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ÅUp to 80%ï90% of the total drag experienced by a large bulk 

carrier could be due to turbulent skin-friction drag.
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ÅUp to 80%ï90% of the total drag experienced by a large bulk 

carrier could be due to turbulent skin-friction drag.

ÅThe issue of skin-friction drag on a ship hull is exacerbated by 

the existence of surface roughness. 
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ÅSurface roughness on a ship hull is generally associated with 

biofouling or hull imperfections.
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ÅSurface roughness on a ship hull is generally associated with 

biofouling or hull imperfections.

ÅEven a recently cleaned ship hull can still exhibit surface 

roughness.
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Photograph Laser scan

Biofouling on a steel coupon.
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Mean velocity profile 

measurement via hot-

wire Anemometer.
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Determining drag penalty via lab experiment 

Forcing the highest Hama 

roughness function to fall under 

the roughness asymptote to 

obtain ks.

Profile to obtain sand-grain equivalent roughness height

fitted into roughness asymptote



Determining drag penalty via lab experiment 

Estimating full-scale ship drag via mean momentum integral



Determining drag penalty via lab experiment 

Issue with lab experiment:

1. Very expensive in term of facility and time.

2. Difficult to obtain sand grain equivalent 

roughness.
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Direct ship board experiment

Advantages:

1. Bypass the costly laboratory experiment.

2. Measure the drag penalty directly.
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Previous works:

Generally it involves pitot tube that goes through ship hull.

Denny, M.E., 1951. BSRA resistance experiments on the ôLucy aAhtonô : Part 1. Full scale measurements. R. 

Inst. Naval. Architects. Trans. 93, 40ï57. 
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Direct ship board experiment

Issues with pitot tube measurement:

1. Intrusive towards the flow.

2. Readings depend on manometer (i.e human eye), 

prone to error.

3. Prone to blocking from marine objects.

4. Requires full hull penetration.
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