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The beneficiation plants generally process the production wastewater of the whole plant
through natural concentration and clarification, and then feedback to each working procedure
through the circulation pump house. This part of water referred is called circulating water
in beneficiation plants. However, the circulating water in some beneficiation plants contains
an excess suspended solids, which fail to meet the process demand of mineral separation
[1-4]. Thus, it is necessary to conduct further treatment on the circulating water to increase
water quality. The suspended solid in the circulating water is fine-grained, and difficult to
precipitate due to separate particles is found uneasy to collide and forming flocs. The current
investigation proposed a new type of deep clarification device to remove suspension solids,
which was mainly composed of a hydraulic circulation chamber and a sludging and settling
chamber. The schematic diagram of the device is shown in Figure 1. The hydraulic circulation
chamber is mainly based on the principle of finite space jet flow [5]. As shown in Figure 1,
the hydraulic chamber is mainly implemented on the basis of the principle of limited space
jet sludge circumfluence to achieve improved suspended particles collide. With the increase
of suspended solids concentration of backflow water in the bottom part of device throat, the
collision possibility of the solids with particles carried by the ejected raw water from the
nozzle promoted, and the particle size of the backflow water was different from that of the
raw water, hence the flocculation effect was significantly improved. The separation chamber of
suspended solids and water was majorly designed to promote the settling effect of particles and
improve the solid-liquid separation effect by the function of the inclined plate. The appearance
of Computational Fluid Dynamics (CFD) provides great convenience for understanding the
flow pattern inside the device [6-8]. CFD technology is used to conduct numerical simulation
research, in order to reveal the hydraulic characteristics of the hydraulic circulation area of
the device.
The CFD numerical simulation of hydraulic circulation chamber is shown in Figure 2. As
shown in (Figure 2a), it found that the flow jet out from the nozzle and through the throat,
afterwards flow across the upward side flap and then dispersed on both sides of the hydraulic
circulation area. Some of the water flowed from both sides to spate separation chamber, and
the other part flow back to the throat from the bottom part of itself, thereby formed a state
of continues circulation. At the same time, it found that obvious vortices were formed at the
upper part of the hydraulic circulation area and the lower part of the diversion flow on both
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sides. The existence of such water circulation and vortex flow state
was conducive to the adequately mixed of water and coagulant [9]
and created conveniences for the subsequent flocculation reaction.
As shown in (Figure 2b), it found that the pressure energy was
converted into kinetic energy through the contraction section of the
nozzle [10], making the velocity of the raw water flow at the end of
the nozzle increase sharply, when the water flows into the nozzle at
a certain speed. In the contact stage of raw water and reflux water,
the velocity of the jet out raw water was fast, while the velocity of
coiling reflux water was slow, thus the boundary layer of the two
fluids was obvious. The constant velocity flow at the center of the
pipe became a conical flow, and the velocity decreases, while the
velocity of the backflow near the side wall of the pipe gradually
increased, with the continuous contact between the mixed raw
water and the backflow. It indicated that radial turbulent diffusion
occurred in the throat and the raw water, and the returned water
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mixed violently, resulting in the energy exchange. It provided good
dynamic conditions for the collision of particles carried by the raw
water and reflux water, and promotes the occurrence of contact
flocculation, in the fierce mixing process of raw water and reflux
water in the throat pipe. As the water flow downstream, energy
continues to be dissipated so that the overall flowed velocity of the
water decreased. The mixed water spreads evenly after it flowed
through the upper baffle, and the velocity and uniform flow state of
the water trickle reduced the particle collision rate. The flocculation
condition generated in the hydraulic circulation chamber was
found conducive to the further growth of the micro flocs and made
the latter denser and firmer [11]. In the current investigation, the
distribution of fluid, including water and suspended solids, in the
water circulation area of the device was clearly revealed, and it
provided a new reference for the subsequent structure optimization
of the deep clarification device of circulating water.

Figure 1: Schematic diagram of deep clarification device.

Figure 2: The CFD numerical simulation of hydraulic circulation chamber.
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