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In this study, the performance of a fast gas–solid separator was simulated based on the commercial software
Fluent 6.2. The tangential velocity dominated the three-dimensional gas velocity, and decreased with the
increase of the circumferential angle and radial position. In the separator housing, the swirling gas flow is similar
to amodified or quasi free vortex. In the gas outlet tube, gas swirls with a rotation direction reverse to that in the
separator housing. The ratio of circulation gas flow rate over the inlet gas flow rate changed only slightlywith the
increase of the inlet gas velocity, remaining at approximately 0.49. There was a stagnant particle layer on the
separator base, inducing particle re-entrainment by circulation gas. In the present study, the separation efficiency
of fine particles decreased with increasing inlet gas velocity, approximately remaining a constant as the particle
diameter is greater than 12.5 μm.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Gas–particle separators play a key role in a gas–solidfluidized bed by
effectively collecting and recycling particles, and thus have been widely
used in most industrial processes involving gas–solid fluidization. In
recent years, collection efficiency and pressure drop have been consid-
ered to be themost important characteristics of a gas–particle separator
[1–3], and sometimes even determine the long-term operation of the
fluidized bed reactor. However, greater concern should be given when
a separator is employed in a specific industrial process in which the
reaction time is elaborately controlled, such as thefluid catalytic cracking
(FCC) process. The FCC process converts heavy feeds into lighter prod-
ucts by cracking largemolecules into smaller ones over the solid catalyst.
It is expected that catalytic cracking reactions only occur in the riser
reactor with a reaction time of less than 3 s [4]. Therefore, the residence
time of lighter products in the separatorsmounted at the end of the riser
reactor should be critically restricted to reduce unwanted side reactions
and byproducts [5,6]. Themost commonly employed scheme consists of
multiple stage cyclones, providing high gas–solid separation efficiency,
but requiring a long and only slightly controlled gas residence time of
15–45 s [4].

As an alternative of the cyclone, the fast separator has been attracting
the attention of more andmore researchers due to its many advantages,
such as short residence time of gas andparticles, lowpressure drop, sim-
ple configuration, and small equipment size. Fast separators are usually
located at the end of the riser or downer reactors, and are also known as
riser or downer terminators. Conventional fast separators do not work
well on gas–solid separation; for example, the T-type ballistic riser

terminators offer a rough separation efficiency of only about 60%. Re-
cently, a number of novel fast separators have been proposed to achieve
high gas–solid separation efficiency. Donsí et al. [7] presented a separa-
tor with a U-bend channel, which presented a residence time of about
4 ms and a high separation efficiency of about 99% for coarse particles.
However, the collective efficiency of Donsí's separator is sensitive to
particle mass flow rate, significantly decreasing as the particle concen-
tration at the inlet is lower than 4 kg/m3, and the fraction offine particles
smaller than 40 μm also led to a drop of the separation efficiency.
Andreus et al. [4] presented a short residence time separator (fast sepa-
rator), whichwas capable of centrifuging gas and particles in a half-turn
elbow with particle collection efficiency close to 95%. Variation of the
back pressure exerted on the outlet of the dipleg has a slight influence
on the particle collection efficiency, but a significant effect on the gas
collection efficiency. Letzsch et al. [5] and Ross et al. [6] proposed a
novel separator known as the ramhorn. Gas and particleswere separated
in a half-turn elbow, then gas was discharged from a horizontally
disposed gas opening and particles flow into the dipleg. It was found
that one gas opening induced dramatic variation and rearrangement of
the flow field, thereby decreasing the particle collection efficiency. More
details on fast gas–solid separator technologies canbe found in the review
by Huard [8]. The present study evaluates a short residence time separa-
tor withmultiple gas openings uniformly disposed on the gas outlet tube.
This separator provides many significant advantages, such as remarkably
small size compared to cyclone, simple configuration, high collection effi-
ciency, low pressure drop, and short gas residence time.

The modern study of cyclone separators has taken advantage of
several sophisticated experimental and numerical techniques. Pitot
tubes and hot-wire anemometry [9] were used to measure the flow
field of separators, but at the same time error was also induced by the
intrusion of the flow field. Furthermore, measurement based on heat
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exchangemay suffer from inaccuracy when dealing with unsteady flow
[10]. The particle image velocimetry (PIV) [11] and laser Doppler
velocimetry (LDV) [12–14]may be the prominent technologies in inves-
tigating flow field within separators, despite the fact that the need of
seeding of gas with small particles, which is too prone to separation, re-
sults in some intrinsic difficulties [10]. Recently, with the improvement
of the related mathematical models, computational fluid dynamics
(CFD) has been proven to be a strong tool for describing the anisotropic
and strongly swirling gas flow, particle concentration distribution, parti-
cle trajectories, grade efficiency, and so on [10,15,16]. However, the pre-
cise of simulation results strongly depends on the choice of turbulence
model and numeric techniques. Based on the commercial software
Fluent 6.2, the present work investigated the performance of a gas–
solid separator, involving gas flow field, as well as pressure drop and
separation efficiency.

2. Model description

2.1. Gas flow and turbulent models

The Reynolds-averaged mass conservation equation can be written
as follows:
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Eq. (2). The flow field in a fast separator is characterized by a strongly
swirling flow and anisotropic turbulence. There are many turbulence
models available in Fluent, amongwhich the k–εmodel, algebraic stress
model (ASM) and Reynolds stress model (RSM) are commonly used.
The k–εmodel is based on the assumption of isotropic turbulence, clear-
ly disagreeingwith the widely existing anisotropic turbulent flowwith-
in a gas–solid separator. ASM failed to predict the recirculation zone and
Rankine vortex in strongly swirling flow [17]. RSM forgoes the assump-
tion of isotropic turbulence and solves a transport equation for each
component of the Reynolds stress. It has been proven that RSM is very
suitable for simulating separator flow, despite its disadvantage of com-
putationally expensive requirement [15,18,19].

In the RSM, the transport equation is written as
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where the left two terms are the local time derivative of stress and con-
vective transport term.

The right four terms are

the stress diffusion term :
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The turbulence dissipation equation is
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where Cε1 = 1.44, Cε2 = 1.92, σk = 0.82 and σε = 1.
Thefinite volumemethodwas used to discretize the partial differen-

tial equations of the CFD model, which used the Simple method for
pressure–velocity coupling. The third-order accuracy QUICK upwind in-
terpolation schemewas employed, due to its advantages of high accura-
cy, low numerical diffusion error, and so on. In the simulation, the time
step is 4 ms, and the gravity direction is the negative direction of the
y axis.

2.2. Gas–solid two-phase flow model

To calculate the trajectories of particles in the flow, the discrete
phase model (DPM) was used to track individual particles through the
continuumfluid. The particle loading in the separatorwas small,making
it reasonable to assume that the presence of the particles did not affect
the flow field. Except near the wall region, the concentration distribu-
tion of solids throughoutmost of the volume separator can be calculated
using the Lagrangian approach without considering the interaction of
particles. The momentum equation of a particle in the two-phase flow
can be expressed as follows [20]:
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where up, vp and wp are particle velocity components, u, v and w are
time-averaged gas velocity components, and u′, v′ andw′ are gasfluctu-
ation velocity components. τ stands for the relaxation time of particles
and is calculated by the following [20]:
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Here, Rep is the particle Reynolds number and is defined as follows:
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where u is the fluid phase velocity, up is the particle velocity, μ is the
molecular viscosity of the fluid, ρ is the fluid density, ρp is the density
of the particle, and dp is the particle diameter. The drag coefficient, CD,
can be obtained from the following:

CD ¼ a1 þ
a2

Rep
p þ

a3
Rep

2p ð10Þ

where a1, a2 and a3 are constants for smooth spherical particles over
several ranges of Rep given byMorsi and Alexander [21]. When the par-
ticle interactswith the fluid eddy, u′, v′ andw′ are obtained by sampling
from an isotropic Gaussian distribution with a standard deviation offfiffiffiffiffiffiffiffiffiffiffi
2k=3

p
. Particle–eddy interaction time and dimension should not be

larger than the lifetime and size of a random eddy.
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