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28Numerical study of the fluid flow and particle dynamics is presented by numerical techniques to charac-
29terize the performance of new design cyclone separators with one, two and three tangential inlets. The
30design of this cyclone is based on the idea of improving cyclone performance by increasing the vortex
31length. This cyclone differs from a conventional cyclone with the separation space. Instead of conical part,
32the separation space of this cyclone consists of an outer cylinder and a vortex limiter. The Reynolds aver-
33aged Navier–Stokes equations with Reynolds stress turbulence model (RSM) are solved by use of the
34finite volume method based on the SIMPLE pressure correction algorithm in the computational domain.
35The Eulerian-Lagrangian computational procedure is used to predict particles tracking in the cyclones.
36The velocity fluctuations are simulated using the Discrete Random Walk (DRW). In the results the effects
37of number of inlets on the different important parameters such as pressure drop, collection efficiency,
38axial velocity and turbulence are investigated and deeply discussed. Contours of velocity, pressure and
39turbulent kinetic energy within these cyclones with different number of inlets are shown. The results
40show that the cyclone with three inlets has more collection efficiency, less pressure drop and less turbu-
41lence distribution with respect to cyclones with one and two inlets which is good in cyclones perfor-
42mance. Generally it is recommended to use the new cyclone designs with higher number of inlets.
43� 2017 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights
44reserved.
45

46

47

48 1. Introduction

49 Cyclones are widely used in the air pollution control and gas–
50 solid separation for aerosol sampling and industrial applications.
51 With the advantages of relative simplicity to fabricate, low cost
52 to operate, and well adaptability to extremely harsh conditions,
53 the cyclone separators have become one of the most important
54 particle removal devices which are preferably utilized in scientific
55 and engineering fields.
56 There are many geometric and operational parameters influ-
57 enced the cyclone performance. Starting with Alexander [1], many
58 researches have been performed to improve cyclone performance
59 by evaluating the effects of geometric and operational parameters.
60 The effect of the cyclone inlet dimensions on the cyclone perfor-
61 mance has been performed numerically by Elsayed & Lacor [2].
62 They found that the effect of inlet width is more significant than
63 the inlet height especially for collection efficiency. Zhao et al. [3]
64 compared the performance of two types of cyclones with the con-
65 ventional single inlet and spiral double inlets. Their numerical

66results show that, the new type cyclone separator using the adding
67spiral double inlet can improve the symmetry of gas flow pattern
68and enhance the particle separation efficiency. The effects of cone
69dimension on the cyclone performance were also investigated in
70the literature [4–6]. Researchers showed that when the cone
71dimension is larger than the gas outlet dimension, reduction in
72cone size resulted in higher collection efficiency without signifi-
73cantly increasing the pressure drop. In the investigation of Yoshida
74et al. [7], various types of apex cones were used at the inlet part of
75the dust box. They found that the effect of the apex cone angle on
76the collection efficiency decreases at high inlet velocity conditions.
77Effects of a cone prolonged with a vertical tube on the collection
78efficiency of cyclone were also studied [8,9]. The effects of a
79counter-cone in the bottom of the cyclone on the cyclone perfor-
80mance have performed [10–12]. The effects of the shape and diam-
81eter of the vortex finder on the cyclone’s performance were also
82studied by many researchers [13,14]. The effects of the cyclone
83height were studied by Safikhani et al. [15] and Hoffman et al.
84[16]. Performances of square cyclones were investigated by some
85researchers [17–19].
86Up to now, different cyclone designs have been presented in the
87literature. One of them is the double cyclone which was presented
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88 and analyzed by Zhu et al. [20], Xiang and Lee [4] and Lim et al.
89 [21]. They found that the mentioned cyclone has a lower pressure
90 drop but has not higher collection efficiency than a conventional
91 cyclone. However, the collection efficiency of the double cyclone
92 with electric field increased greatly with the increasing the applied
93 voltage. Another type of cyclone called the circumfluent cyclone
94 was presented and investigated by Wang et al. [22]. They investi-
95 gated experimentally its collection efficiency and pressure distri-
96 bution, and compared its characteristics with the conventional
97 one. The results showed that the collection efficiency of this
98 cyclone is higher by 8% than that of a conventional one and the
99 pressure drop within this cyclone is only one half or one third of

100 that of the conventional cyclone.

101Recently Karagoz et al. [23] presented a new design cyclone
102separator. The design of their cyclone was based on the idea of
103improving cyclone efficiency by increasing the vortex length. Their
104cyclone was different from the conventional cyclones with the sep-
105aration space. In fact instead of conical part, the separation space of
106that cyclone consists of an outer cylinder and a vortex limiter. They
107experimentally investigated the effects of the vortex limiter posi-
108tion on the cyclone performance. Safikhani and Mehrabian [24]
109investigated the numerical simulations for the parametric study
110of Karagoz cyclones. They showed the effects of different geomet-
111rical parameters on the new cyclones performance. Safikhani [25]
112has investigated multi-objective optimization on new design
113cyclone separators and finally presented the Pareto front of such
114cyclones.
115The complexity of the gas–solid flow pattern in cyclones has
116long been a matter of many experimental and theoretical works.
117At present, laser Doppler anemometry (LDA) and hot-wire
118anemometry are frequently employed to study experimentally
119the flow structure in the cyclones. As for the theoretical work, com-
120putational fluid dynamics (CFD) codes have proven to be a useful
121tool for simulating cyclonic gas flows. Recently, research efforts
122by computational fluid dynamics are frequently carried out for
123the resolution of flow field and dust particle behavior with differ-
124ent degree of numerical and modeling accuracy in order to assist
125in the time consuming experimental works. In conjunction with
126the complex flow structure, numerical simulation is momentarily

Fig. 1. Schematic comparison of new cyclones and conventional ones.

Fig. 2. Perspective and top views of new cyclones with one, two and three tangential inlets.

Table 1
False time steps used for the simulation.

Parameters False time step

Pressure 0.2
u (x-velocity) 0.4
v (y-velocity) 0.4
w (z-velocity) 0.4
k (turbulent kinetic energy) 0.5
e (turbulent dissipation rate) 0.5
Reynolds stresses 0.5
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