1.55) X712 2 & LT 1/1.02 20V, 7 a5 Bl L, £
BHEARTFICANS Yy BT —2 a2 UYEREERZE L7 E ORI L2 B L CRGH L7727 D (ERmEAELRIX
Wageningen 7 A Ik L-5%) D LA J VA Rp=1.1X10° TORBRFERATHA Lz, 20Xk 5 ICEHLEED
HIFR A X 13 12" 9. 75%MCR (883 kW) COEIEE /11% 12.61 knot & 72~ 7.

1,300

MCR=1,177kW (1,600PS) /
1,200
1,100 //
1,000 /

0 =
900 75%MCR=883kW (1,200PS)

800 / :
700 :
12.61knot

600 ~
110 115 120 125 13.0 135 14.0
Vslknot]

13 749 # b UE—REYMEE NehiR GHEAIREE) M. S. No. 869)

BHP[kW]

5.1.2 499 #3 kLB 2 o h—fiaFY
749 #& B UHREMIVIL LRI U<, AR RIS EHERE LB EHEER 2N 14 ("7, 75%MCR
(552 kW) COEIEH /J1E 12.16 knot & 72 o7z,
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14 499 # b VB U h—iBE NehiR (GHEAREE) (M. S. No. 868)

5.2 CO, HEH =K RE A EE O 5Tt

BRSSO =% BAEIE 1990 FAROFERL D CO, HEHEDIFEEMEIZKT L 16 %Ll EOHKTH 5. BHFE LIk
WY OB T R ROFHFITITBEEOFH & F UXE AW TE D 5.1)X~G.3)RUTRT. 2T, FOCRyz 13T
DOREF, FOCyr 1XFFED 75%MCR TOBRERHE &, FOC IIMFEORENEE & Th D FHED MCR TOBRE
HEED 8% EAE LT\ 5. DWT IFT#EE ], Vsl XAiHiTik 7= 75%MCR TOZRIEH ], Emissioncos 1% CO,
PHHETH Y TN OB =R FHEAEICHNOND.

FOCyz[g/h] = FOCR,:[g/kWh] - MCR[KW] - 0.75 (5.1)
FOCuz[g/h] = FOCRyz[g/kWh] - MCR[KW] - 0.08 (5.2)

3.1144'FOCyp+3.2060-FOC 4R

Emission;y,[gC0O,/(t- NM)] = < lenot DWTTH

(5.3)

5.2.1 749 & + R — R E WA

Z T TIE 749 #8 b ARSI DB = R RO FUICOW TS . HEEEOF ISR ERENLET
B DT OEMFTAFE LB A L, 589 5 FEOR K /1% MCR=1,177kW(1,600 PS)Z45E L7=. (5.1)
K~G)NTHE Lokl OB =31 E 542K 3 1R T. AO CO, JEHEIFRBEBEMTH D 32.73
gCO/(t-NM)IZKFL 2027 &72 0, B3 381 %% =M L7z, 7035, MCR=1,177kW (1,600 PS)DEREIE, TEkD
749 & N TR ISR ST E T L TR D & MCR 23 2 BUINEWVS,  BR%E U T icmfin il oo sk ki
BRAE R A HYEICEZ D 41 %D —~—V 0 A L TWA Z L2720, FHERE T D 12.0 knots (213 61% MCR
TEET LMo+ RRm 1 F LTS,
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&3 TAE SR REYMEDE T RE
Item Unit Value
Output (MCR) kW 1,177
FOCRyg g/kWh 202.9
FOCuye g/h 178,960
FOCye gh 19,089
Vs knot 12.61
DWT t 2,420
Emissionco: gCO,/(t-NM) 20.27
Energy Saving Ratio % 38.1
5.2.2 499 s BB U h—fE
WIZ 499 & R A 2 — RO TR EOFHENZ OV TIRARS . 749 & b I — AR & [FERIZ(5.1)2

~(5.3)RCHEA SNl O = R G A2 R 4T T . AL O CO BEHEIIBRF BAZE Th 5 32.84 gCO/(t-
NM ) ZHf L 2647 £720, BT RR194%EER LT, 728, #HHT 2 TORKHIIL499 b oA 2 g —
T—f%H72 MCR=735.5 kW(1,000 PS)Z48E L= HDTH D,

b~ R S

T4 49RO H—MBIOEIRE

Item Unit Value

Output (MCR) kW 735.5

FOCRyE g/kWh 209.6
FOCye g/h 154,085
FOCye gh 12,327

Vs knot 12.16

DWT t 1,241

Emissionco: gCO»/(t-NM) 26.47

Energy Saving Ratio % 194

6. BUKRUFIH YLD

ZZETHI N Y AP a0 EER IR
LIRBETHEAT SN D Z ENZNT2d b U AfFE RN AE
TUFS LTV 499 #8 b LR & L 1 — R DR ACIRBESE (2D

51 B HEREL

=A%
'i"/ =

COWTHHIE LT & 72728,
EX L UONT R MRREDERE
WTENFENERS EFR6ITRT.

PSR 3 — R

(iR R Y

IZOWTHHETH. 749 #8

=5 T49 # b OB EYMRME DOEIKIKEE
M.S.No. 869
B [m] 1.1143
Full
. - Ballast
Draft condition ) Aft trim .

Designed (Trial)

0.5m 1.0 m 1.5m
d (midship)[m] 0.4019 0.4005 | 0.3991 0.3976 0.2511
Trim[m] 0.0000 0.0429 | 0.0857 0.1286 0.0857
Disp. ratio 1.000 1.000 1.000 1.000 0.587
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&6 4998 b ARE D H— MBI DELKIREE

M.S.No. 868
Lpp[m] 5.9088
B [m] 0.9600
Full
Draft condition . Aft trim Ballast
Designed
1.0 % Lpp

d (midship)[m] 0.4032 0.3976 0.2957
Trim[m] 0.0000 0.0590 0.1772
Disp. ratio 1.000 0.992 0.697

6.1 749 & + LB — R EYME

15 | ZKAEREBR CIH D7z Cp iR 2 /R, TECRAE CIIME F U AR E < 251250 T Fr<0.21 O#iH
T hump BN/ D b OO, FHEEDMIT (F=022) TIHIFEAERULLTHD. i MU 2ik%E
TIEME LT DK BICHTWD 720, MEANE EECCIIARE OIERF L OWEBIS S B 528, il
DT O TN E L T RO S E &R AR ET D72 DMME VL7 030KE 2L, ## F U A8 a ok
RELREOEREIIcZoNZ Lickbd B2 N5,

X 16 ([CEMEFRZ7T. M2 N U DOEINIEED 14 & L-we DSEETHINT 2 3K 17 12 LI A 2hEbR
1RE0% T Z3 gy THE 35 & N U AR & A BN L35,

14 |
B Designed Full k=0.231
12 T «Full with trim(0.5m) k=0.250
A Full with trim(1.0m) k=0.265
1.0 ' eFull with trim(1.5m) k=0.270
[
X Trial k=0.280
E; 0.8 %
& 06 " — = —
X X °
) A A 9( [ 'y
0.4 r = o = S
A e o, o ¥
[ ] X '
0.2 %“I__. = !——L
0.0
0.10 0.15 0.20 0.25
Fr

15 EREH R (28%) M. S.No. 869)
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095 Designed Full
Full with trim(0.5m)
Full with trim(1.0m)
090 — Full with trim(1.5m)
Trial
-
T oss I
= -
0.80 T
0.75
0.17 0.19 0.21 0.23 0.25 0.27
Fr
0.70 Designed Full
Full with trim(0.5m)
Full with trim(1.0m)
065 — Full with trim(1.5m)
Trial S N S
? 0.60 ;:://
—
[—
0.55 ——— —
I
0.50
0.17 0.19 0.21 0.23 0.25 0.27
Fr
110 — Designed Full
Full with trim(0.5m)
Full with trim(1.0m)
Full with trim(1.5m)
105 — Trial
IS _—
1,00 ————
0.95
0.17 0.19 0.21 0.23 0.25 0.27
Fr
16 BfZER (EB) (M. S.No.869)
1.45 Designed Full
Full with trim(0.5m)
1.40 Full with trim(1.0m)

Full with trim(1.5m)
Trial

135 | \

. 130 | ———— \

1.25

1.20
0.17 0.19 0.21 0.23 0.25 0.27
Fr

17 fssh® (8 M. S.No.869)

R U DR DIRBEDE N liER 2 X 18 (TR, AEIM.S No0.869) Ti, TiliHREEDHK) 11.8 knots A8 % 51l
WAZE W TR N U A& 21572528 BHP (X035 2 L SRR S iz, FHERE ) 12.0 knots (235U Tl 0.5~
15m OPH N Y A THTIRHEIH Y A B e ORREIZK L 1~2 %O B KGR Hiviz. R CHEKETOIH
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BALIE leb 1IAI D025 %L LD b X DICHFICH D Z EERBE LTINS, L L, MEOXEE E RGO
B leb DZNLL EOBGTBENINETH S Z E NS> TEY, BUROD leb ITFEHRARES G EE L- L TRET
bHHEEZRD.

F1z, M CORMIENEE 728 = 5B TH DB OME L 7 N WAD OMEEFHHIZ DUV TIEsL
Wk S)yEZRE .

1,400 \ ‘
Designed Full /
1300 | Full with trim(0.5m) /
1200 [— Full with trim(1.0m)
Full with trim(1.5m) /
1,100 — Trial
__ 1,000
E‘ 900
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@ /.
800
700
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500 /?
400
10.0 11.0 120 13.0 14.0 15.0
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B18 HAmhiR (25 (749 # ~ VR —RKREYRE)

6.2 499 &2 kLB A L h—fE

19 IZAKERER TR o7z Cp MifRZ 7. M2 B U LMW 7R EE TR A bot O FEIRSCBARIN k 348
KT 2 HODOEREEUREN A Uiz, FU L0 AT O Co RN EIL LT 22D THY, Lo
AIANLE % 14 05 1 T8 S B -REHC R B D — R B L AT 5. TR Mkﬁe@u&;cfﬁ?“ T LT AR
[ EICHTWD Z & CEUZRIEBIRIZ LY Fr=0.22 (T E THEIMERTH 523, KiEOED EARAVIZE Y
PNVTINET D X DT D Fr>0.22 OFPH CIEEIME R 2FEe T 72~ 72,

X 20 | AMTER % 21 (IZEM DG IIMEREREE AT gy 7. i R Y L0\ T X MIREET
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14 | | | |
' ® Designed Full k=0.260
’ ® Full with trim(1 %Lpp) k=0.328 o |x x
X
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1.00 T [
Desigred Full
095 — Full with trim(1 %Lpp)
Trial
T o
0.85
0.80
0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27
Fr
0.80 T T
Designed Full
075 — Full with trim(1 %Lpp)
Trial
*Ié 0.70
e /
0.65
0.60

0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27
Fr

1.10 I I
———Designed Full
105 Full with trim(1 %Lpp)
Trial
o
<
1.00
0.95
0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27
Fr
20 BfiEHR (8 (M. S.No. 868)
1.35 r .
Designed Full
130 — Full with trim(1 %Lpp)
125 |— Trial
<
1.20
1.15
1.10
0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27

Fr

21 fssh® (8 (M. S.No. 868)

KU AR DAIRBED B SRR 2 X 22 1287, ARI(M.S No.868) T, JifiikEED 10.0 knots % x5 FHI
WZBWTIIRE U A% 21372707728 BHP (38075 2 E DR STz, JKRENHIRIEL U H/h ST 2
NIRRED BHP HM#CIRAE & RIFLEE CTH D08, THeIREIZ R 2 PR A B s L TRtk L7 < b
EEZOLND. RNT X NMIREEOVERED iRV CldZe <, TlERIRREDOMEREN S S iz & &I K 0 MExtzE
LT bDTHD.
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——Full with trim (1 %Lpp)

00 — /
Vi

P

S~

BHP[kW]

300 pz

Z

200

10.0 105 11.0 115 120 125 13.0
Vs[knot]

22 HhehiR (EER) (499# kB4 U h—E)

1. YIS

749 &N BRI AEIRRTL 2 R LN OB = ARTRLBR O TFIE L, E ORI SR OPEREIZ D
THAST L7z, CFD ZFIH L CELORIENER L OWAE /L7 R S LiE, Cr#ifROREb21T9 & & bi, R
T L—AhTA IROEE, ~ U F—RREORA, 7 a7 REAEEIZ LD 1990 RIS S =B8R o
SERIRIRE T L, 749 #8 b TSR C 38.1 Y%, 499 H8 N LT Z L —HVRITC 19.4 % DB TR K E L
72 DRI T 7.

B R MEREDA EDOT-0IZIE CFD DT 2 B L7273, MARLSHIFKI O PRI I CEAIM B & Al HE
7eBR Y 2 H~BEN U2 S e L TR S ARLE Lo TR, 7 aXT0KEbDO =iz~ Y F—TljE
AT AR EDORWHE REL FLG L TWALEEZTND. PHIANIIMITIN & e TREF EORIFKINS < ok
LWz, RO RELSETTLHZ LI LN B TH LM, SRIOA =MLY T a Y=/ T
VIUERE « TES © AFIREEEOEHEN O FHEREL, TN EZ RI2 2 L TR OE = R IERE DR EERY 72
B Bl o7, HEEND O COy HEHEHIRO 72012138 = (RO RICE £ 5T ZDOE L AVETH Y,
ZDOTOIITEM E EEOBENOLOT 7a—FNEETHD., 207 =s FTlEEnarmd BRI
NIFEHNT-.

# O
AHFIENTRERE PEHEE OB FE [ R84 EE i an O St PR B B g3 B il & (i _Lanlb it D 5248
MEPRBEUGERHE) | 20T, BAMMMEHE TS, —MEmeT, BURESE, AREmsiE= Y —27 A

ZLA TN LTATSE TPITHRED 72 OE = L F—MVBEONIFEBRTE ] O—BRE LTEMLIZbDTY. Hf
TEDRMNZDHTZY, TRIWTETEWTFRE SR EH OB LR L ET.
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