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• Up to 80%–90% of the total drag experienced by a large bulk 

carrier could be due to turbulent skin-friction drag.

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

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

biofouling or hull imperfections.

• Even a recently cleaned ship hull can still exhibit surface 

roughness.
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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 ’Lucy aAhton’ : Part 1. Full scale measurements. R. 

Inst. Naval. Architects. Trans. 93, 40–57. 

Smith, S.L., 1955. BSRA resistance experiments on the ’Lucy Ashton’ : Part 4. Miscellaneous investigations and 

general appraisal. R. Inst. Naval. Architects. Trans. 97, 525–548.

Lewthwaite, J.C., Molland, A.F., Thomas, K.W., 1984. An investigation into the variation of ship skin frictional 

resistance with fouling. R. Inst. Naval. Architects. Trans. 127, 269–284
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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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Direct ship board experiment

Mean velocity profile

Issues:

• Poor data rate

• Laser attenuation

• Lack of seeding

• Unsteady conditions

• Fouling on glass

• Unable to reach boundary layer.
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Main issue with previous in-situ experiments in 50’s 

and 80’s :

Lack of information regarding the rough surface  

statistics.
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Regular monitoring of the hull state

Main issue with previous in-situ experiments in 50’s 

and 80’s :

Lack of information regarding the rough surface  

statistics.

We do not know what kind of roughness characteristics 

that caused the increase in skin friction drag

Denny, M.E., 1951. BSRA resistance experiments on the ’Lucy Ashton’ : Part 1. full scale measurements. R. 

Inst. Naval. Architects. Trans. 93, 40–57. 

Smith, S.L., 1955. BSRA resistance experiments on the ’Lucy Ashton’ : Part 4. miscellaneous investigations and 

general appraisal. R. Inst. Naval. Architects. Trans. 97, 525–548.

Lewthwaite, J.C., Molland, A.F., Thomas, K.W., 1984. An investigation into the variation of ship skin frictional 
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Digital reconstruction Roughness details
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Future work

1. More LDA measurement with different laser wavelength. i.e green and blue instead 

of red and infra red. 

2. Lab experiment for the newly cleaned ship hull to complement field experiment.

3. Experiment on a larger ship (under negotiation with PT Samudera Indonesia)

4. Further improvement of the image surface scanner.
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