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A Regular monitoring of the hull state.
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Background

A Up to 80% 90% of the total drag experienced by a large bulk
carrier could be due to turbulent sknrction drag.

Propulsion

developing turbulent system

boundary layer

Townsin Byrne,SvensenMilne (1981) SNAME Trans. 89: 29518

Kodama, Kakugawa Takahashi, Kawashima, (2000) Int. J. Heat and Fluid Flow,.20156%&
Jimenez (2004Annu. Rev. Fluid Mech.. 36:173.96

Schultz (2007) Biofouling. 23¢6):331 341, (2007)



Background

A Up to 80% 90% of the total drag experienced by a large bulk
carrier could be due to turbulent sknrction drag.

A The issue of skifriction drag on a ship hull is exacerbated by
the existence of surface roughness.
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Background

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

A Even a recently cleaned ship hull can still exhibit surface
roughness. %
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Determining drag penalty via lab experiment

It is a well established method that involves wind or water
tunnel/channel.
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Photograph

Biofouling on a steel coupon.



Determining drag penalty via lab experiment

Photograph Laser scan

surface elevation z (mm)
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Determining drag penalty via lab experiment

Roughness value units | Formula
parameter —

ka 0.094 mm | |2/]

Frms 0.144 mm | V27

K 1.630 mm | max 2/ — min 2/
Kok 2963  — | 27/k3 .

Kieu 14180 - | /KL .

ES, 0.134¢ — dz’

surtace elevation z (mm)
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Replicated surface
via CNC cutting and
Moulding-Casting.
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Replicated surface
via CNC cutting and
Moulding-Casting.




Determining drag penalty via lab experiment

Mean velocity profile
measurement via hot
wire Anemometer.
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Mean Velocity profile to obtain skin friction velocity and Hama roughness function
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Mean Velocity profile to obtain skin friction velocity and Hama roughness function
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Mean Velocity profile to obtain skin friction velocity and Hama roughness function
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Determining drag penalty via lab experiment

Mean Velocity profile to obtain skin friction velocity and Hama roughness function
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Determining drag penalty via lab experiment

Next step is to obtain sasgtain equivalent roughness height

Ks

k.is a measure of the rough surface effect on turbulent
boundary layer.

k. unit is in meter and cannot be measured directly, such as
using profilometer.



Determining drag penalty via lab experiment

Profile to obtain sandrain equivalent roughness height

AU+
S

N W A




Determining drag penalty via lab experiment

Profile to obtain sandrain equivalent roughness height
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Determining drag penalty via lab experiment

Profile to obtain sandrain equivalent roughness height
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Determining drag penalty via lab experiment

Estimating fullscale ship drag via mean momentum integral

DI VILOE (drudsé)!
0 Lin e

10?
Re,

1010



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.



Outline

A An example of determining drag from
laboratory testing of a given surface



Outline

A A direct shipboard irsitu method of
measuring drag penalty due to surface
roughness



Direct ship board experiment



Direct ship board experiment

Advantages:



Direct ship board experiment

Advantages:

1. Bypass the costly laboratory experiment.



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.
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Direct ship board experiment

Issues with pitot tube measurement:
1. Intrusive towards the flow.

2. Readings depend on manometar [juman eye),
prone to error.

3. Prone to blocking from marine objects.

4. Requires full hull penetration.
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