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Development of Resistance Prediction Method for the Effect of

Drifting Angle at the Towing Operation of a Disabled Ship

Eun-Chan Kim, Hyuek-Jin Choi" and Seung-Guk Lee
Korea Research Institute of Ships and Ocean Engineering, Daejeon 34103, Korea
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Abstract — When a disabled ship is being towed in a seaway, the resistance increase of the towed ship caused by
both the external conditions such as wave and wind and the hull conditions such as drifting angle, should be accu-
rately predicted. Most of the disabled ships cannot be towed in the front direction of hull, but they are usually towed in
drifted direction with some drifting angle. In this sense, the resistance increase caused by the drifting angle is not an
element to be ignored. In this paper, various methods for prediction of the resistance increase caused by the drifting
angle are studied. In addition, new prediction methods such as front-lateral projected ratio method and empirical
formula method by multiple regression analysis have been derived. The front-lateral projected area ratio method
has been applied to a computer program for prediction of the towing condition, and this method has been approved
to be a useful method in practical situations.
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Table 1. Resistance to Tow in Still Water Condition by IMO Salvage
Manual

Si'ze of Ship Angle of Yaw Resistance (tons)
Being Towed 2 knots 3 knots
0 2.3 43
24,000 tonnes 10 5.5 11.4
deadweight 20 8.7 18.7
30 13.0 283
0 47 8.5
68,000 tonnes 10 10.8 25.5
deadweight 20 17.3 37.0
30 25.8 56.0
0 6.2 113
112,000 tonnes 10 14.8 30.5
deadweight 20 23.4 50.2
30 35.0 76.5
0 7.9 14.0
260,000 tonnes 10 15.2 30.0
deadweight 20 39.6 85.0
30 51.8 112.7
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Fig. 1. Resistance Increase Ratio to Tow in Still Water Condition by IMO Salvage Manual.
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Table 2. Comparison of Predicted Drift Force between Various Prediction Methods
Ship Type Tanker Cargo Barge
LPP (m) : 320 130 90
Bradth (m) : 58 20 24
Design Draft (m) : 20.8 7.8 0.85
Lateral Area of Hull (m?) 6600 1000 75
Projected Area of Hull (m?) 1200 150 20
Ship Speed (knot) 3 3 3
Basic Hull Resistance (ton) 8.43 1.20 1.30
Drifting Angle (deg) 10 20 30 10 20 30 10 20 30
ISO : Rdrift [Formula (1)] 2.58 10.31 23.19 0.36 1.45 3.26 0.00 0.02 0.04
ISO : Rtotal = Rbasic+Rdrift 11.01 18.74 31.62 1.56 2.65 4.46 1.30 1.32 1.34
Plate : Rlh [Formula (2)] 1083.80 1083.80 1083.80  164.21 164.21 164.21 12.32 12.32 12.32
Plate : Rdrift [Formula (5)] 188.15 370.66 541.90 28.51 56.16 82.11 2.14 4.21 6.16
Plate : Rtotal = Rbasic+Rdrift 196.58 379.09 550.33 29.71 57.36 83.31 3.44 5.51 7.46
P.Area : Rth 197.05 197.05 197.05 24.63 24.63 24.63 3.28 3.28 3.28
P.Area : Rdrift [Formula (6)] 16.10 31.71 46.37 2.78 5.47 8.00 1.69 3.33 4.88
P.Area : Rtotal = Rbasic+Rdrift 24.53 40.14 54.80 3.98 6.67 9.20 2.99 4.63 6.18
IMO Reg.: Rdrift [Formula (7)] 15.68 29.90 44.11 2.23 4.26 6.28 2.42 4.61 6.80
IMO Reg.: Rtotal = Rbasic+Rdrift 24.11 38.33 52.54 3.43 5.46 7.48 3.72 5.91 8.10
Tanker C-Cargo
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Fig. 2. Comparison of total resistance due to drifting angle between various prediction methods.
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Table 3. An Example Output for the 300 K VLCC Ship (Drift Force
by Front-Lateral Projected Area Ratio Method)

MULT|-BARGE MULTI-DIRECTION SIMULATION [MTOW1A]

FILE NAME: MT1A.EUN 02-SEP-15

SHIP OWNER: KRISO-MARINE LENGTH B P (M):320.000 LATERAL A HULL (M2): 6600.0

SHIP NAME : 150 300K BREADTH (M): 58,000 LATERAL A WIND (M2): 3900.0

IMO NUMBER: 1S01234567 DRAFT FWD (M): 20.800 ADDED FACTOR RES © 0,100
DRAFT AFT (M): 20,800 NO_OF PUSHER/BARGE 3
PROJECT A HULL(M2): 1200.0 METHOD OF LATERAL R = 1

TOTAL SPEED VKS(KNOT)Z 1.000 2.894 3.859 4.824 5.788 6.753 7.71B 11.576

TOTAL RESIST.  RTT(KN): 50.0 1557 253.2 37%.8 6523.5 6957 8925 1944.0

WIND RESIST. DELWINCKN): 20.0 31.4 3.2 4.5 47.3 53.4 60.0 90.5
INITIAL CONDITION

WIND SPEED (M/S): 4,500 TOWED SPEED (KNOT): 5.000 SPEED W/CURR (KNOT) = 4.378
WIND DIRECTION(DEG): 25.00 TOWED ANGLE (DEG): 10.00 HULL R (TON): 115.46
CURRENT SPEED(KNOT):  0.800 TOTAL RES AHEAD(KN): 398.0 WIND HES TOW (TON):  10.38
CURRENT DIRECT(DEG): 33.00 WIND RES AHEAD (KN): 42,5 TOTAL RES TOW (TON): 125.84
HULL RES AHEAD(TON):  39.88 WIND RES SIDE (TON): 3.48
HULL RES LATER(TON): 438.73 CURRENT RES S (TON): 5.33
TOW LONGITUDINAL LATERAL TOWING CABLE TOWING LATERAL CENTRA
NO POSITION(M) POSITION(H) ANGLE(DEG) FORCE(TON) RES DRAG(TON) DRAG(TON) MOMENT(TON)
1 160.000 0.000 M 5.00 140.0 0.05 132.49 11.59 1854.7
2 -IBD 000 25,000 W 60.00 10.0 0.00 6.43 -7.66 -1510.6
3 0.000 -29.000 F 0.00 40.0 0.00 39.39 6.95 1160.0
TOTAL 178.31 10.88 1504.0
STABLE CONDITION
WIND SPEED (M/S):  4.500 TOWED SPEED (KNOT):  7.108 SPEED W/CUHR (KNOT)Z 6.487
WIND DIRECT | ON(DEG) 25.00 T GLE  (DEG): 5.82 HULL A (TON): 165.81
CURRENT SPEED(KNOT):  0.800 TOTAL RES AHEAD(KN) 786.1 WIND HES TOW (TON) - .
CURRENT DIRECT(DEG):  39.00 WIND RES AHEAD (KN): 55.6 TOTAL RES TOW (TON): 178.71
HULL RES AHEAD(TON):  78.58 WIND RES SIDE (TON): 3.78
HULL RES LATER(TON): B64.33 CURRENT RES S (TON): 4.86
TOW LONGITUDINAL LATERAL TOWI TOWING CABLE TOWING LATERAL CENTRAL
NO POSITION(M) POSITION(H) ANELE(DEG) FORCE(TON) RES DRAG(TON) DRAG(TON) MOMENT(TON)
1 160.000 0.000 M 0.82 140.0 0.05 132.49 11.59 304.1
2 -160.000 25.000 M 55.82 10.0 0.00 65.43 -7.66 -1464.1
3 0.000 -29.000 F 0.00 40.0 0.00 39.79 4.06 1160.0
TOTAL 178.72 7.89 0.0

Z .
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Table 4. An Example Output for the 300 K VLCC Ship (Drift Force
by Plate Resistance Empirical Method)

STABLE CONDITION

WIND SPEED (M/S):  4.500 TOWED SPEED (KNOT): 3.376 SPEED W/CUHR (KNOT)S 2,754
IND DIRECT | ON(DEG) 25.00 TOWED ANGLE  (DEG): 5.82 HULL RES TOW (TON): 171.08
CURRENT SPEED(KNOT):  0.800 TOTAL HES AHEAD(KN):  195.0 WIND RES TOW (TO : 7. 6!
CURRENT DIRECT(DEG): 39.00 WIND AHEAD (KN): 33.5 TOTAL RES TOW (TON): 178.71
HULL F!ES AHEAD(TON):  18.11 WIND RES SIDE (TON): .
HULL RES LATEH(TON) 1509.59 CURRENT RES S (TON):  37.61
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Aprg THst SR FYHA (m?)
Ay sk SENRF FodEA (m?)
Ay o FASE AR FEEA (md)
Ry 2 73W0EF XA (N E= ton)
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Ry B9 RSNV EEE ton)
Ry SR A AZW E== ton)
T, B T (1))

Ve 3% (knot)

Vs : A5 (m/s)

B E72(rad)

Py 7] U (kg/m’)

ps  :olrE(kg/m’)
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