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(URANS)ZEEHE 1A EDR [ AT IANRE 7 BUR A A
)+ Hsin A ((4]-[TDRETREVK LR T HIE
PSR ET R T AAH R » 55— 7T > Kwonl[8]
LUk MPEC[9173 Bl H T 5T RAAL I 2R 48R
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IEHY Kwon J72=, -
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A [13] » 55 {H 45 (isopone) J4 [14] » L #% B H S 8
(Lagrange multiplier);£[15] » £5 A B (genetic algo-
rithm);£[16] » & e frkEFfir /8 B (Dijkstra algorithm)jZ
([17]-[19D 5 » &2 LLJ77A A SRR [20] o B A a4y
i o ARSCER HENREH B A (Dynamic Programming)
MR R (L > 3% J77A%ER Bellman ffEME R
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1. Kwon FE&E/\H,

A HET Kwon HYFELEER AT > AT
FH A 7788 Z81(block coefficient) /12 0.55-0.85 H g5
8 (Froude Number) /1A 0.05-0.30 [EIHIALEE - R
TR BN o MRS R E) KORRIT IR J75 [REAYAE
g s Kwon AY&E S Al SA1L ARG E4E F i
i B KR B TS S 45 SR LL I A R S YRR -

(DAL Kwon ARG RIS EIHINSAER R E 77
tE

A
v—’:-100%=cu-AR-cF (1)

YR HEAY = vy — v, Hv, BffsKIEN T Al

EHEGETITE - v, BALEE T BRI NHIRTT

R > WENEAS B m/s s EER BT ER:
v, = v, — (i_f' 100%) v, Q)

1
(%) =V1_(C;4'AR'CF)TO%V1 (3)

A(2) s ) oy BB R LIRSS 8, EEHER
Lpp LA R EJT /1R g = 9.80665 m/s* ST -

W
vy =Fr-\/Lpp-g “4)
Fo T FER B A FBEEMRD 2RSS FHOR

s URER BN ~ SHEEERIEN T ARFTRRAY TR
EN (@R Lt (VS EWIICTE R EN (A

# 1 REMUAKRT C,

SRR T[] ERGRE S B iR R Cy
THRGHRAN) 0° 2, =2
SRRGERALE) 30 °t0 60 © 2C, = 1.7 = 0.03(By — 4)°
HDEGERRATE) 60 °to 150 © 2C, = 0.9 — 0.06(By — 6)*
FE R FERRAE) 150 °to 180 2C, = 0.4 — 0.03(By — 8)?

2 2 MRS Cr
e NS Ship form coefficient Cr
FTBA DU A T G 05BN + BNSS /(2790
CTRAR LSRR RO 07BN + BNSS /(277D
EARA TR 07BN + BNSS/(22.075)

* 3 HERIEA T AR

e 4O S EeEk R RIERIERFAR
0.55 Normal 1.7 — 1.4E, — 7.4(E,)*
0.60 Normal 2.2 — 2.5F, — 9.7(F,)?
0.65 Normal 2.6 — 3.7F, — 11.6(F,)?
0.70 Normal 3.1 = 5.3F, — 12.4(F,)?
0.75 Loaded or normal 2.4 —10.6F, — 9.5(F,)?
0.80 Loaded or normal 2.6 — 13.1F, — 15.1(E,)?
0.85 Loaded or normal 3.1 — 18.7F, — 28.0(E,)?
0.75 Ballast 2.6 — 12.5F, — 13.5(F,)?
0.80 Ballast 3.0 — 16.3F, — 21.6(F,)?
0.85 Ballast 3.4 — 20.9F, — 31.8(F,)’
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Bft Wind description Wind speed (m/s)
0 No wind <03
1 Gentle current of air 0.3—-1.5
2 Gentle breeze 1.5-3.3
3 Light breeze 3.3-55
4 Moderate breeze 5.5-8.0
5 Fresh breeze 8.0 —10.8
6 Strong wind 10.8 —13.9
7 Stiff wind 139 —-17.2
8 Violent wind 17.2 —20.7
9 Storm 20.7 — 24.5
10 Violent storm 24.5 —28.4
11 Hurricane-like storm 284 —32.6
12 Hurricane > 32.6
% 3 FHEEURIREER
: . A
0 0 Smooth sea 0- 0.1 0
1 1 Calm, rippling sea 0.1-0.3 Hy/;3 <01
2 2-3 Gentle sea 0.3-0.9 0.1 <H3<05
3 4 Light sea 0.9-1.25 0.5 < Hy3 <125
4 5 Moderate sea 1.25-2.5 1.25 < Hy/3 <25
5 6 Rough sea 2.5-3 25 <H;;3<40
6 7 Very rough sea 3-4 40 < Hy3<6.0
7 8-9 High sea 4-9 6.0 < H;/3<9.0
8 10 Very high sea 9-11 9.0 < Hy/5 <140
9 11-12 Extremely heavy sea >11 14.0 < Hy5

2. MEPC [HEFAT

EUF SR BAMO) AT @RI R E R B
(MEPC)5 [ A1 # Al i 4R RS 2R £y KRR
1) BAFURH HAEMT R Tt RCSE R 6 4T
HIEATEN > Wi Ry 75%5 IR ATEE AR R 5
Y fu FURH R BARAY 55 228 LR AR AR R RE R JOR
TMEEREA EAFHIMERE - 5TRAWE IMO-EEDI HYE
AT (S):

fw = a X In(displacement) + b (5)

BEABFKE ~ & 6 Frn 2N T a DURACHE
R b 4HAL -

%% 6 Parameters a and b to determine standard f,,

sz a b
B G 0.0429 0.294
R 0.0238 0.526
EHER 0.0208 0.633
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STECR AR ERY Kwon BYFE8ER A DU
MEPC Hy[ElfRAR - MEE R T A B R
A7 B R LR S B R pE 5 =R
TREEG AT AN AR IR AR 2R - BRI AL SR 2R
I - B ZAS ey HET EAL BRI TR A K R LR TR
R TNAYALEGPE ) - PRI EARAE R T AYMERE AR A
AR FEIAGER - RS M A s A Et
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5. B D AT RS B0 R AL R e S (D)
trIfR B 240 i FL ot 2204 (BEM, Boundary Ele-
ment Method)& 15 FIAYHRAE 4 [m) P 1575 E 2R
l_]P, ’ @T%?Uﬁﬁﬁﬂ‘fﬁﬂli °

6. H¢U51’F7%@%Eﬂ<a5?ﬁ§%¢E’\J%ﬁﬁ/&ﬁjﬁﬁ:ﬁ(
st RIS I B
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8. MMAABUANEGEREIE  KEEREE W
e (22) RIS E HERG

T =Ry — Fspc @)
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KCS JBC Vs BHP in calm BHP in sea
TR, Lpp (m) 230.0 280.0 (knots) water state 5
L, B (m) 32.2 45.0 16 9,359 14,953
NZ7K%&, T (m) 10.8 16.5 KCS 20 17,665 25,666
TTRAY, Cp 0.651 0.81 24 35,178 46,721
HEK R, V () 52,030 | 178,370 ) 32,674 113,194
85% MCR i (m/s) 12.35 7.46 IBC 12 117,434 213378
— 14.5 196,983 333,871
85% MCR Rt (knots) 24 14.5
A E R T SRR K R % 0 S LS
L NN EIMEERAYHIBIE ) BHP > R4 R ag B State KCS IBC
6 J[E 7 PR 7 o KCS J JBC Mgty T 22 BHP= BHP=
ROt E RIS R K LA N 5 NAREIFTZRAY £ 85% MCR | A% /) 35,178 196,969
TRHIEN S (R 8) » BITRTHIlE 6 FelE 7 SKEURI A AT (ps) (ps)
85%oligy 5 ST T AR - AR/K TR (knots) 24.00 14.50
Y& 5 AL (knots) 22.05 11.59
ROk 28 1.95 2.91
s0000 T fo 0.919 0.800
l| =——&—— calm Water [
sopoo[{ — ' Sea State S S
EERiEE % 10 FEJ74 T35 KCS 7 JBC S {p ML e
SEEm i MEPC CFD | Kwon
a Fri )
s Eesa e RS | 85% MCR T EHE D
20000 KCS 0.859 0.919 0.932
gEEsisasfcsscashns: IBC 0.813 | 0.800 0.835
1noou_....
UI;: II‘16II‘;1E;;;I20;;;;22;II;24;HI26
Vs F 11 G R 1A K Kwon AFETREESH

6 : CFD 5T 5HATHS KCS fERKIRIE N RO 5
NZETTHhER

350000 : :
[| —@&—— calm Water T /: T
300000 4 —3—— Sea State 5
250000 /
200000
& - I I T //O_
T o ——— 1 - ——— —
] N
150000 |- Er/ /
100000 | —— =] —
50000 | = :
Y s i — o —— -
] 10 12 14
v

7: CFD 5T HATS IBCHERFK N RO 5 T 25
pALiiES

CFD Kwon Diff(%)
KCS 0.919 | 0.932 1.4
JBC fu 0.800 | 0.835 4.4
KCS v, 22.05 | 22.39 1.5
JBC (knots) | 11.59 12.11 4.5

4. ¥ Kwon EEBAXIMBIE

Chi Dl B =HEa B 74 > BURIRR 10 = 11 »
FHELIREGE SR T LR » B MEPC A DA RETER
JEETEAEREEE T 0 Kwon AR EE T RAR
F o HEAAGTREIR TG EAS SR EE » (H 5 T8
T~ Kwon AN > I BRI A BT
SRIBIREA R R 2 ¥ Kwon AFUET T
F o

BN AKXELE - GRENEERLIHE L
(Generalized Reduced Gradient method) » [t 575 EH
ERIER MR BV EE » EEEE 3 At
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BN65

Cr =0.7-1.2BN + . 9)
22-0.82V3
BNG.S
Cr=0.5-1.2BN + > (10)
22-0.8273

TR 12 DU 13 2R UBEFIBEZ & HE
1E Kwon AFHGETEGH &R BEH B 17 7A 2 4
RERVIE » ASCE TG B IERET A
FERAET TEL (AR -

12 e LG RIRTI7E RAEIE Kwon A EH R
IR v, 2 725

CFD Remodified Diff

Kwon (%)
KCS v, 22.05 22.05 0
JBC (knots) 11.59 11.59 0

% 13 DT RO ITABUEIE Kwon AFETER
RNTfu 2 2R

CFD | Remodified Kwon | Diff (%)
KCS ; 0.919 0.919 0
JBC Y 10.800 0.800 0
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BRI ENA T R AR EEE o FEENRE
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FEARSZH - B8R/ Ny 4600TEU 1Y & AR
BRI S EAERTER B BN RS A A&
(L. 44°39.0'N, L 63°34.0'W) 1T 4 1a7 [ B AR5 3 (L.
S1°55.0'N, A 4°28.0'W) - [a] £ fiii 45 F 9% B iy 20 (L.
51°30.0'N, & 0°07.0'W) & E Bz 1@ e A& (L. 36°51.0'N,
A 76°17.0'W) » DAsZ s B A 2 SE R4 U Ry tTAa M
GRETTIEE -

HEITHIE BT - BT REINUESN - FRAMTHER
FH A e A 62 PR YRR S 4R E R AR w46 R
B 5 AR AT ER A 0 IE 4 i 1 B B R R A A AE
RiAT H e R ATaC 8% 2 EREBEER B o FHI R 4R AR EHF
N g o A B DLROH I TRE B IR R MRS
G 1Y RO TG DA R 4% B o B 8% AE AL 1 A 8 B (L
43°93.0'N, A 61°90.0'W) L K (L. 49°69.0N, A
13°80.0'W) » LB HEE T fy— 15 (B ELENREH
EIRTE - ASCIEHEITRIARHEIRS > (FFH ECMWF fit
RS =N EH —RWIEREEN KRR EN » £
=P LR B ER A A R R RE AL A Kwon
AR BEAE -

BT BE ARAVEERE LUK S BESL - FRAFITE B AZATLR
FRIBESIRE T 11 {EEEL AR B HO8E - &b
B ETESFERE I AAMTEREETE 0.25° < [B 9 R ARt
RE AL E AR B R RO T R e Mg Bl B RE BB AG 1T
TEOREV MR ETTHILLES - A B4R R WIHEHTI4R (R
SERTIAR) o REE AR R TR RN o DUE BRI &R R
KR BBEIE Kwon A FHINTEAENER » 4L
AR ARy DU SRR R R > HBTE Kwon A
FA B Y B TR

% 14 B AR S B REIAERTIE DU S RER > ik
ALUEL > FEREMSG L WRAETEN > AIE
B T.93%HYFE] 5 A15R DA SRR 25 3 R SR AR B
FLgR - BXRE S FAR TTEI A4y 4.38%HAYIH - T A
2 b BIERF SR 5 5 B FT 8 S8 BT 1 Y S 4 I 7 2% OB
0.35% MR ] » B LA DL RITI K SR S A ey 5 74 B
FESEfTaR AR - R R EIRAY T -

R 14 ZRE BN ERFT AR IR S AR THE ELRE
FESE | ABRE (RIS | RER I

FiR KA |HZRE] KR
PEEEGm) | 3805.6  3805.6 38015  3769.8

I (day) 4.061 3.739 3.883 4.075
F=HY -7.93%  -438%  0.35%

7 15 [aIfE SR FT S ] S R RE EE SR
FESE | AERE |FREE S | AR
FrL&R KA |FZRA| KR

FEEE(km) 5832.1| 5832.1 57854 5808.5
A (day) 5.881 5.73 5.762 5.84
pazt V) 2.57%  -2.02%  -0.70%

[EFEATAR FIRRAE S P B B3 11 (HEREREIEAR
HfsEse - Moy RIECE: T B REEBRAATRMEY B T
AR DA LA T R R SRAR B LH Y B FEATTAR - (8] 10 By
[ERE A ERARELER > [EIBEHY - 3 R B WTAERTER (R 52
FLER) - PRES R R fEREREF - DLE R ATEREEER
R BEHBEIE Kwon A THARTEL AN > AL



SRAR LB 2 BEEIF R, > (HEIE Kwon AU A BSENR AR ERRAT AT B & 0.70%HYHFR - BifEE
AR EEATAR - R 15 BHMATARZ LR - APRH  SFIEREET > HERURIHIGHE R o H AR E
FHETTENT > ATERIE 2.57%HVIGM] DA SR 2RE  BRAY o (BRI IRV KRB RN R - 2B
KBS RAENER  THIEE 2.02%A90FR » HiFl] SR -

wind speed

50

45

|atitude

40

35

-80 -70 -60 -50 -40 -30 -20

longitude

9: FRE=FEAFINTAREEERE - B OSRRUIIAATER(E TR - REECAR BRI - DUE RHTAR B RS
KA EBEIE Kwon A TEHIRR NS - MALELRANE LIS SR RR - HEIE Kwon AZUHE]
YR EERTTAR -

-10 o

wind speed

50

45

[atitude

40

35

-80 -70 -860 -40 -20 -10 (8]
longitude

10: ERE=FEA FEIATERECEE - B SR R OIaATAR(EE SLATER) - PREE R Ry FEMERERT - DUE BFAaRaLHE
BERSR  IBEBEIE Kwon ARTEMEY R ML - MALELRATR DURB SRR KR - HEIE Kwon AFUK
H HAV R AR -
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B o NI - ASCRTIR AV T A HGE EAE RS AR
IR R THY ©

MBS - bk TSR E(RSN - AURER
EZHYATRENE § S EERIHTAR B A [F (5 F AR AR e fie
MEANEIEE - MENEREEERIEY
2~ BEEMIR SRR RS - ez
JfsE I EOR B ATTE T ARSI S ERIRTER (B2 3 T
RILFIFFEHIEZ TTA » ABTFERAE H AR
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ABSTRACT

Increasingly stringent maritime regulations and unpredictable market needs are placing more pressure on the
shipping industry to further develop and improve voyage optimization and weather routing systems. In this paper, a
semi-empirical speed loss prediction method has been developed to predict the added resistance caused by waves and
wind for ocean going ships like container, bulk carrier, etc., as well as an optimal weather routing prototype based on
dynamic programming, which can reduce voyage time to produce an optimization program. The speed loss in seaway
is evaluated by three different methods, and the reliability and efficiency are analyzed. A ship performance model is
formulated with the Computational Fluid Dynamic (CFD) and empirical formula to get a closer approximation of speed
loss in seaway. A container ship KCS and a bulk carrier JBC are used to demonstrate the speed loss computations of
the Kwon’s and MEPC’s empirical formula in addition to the CFD simulation, and results of all approaches are com-
pared to each other and investigated. The weather data is combined with the realistic modelling of the vessel perfor-
mance both in calm and rough seas in a computerized grid system to predict the optimal route in reasonable time and
accuracy. The use of dynamic programming reduces the iterations required during optimization and is proven to be
effective for saving computational time. Two container ships’ simulations are based on great circle route and actual
field data collected. Case studies are carried out based on this optimal weather routing prototype, then compared with
the historical voyage performance. The successful results of the case studies clearly illustrate that the developed method
on ship performance modeling with dynamic programming optimization is a promising direction. The proposed
weather routing prototype has facilitated real-time comparisons, which can provide as reference showing an effective
solution for related research in the shipping industry.
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