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ABSTRACT

Floating treatment wetlands (FTWs) are an important nature-based solution to treat water, wastewater and
stormwater. Their roots grow hydroponically, through which they absorb nutrients, metals and dissolved matter,
retain suspended solids and improve water turbidity. Moreover, FTWs constitute a green infrastructure because
of their added ecological value. Numerically, FTWs can be represented as a porous media, in which the resistance
is usually estimated by fitting the simulation to measured data. This study presents a new approach to estimate
the viscous and inertial resistance factors of the porous media. The FTW is treated as a packed bed, for which
the Ergun equation is applied, but in the vertical direction (flow parallel to the roots) the root diameter is estimated
as a hydraulic diameter, which creates a non-isotropic resistance. This approach resulted in better agreement with
the experiments than the fitting strategy, for a simulation case.
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1 INTRODUCTION

From a hydrodynamic perspective, the treatment performance of a FTW can be influenced by the contact time
and mass flux entering the root zone (Liu et al., 2019). That is why recent studies have been employing
Computational Fluid Dynamics (CFD) to assess hydrodynamic interactions between the flow and the FTW
(Xavier et al., 2018; Rao et al., 2016). In CFD, there is a known difficulty in representing the vegetation structure
as it is due to the high computational cost required. For FTWSs, one alternative is to represent the roots as a
porous media (Xavier et al., 2018; Rao et al., 2016), which requires determining the viscous (1/a) and inertial
(C2) resistance factors. The goal of this study is to present a more physically-tied approach to estimate 1/a and
C, instead of estimating the factors by fitting the simulation to measurements.

2 METHODS

The FTW root zone is represented by a porous media, in which a sink term is added to the momentum equation,
according to Darcy’s Law. The porous media is treated as a packed bed, for which the Ergun equation estimates
1/a and Ca:
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in which D, is the mean particle diameter and € is the void fraction. In the horizontal direction (flow perpendicular
to the roots), D, can be assumed as the root cylinder (d). However, in the vertical direction (flow parallel to the
roots), D, can be estimated as the hydraulic diameter (dx), which is dependent on the spacing: diameter ratio
(s/d) of the roots (Oldham & Sturman, 2001):
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and this will lead to a non-isotropic resistance in the FTW.

This approach was tested on a CFD model that recreated laboratory-scale experiments from Liu et al. (2019),
who built FTWs based on E. crassipes arrangements and placed them in a flume. The FTW length, width and
depth were, respectively, Lrrw = 25.6 cm, Wrerw = 18 cm and h = 10.5 cm (approximately half of the channel
depth), and it presented d = 0.36 cm and € = 0.93. A single FTW was placed 300 cm downstream of the channel
inlet, and it was attached to one of the channel walls. Then, three other similar FTWs were placed in series, with
a spacing of 2Lrrw between one another. For brevity, details on mesh, boundary conditions and solver
configuration were omitted. A fitted resistance was obtained for comparison.

3 RESULTS

The first comparison regards the flow adjustment past a single FTW (Figure 1a). The longitudinal profile of x-
velocity (u) normalized by the initial velocity (Uo) was obtained in the centerline (= Wrrw/2) and mid-depth (=
h/2) of the FTW. The FTW is located at x/Lrrw = 0 and 1. The best-fitted resistance was 1/a = 10 m=2. The
calculated resistance was 1/a = 70507.2 m2 and C2 = 73.2 m-" in the horizontal direction, and 1/a = 365.2 m
and Cz2 = 6.1 m-' in the vertical direction. The calculated resistance (continuous line) and the fitted resistance
(dashed line) had similar behavior, and they agreed with the measurements (open circles) especially in the
FTW, where the steep velocity reduction occurred. When comparing FTWs in series, the calculated resistance
showed better precision (Figure 1b). The fitted resistance (open triangles) matched the measurements (filled
diamonds) in the first and second FTWs, but underestimated the flow reaching the third and fourth FTWs. The
calculated resistance (open squares) showed consistent agreement with the measurements for all FTWs.
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Figure 1. (a) Longitudinal profile of u/Uo in the centerline and mid-depth of the FTW. The FTW is located at
x/Lrrw = 0 and 1. (b) Flow entering the ji" FTW (Qy;) normalized by the flow rate entering the first FTW (Qys)).

4 CONCLUSIONS

The Ergun equation combined with the hydraulic diameter approach in the vertical flow direction (Oldham &
Sturman, 2001) showed to be a reliable method to estimate porous media resistance in the FTW.
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