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Abstract

Speed of research and development is the most important factor of realization of a new concept by
which an innovative ship will be created. As can be seen in a new project such as ZEUS(Zero
Emission Ultimate Ship) of NMRI, green ship technology has a high priority for the innovative ships.
There are a lot of design tools for this purpose, however, it seems that the total system by which we
can evaluate the ship performance from the beginning to the end of the design stage is difficult to
find in the world. In this paper, the basic design tools are introduced.

The first design tool, HOPE LIGHT, is a hull optimization program for economy . The design tool
is aimed to find the best hull dimensions in actual sea conditions and it can evaluate not only
propulsive performance but also maneuvering and seakeeping performance. Moreover, the HOPE
LIGHT has a function of prediction of performance of unconventional hull form such as a twin skeg
hull type ship.

The second design tool is a full grid generator, HEXPRESS. After reviewing by the HOPE LIGHT,
the principal dimensions of the vessel can be fixed and detailed hull form will be needed in the next
subject. The HEXPRESS is used at those design stages.

The last design tool is a weather adaptive navigation system, that is WAN, which can provide
optimum routing and optimum engine revolution under constraint of ship schedule. The solution of
the tool is a minimum ship fuel consumption subjected to an arrival on schedule. Seakeeping criteria,
i.e. deck wetness, bottom slamming, propeller emergence and vertical acceleration, are selected as
constraints for calculating the optimum solutions. Based on the simulations, the influences of
seakeeping criteria on the optimized route are discussed in this paper.
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bbbz EIT kY EENICEAR ) FPERE 2 HE
ETDHVAT LERE LIz, KV AT AOHFHME
EHERT D10, HHERRER T 2 MBI
LEH R E OB - B WE RS F A KRR R
LB LEZOTUTICHmET S,

3.1 NAPA & HEXPRESS m & A

3—1izmrT &9z, CAD (NAPA) % fHwv
THRIZREL, BFo5hiz CAD T—X 05
HEXPRESS % i\ C CFD A DB TH 5
FHERTFEAKT D, RIS, MOoEbh ot
CFD #%& (SURF) L. #%ABIZ XV iiRETIFH
MEREZ R 5, FEl LSRR T DL 0T
b, KRB CHRMERZITV., I DI
FBERTAHIMLENLNVIEHEER CL— T2 ET,
KEEDOT—F2OZF W LEA VX —F v NTH
THZLICRY, BHROBE L OLEIEELAES
WZATH ZENAREIC 2 B, LLTIC, xR
B L TR %,

3.1.1 NAPA

3 WA CAD & LT, #EFICETINEHL ., »n
DEMATTEL A I TWD NAPA & 7=, —Hi
LT, 282 AT A EmX. T A v
R 3—2 129,

3.1.2 HEXPRESS

BFAERY 7 bo=T LT, EHERERED
D OFFEM T AR E L 72 HEXPRESS % H v 7=
D0 K T by =T THKER D IERERTIX
TNTAMMETH O ORI T 25 B B A9 12 41
S E i, nBPEH TIiZ 22538 L 7 B, M LD
EREECMEETR LToBLORE S0 B EE
ERETDHIENTE D, T2, MERETCmAE
RN 5. B R T S RIS AR A E D
W T H D 8, B F IR L D EE(box) R E IS
X0, RS ERELARETH D, AR
LTI, IR EIE & R ET D E T RO 25H
EE., TOZEBRICHIRIERIZT > T2 IR DK 1
BERSNS, 1BEOKRFES IIETETE, 55

(230)

: 8 2]
[

e
| Evaluation | qumm | CFD
; L

[ 1 f
|
S

Tank Tests .

K 3—1 CAD/CFD Z#E&hE =RV AT LA

o
s
_f._ .
EF4 I
[

B3—2 28R/ 7 HE (NAPA)

I8z RS D70 ORI, AEEREE E 238
FHBOIERREZMFT 2L OWRESND,

3.1.3 SURF
PEAVIRNTIZIZ Y T TR & & T 2 FERE & 1%
SR IE D REVEFR AR Y 7 b SURFD Z 4l i L 7=,
SURF (ZIEFEMMEL A ) LV AERF - h—7
A HFBRRICERBEMELZKE L TERMERD S
FHRICESS IV R—=TH D, ZEREEHILICIZIE
WEH FX—2ADFREFEEZHNTEBY . 120
TAEICER OB VTN EET D RITM S LI
HXIE L TWaA, SURF %, 1 FREAR 2 FEEXD
KRR ET VERBIRTE D08, AFZETIEAY
V1 ® Spalart- Allmaras £5 /L& H 7=, HH
FHFEHTICIE Level-Set AL TW5E, /-,
HMLET B I IT MR RmICE S S T r T
ETF NV EHWTWD,

3.2 HETEH

3.1 THEF L 72 CAD/CFD#l &by 2T
LADRAEEAT D 72D, VA A7 T 2 Wil &
X T NI Ty RAOWE 2 lEEME o CFD
PR ATV, KRS R & e LT,

3.2.1 WA VR G 2 EhfpE
PRI L L mAE, SCHR 6) M.S.No.0334
Thy, TOFHEHEZEK 3-1ITTT,



g L et eprid 9105 953 5 (Fpk 22 4R) A 9

£3—1 28RS MODEER
Length between perpendiculars Lpp | 270.0m
Breadth B 45.0m
Draft d 12.0m
Block coefficient Cp | 0.7025
(i) EE#®TF

YA AT 2 S O F R E ORI T E T R
ThoD, K- BMFE L LSRG O HMELE B
B LAERMOAZDOFHZ21T 7=, e (F.PIICET
LEFIEKEMEBEZFASE L, ESEFETCEREE
Lpp CHEXTAL L TS, FHREMEIZER 3—2 (R
TEY ThHD, BB, MiE-x FEZELRLDO L L
TW5,

VR ORI x, y, 225 M E HI2 0.167 &
L7z, MiAEE CTORER LY A XT, x, y, 248
JimEd 0.005 & LA, ZHIEHIEE SO 5 E
SEI(n=B)IZM Y 3 2 iR A& OB UL 50 & |
1BHOE ST 1.76x106 & Lz, &BICHBAER
FHERICIE., BHERHZME T -0 x T
0.167. y 51\ 0.167, zJ71f 0.0013 & 4 % ATl
SAbfE (box) %, -1=x=3, -2=y=0, -0.015=z
=0.04 OFEFHICEHE LT,

T, BT IRTEHEOBR OO Bk
HIFE A 2 R Em TE 6T 1 By b
(n=6) L7z 1 &, fEftEHE O ICHEEZ T ZH
AT oAb (n=9) L7246 T b ARk L 7=,

COEICLTAEKRLEHERKTEXK3-3B X
UK 38— 4 VSO IEREZR 33 I1TR
I, 2B, Grid ID O XFHICHEHALZ R X
Refinement(fll 43 1k) & £ L. #i < BT Mk £
TOKRTOMAE % EWwT 5, 7=, RUD X
fefr &, FSIXEHmEHRTETH D,

®3—-2 FHEMESE

Doubl del
oube mode Free surface flow
flow
-1=x=3 (F.P.=0, A.P.=1),
Solution domain 2=y=0
9=7=0 | -2=2=0.04
Minimum spacing
1.76 X106
on wall
Damping zone x=2, y=-1

=3-3 HECLHZFOERFIER

Grid Free Cell Target cell size
D surface Rudder| number on wall

(mil.) Hull Rudder

R6 w/o w/o 4.68mil. | 0.0026 -

R5 w/o w/o 1.25mil. 0.005

R5_R . .

UD w/o with 2.25mil. 0.005 | 0.0003

R5_FS with w/o 2.83mil. 0.005

3—3 ZEREFNAFEMEF RS

3—4 BHXREANAFHEEF RS_FS)

(i) FE#ZR
HEIX., Bn=8.07X108 T, _HEM K & &3
WE (Fn=0.21) TIiT-o7,

itk

CEBRGE NN THE D N IR R K
(I+ROEBE & OB AR 3—4 TR T, KR
M BN EW R6 1L, R IS CEHEMANHE
BRI IS SV TR D AT O 528N &
LIk, BREBREOHEREO RN L
DR TE D, 7o, B Y AR O BEEIR PR B
Schoenherr Line T®H %,

EWEPUICE L TiE. 3—H5 IZRT LI
Fn=021 MO EBRBERICE O DT i
Hump # 2 T3, /. RLEHETH D
Fn=0.17 (2B T, R5_FS D5k B idth oo 5 &
DL LR EREL VOB DICHTESINT
W5, T, EKEEEONIOEEEEELENR
TWARWNWED THY, HibKAEEED 2z kT
BEA 2510 EmD - R5_FSOME R TIZb T Tk
HOINKENRLND,

(231)
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R3I—4 BRELERBOLE

Grid ID Rudder 1+ K
Experiment - with 1.17
R6 w/o 1.19
CFD R5 w/o 1.24
R5_RUD with 1.25
1.4E-03
1.2E-03
1.0E-03
/'
8.0E-04
° 6.0E-04
4.0E-04 i —EXP. —
®  CFD (Grid R5_FS)
2.0E-04 O CFD(Grid R5.FS) [

0.0E+00
0.15 0.16 0.17 0.18 0.19 0.20 F 0.21 0.22 0.23 0.24 0.25 0.26
n

3—5 BERENFRHDOLE

B i B

Ship Point (2517 2 AMiat R O R ZFRK 351
AT, WL TEBEEEAMTI CH Y, T a
Z R FEIEANEY Th D,

1-£ICBI L CThE, MR #7580 2 30 3I3IE
Rino T, Twt \IIEEEBH Y . T BENRN
TR THDLIENT o=, ThEv ., B DHm
W C 1wt & Wi T 2 BRI IE AR E © O/ 75 &
hbyE, SOICHEREZESD DK%
WMODHLIENKETHD, L, BLRET AN
RIS THDZ D, 1-wt DEEMZRHEEICIE.
KEBEEOMBEEZIRD Z ENEE L,

WAZ, 1-wt 2T DD 2T R5 & R5_RUD
DFEMND 0.027 L72b, EikL-X o5, BTk
TFHENE D ENTITWR WA, MY e Eli2 R
HLTws,

KI-SEMEROLR

Grid ID | Rudder 1-¢ 1-wt
Experiment - with 0.838 | 0.645
R6 w/o 0.875 | 0.725
CFD R5 w/o 0.873 | 0.736
R5_RUD | with | 0.838 | 0.709

AR R 1 )1 7]

R5 & R6 O 1% AW TE LRI IREETE )
AT DR X 83— 6 (2R T, fin W SR O E
[R5 LAY R5 CIIAER IR < L ZEoi L v
MNEFET DI TN EEHN ERNDND,
FEAE 3 S AR K T CIXORIE 7 BB T o B %
PES Z L KM OGIE R EIF A Z L RN ATEER
7260 REPEIE D HCH O HEE K E o 1) B SR CE
%,

(232)

(Grid R5) (Grid R6)

HM3—6 MEEFHLY DMERAENDLE

LU oy A

FiBk & R, R6 ODAFREIRAAMAB LT r T
HICHT D EK TR 3—TIRT, 7T
BT A EEIXRS TIXIATTHY . BER Y
b B & R TILH e Ric > Tn s, —
J7. R6FEJEFE CTHIMET X, Rk < Ot h
BlTETW5,

M.S.NO. 0334(15%B)

111 T
e
[
b

L O o o

| T
mE, NEEE

H3—-7 FORSEICETIAHMERIHEFE
#®F (LHSEER. RS, R6)
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B

WMV TR VI & 55 A o CFD 38 s 5 % & 18 K i
DEFHFMKF L BEDER 3-8 IR T, REHREICHW
7= R5_FS 13 B H 2% i U7 057 1 J= T #l 4 Ab eIk % 5% &

LEEbDOD, zHBOBROMBILTHDLTZD, x, 5

T OV A ZIME»r N DI LA
BICKRE L 2D, RE WO 72 EILFIH TR v
FENLERGE T x, y IOz BNy %
ZLETHIETE D,

iy

|
|
iH\

RUF oo

=

3—8 KA MEFHIEKETOHERTF

3.22 v 7 bITSy b DULVE 2 BAEEME

FHE xS L LA, Gk Do 2 Biho &
= U — (MS No.737) Th V., Z OO EHE
HA&3—6IZ/7R-7T, SRS (%7 T Z
o h) OBV R LIREBE BIZEHHEZITWV, FE
Bt O & bl U7z,

x3—6 2WMEERTI)—MOETEHR

Length between perpendiculars | Lep | 187.0m

Breadth B 28.0m

Draft d 7.0m

Block coefficient Cp | 0.4815
(I EtE®RF

FHRMEE, W 3 X OVE 5 o H Sy
x>y A > 277 2 @it RETH B, I T
ORI IX., MERE T 5 2L 6\ (BT
H A X9 0.0052 72 LK 0.0026) | fHngZm ¢
8 al ([A, # 0.0007) & L7z, AR L7521 3
—9 TR T, BAEEIMINMBY - R LOBAT
HK a2 H)T40 FEIV K130 AL TH -T2, £z,
TEEAENOSBEAS O AL, e - 7
LC& LK 840 TN, 3T HEALTh o7,

(iNFtEFR
FHEIL Rn=2.1X107 T, _EEAGN & SREE
B (Fn=0.3833) Ti1-7=,

HPirEEE

Schoenherr ~X— A2 DR BIZHE 1+K » &R
PR re 23 3—7 1289, 1+KIZB L TiE.

H3—9 v 7 rIShy b 28MEDY D

AERF(E . E. B MEEFHY)

x3I—1 BREEFEBEEREROLR
Without appendage

With appendage
Measured| Computed | Measured | Computed
1+K 1.10 1.10 1.27 1.26
I'w 7.88X103|6.60X102|7.82X103 | 6.28 X103

M o A B A7 B EHRIE FEBR G R o M
ELCHALTWD, —F, EEEICEL TR,
W& EBICERMBIVIES, £, S0 F &
&R DN RIS TRE D,

biink2; 3

BHRiaEICE T 2 EHEK T & W& 0m %X
3—10 12T, (Mo FEIC XLV & O (5
WHVR) DRELS B ->TEY, BikLE redE
WL TW5S, ZHIEABRmIEEICBT 5K
WM O FEEDENDED EEZ N, Eik
BRPLICBI U CREMIZR BB RR 21T O 7= D I3 i |
STETHRIBEENMADVLEND D,

WIZ, 7aXF7mTOmRDMmERK 3—11 (2,
INFREETRAR S &2 3% 3— 8 ITRT, AFFAS RIT ERR M
IR T RIRMIC IR A 2 PR DA IS 72 » TR D
1-wn b EEEOMM 2R3, TAVEL, #1040 S EE
DA E TPV, D LEEn 2 I Ic By TR
HMICHLS o TWndHveEEZLND,

ALV LD A
thout appendage T\ | 71/l 7 FL -1 L7777

3—10 EHE#HF & IRMDLEE (4/=0.0005)

(233)
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COMPUTED

0.01 MEASURED

001 .

-0.02

-0.03

COMPUTED

0.01 MEASURED

\\\/\‘

w W

0,04 0.02 0, 002 0.04 0.06

3—11 TORSHEIZEITHAFERDOLE
(x =0.98235) (4w=0.1)

£3I-8 OMHRBRBOLER

=~ _
-0.01 N \\W\J /09
Oy W/ @)

Without appendage With appendage
Measured | Computed | Measured | Computed
1-wn 0.97 0.946 0.98 0.929
3.3 FLH

7 & OBHMERTE R Z2H 3 25 FHMBE O R
WHFEWHEREDIRMICHE TE D L) IT,
CAD/CFD %Z#A bW =it AT A& L,

Wiz, TDOV AT AOVERHEE IS T 25 % 41k
EREET AT DIC, YA RS T 2 iR L Ly
T NT Ty "R OWTe 2 dliE A %t L CRE
B ECHB - BMERBRAEIT D, KRB R L
e U7z, FERE. M L B IS F R & SRR
X RHFRMEEES, Hmicx L THE AR AT
AMMEBFHTHDZ ENEND LT,

ZEXH

1) T. Hino and N. Hirata : A CAD/CFD
Integration System for Ship Hull Form
Design . Proceedings of World Maritime
Conference of Marine Technology . The
Society of Naval Architects & Marine
Engineers (2004)

2) HEEE . FEEAETT. BEZED  RATAIICH 2
b S T2 IR E N TR T 2 W72k E v o
B 2 R ALERAT . 55 22 [ AR ) R T
L4, F10-4 (2008)

3) HEr . FHEAEIT. BEEN  RATAICHS
b S M7 IR E N TR 2 D T i R JE v o
WEAIRATIZ 36 1T 2 K AR AFME . B AR e T L
RS S 55 8 75 (2009) | pp.287-290

(234)

4) JOKfE— . SFEAET  RFTICo b S eIk
18 3 S T AR RS - 2 O 72 BN s R s 2 oD S AL i
Bro % 23 B4 0 i e 5. C8-1

(2009)

5) T. Hino : Navier-Stokes Computations of Ship
Flows on Unstructured Grids. Pro- ceedings
of the 22nd Symposium on Naval
Hydrodynamics (1998)

6) Il AR, MR, SRAISC, B, AR IR
Twin-skeg stern #h%l O #fEEMEREIZEE 3 2 £
RO 2% — 1R 77 1) skeg A& D ZE (b3 L O skeg [
tunnel # O i JE O AR O ZE AL 3 HEEMERE IC IS &
ET R - WA ZERTE . B 18 &, B
6 % (1981) . pp.283-314

7 BEEE, AR, CERET. NARE NI
Z.ER)IM, BHEFEW, EERY, BB
FIAEE, AT R%E  SBD OBE&IC L D E ik
PERE & BB L 7o @ 3 fin O MR BB GHE D AR TR 1
bR RS VT B 2 5 (2007)
pp.139-162

4 BREIGHES XA T L (WAN) DR

fe L@ D LR A~DE—X N T N
BHEMET 27212, MR AT L TO DD
KE-RFELTIMMZRZ, BXE—FELTO
MO R ETRT HLERDH D, BWkET— K&
L COMAAICSED RO B D 0%, B2
Exwsrztizh s,

FlEREEZHERT D & E DI VREHEE &,
CO:HEHED —BOKENR RO ONDZ L LD,

— 7. AT ok T — RICl, BRERE
DEBEREL ZTLZLICHERIH DL, Tb
B, ARSI A M7 S L X, W, R &
DHENER TSI EERD, ZOEBHETO
WO TERARELSHET L L HIC, BER
WOEAZE TR L, & 52 L OHEHEE /= 136 S
HIEICXY, EREZHER L. OB BRE.
REAMDO/NSWHAITEITO 2N ROBND,
IOZ LRI E T D MBS A B AYIC S E G
fiiE > A7 A (Weather Adaptive Navigation
system: LL T WAN & FES) OB A 1T 72 V. 2,

4.1 &M - HRME

WAN 22 b —32 g &7 9 %48 &1 5
X 4—1 12T Fey s A arT e L
7o FEHZE4-1ITTT,
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4—1 NI Yo RBaLTFHH

=4—1 FEH

Ttem Dimensions
length between
perpendiculars (L, ) 282 m
breadth (B) 32.3 m
draft (d) 11.8 m
main engine output (MCR) 36,500 kW
and the revolution (N,) 93.0 rpm
designed speed (U,) 23 knot

VX a b— 3 U EAT D MR AL K PE PR B
W7 —=TN—=a—a—7W) L, K 4—2
W, K, VT —T N ——=a—a— Ok
M2 GCR & L., KEM B IZHIERHIR IS
ko cE vz Ens, BEEASND T =

A WA > b w2 AL TR 2 MR & LT

lnitial route] & 925, F7o. MUK FHHE TR
THRAME Mimit] & L TRT,

41°N, 70°W

43°N, 50°W

70W 60W 50W  40W  30W - 20W

—-— GCR initial route -------- limit
4—2 JFKRBEEMBE (WF7—IIL—=a2—3—
M) (EBEAMBEE)

4.2 BEFAT—4

WAN [ZXBE L 2R THT —Z I3 RKRG
FEAELE T 5 B TN & B8 T80l (2B A~
7 RVET L GSM, RERIEIRET LV GWM) %
A+5.

HES T, 6 BRI R Cheok 192 e %t & <,

PRt X du, 2SRRGB VSRR ERRIE 1.25 JETH B,
ZOWETIMES S L, FHEE (V). FEHR
m (y:mEEZO0EET ), ARES (H) . il
B (T, Em (x: Mz 0EET5) 2
A+ s, ok, s#@EANY (1, 2. EE
Pierson-Moskowitz H % A~ 27 7 A ToOREED
5. @RI Ko FEWEH (D IChET 5,

T=0.772T, (4.1)

BT — 231 ey hFr— 12T VF 1L
L, 7= _X—2{t L7=b D &AL, T
I EERE 25 ETHY ., FHEICT —Z X—
ZbEhTW5,

X 4—3 1z, dLRVEFEICB T D HEHES (2007
£ 27 10 H, 00UTC T 6 BEIETFHIM) &.
W T —Z 2T, SEMEK LT, KKEIZLD
B E N 3 0B DIRIAN DD,

L Hm} 0 246 3101214
—

20070210.00UTC.006F T

Lat.[deg.]

320 330 340
Lon.[deg.]

__ b B

Vemisi: 0 02040608 1 1.214

60 F

(2
o
T

Latitude [deg.]
(=]

3o}

-80

-890 -60 -30 0 30
Longitude [deg.]

®4-3 EXKBFORZEES (L) &BR (T)

(235)
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4.3 tEREHETE
WAN Tl o Bk TOEREZFIH L, At

IR 2 R R FR S & b S TH BB LAT

BREAMO/NSWHIITEITY, LR T, MhieHE
WZHOWTCR#HT 5,

PRI, ERREERET D,
BT A NI X BRI Y 2.
NZEFHE—RA Y &L, WRITLIEE Y O n

Ry Eff&xiRs ' L, @2XTITo,

r_ X r_ Y
0.5pL,,dU> " 0.5pL,dU*’
N’ :—N2 5 (4.2)
0.5pL,,’dU

T, opWKEE, U METHD,

4.3.1 EKpiERE

TEARHERET, AMERII KRB E KICHE T
HZENTED, AL, EHPGEKPHEREZ
HEE 95 Holtrop et al. O FED V& H DL Z L
L,

a7 MR, 6 O MAU 72 ~X7 0
BB E 92 L7z,

4.3.2 BHtRAN - E—AF
FEUEIR IR AR AT L S AE A T MLIT T B,
RHILTAT) « | — A > MMRE(Y,' L Yg's Ny'|

Ny Vo B (p) BT EFHE AV,

MBI ) 53 T & 5 Kijima et al. o 54 6.7

WLV RDD,

MRS - B— A2 MREE(X,' . Y'. NR)IE.
fef (o). BHiAa () OBI%E L T4.3)~(4.6)

KTk 5,

Xyp'=—=(1-13)Cs5° (4.3)
Ye'=—(1+a,)Cs 5—“% (4.4)
I—wpoe™ p
Ny'=—(xg"+ayxy)Cs| 5— 74 Lﬂﬂz (4.5)
I—wpee™
2
Cys= A M(l— Wgo e*“'O/”Zj (4.6)
L,,d 225+ A,

(236)

T ITL ty  BRAEIC X DIRHUE N O M E R
ay BIEIC K DMIEEBID DA R, xp'=x, /L, :
fedh b b ELDE TORBE, x,  AIRICER
TORED TR DOMENALE, yp  BWAAK.
1= wpo : RENLEIC 35T D EHERE DO H BT AR
Ay fEEFE, A  FEOT AT NHTH D,

433 RAERL - E—AT b

BES - F— AV (X, Y,. NOE. &%
Mz AW TR ESRE LHEE T 5 Fujiwara et al.
DIFEIERND,

JRIES) « E— A2 MEE(C,. C,. C)%EIX 4
—4ZRT, TIZC, oy, MR M (MJEE 0
L45%) Thas,

Xi . Y,

C, = = ,
Y05p,1,04,

Y 05p,1 24,

C, :N—; (4.7)
OspAV) LoaAL

TIT, py o WREE, OV, MEXEE. 4, K

i EIEwE B E R, A4, 0 K A B 5 R
L, : ®ETh5,

C.. C, 10C,
1.5

0.5 = ‘\

-1.5
0 30 60 90 120 150 180
C, 7, [deg]
__________ Cy
———- 10C,

4—4 RIEH - ET— A2 MEE

4.3.4 BURPIEFIZ NN
PR P NS SR ST B 0 7
MART F7 L@ abyETHESND, Th
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Ze S TE A BRI R UGN & W 5

AN PHEHUE I (Baw) 1%, Maruo @ B 9
WHEWEHE SN D BT A S, RO RGN &
MEE A R COBIEREZMA THET S,
T ZTHE. BB OEIL, MEEE R NY
y VEIZ L DHEE L, R RAES 2 BKIZE
=HEE T 5, KHIERPUEE NIX, Faltinsen et al.
DIFEOCEVRD D,

JEAR IS AR AE K 4—5 128, 22T, ¢,
FE, 2 WE, o MEElomaung (mK
Z0ELT D) Thd,

RAW
pgé BIL, F,=0.2349
4
3
/\\
,,,,,,,, N R R
, Al
,,,,, ,”,’X Lo N __1]
N A S
N N\,
~ / NES
EE— 7§Q, = :\“C\:hi \*\* RN [ ——
. j;’ T
A I N

0 0.5 1 1.5 2 2.5

o= 0[deg.] ALy,
— ——- a=30[deg] —— — =120 [deg.]
———-— a=60[deg] ------ =150 [deg.]
——— - = 90[deg] -------- =180 [deg.]

4—5 FRALRPIERIENORERHICEEE

Wiz, WoFmMART NT L%, BAEHEAY
N7 L% ISSC A7 N7 A, FinoHEE o
YA 2 /ML LCRET D, HIREARH AW S
EHEM (R ) 13, WOFMARY T A EH
HI s s in 2 . o 8 . A ok
BERG DY CHESN S, i TE R8I
PO (K,,) TARTEXRTILIND,

_ Raw
2p2
8pgH*B"/L,,

Ky (4.8)

T, g HEHNNNEE, H: AEE&ETHD,

4.3.5 EHEFH
KGEDa LTI RoOFEEIT, T —a % HL

T 4 —BAMBETH D, EEMITTIES NS —
W& EEEEEE & LEEEREIT Y, 72,
SELEIC Iz MR RL, LS Y
Sy bEBzBE, VU EBRH#EST D DAL
BrTFFsrzLens,

O CEMTOBRBIEESE Ao LHIENE T
(BHP) L OBt W% 4—6 12737,

1R B 720 OBEHEE R (A 13(4.9XXTFF
BT 5,

A, = A, BHP (4.9

A [g/(kWh)]

180 ‘ T
| |
175 } }
| | Vv
170 ‘ ‘
165 ; |
| |
160 ‘ ‘
20000 30000 40000
BHP [kW]

H4-6 muMHE

4.3.6 A - BEHEES

FEEIk I - MoOSELIC L v E DN AL L,
MRENEEEL AT 5, 4.3.1HMND 4.3.5 HOM
BT — 2R hoVH R EME, #),
1M ST VIR E RERD D,
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