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ABSTRACT

Biological corrosion of sewers networks and treatment plants constitutes a problem for asset management, and
its effects result in the loss of billions of dollars per year. Hydrogen sulfide (H2S) gas is the major contributor to the
odour and corrosion occurring in the sewer networks. HzS gas is formed by the breakdown of organic matter in
the sewer under anaerobic conditions. These emissions not only increase the cost of maintenance but also pose
a threat to human health of sewer workers. To understand and to be able to estimate transformation processes at
the air-water interface, it is important to study the hydraulics and flow patterns in sewers. For this purpose, a model
has been set up in the open source platform OpenFOAM, which is aimed to improve the data basis for a numerical
model of natural sewer ventilation.
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1 INTRODUCTION

Corrosion of concrete caused by hydrogen sulfide has been recognized as a serious problem in collection
systems for the past century (Okabe et al., 2007). In some of the worst cases, the lifetime of sewer pipes and
pumping stations has been reduced to less than ten years (Hvitved-Jacobsen, 2002). When designing urban
sewer systems, common practice is to only consider the transport of wastewater and runoff water without giving
any thought to the air phase in the systems (Edwini-Bonsu et al., 2004). Consequently, the airflow is generally
uncontrolled, potentially malodorous and causes formation of corroding compounds (hydrogen sulfide) during
transport of the wastewater. For this purpose, a two-phase CFD model is set up in the open source software
OpenFOAM using the built-in solver interFoam, to verify and analyze the air-water flow in a closed conduit
rectangular pipe which can later deliver the groundwork for models for natural sewer ventilation.

2 MODEL CONCEPT

A two-phase flow model is set up in order to study the impact of the two phases on each other inside a closed
rectangular system of length 5 m, width 0.3 m and height 0.26 m under the following flow conditions:

i. Stagnant air with water flow due to inlet flow of 7.2 L/s;

ii. Stagnant water with air flow due to a pressure difference of 0.001 kgm/s?

iii. With both phases flowing with the conditions mentioned above.
It was observed that for the chosen water velocity and pressure difference, impact of air flow on stagnant water
is negligible when compared to the impact of flowing water on stagnant air. For the validation of the flow the
experimental works of Bentzen et al. (2016) shown in Figure 1 were used. The experimental duct measures 15
m * 0.3 m * 0.26 m and has a water flow at the inlet. The sidewalls of the duct consisted of glass and the top
wall of painted wood to have a minimum impact of wall friction. Air flow was measured at different points to
generate a vertical profile that was used to validate the airflow for the CFD model. In the study it was observed
that the induced flow in the air-phase is laminar hence using the k-epsilon model for this purpose would lead to
inconstancies. For this purpose, the interFoam solver with a laminar flow model was used and the results abided
with the experimental data.
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Figure 1. Experimental setup showing the flows involved and the dimensions (Bentzen et al., 2016).
3 Sensitivity analysis

A sensitivity analysis is a good way to ensure the accuracy of the mesh, time-steps, and various other
parameters. After plausibility tests, the model was subjected to a sensitivity analysis based on changing
viscosities and mesh resolution at the air-water interface. Because of the formulation of the interFoam solver is
based on solving one set of Navier-Stokes equations with the phases described by an indicator function (Volume
of Fluid approach), no friction approaches are applied at the interface between air-water and were therefore not
considered in the sensitivity analysis. It was found that though there was an increase in the density of the data
and plot for the air velocity profile, there was no significant change in the data when changing the mesh
resolution. Secondly the impact of changing viscosity (var & vwater) Was studied using seven different
combinations of the two viscosities listed in the Table 1 with root mean square error between the experimental
values and the results from different cases.

Table 1. Different combinations used to study the impact of changing viscosities with RMES

vglxupés Standard Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Water  1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.00E-04 1.00E-05 1.00E-07
Air 1.51E-05 1.51E-05 1.51E-03 151E-04 151E-06 1.51E-05 1.51E-05 1.51E-05

(m?/s)
RMSE --- 0.005 0.075 0.077 0.078 0.122 0.035 0.071

It was observed that increasing the air viscosity in case 1 and 2 caused the velocity profile to change significantly
from a s-shaped profile to almost a linear line. While reducing the viscosity of air in case 3 lead to s-shaped
profile with a linear drop in the middle. Meanwhile increasing or decreasing the viscosity of water did not cause
any significant change in the water and air velocity. All the profiles are shown in Figure 2.
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Figure 2. Vertical velocity profile for different viscosities
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