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Development of the Ship Resistance Calculation Program for
Prediction of Towing Forces for damaged Ships
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Abstract — One of the primary purposes of tugs is for the towing of other ships in salvage operations. In order
to conduct such a task safely, the tug should be capable of generating the appropriate towing forces. Therefore
the prediction of resistance against a towed ship during towing operation is a very important and essential pro-
cedure. This paper studies the ship resistance calculation program to predict towing force. The calculation pro-
gram consists of the functions that calculate basic hull resistance in calm water, added resistance due to wind,
drifting, hull roughness, waves, shallow water and currents. All predictions are calculated by statistical and
empirical methods by graph or formula. The calculation results made by this program are compared with the
results from the U.S. Navy’s Towing Manual. These results confirm that this computer program is quite capable
of appropriately predicting the resistance of damaged ships.

Keywords: Salvage(7-'), Towing Force(°l|212]), Prediction(5+7%), Hull Resistance(41 7 41 &}), Added
resistance(F-714}), Speed Loss(A5 74)
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Fig. 1. Operating Condition at Salvage.
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I Program PNT1 I
Step 1: Read Input data i \
i Calculation of
Unknown Dimensions

L 2
Calculation of Hull Resistance

Step 2:

- Wetted Surface Area
- Water Viscosity

Calculation of -
Basic Hull Option : - Input Cr or Cw
Resistance - Yamagata Chart

) I——

Calculation of Wind Resistance

Step 3:
Calculation of

Calculation of
Relative Wind
- Wind Velocity
- Wind Direction

Option : - Input Cx
-JTTC Curve
v
Calculation of Drifting
Resistance
-1SO 15016 Method
v
Calculation of Hull Roughness
Resistance
- Bowden Method

Ji

Added
Resistance

Calculation of
Wake Fraction
- van Lammeren Meth.

Calculation of Propeller Locking
Resistance
-Modified US Navy Method
v
Calculation of Wave Resistance
-NSMB Method based on BF
v
I Calculation of Total Resistance I
v
Calculation of Speed Loss
due to Shallow Water
- Lackenby Method
v
Calculation of Speed Loss
due to Current
- Direct Correction

Y
I Calculation of Final Ship Speed

Step 4:
Calculation of
Speed Loss
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Table 1. Example Output for the 300K VLCC Ship

POWERING PERFORMANGE PREDICTION [PNT1]
27-MAR-2012

CB: 0.8100

FILE NAME: 300. EUN
SHIP NAME: 1S0 300K
15. 0000

LWL (M) 325. 000

SCALE : LOAD : FULL LOAD S (M2) 1 27512.6  CM: 0.9972
PP (W):320.000 TF (W): 20.800 SBK  (M2) : 180.0  CW: 0.9900
B (M): 58.000 TA (M): 20.800 DISV (M3) 1 312737.0  CP: 0.8123
TMEAN (M) © 20.800  LCB (%) [FWD:+] @ 0.0000
HULL ROUGH. () : 0.000250  (STANDARD: 0.000150)
PROPELLER NOPROI 1 PROPELLER LOCK: 1.00 (LOCK:1.0, FREE:0.0)
DIA. (M) 9.500  PROJECTED A.R.: 0.400
WATER CONDITION TEMP. (D.): 15.00  DENSITY (KG/M3) : 1025. 87 K. VIS. (M2/8) :1. 1873E-6
AIR DENSITY (KG/M3) : 1.22
SEA CONDITION BEAUFORT (BF) : 6  CURRENT (KNOT) : 0.80  SEA DEPTH (M): 60.00
DRIFT ANGLE (DEG): 5.0
WIND CONDITION SPEED(M/S) : 4.50  DIRECTION(D. PORT+): 25.0  AT(M2) : 1100.0
AL(M2) @ 3900.0
DAMAGED CONDITION ~ D.AREA(M2): 4.0
SHIP SPEED VK(KNOT):  3.000 4.000 5.000 6.000 7.000 8.000 10.000 12.000
FROUDE NUMBER FN ©0.0273 0.0364 0.0456 0.0547 0.0638 0.0729 0.0911 0.1093
EFFECTIVE POWER PE (PS):  173.5 400.7 767.5 1305.6 2046.4 3020.8 5793.2 10046.7
RESIDUAL RES.C. CR(E-3): 0.942 0.942 0.942 0.942 0.942 0.942 0.942 0.982
BASIC RES.C.  CTS(E-3): 2.460 2.397 2.350 2.314 2.284 2.258 2.218 2.226
BASIC RESIST. ~ RTS(KN): 82.7 143.2 219.4 311.0 417.9 539.7 828.1 1196.7
WIND RESIST. DELWIN(KN) : 31.4  36.2 41.5 47.3 53.4 0.0 744 90.5
REL W SPEED  WSR(M/S): 5.935 6.424 6.917 7.413 7.911 8.411 9.416 10.426
DIRECT. W R(DEG): 18.69 17.22 15.96 14.87 13.91 13.07 11.65 10.51
DRIFTING R. DELDRI (KN) : 6.3 1.2 17.6 25,3 344 449 70.2 101.1
H. ROUGH R.  DELHUL (KN) : 5.1 9.0 141 20.3  27.7  36.1 56.5  81.3
PROPELLER R. DELPRO (KN) : 18.3 325 50.7 73.1 99.4  129.9 203.0 292.3
DAMAGED H.R. DELDAM(KN) : 6.4 11.5 17.9 2568 351 45.8 716 103.1
SEA STATE R. DELSEA(KN) : 5.5 9.5 146 207 27.8 36.0 562 79
TOTAL RESIST.  RTT(KN): 155.7 253.2 375.9 523.5 695.7 892.5 1358.8 1944.7
SHALLOW W. DELDEP(KNOT): 0.106 0.141 0.176 0.212 0.247 0.282 0.353 0.424
CURRENT _ DELCUR(KNOT):  0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800
TOTAL SPEED VKT (KNOT): 2.094 3.059 4.024 4.988 5953 6.918 8.847 10.776
BASIC ANALYSIS METHOD
MODEL-SHIP CORR. LINE: 1957-ITTC
2-DIMENS IONAL METHOD CORREL. ALLOWANGE (2-D) :  CA=-0. 000200
PREDICTION METHOD
RESISTANCE PREDICTION © YA : MODIFIED YAMAGATA [JKSNA NO.177]
WETTED : TO @ TODD”S FORMULA

EFFECT OF DRIFTING 1 : SR208 METHOD
EFFECT OF HULL ROUGHNESS : 1 : ITTC METHOD
EFFECT OF PROPELLER LOCK : 1 : US NAVY METHOD USING WAKE= 0. 368
EFFECT OF DAMAGED HULL  : 1 : EMPIRICAL METHOD
EFFECT OF SEA STATE © 1 NSMB METHOD
EFFECT OF SHALLOW WATER 1 : LACKENBY METHOD

WIND RESISTANCE COEFF.  :J01 : STANDARD OF JTTC

Output
Calculation Result

Fig. 2. Flow Chart of the Program PNTI1.
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Table 2. Comparison between Present Method and U. S. Navy Manual Method for the FFG-7 and DD-936

Author's Program

FFG-7 (8 knots) DD-936 (8 knots)

Author US navy Author US navy
Basic Hull Resistance (KN) Yamagata Chart 34.5 87.7 46.2 137.6
Wind (KN) JTTC Coefficient 20.4 272 39.9 75.5
Drifting (KN) ISO 15016 11.5 - 19.6 -
Hull Roughness (KN) 1978 ITTC 3.5 - 4.9 -
Propeller Locking (KN) US Navy 147.1 180.9 241.0 270.2
Damaged Hull (KN) Empirical 22.9 - 344 -
Sea State (KN) NSMB 7.0 35.6 10.7 60.0
Total Resistance (KN) 223.9 331.3 362.3 543.4
Basic Ship Speed (kts) 8.0 8.0 8.0 8.0
Shallow Water (kts) Lackenby -0.006 - -0.039
Current (kts) Input -0.800 - -0.800
Total Corrected Speed (kts) 7.194 - 7.161
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