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Figure 2-12 EFD pontoon motion data for WAM-V single-wave test (EFD data from [16])
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Figure 2-13 EFD engine pod and suspension motion data for WAM-V single-wave test (EFD data
from [16])
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Suspension Potentiometer Displacement Data
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Figure 2-14 Suspension displacement for both
port and starboard sides broken down by
relevant phases [16]
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Figure 2-15 Pontoon acceleration measured at the
front of the WAM-V (EFD data from [16])
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2.2.4 Rough Water

Rough-water testing was conducted at a speed of 10 knots at the Naval Base in
Norfolk, VA. The trajectory is shown in Figure 2-16. Approximately 1 hour of data was
collected, the portion of data chosen for analysis is highlighted, which is in head seas, and
is approximately eight minutes. The closest wave buoy was approximately 20 km away
from the test site. This was not close enough to describe the sea conditions at the test site
accurately; also, the changes in water depth between the locations of the buoy and the test

site would skew the results.

Experimental data for pontoon and suspension accelerations were recorded,
accelerations at post locations are shown in Figure 2-17 with their running mean value.
Fast Fourier transform (FFT) was performed on each of the post acceleration data sets, with
results shown in Figure 2-18, yielding a dominant frequency of 0.73 Hz. The expected
value (EV) and standard deviation were also calculated for each of the post acceleration
data sets. The results from the FFT analysis and statistical analysis are summarized in Table
2-3. The average asymmetricity of the experiment is also show in Table 2-3 with a total

average difference between the port and starboard sides being 9.6%.
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Figure 2-16 Sea-trial trajectory for WAM-V rough
-water testing and the direction of dominant waves
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Figure 2-17 Comparison of time histories and running RMS for

EFD and CFD accelerations at the front and rear posts
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Figure 2-18 FFT results for EFD accelerations
at the front and rear posts

Table 2-3 Statistical results for rough-water testing

Acceleration EFD (Irregular Waves)
Left Right | Diff (%)
EV(G's) -0.012 | -0.0011 -
SD (G's) 0.47 0.63 29.09
P‘;rr‘;‘r’]‘;” Dom Freq (Hz) | 0733 | 0733 | 000
Dom Amp (G's) | 0.287 0.297 3.42
Avg 10.84
EV (G's) 0.004 | -0.0011 -
Pontoon SD (G's) 0.35 0.32 8.96
Rear Dom Freq (Hz) 0.733 0.733 0.00
Dom Amp (G's) | 0.24 0.20 18.18
Avg 8.43
Pontoon Avg 9.64
Average
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CHAPTER 3 COMPUTATIONAL METHODS

3.1 Overview of CFDShip-lowa Version 4.5

CFDShip-lowa V4.5 is a high-fidelity incompressible URANS/DES solver
designed for ship hydrodynamics [8]. Single-phase level-set approach is used for free
surface, blended k-¢/k-o for turbulence model, and curvilinear dynamic overset grids for
6DoF ship motions. An MPI-based domain decomposition approach is used, where each
decomposed block is mapped to one processor. All equations of motion are solved in a

sequential form and iterated to achieve convergence within each time step.

For the friction studies for 1DoF cylinder drop, a linear damping is added to the

motions solver proportional to the vertical velocity:

mz =7 — Cpz (1)

where m is the total mass, z" the heave velocity, z” the heave acceleration, Z the heave

force, and CF the friction coefficient.

3.1.1 Two-Body Dynamics for Hinged Engine Pod

A two body dynamic model is implemented into CFDShip-lowa to predict the rigid
body motions of the pontoon and the hinged engine pod [6]. For hinged engine pod
simulations, the rotation of the pod adds an additional degree of freedom. A block diagram
(Figure 3-1) shows the method in which the two-body dynamics model is coupled into the
existing CFDShip-lowa method. The forces and moments are computed by integration of
the forces on the solid surface including the forces caused by gravity. The engine pod is

constrained by the hinge at the end of the pontoon and follows the pontoon motions except
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that it is free to rotate about the y-axis. Two pitching moments are computed, one about
the center of rotation of the WAM-V, and one about the hinged axis of rotation of the

engine pod. The rotation of the engine pod is solved using

dZ
k d_tf = Mpod (2)

where k is the moment of inertia of the engine pod.

The integrations of the 6DoF equations of motion are executed using an implicit
predictor-corrector method for the pontoon and an explicit method for engine pod. The
predictor uses an explicit method, using forces and moments calculated from the current
time-step to guess the solution at the next time step. The engine pod rotations for the next
time-step are solved at the end of the current time-step, and are calculated only once per
time-step. For pontoon, the corrector step is added at the end of each non-linear iteration

using the predicted engine pod rotation.
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