




































































































































































Total wave force and the resulting drag and added mass components are
plotted in Fig. 3.13-15. It can be seen that overall hydrodynamic loads icrease
sensibly as the nets get less porous and particle velocity or acceleration increases;

however, drag force appears more scattered.



3.2.2 Drag coefficient in oscillating flow

As mentioned previously, the drag coefticient for a cylinder in oscillating
flow is conventionally considered as a function of the Keulegan-Carpenter (KC')

and Reynolds numbers [7]. This dependence is also shown in Fig. 3.16.
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Fig. 3.16 Drag coefticients for an oscillating vertical cylinder trom [7]

It can be seen from Fig. 3.16 that for Reynolds numbers below 10,000, the
dra

ag coefficient strongly depends on the Keulegan-Carpenter number i

comparison to Reynolds numbers over 10.000 for which drag coefficient only
changes slightly even with signiticant change in the Keulegan-Carpenter number.
Due to the relatively small twine diameter of the nets, as illustrated in Fig
3.17, the Keulegan-Carpenter number appears on a much larger scale 1n
comparison to cylinders tested by Chakrabati [7]. It can also be observed that the

drag coefficient for nets changes significantly even with a slight change in the
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Since the experiment was conducted with tull-scale nets, it 1s assumed that
a dimensional parameter, such as the effective thickness, can be used to express
added mass for nets. Wave frequency i1s a major determinant for particle
acceleration, so it seems sensible to consider the dependence of eftective
thickness on frequency (Fig. 3.23). It can be seen that the effective thickness
increases as wave frequency increases (waves become shorter, and in this
experiment also less steep). However, after approximately 2rad/sec, the effective
thickness decreases, especially for less porous nets, which is a common trend for
bodies in oscillating flows. It also appears that effective thickness depends on net
solidity.

Thus, it is suggested that added mass for nets can be estimated as a
function of wave frequency and net solidity. Expressing the added mass in terms
of effective thickness over the net area also offers a more intuitive measure of the

added mass effect than coefficients based on the displacement of the net twine.



IV. Conclusions and further work

Two experiments were conducted to estimate the hydrodynamic loads on
five plane net samples in steady and oscillating flows. A new empirical formula
15 suggested as a function of net porosity and drag coetlicient for a cylinder (and
a sphere tor knotted nets). The advantage of the tormula in comparison to the
existing ones 15 that it incorporates the well-established drag coetticient of a
cylinder and thus it 1s less Iimited in Reynolds number. The inclusion of the drag
coefticient for a cylinder should naturally allow the application of the formula tor
different angles of attack as well: however, it is recommended to verify this
presumption with another experiment, where net samples are tested over a range
of angles of attack.

The interaction effect of net solidity and water velocity was disclosed by
applying a two-factorial experimental design. This analysis 1s meant to disclose
effects by assuming their nature 1s linear only. However, the Response Surface
Method (Montgomery 1995) can be applied i the future to cstablish a
polynomial formula for predicting steady flow drag as a function of net solidity
and current velocity.

It was also found that conventional non-dimensional paramcters for drag
and mertia coefticients in oscillating flow arce probably not applicable for nets. It
1s suggested that drag coefficient is perceived as a function of wave particle

velocity and net porosity. For further verification it i1s recommended to
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experimentally study the individual intluence of wave particle velocity and wave
period on drag. Wave period 1s a function of wavelength, but particle velocity 1s
a function of wave period and amplitude. Thus, the same wavelength can be
maintained for different velocities if the wave amplitude changes.

A new parameter was introduced for added mass estimation: effective
thickness, a width of water notionally affected by the net as a tunction of particle
velocity and net porosity. This parameter offers an intuitive improvement over
conventional concepts of added mass coetticients related to the mass or
displacement of the physical body, in this case the net twine, but the data set
collected as part of this study does not provide a definitive proof of the utility of
the concept. Thus, it is recommended to conduct another experiment for a wider
range of wave frequencies to establish a formula for added mass estimation
through effective thickness which is a function of net porosity and wave

frequency.
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