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Data—driven model for estimating fuel oil consumption in seaways is suggested using the model test results and operation data,
The data—driven model requires the forecasted wind speed, direction, and the desired ship speed as inputs to predict the
engine speed, power, and fuel oil consumption, The structure of the data—driven model is based on the deterministic model of
added power of a similar vessel of which model test results in the calm water and head seas are accessible, For a given wind
speed, the wind resistance and added resistance in irregular waves presented by Pierson—Moskowitz spectrum are computed to
be applied to the propulsion performance prediction, The deterministic model takes a cubic approximation between the wind
speed and engine speed, The model is tuned by actual operation data in seaways with various wind direction groups, The shaft
power and fuel oil consumption estimation are added to the model to be validated with the operation data, The prediction model
is validated with the operation data to confirm that the estimation of the engine speed is the most significant uncertainty source,

Keywords : Added power(27t 2), 1978 ITTC performance prediction method(1978 ITTC Ms3AE), Carbon intensity index(EtA
Tt Xl)
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Fig. 1 Structure of fuel oil consumption estimation model

360

ol

tietEMetsl=2% X 61 H X5 = 2024 10

r



Table 1 List of measured data
Unit | Symbol | Mean | Min. | Max. |Std dev.

Speed over

kts 4 12.8 | 12.0 | 17.0 | 0.586
water

Engine Load | % |P/Pycql 51.8| 0 | 100 | 9.02
Engine speed |RPM n 53.47| 291 | 67.4 | 2.66

Fuel ail flow
(HFO)

Shaft power | kW Py 111,561 520 |22,644| 2,123

kg/h| M |2,034| 6.93 |4,600| 357

Wind speed |m/s | Uy | 8.05 [0.004| 21.7 | 3.40

Wind direction | ° Yy - 0 360 -
Vw”?c%‘;eed m/s| U, |617 [0792| 150 | 2,54
Wind direction

o) o, | - | o | 30| -
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=XolM 7R B2l Hodol A2 2 E7(heavy fuel ail, HFO)
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%0| B7F51H Clis gﬂloHXIEE AR AR FH2 MEH
HHCk= MAAIZE 2X2 12knots O] AESICE oA
MHEl XZ2= & 36,465702, 25 22| 28t H|o|E{o|ct,
AR AtZ0l|A siAleE Dt At tee MulollM 2 A
ZE|ALE 7| Mo 2ollM FSECE 2 ATFoM ARBE Atge M
Aol M B HZE= 12t 7|AE R (climate data, CD)OIA H|&
= v, oie(wave), L‘Ig(swell)ol HEIt ®MSECE & o7
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MAN (2023)dllA= 7|2 slMset J| S2(P)el HAIE
Pocn’el 3XACR TARBIED, & ATMT 0I5 &1
Ut SHE S5 (shaft power, Pg)S AEETE AL 714 =&

QlEz|= 93=ZE|CHE=d (maximum continuous rating, MCR,

Cifst 2351 HIE( P/ Pyyep)S OI8E =& ULt Fig. 2

| not 52 2 Bpo| 2z, O 2

P/ Py,-p = 0.0003367° (1)
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Fig. 2 Correlation between engine speed (n) and engine

power parameters: (a) engine load (P/ Pyscr), (b)
shaft power (Pg), and (c) fuel oil flow rate (7).
Error bars indicates 95% confidence interval.
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9 y |
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Total resistance
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Kp S Cr
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n J

1%10 342 4
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JONSWAP ﬁlﬂlE%% A|-g*3._H:|'. SI29| clekst Alafldd EMS
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w)

T|(J= (1—w)V/nD), FHL2H|, gkzalo|ct,

K s G
J2o2D? 1—-t)(1—w)?

3.2 3 MEe| HE
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S&j0| 1/58 BNl M, A, 27| HEAEAES (Hno

Uygs =5, 10, 15m/s
®E2{o| 270} ee et al. (20210)2] V= 10, 15.

of Alglol 8t

7R &Rl QTH(
Hoh R’ (w)e A 95

Table 2 Principal particulars of KVLCC2

ZZH0llA 8+ Pierson—Moskowitz 2

Sknots =A

R (w)) Z2E Fig. 50i| LEH
Soll AlMSIACE

Unit | Symbol

Length between perpendiculars | m L 320

Breadth m B 58

Draft m T 20.8
Displacement m® \Y 312,600

Block coefficient Cyp 0.810

Wetted surface area (with rudder)) m? S 27,593

Propeller diameter m 9.86
s o | Ar | 1

Table 3 Prediction of total resistance coefficient and self-
propulsion factors in the full-scale

14 Cr (o cy w . "
[knots] | (> 10%) (< 10%) |(x 10?) i
14 0.625 | 1.41 0.231 | 0.301 | 0.190 | 1.001
15 0.633 1.40 0.214 | 0.305 | 0.195 | 1.003
15,5 | 0.638 | 1.40 | 0.206 | 0.307 | 0.197 | 1.005
16 0.645 1.39 0.198 | 0.309 | 0.198 | 1.006
16.5 | 0.660 | 1.39 | 0.191 | 0.312 | 0.199 | 1.007
4 8
----5,Uj95 =5m/s
= 5, Ujg5 = 10 m/s
g 3 ===-5,Uj95 = 15m/s 6
NE R’,V = 10 knots
,S —— R’,V = 15.5 knots
2 4=
= <
3]
2
ol 2
2 .
0 SIIiiizaaea. 0

0.5

1

1.5

Angular frequency (w) [rad/s]

Fig. 5 Wave spectrum (s) and QTF of added resistance
(R') with respect to angular frequency (w) variation
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