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Comparative Results of Weather Routing Simulation
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which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Weather routing method is one of the best practices of SEEMP (Ship Energy Efficiency Management Plan) for fuel—efficient operation of
ship. KR is carrying out a basic research for development of the weather routing algorithm and making a monitoring system by FOC
(Fuel Qil Consumption) analysis compared to the reference, which is the great circle route. The added resistances applied global
sea/weather data can be calculated using ship data, and the results can be corrected to ship motions, The global sea/weather data
such as significant wave height, ocean current and wind data can be used to calculate the added resistances, The reference route in
a usual navigation is the great circle route, which is the shortest distance route, The global sea/weather data can be divided into grids,
and the nearest grid data from a ship’ s position can be used to apply a ocean going vessel s sea conditions, Powell method is used
as an optimized routing technique to minimize FOC considered sea/weather conditions, and FOC result can be compared with the great
circle route resullt,

Keywords : Weather routing(2t2 %=1}, Ship energy efficiency(MEIN|HX|E&), Optimum route(EXSLR), Great—circle route(CHES!

2). Fuel ol consumption(H=ZAEZS)
1 A—I % HioZ sh= & &= (Befstz, FXstz)o| v|wyt 21f0|X|
gk AMRsl| UM E x| ZEMo| E7Hs5P| 201 A
. ) ) Sojlo|M 7|dte| stzH|WE ot dRAraEr MZgns (W
szMo| Mut ANSES 9I5h Rx|Z ZRGHAP|TE 2013 o
W 125E] MARPOL S2M VI, Regulation 2201 5 SEEMP =kt S
= TeT equlation 2201 240 Aelel 22 T2fep| Sia AT Jlakshat Holel 2

(Ship Energy Efficiency Management Plan)2| Algte ZH|s} 5t J22 0|25i0] Mo 0xE elze HAICH ;

rx
JE i
= 1

0

2 OIE Al gHES A % RS SWR UEI TS yastong szl =i g2s g0, dages X7
2 90 Mol BESI= C02 hER XLES LIRS EEDL o mus xie 910 tiof aefsie slmon| HESl 2o
(ship energy efficiency operational indicator)2| AfAQl ALE 2| spslakdolc MX|TE 7|ARSIAL CjOJElE ZHXIR LR=0]
& sk fCh SEEVP ARSI SRS UF/UNSR SIS gy gim viate) Usle HoleE Mool siZske kol
Ll ZHoMOl oflX| BES =O017] flaf 1) AFLEQL A B2 XME5/0{ 2242 AN} Alsled slzde TRisio] i
2 2) A= Al 3) ofl4X] &8 JhM ZUEE 4) XA gt ADEES £[A5} 8t 2 9l FMEIR EM J|HOoZE odEAq
hdel 4 BAS A 2i2te] Muloll MBI OILX] B ms moles sle powel HNE s mesi
7|leg F&sk=t Aot (Mizunoe, et al., 2008).
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(RIS 154-177km/h) e 7F&E of
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Fig.

(a) Track of category 2 typhoon Pabuk
(2013.09.19-27)

(b) Track of category 4 typhoon Wipha

(2013.10.09-16)

(c) Track of category 5 typhoon Lekima

(2013.10.19-26)

1 Tracks of three typhoons applied for weather
routing simulation test (Wikipedia, 2013)
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EfE 7ol wE Mool 242 H|wE 25 H|mH 5 Ciekelsll AlEalolMs I8t Ao Ho[E=  NOAA
AAENTE 22 gglel EXVIZE (2013.08.12-08.19) AlLE|21 (National Oceanic and Atmospheric Administration)ollA] &3}
2 7|FZ22 oo EfZ0| Taist 7|7k Setel SHADI0EE HE = NCH|o|e{ &Ale| 5lmA =7 ofo|5 (1°x1° grid), NCEP
ot ziqgze| AR} vlwEY SIICE (National Center for Environmental Prediction)olAl ®Zst=

CRIBH[0[E] &Al2] 180AIZ} B2t T2 HOIE{ (1°x1.25° grid)
3.1.2 AaflH Cllo]&] o572 ARBRYCH (NOAA, 2013; NCEP, 2013).
Fig. 22 AlL2I21-H|W7|E, AlLl2|22-Pabuk, AlLZI2
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(b) Significant wave height on Sep.19, 2013
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% (a) Wind velocity comparison of scenariol-4
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6 0 Sigrificart wene height corrparison
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a §
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® & 1afE W aPw 0 (b) Significant wave height comparison of
(d) Significant wave height on Oct.19, 2013 scenariol-4
Fig. 2 Global data of significant wave height of Fig. 3 Wind velocity and significant wave height data
scenario1-4 comparison of scenariol-4 during voyage

JSNAK, Vol. 52, No. 2, April 2015 113



ook

I2xM5P|s AlE2olM Blw At

3.2 glall AlEzfold
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3.2.1 Muk o Skt HE
Skell AlZel|o|Mo] MEE MUFAA| 2! SRt ME = Table 1
T} 2L,
Table 1 Details of ship data and test conditions
applied for weather routing simulation
notation description unit
Ship Type Container -
Disp. Displacement 94,511 [ton]
LOA Length overall 339 [m]
Length between
Lpp perpendiculars 322.6 [m]
B Breadth 456 [m]
D Draft 3 [m]
Vs Service speed 25 [knot]
PP Propeller pitch 9.4 [m]
PD Propeller diameter 9 [m]
Rh Rudder height 9 [m]
Rb Rudder breadth 7.4 [m]
Transverse 2
Ar projected area 630 [m"]
A Lateral projected 4099 [m?]
area
" 41.5N, 143.3E
DEP(ARR) Departure position [deg]
. . 33.8N, 120.8W
ARR(DEP) Arrival position [deg]
2013.08.12-19
Voyage date 2013.09.19-27
DATE (Scenario1-4) 2013.10.08-16
2013.10.19-26
PROP_TORQ Torque -

constrained
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(a) Voyage tracks of scenario 1
Scereno-? mte CI!’TpEI’]SCﬂ (M2.08.1908.27)

HHEA
_'333

(b) Voya-ge tracks of scenario 2
Scarario3 mi_te cormparison (2013.10.06-10.16)

TTTTTTTE TS IR

(c) Voyage tracks of scenario 3
Sicerario] roLte corparisen (2013.10.19-10.25)

(d) Voyage tracks of scenario 4
Fig. 4 Route comparison simulation results with great—
circle (black line), optimum route going—east
(purple dash—dotted) and optimum route
going—west (blue dash) of scenario1-4
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Voyage distance comparison
Qptimum route (gowest)
4300 I Great-Girdle (@owest) ||
I Otimum route (go-east)
43808 B Gectcide (east) ||
4370
% 4330}
k)
0
Scerario 1 Scerario 2 Scerario 3 Scerario4

(a) Voyage distance comparison of scenariol-4

Qptimum route (gowest)
I Greetcirdle (govest)
I Otimumroute (go-esst) ||
Il Greetcirdle (go-east)

195+

g

170

avwagptim%mx]
...

165

Scerario 1 Scerario2 Scerario3 Scerario4
(b) Voyage time comparison of scenariol—4
FOC capearison
“““““““ Qpimumrate (Govies)
1880/ I Gestcirde (@owest) ||
B Oimumroute (go-esst)
Il Grestcircle (goesst)
1850
_ 1820
2
B 1o
1760
1730
1700
Scerario 1 Scerario 2 Sceraio 3 Soa-a104

(¢) FOC comparison of scenariol—4
Fig. 6 Voyage results comparison of weather routing
simulation test with optimum route go-west
(cyan), great—circle go—-west (gray), optimum
route going—east (purple) and great—circle
go—east (black) of scenario1-4

AlL2|21-42| AlZ2fold SoAnt (ehelAz], Eafirlzh iz
202 E ZAIR 2= Fg. 62 2ot Fig. 6(a)= TA A2
o| ﬂtll-ol: A-|Z£|:1I-ol= ;F<|X48L§ 3:' LH_‘.140§0| o|-0H7-1E_| 71]1_|,_
LIEKHTE chEERo| HEls SAfdhet 25 4347.58[\V] 2 S
5tD, A{maize| Hals SBuskl 29 AlLRIR1I-AfA 22t

o oo o—

4350.32[NM], 4350.18[NM], 4350.12[NM], 4348.75[NM] 2 2t
Zio] AlL2|20iM 2 R[0S LEIX| gh=ct MZalskol x|Xst
2 7ele AlLRI21-40llM 282} 4347, 70[NM], 4351.68[NM],
4358.76[NM], 4350.46[NM]2 ALIZ|2 10| 7k %, Alfz|

2 30] 7K 2l olHEIE LIErACE,

Fig. 6(b)2l ZZ5H ghirlzl2 SZYeez ghilske
oEg=z 2249l AlLi2|20iA 180.83[hr],  182.54[hr],
184.18[hr], 182.33[hr]0| AQEACt. x|MEt2o| SZUEF &
SiAlZE2  ZtZtel  AlLfz[<0lAl 180.64[hr],  182.38[hr],

183.97[hr], 182.26[hr] 2 CHHEZL} Mz 2F AL
1ollM ZFe M1 ALZ|2 30fA] TFE B2 EsliAlZIo] Q%]
Act.

MEzgoz  ghliske tiEgzel i
181.97[hr], 187.42[hr], 186.68[hr], 183.90[hr]OlCt. =[&5t
2o MEHreF SlofjAlzte Zizfe| AlL2|20iA 181.96[hr],
187.15[hr], 185.18[hr], 183.74[hr] 2 CHHE =L} FHE=ZE =2
T ALRI2 10llM TFE M2 eliAlzio] 22Ut

ShefiAlZte Zkzt

Table 2 Overall voyage results of weather routing
simulation test according to scenarios (E:
go—east, W: go—west)

Great—circle Distance Time FOC
Optimum route [NM] (hr] [ton]
(E) 4347.58 180.83 1788.91
Scenario | (W) 4347.58 181.97 1797.26
1 (E) 4350.32 180.64 1787.77
(W) 4347.7 181.96 1797.14
(E) 4347.58 182.54 1799.1
Scenario | (W) 4347.58 187.42 1831.37
2 (E) 4350.18 182.38 1798.3
(W) 4351.68 187.15 1829.63
(E) 4347.58 184.18 1809.79
Scenario | (W) 4347.58 186.68 1826.49
3 (E) 4350.12 183.97 1808.2
(W) 4358.76 185.18 1817.68
(E) 4347.58 182.33 1798.4
Scenario | (W) 4347.58 183.9 1809.62
4 (E) 4348.75 182.26 1798.07
(W) 4350.46 183.74 1808.51

Fig. 6(c)2| ZulZ5E Az
CHHEZ Z#2fe| AL2|20M  1788.91[ton],
1809.79[ton], 1798.4[ton]0| AR=[QCt =XMEIZo| g4
DEke 22 1787.77(ton], 1798.3[ton], 1808.2[ton],
1798.07[ton]0| A=W, CHASZSL AMSZE ZF AL
2 10lM J1EF 2D AL 30 7HE B2 AR E A~TSIN
Cl MEZUECZ Shefishe AR 21| AlL2|20iA AHE

A0S SEUBOR hishe
1799.1[ton],
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D22 1797.26[ton], 1831.37[ton], 1826.49[ton], 1809.62
[ton]O| &=, £MEI2O| HARATZE 282t 1797.14[ton],
1829.63[ton], 1817.68[ton], 1808.51[ton]0| &~RQ=|JC}. ChA
2ot F|MeE 25 AL 10IM AZARZ0| TR XD,
AL 20iM THE B2 HRE AESIICt Fig.62| EeiEst
ZIE ZiZ{o| ALl EE Table 20 LIEKACE

Table 32 A[-2|21-42] A0l efeliZnt efoirz], &
SiAIZE dEAmEo| thASR | F|Agtze| BlwHRE L
EfcACt

—

—_

Table 3 Voyage results comparison of weather
routing simulation test going-east and
west (Voyage results of optimum route
were subtracted from the voyage results of
great—circle route.)

Distance Time FOC
[NM] [hr] [ton]
(E) +2.74 -0.19 -1.14

Scenario 1
(W) +0.12 -0.01 -0.12
(E) +2.6 -0.16 -0.8

Scenario 2
(W) +4.1 -0.27 -1.74
(E) +2.54 -0.21 -1.59

Scenario 3
(W) +11.18 -1.5 -8.81
(E) +1.17 -0.07 -0.33

Scenario 4
(W) +2.88 -0.16 -1.11

SZEEo= ghfske 270184 (%| 72| AlLRI2 1-4
ollM z&Et=et V|Fet=0l thHsz el ZnlE dlwst sklEEt
21t zxgzo| shliAHels 7IEeEet HIJJ_OM AI'~}F—'|_._ —4
OflM Z82E+2. 74[NM], +2.60[NM], +2.54[NM], +1.17[NM] &
Hon{  shljAlZEE 22t —0.19[hr], —O.16[hr], -0.21[hr],
—0.07[hr] ZLSIIES & = QUCE HAEATZER 21710| AlLZ|
20{M —0.14[ton], —0.80[ton], —1.59[ton], —0.33[ton] &5}
Ao AL2[2 3ofA] 7HE BRIt HZEACE

MEYEOR Shlske BHIX-RII0|T Tt AL 1-4
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