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ABSTRACT

We explore plunging liquid jets for disposal of reject brine from desalination plants. Compared to offshore
submerged outfalls that rely on momentum to induce mixing, plunging jets released above the surface utilize both
momentum and negative buoyancy. Also, plunging jets introduce air into the water column which, when dissolved,
can reduce the possibility of hypoxic or anoxic zones. We measured dilution in lab experiments of both unconfined
and confined plunging jets. Generally, the dilution of an unconfined jet exceeds that of a confined jet under similar
conditions. For confined jets, the effects of the diameter and depth of the confining tube were also explored and
dilution with narrow confining tubes with small depth was found to be comparable to that of an unconfined jet.
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1 INTRODUCTION

Seawater desalination is a major source of freshwater for many parts of the world. A by-product of desalination
is reject brine, which is typically discharged back to the sea. Reject brine can have twice the salinity of seawater
and, unless highly diluted, can significantly impact the marine environment. Best dilution results when brine is
discharged using high momentum submerged outfalls (Shrivastava and Adams, 2019) resulting in rapid mixing
of brine with ambient water. However, negatively buoyant diluted brine tends to spread on the seafloor leading
to density stratification, which inhibits vertical mixing and can lead to depleted near bottom dissolved oxygen
(DO) (Hodges et al., 2011).

We evaluate plunging liquid jet reactors (PLJRs) as potential outfalls to both dilute reject brine and minimize
pockets of low DO. Such reactors involve vertically downward discharge of brine from a jet located above the
receiving water surface. As the jet falls through the headspace, it entrains air, which is injected to the water
column. The downward momentum and negative buoyancy of the jet provide mixing with the receiving water
and the entrained air promotes reaeration.

A variant of the PLJR is the confined plunging liquid jet reactor (CPLJR; Figure 1). CPLJRs can provide better
mass transfer than PLJRs by confining the bubbly jet region and increasing jet penetration depth thus increasing
contact time between the gas and the liquid phase (Al-Anzi et al., 2006; Cumming et al., 2002). Measurements
of dilution for unconfined and confined plunging jets are presented, focusing on the effects of jet length (L),
diameter (D¢) and depth of submergence below receiving water surface (Hc) of the confining tube.

2 EXPERIMENTAL SETUP, RESULTS AND DISCUSSION

A 4.8 m long x 1.2 m wide tank filled with fresh water to a depth of 50 cm acted as the receiving water. Brine
with salinity of 10 psu was directed vertically downward to the tank through a 30 cm long x 1 cm diameter nozzle.
Brine flow rate was 160 cm?/s and jet length varied between 0 and 60 cm. For confined jets, clear acrylic pipes
were used as the confining tube. Fluorescent dye (Rhodamine 6G) was added to the brine and a fluorometer
(Turner Designs Cyclops 7) placed at the tank bottom (depth of 50 cm) at radial distance (R) of 50 cm from the
nozzle measured dilution.

For the four jet lengths tested, the lowest and highest measured dilutions were for Lj/do = 15 and 60, respectively
(Figure 2(a)). Larger Lj implies higher downward momentum; thus increased dilution with Lj is expected.
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However, the observed trend can be explained by considering the loss in jet momentum as it impacts the water
surface. For Lj/do = 15, the momentum loss is more than the momentum increase due to longer jet length.

Brine

Figure 1. Definition sketch for a confined plunging jet reactor.
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Figure 2. Dilution as a function of: (a) L;j for unconfined jets; (b) Hc for confined jets with Lj/do = 60 and Dc/do =
4.4; and (c) Dc for confined jets with Lj/do = 60 and Hc/do = 15. For (b) and (c), unconfined jet dilution = 24+2
(shown in (b) as an open circle at Hc/do = 0.1). For Lj/do = 60, Hp/do = 20 cm for an unconfined jet.

A CPLJR designed to increase aeration over that of a PLIR would have a larger depth of submergence than
the depth to which bubbles penetrate (Hp) for an unconfined jet. However, the dilution of the confined jet with
such a design is less than the dilution of the unconfined jet because the downcomer limits the amount of ambient
water available for dilution (Figure 2(b)).

Figure 2(c) shows variation of dilution with downcomer diameter. For the diameters tested, dilution decreases
with increasing Dc for constant Hc. This is likely because the jet exiting from the bottom of a narrow downcomer
is stronger than that from a wide downcomer. However, confined jets with very wide confining tubes should
behave as unconfined jets and get higher dilution than CPLJR with Dc¢/do = 9.
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