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Objectives

* Modify existing numerical wave tank (“open water”) to model a thin,
continuous ice covering (“ice-covered”)

* Discuss difficulties resulting from inherent instabilities and stiff
equations



Model Assumptions
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Boundary Value Problem
L Spt Pn = —x(®)

* Governing Equation: V4¢ = 0 Sp: Pn=

* Boundary Conditions * BVP solved using quadratic

boundary element method
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Saw-Tooth Instability

* Numerical noise of wavelength 2Ax inherent to the BVP
5n;~8A(—1)
* Considering single mode of Fourier decomposition inserted into exact
spatial derivative: |
0* (f (e

dx*
* Inviscid assumption — no physical damping
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Smoothing

* Use knowledge of saw-tooth instability to derive specific smoothing
scheme

h(x) = (ag + ar;x + ax? + - + apx™) + (—1)7 (b + byx + -+ + bp_1x™1)

e 5-Point Scheme
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Longuet-Higgins, M. & Cokelet, E. (1976) R. Soc. Proc. A



Effective Wavenumber with Smoothing
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Open Water Verification
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Modifications to Include Ice-Covering

* Velocity potential update changes to resemble hyperbolic PDE

fa(ps ~a4n
= —1n — D —
ot Ox4
| o 9
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* Adopted 2nd-order upwind scheme to evaluate the fourth derivative
to take advantage of numerical diffusion



Stiff System of Equations

* Time step sized in accordance with open water leads to loss of
convergence

* Reducing time step significantly helped resulting in ~1/2 wavelength
of realistic solution

* Adopt deferred-correction time marching scheme to gain stability of
implicit method



Next Steps

* \Von Neumann stability analysis <

* |solate the flexural wave
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*yi(x;) = cos(xj) + 6y(—1)jUj (0,1)

Vector Norms of Amplitude-Normalized Free Surface Elevation Showing Instability
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