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Abstract

Seiching is a common phenomenon in nature where a large body of water exhibits periodic
behavior. First, we set up water oscillations in a tank and measure its oscillation period. Then
we use OpenFOAM to simulate the oscillation behavior of the water waves in a 3D mesh with
the same dimensions as the tank used in the experiment. Applying the Fourier transformation
on the velocities calculated from OpenFOAM, we identify the period of the fundamental mode
of oscillation. The result from the measurements and the simulations are presented and then
compared with solutions from linearized shallow water equations. The experimental measurements,
numerical simulations and SWE solutions show good agreement.
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1 Introduction

A seiche is a standing wave oscillating in an en-
closed or partially enclosed body of water. Such
phenomena are commonly observed in lakes,
bays, harbours, and reservoirs. The first scien-
tific observation and documentation of seiching
was performed in Lake Geneva [1]. Seiching
in harbours often exhibits nonlinear interaction
between gravity waves and wind generated cap-
illary waves [2].

Seiching in lakes or reservoirs may be difficult
to notice due to the long oscillation period re-
sulting from the long wave length and the slow
wave speed. The period of seiching waves can be
estimated from Merian’s formula [3],

T =
2L√
gh

(1)

where T is the longest natural period, and L

and h are the width and height of the body of
water respectively.

The effect of seiching in lakes and harbours is
similar to the effect of storm surges where boats
can be sent to the docks and shores due to the
sudden onset of water oscillation [4]. Most natu-
ral seichings in lakes and reservoirs are triggered
by earthquakes [5]. In the ocean and seas, se-
iching waves can be generated from earthquakes,
tides, and tsunamis [6].

With the advance of computational fluid dy-
namics (CFD) simulations, seiching can be mod-
elled relatively easily on computers. Past work
show a range of interest from modelling the fun-
damental modes of seiching oscillations [7] [8]
[9] to further investigation of complex wave be-
havior due to non-linear interactions [10] [11].

In this study we compare observations, sim-
ulations and theoretical predictions for seiching
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in a relatively simple geometry. In the follow-
ing sections, we describe the results from each
approach, mainly focusing on comparing the pe-
riod of oscillation obtained from the three differ-
ent approaches.

2 Experiment Setup

For the seiching experiment, the following tools
and materials are used: a water container, tap
water, a smart phone as a stopwatch, and a
Google spreadsheet to record data. Water is pre-
pared at the specific depth before each measure-
ment (Figure 1). The following water depths for
the container are measured: 1 cm, 1.5 cm, 2 cm,
2.5 cm, 3 cm, 4 cm, 5 cm, 6 cm, 8 cm, 9 cm,
and 10 cm as shown in column 1 Table 1. Ten
trials are performed for each depth, and the av-
erage period measured for that particular depth
is recorded in column 2 (Measurement). The fol-
lowing details describe how the average period is
measured.

In order to obtain the oscillations, the con-
tainer is shaken left and right gently, and af-
ter two full periods (which consists of the wa-
ter oscillating from one side of the container to
the other side), the timer on the smart phone is
started. Once the oscillations become less obvi-
ous, the timer is stopped and the data is com-
piled onto the spreadsheet. Measurement of the
period for each depth is repeated for about 10
times to reduce measurement error. After the
measurements are obtained, the average oscilla-
tion period from the repeated measurements is
calculated for each depth, along with the stan-
dard deviation (column 3 in Table 1).

Through the power function regression for the
measured period T and depth h, we obtain the

Figure 1: Water tank used in the experimental
setup.

following empirical relationship:

T = 1.25 ∗ h−0.396 (2)

A set of predicted period based on the regression
equation 2 is recorded in column 4 (Predicted)
on Table 1.

3 Simulation Setup

OpenFOAM is a popular open source CFD pack-
age that supports the finite volume [12] ap-
proach to fluid dynamics simulations. In addi-
tion, the finite volume of the mesh [13] is adap-
tive and can be refined near the surface of water
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Depth Measurement stdev Predicted Simulated SWE

1 1.25 0.0631 1.25 1.24

1.5 1.05 0.0421 1.07 1.09 1.01

2 0.933 0.0305 0.952 0.900 0.876

2.5 0.793 0.0141 0.871 0.800 0.784

3 0.735 0.0347 0.810 0.750 0.716

4 0.702 0.0456 0.723 0.660 0.620

5 0.662 0.0252 0.662 0.610 0.554

6 0.642 0.0193 0.615 0.575 0.506

7 0.636 0.0488 0.580 0.560 0.468

8 0.528 0.0213 0.550 0.540 0.438

9 0.583 0.0108 0.525 0.540 0.413

10 0.554 0.0177 0.503 0.530 0.392

Table 1: The seiching period (in seconds) from the measurements, the simulation, and the theoret-
ical SWE formula as a function of depth (in centimeters).

to capture the details of the flow field near the
water air interface. The following subsections
discusses how OpenFOAM is set up to perform
the numerical simulation of the seiching in the
water tank.

3.1 Geometry and Initial condition

The rectangular water tank (Figure 1) used in
both the experiment and the simulation has an
inner dimension of 0.194 m in width, 0.194 m
in length, and 0.15 m in height. An identical
geometry is used in the numerical simulation.

In order to initiate the water wave in the tank,
the initial height of water is set in a staggered
pattern (Figure 2) based on the mean depth of
water d, d+d/4, d+d∗3/16, d+d/8, d+d/16, d−
d/16, d− d/8, d− d ∗ 3/16, d− d/4. This uneven
initial height allows water oscillation to develop
in the numerical simulation.
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Figure 2: The initial volume of water in the tank.
The total volume and average depth can be eas-
ily calculated from such a set up. The uneven
height as a function of position along the width
allows the seiching wave to develop naturally.

3.2 Meshing

In addition to a uniform coarse resolution mesh
generated for the entire space within the tank, a
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refinement mesh is used near the water surface
to capture the details of the water wave (Figure
3). The resolution of the coarse resolution mesh
is 9.7 ∗ 10−3 m in width and 9.7 ∗ 10−3 m in
length. A resolution that depends on the depth
d of water is used in the simulation 2∗d

30 in the
vertical direction.

Figure 3: The mesh of the water tank. The air
water interface has a higher resolution.

3.3 Solver

OpenFOAM Inter solver is a multi phase Navier-
Stokes equations solver based on the finite vol-
ume [12] approach to solve the incompressible
viscous fluid flow [14] [15]. The governing
equations of the incompressible viscous fluids
are the typical incompressible unsteady Navier-
Stokes equations:

∇ · ~v = 0 (3)

∂~v

∂t
+∇ · (~v ⊗ ~v) = −∇p+∇(ν∇~v) (4)

The pressure-velocity coupled equation is
solved by decoupling the pressure and momen-
tum fields through predictor-corrector steps. In
this particular simulation, the k − ε [16] turbu-
lence mode is enabled. The Reynolds number
Re = vL

ν far exceeds the laminar regime of wa-
ter flow due to the small dynamic viscosity ν of
water.

3.4 Result

Simulated water level changes periodically in the
water tank. Figure 4 shows the water level at 0.5
seconds after the model has started simulation
for an average water depth of 10 cm. Figure 5
shows the velocity of a monitored point in the
water tank as a function of simulation time. The
periodic behavior of the velocity as a function of
time is apparent. Non-uniform Fourier analysis
(Figure 6) is applied on the velocity time data to
calculate the oscillation period shown in column
5 (Simulated) in Table 1.

Note that OpenFOAM is not able to correctly
simulate the seiching oscillation at a depth of 1
cm. The cell for the simulated 1cm depth is left
blank in Table 1. The numerical simulation is
unable to converge despite the use of dynamic
time stepping.

4 Theoretical Consideration

The period of seiching can be derived for sim-
ple geometry and small amplitude oscillation us-
ing the shallow water equations with suitable ap-
proximations.

5



4 THEORETICAL CONSIDERATION

Figure 4: The simulated water level at 0.5s after
the water begins oscillating. The red is water,
the blue is air, and the intermediate colors rep-
resent the air water interface. The initial average
water height is 10 cm.

The complete incompressible shallow water
equation for the dependence of height h, speed
u and v on time t

∂h

∂t
+
∂hu

∂x
+
∂hv

∂y
= 0 (5)

∂u

∂t
+ u

∂u

∂x
+ v

∂u

∂y
+ g

∂h

∂x
(6)

−ν
h

(2
∂2hu

∂x2
+
∂2hu

∂x2
+
∂2hv

∂x∂y
) = 0

∂v

∂t
+ u

∂v

∂x
+ v

∂v

∂y
+ g

∂h

∂y
(7)

−ν
h

(
∂2hv

∂x2
+ 2

∂2hv

∂y2
+
∂2hu

∂x∂y
) = 0

In the limit where ν ≈ 0, u �
√
gh and v �√

gh, let h = H+ δh where H is the mean depth
of water and δh is the height variation from the
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Figure 5: The velocity (m/s) component of a
point within the water simulated as a function
of time. This velocity component Ux is along
the direction of the length of the water tank.
The velocity time graph exhibits clear periodic
behavior. The initial average water height is 10
cm.

mean depth δh� H, it can be shown the above
equations can be linearized into

∂2h

∂t2
= gH

∂2h

∂x2
+ gH

∂2h

∂y2
= gH∇2h (8)

The wave speed from the linearized shallow
water equation is therefore c =

√
gH. The mo-

mentum terms when u ∼ c or v ∼ c can affect
the oscillation periods through non-linear inter-
action.

When the fundamental mode of a standing se-
iching wave has a wavelength that is twice the
length of the domain where the middle of the
tank is a node, the period is identical to Merian’s
formulation:

T =
2L√
gH

(9)

The numbers based on this formulation are
recorded in column 6 (SWE) on Table 1.
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Figure 6: Frequency analysis of the velocity cal-
culated. It can be seen clearly there is a domi-
nant mode (about 2 hz or a period of 0.530 sec-
ond) of oscillation for the water motion. The
initial average water height is 10 cm.

5 Conclusion and future work

The seiching period from the measurements, the
simulation, and the theory are summarized in
the Table 1. Figure 7 shows all the results includ-
ing the ’Predicted’ column using the regressed
empirical equation 2.

We can see that measurement and simulation
show remarkable agreement which is a testament
of the power of computational fluid dynamics.
The results using the derived equation based on
the linearized shallow water equation 9 agree well
when h

L ≤ 0.05. As the depth of the water in-
creases, the discrepancy widens where the non-
linear effects from the shallow water equation
become important when the water is no longer
shallow.

While OpenFOAM is unable to simulate the
oscillation at 1cm depth, both the measure-
ments and the theoretical consideration show

close agreement at 1.25 seconds for this depth.
This is a depth at which SWE approximation
works well. We can see this close agreement from
Figure 7 at the 1 cm depth.

The CFD approach laid out in this work can
be applied to simulating seiching oscillations in
lakes, harbors, and bays [17] [18] [19] based on
the 3 dimensional elevation data of the bottom
terrain. It’ll be interesting to set up a compar-
ison between observed seiching period and nu-
merical simulation for one of the lakes or harbors
in the US.

Some additional interesting topics include nu-
merical simulation of a seiching oscillation driven
by wind [20] and investigation of the more com-
plex non-linear interaction between wind waves
and gravity waves. [21] [22] [23].
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