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ABSTRACT

A CFD model with the revised Buoyancy Extended k-¢ turbulence closure (BKE) was applied to investigate the
dilution of a merging wastewater plume from a submerged diffuser with 8-port rosette-shaped risers in an
oblique 39° current. The near-field flow and dispersion patterns were simulated for three cases of 5, 10 and 20
risers aligned with regular spacing. The spatial variation of surface concentration is more pronounced in the 5
and 10 riser cases due to the end effects of the diffuser, and becomes relatively moderate with the increase to 20
risers. The computed minimum surface dilutions for all three cases are compared with the prediction from the
mathematical model RSB.

1. INTRODUCTION

Sewage effluent is often released through a submerged multi-port diffuser to reduce the impact of the discharges
on the receiving water body. The division of a single discharge into groups of smaller discharges, increases the
entrainment of ambient fluid into the effluent and hence dilution. A prevalent riser configuration for the
submerged diffuser is the rosette-shaped cap having 4 to 12 ports. For design purpose, the near-field dilutions
need to be quantified in realistic oceanic conditions. Current industrial practices involve physical model studies
and calculations by empirical models that are based on past experimental findings. Computational Fluid
Dynamics (CFD) analysis offers an alternative as a support tool for the quantification and visualization of the
near-field mixing. However, very limited numerical studies on submerged diffusers have been reported so far.
The few previous 3-D numerical attempts (Lee et al., 1999; Zhou et al., 1991) focused mostly on the case of
perpendicular currents.

Here, we apply a CFD model with the revised BKE turbulence closure to simulate the flow and dispersion
pattern of the discharge from a submerged diffuser with rosette-shaped risers in a steady oblique current. The
objective is to explore whether the commercial CFD capability that is currently available can provide an
alternative tool to determine the near-field dilutions, with sufficient accuracy to support the design of an outfall

diffuser. The numerical results are compared with predictions from the mathematical model RSB (Roberts et al.,
1989). Although the experiments for RSB were done with Tee-shaped risers, a configuration different from the
rosette-shaped risers here, the dilutions are expected to be similar given the simulated conditions.

2. NUMERICAL SIMULATION
2.1 Numerical Setup

Simulations were performed for varying numbers of multi-port risers aligned at an angle of 39 degree to the
ambient current. Figure 1 shows the configuration under consideration. The risers have a regular spacing S and
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sit on the seabed under an overlying water depth H. The water is unstratified with a uniform density
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