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Current Approach

• curvilinear grid.

• 82620 points.

• almost constant resolution.

• stepping on the coast.
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Data courtesy of the National Institute for Coastal and Marine
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Unstructured grid

• 42050 points.

• highly configurable

resolution.

• grid follows coastline.
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Element shape
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The shallow water equations

∇ · u = 0

Dud

Dt
=

∂

∂d

∫ z′=η

z′=z

gdz′ + νh

(
∂2ud

∂x2
+

∂2ud

∂y2

)
+

∂

∂z
νv∂ud

∂z
+ (2Ω× u) · d
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The continuity equation

∫∫∫
gi

∇ · u dV = 0
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The continuity equation

∫∫∫
gi

∇ · u dV = 0

∫∫
Γgi

u · n dA = 0
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The continuity equation

Ai
∂ηi

∂t
+

∑
j∈Si

(n·N)i,j

∑
k∈Lj

Aj,kuj,k

 = 0

Aiη
n+1
i = Aiη

n
i − θ∆t

∑
j∈Si

(
(n·N)i,jAj ·Un+1

j

)
− (1− θ)∆t

∑
j∈Si

(
(n·N)i,jAi ·Un

j

)
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Momentum Equation

un+1
j,k = Fun

j,k − g∆t
(
Gn+1

j + Hn
j

)
+

∆t

dzn
j,k

νv
j,k+1

2

un+1
j,k+1 − un+1

j,k

∆zn
j,k+1

2

− νv
j,k−1

2

un+1
j,k − un+1

j,k−1

∆zn
j,k−1
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Mn

j Un+1
j = Bn

j − θg∆tGn+1
j ∆Zj
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Pressure Discretisation

Gj and Hj are linear functions on the set of surface heights such

that Gj + Hj is an approximation to ∂p
∂nj

∣∣∣
j
.

For stability we require that, for a constant pressure field (ie

constant surface height), Gj = Hj = 0.
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Pressure Discretisation

Gj and Hj are linear functions on the set of surface heights such

that Gj + Hj is an approximation to ∂p
∂nj

∣∣∣
j
.

For stability we require that, for a constant pressure field (ie

constant surface height), Gj = Hj = 0.

To obtain a symmetric positive definite free surface matrix, we may

require Gj = α
(
ηi(j,1) − ηi(j,2)

)
.
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Orthogonal grid

+
+

Gj =
ηi(j,1) − ηi(j,2)

‖xi(j,1) − xi,(j,2)‖
Hj = 0
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Non-orthogonal grid
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Non-orthogonal grid
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Auxilliary point method.
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Hydrostatic jump in a channel
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Streamline tracking
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Velocity field requirements

1. It must agree with known data.

2. It must be easy to integrate analytically.

3. The streamlines produced by integrating the field must not cross

each other or closed boundaries.

4. It should satisfy the continuity equation everywhere.
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A Linear Field

u(x) :=
[
axx + bx

ayy + by

]
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Streamlines leaving and re-entering

Calculated streamlines for cell face velocities u(2, 3)n = (0,−2),
u(3, 2)n = (2, 0) and u(2, 2)n = (0, 0). The pseudo-velocity field is

given by u(x) = (x,−y).
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Streamlines crossing
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Demonstration - channel flow



21

Demonstration - channel flow
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Demonstration - closed loops
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Demonstration - closed loops


