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Study on the Estimation of Towing Force for LNG Bunkering Barge
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Abstract - In this paper, the towing force for the LNG bunkering barge was investigated. Currently, LNG bunkering barge is being
developed as an infrastructure or the bunkering of LNG (Liquefied Natural Gas), an eco—fiiendly energy source. In the case of the LNG
bunkering barge, self-propulsion is considered through retrofit from an operating point. Therefore, the LNG bunkering barge’s shape is
similar to that of the ship as compared to a towed barge, so a rule of the towed barge overestimates the towing force. In order to improve
accuracy, the calm water resistance was calculated using ITTC 1978 method which considers wave resistance by the Rankine source
method. The added resistance in waves was calculated using the modified radiated energy method which considers the shortwave
correction method of NMRI. The performance of the towing resistances through the calm water resistance and the added resistance in
waves was compared to rules associated with towed barges.

Key words - Liquefied Natural Gas, Bunkering Barge, Towing Force, Calm Water Resistance, Added Resistance in Waves
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Table 1 Particulars of LNG bunkering barge

Item Unit Design condition
LBP [m] 43.0
B [m] 11.0
TF [m] 24
TA [m] 24
Displacement [m*] 9185
Wetted surface area [(m?] 577.0
kyy [L] 0.25

Table 2 Ship speeds of LNG bunkering barge

Fn[-] Speed[knots]

0.175 7.0

0.188 75

0.200 8.0

0.213 85

0.225 9.0
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Fig. 6 Panel model for LNG bunkering barge
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Fig. 8 Wave resistance coefficients of LNG bunkering barge
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Fig. 9 Total resistance coefficients of LNG bunkering barge
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Table 3 Resistance of LNG bunkering barge

Speedlknots] | Cwx10* | Cpsx10° | Crsx10” | Rys[kN]
7.0 -0.050 | 2.027 2.5925 9.643
75 0.233 2.006 2.182 12.260
8.0 0.697 1.989 3224 | 16.082
8.5 0.895 1.971 3.399 19.230
9.0 1.199 1.956 3684 | 23.258
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Table 4 Added resistance in irrgular waves of LNG

bunkering barge

Raw at S.S.3|Raw at S.S4|Ruw at S.S5
Speed | Fn [kN] [kN] [kN]
[knots] | [-] Hs 0.88m | Hs 1.88m | Hs 3.25m
Tp 7.5s Tp 8.8s Tp 9.7s
7.0 0.175 6.037 18.632 41.633
75 0.188 6.454 20.027 44.846
8.0 0.200 6.857 21.385 47.987
85 0.213 7.268 22.786 51.236
9.0 0.225 7.663 24.140 54.387
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Table 5 Total towing force of LNG bunkering barge

Speed | Ria at S.S.3 | Riota at S.S4 | Ry at S.S.5
[knots] [kN] [kN] [kN]
7.0 15.68 28.275 51.276
75 18.714 32.287 57.106
8.0 22.939 37.467 64.069
85 26.498 42.016 70.466
9.0 30.921 47.398 77.645
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Table 6 Added resistance of barge (KR, 2014)

Hs Added resistance

[m] [ton] [kN]
15 1.0 9.807
3.0 55 53.939
45 10.0 98.070
6.0 14.0 137.298
75 16.0 156.912
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Table 7 Added resistance in irrgular waves according to

the variation of the bow shape at water plane

Raw at S.S.4 s 1.88mTp 88s) [kN]
21.385
21.032
20.691
20.331
19.957

Entended lenght [ml]
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Table 8 Added resistance in irrgular waves according to

the variation of the radius of gyration

Radius of gyration [L] |[Raw at S.S.4 s 1.88m.Tp 88s) [kN]
0.200 18.146
0.225 19.649
0.250 21.385
0.275 23.309
0.300 25.342
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Fig. 17 Sensivity test of added reistance according to the
variation of the bow shape at water plane
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Fig. 18 Sensivity test of added reistance according to the
variation of the radius of gyration
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Fig. 19 Heave R.A.O according to the variation of the
radius of gyration
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