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Abstract. FCC risers are largely used in oil refineries to produce gasoline. FCC reactions yield is influenced by the
catalyst particles distribution in the riser reactor. Due to the flow behavior, solid particles accumulate in the riser wall
and bottom region. Internal ring baffles are an efficient alternative to improve to improve the solid particles distribution
in circulating fluidized beds and FCC risers. Here the influence of an airfoil-shaped ring-type baffle on the solids
distribution is investigated in a lab-scale CFB riser. Four ring baffles ith ring thickness of 10 mm were installed inside
the CFB riser. The gas-solid flow was studied at four operational conditions. Gas velocity was measured based on Laser
Doppler Anemometry technique (LDA) and titanium dioxide was used as tracer particle. Solid axial velocity and solid
volume fraction in the cross section region was measured with Phase Doppler Anemometry (PDA). Glass beads were
used to represent the catalyst solids phase. Results showed gas and solids acceleration in the rings region and solid
volume fraction was redistributed by the rings. The ring installed immediately above the solids inlet redirect particles
from the wall to the riser center. The best solid distribution was observed with the maximum gas velocity and the minimum
solids flux.
Keywords: CFB riser. Airfoil-shaped ring baffles. LDA. PDA.
1. INTRODUCTION
Fluid catalytic cracking (FCC) is one of the most important processes in the petroleum refining industry (Lopes et al.
2011). An FCC unit is basically composed of a riser reactor and a regenerator (Behjat, Hosseini, and Marvast 2011). The
riser reactor is a long tube used to convert hydrocarbons with high molecular weight to products with lower molecular
weight and high added value, like gasoline (Jiménez-García, Aguilar-López, and Maya-Yescas 2011; Chen and Luo
2014).
Circulating fluidized beds (CFB) are very useful in the literature to study the gas-solid flow in a riser reactor (Peng,
Zhang, and Zhu 2012; Kim and Kim 2002). One of the most important problems identified in the gas-solid flow of CFB
and FCC risers is the unequal solids distribution (Samuelsberg and Hjertager 1996; Deng et al. 2002). Due to the coreannulus profile formation, solid particles accumulates in the wall, resulting in a concentrated down-flow. Consequently,
a diluted up-flow is formed in the center of the riser (Benyahia et al. 2000; Gao et al. 2012). If the solid particles are
catalyst particles, this behavior implies in a lower conversion of the FCC reactions to the products of interest (Lopes et
al. 2011).
An alternative to improve solids distribution in the axial and radial directions of a CFB riser is the insertion of
internal ring baffles in the inlet region (Jin, Wei, and Wang 2003; Jiang et al. 1991a). Jiang et al. (1991b) analyzed ozone
decomposition using FCC particles and concluded that internal ring baffles increase the solids fraction distribution in the
radial direction. Zhu et al. (1997) studied the influence of the ring opening area on the solids fraction distribution and
concluded that, for rings with 70% of opening area, a denser region is formed in the riser bottom. (Zhu, Salah, and Zhou
1997).
Samruamphianskun et al. (2012) studied the gas-solid flow in a ring-baffled riser varying four geometric properties:
ring thickness, number of rings, opening area, the spacing between rings, and its uniformity. The ring opening area had
the most important effect on the solids distribution. To determine the influence on the radial and axial solids distribution,
Bu and Zhu (1999) investigated the influence of ring-type internals on the axial pressure distribution in a circulating
fluidized bed with different opening areas. The opening area had more influence on the flow behavior.
Guío-Perez et al. (2014) studied a CFB riser with rings installed in the middle region and concluded that the effect
of the rings is highly dependent on the operational conditions. The rings with smaller aperture area promoted solids
redirection to the upper region at lower fluidization velocities. The ring above the solids inlet promotes segregation of
particles according to their diameter.
In CFB risers, turbulent flow increases rings erosion and pressure drop. Therefore, short circuits may develop in the
region immediately above the rings, due to the earlier transition of the laminar to the turbulent boundary layer. The airfoilshaped ring-type baffles can improve solids distribution in CFB risers, avoiding short circuits and dead spots (Rossbach
et al. 2015). Depending on the angle of attack and the maximum thickness, an airfoil can slows the laminar boundary
layer detachment from its surface (Zhang et al. 2015).
The aim of this study is to propose an airfoil-shaped ring-type baffle, based on the literature, and to study the flow
behavior in a ring-baffle riser under different operational conditions.
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2. MATERIAL AND METHODS
In this study, cold gas-solid flow was studied in a lab-scale circulating fluidized bed unit, without considering mass
transfer, heat transfer, and chemical reactions. Figure 1 represents the experimental unit. Air is suctioned from the riser
(1) bottom by an exhauster (7). Glass beads are injected in the solids inlet (2), with a mass flux controlled by the solids
handler valve (3). Solids mass flux and gas velocity can be adjusted using the unit control and acquisition data system
(6). Gas and solids pass through the cyclone (4). Solids are fed back, and the bag filter (5) collects the air contaminated
with particles.

Figure 1. Lab scale circulating fluidized bed unit.
The ring-baffled riser geometry is shown in Figure 2-a. The rings position was determined in previous work. The ring
below the solids inlet is located 400 mm above the gas inlet. For the other three rings, the spacing between rings is 60
mm. The adjustment of the rings geometry to an aerodynamic-shape may reduce the effect of drag force and erosion on
the rings, and avoid solids back mixing and short circuits. The geometry of the airfoil-shaped ring-type baffle proposed
is shown in Fig. 2-b. The maximum internal diameter of the baffle is 104 mm, and the minimum internal diameter is 84
mm. Some geometrical properties were defined in analogy with the airfoil geometrical properties. The ring height
corresponds to the cord line (c) of an airfoil. The maximum thickness (e) is 10mm and the ratio between the maximum
thickness and the cord line (e/c) of 20% is in according with the literature about airfoils. In the riser up-flow, gas and
solids reach the leading edge with an angle of attack equal to 0° and get out by the trailing edge. The camber line is the
external surface of the ring. Airfoil-shaped ring-type baffles can slows the laminar boundary detachment and the dead
spots formation, avoiding back mixing. Under low Reynolds number, an airfoil with a small thickness and the minimum
angle of attack can reduce pressure drop and flow instability in its surface. On this direction, Dongli et al. (Dongli et al.
2015) found the best results for an airfoil with angle of attack equal to 0°, under a Reynolds number equal to 300,000.
Two nonintrusive techniques were used to measure the gas-solid flow in this study. The axial component of the gas
velocity was measured with Laser Doppler Anemometer (LDA). Phase Doppler Anemometer (PDA) was used to measure
the axial component of the solid velocity, the solids concentration and the solids mean particle diameter. All these
properties were measured at each of the points indicated in Fig. 3, at 0.81 m height (below the last ring) and 0.93 m height
(above the last ring). The gas velocity measurement with LDA technique is based on the detection of tracking particles.
When a particle pass through the intersection volume formed by two coherent laser beams, the diffused light intensity is
changed. The laser frequency is the ratio between the particle velocity and the fringe spacing formed by the beams
(Werther 1999; Albrecht et al. 2003). Titanium dioxide was used as tracking particle, with Stokes number between 1.55E10 and 2.30E-10. Solid velocity measurement with PDA technique is based on the same principle of the LDA technique.
The particle detection, however, is based on the interference caused by the passage of particles through the intersection
of coherent light beams. Two detector receive the frequency signal with different phases. The phase shift between the two
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signals received is the particle diameter (Werther 1999; Albrecht et al. 2003). Glass beads of the Geldart B group, with
Sauter superficial diameter of 71.9 μm, represent the solid phase.

(a)

(b)
Figure 2. (a) Riser geometry and (b) airfoil-shaped ring-type baffle.

Figure 3. Points, axial positions and planes of measurements with PDA and LDA techniques.
Solid volume fraction was calculated for each experimental point shown in Figure 3, at 0.81 m and 0.93 m height. The
particle volume is calculated with the Eq. (1).
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(1)

Solid volume fraction is the product between particle concentration and particle volume, according to Eq. (2).

f s  C pV p

(2)

Gas velocity was measured under the superficial velocities of 5.6 m/s and 8.3 m/s. Solid velocity and mean particle
diameter was measured at the same superficial velocities, with solid mass flux of 1.55 kg/m²s and 2.88 kg/m²s. For the
gas-solid flow measurement, four operational conditions were studied, using the experimental planning shown in Table
1, where vg is the gas velocity and Gs is the solids mass flux.
Table 1: Experimental planning.
Operational condition

vg [m/s]

Gs [kg/m²s]

1

5.6

1.55

2

5.6

2.88

3

8.3

2.88

4

8.3

1.55

h [m]
0.81
0.93
0.81
0.93
0.81
0.93
0.81
0.93

fs [-]
11.04E-4
20.64E-4
13.92E-4
7.68E-4

3. EXPERIMENTAL RESULTS AND DISCUSSION
Gas velocity was measured with the LDA technique in two planes: xz plane and yz plane, indicated in Figure 3. In the
Figure 4, the velocity profiles obtained with the measured points are compared below (0.81 m) and above the ring (0.93
m). The mean gas velocity profiles in the xz plane (Fig.4-a) and in the yz plane (Fig. 4-b) points out the reduction in the
gas velocity after passing through the ring. Table 2 shows the reduction in the mean velocity due to ring for each case.
Table 2: Mean reduction in the gas velocity after passing through the ring.
Plane
xz
yz

Superficial velocity
5.6 m/s
8.3 m/s
24%
14%
2%
14%

The reduction in the gas velocity is caused by the reduction-and-expansion effect caused by the gas passage through
the ring. Gas velocity increases because of the free area reduction in the ring region, and decreases above the ring. Solid
mean velocity profiles are shown in Figure 4-c, for the xz plane, and 4-d, for the yz plane. For the Condition 1, solid mean
velocity is reduced. For the Conditions 2 and 4, the velocity reduction in negligible. For the Condition 3, a large velocity
reduction is observed. In the plane xz, solid mean velocity profiles are symmetrical. In the plane yz, however, there is no
symmetry. Solid particles are concentrated in the wall opposite to the solids inlet and reduces solid velocity in this wall.
This behavior is more evident in the Condition 2, which is the most concentrated operational condition. After passing
through the ring, solid velocity increases in the wall opposite to the solids inlet in all the operational conditions. The
velocity increasing implies that solids concentration decreases in this position. Solid velocity profiles are more
equilibrated after the ring in all the operational conditions, especially in the Condition 4. Therefore, the airfoil shaped
ring baffle contributes to increase solids distribution in the CFB riser studied. Table 3 shows the mean reduction in the
solids velocity for the operational conditions studied. In the Condition 2, the mean solid velocity increases in the xz planes
and decreases a lot in the yz plane. In the Condition 3, solid velocity decreases in the two planes, but the reduction is not
equilibrated between the xz and yz planes.
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Figure 4: Gas and solid mean velocity profiles at xz and yz planes.
Table 3: Mean reduction in the solid velocity after passing through the ring.
Solid velocity reduction
Plane xz
Plane yz
18%
25%
-2%
29%
2%
20%
7%
12%

Operational
condition
1
2
3
4

Figure 5 shows solid volume fraction contours generated with the points defined. In the Condition 1, solid particles
are concentrated at the riser center below the ring, at 0.81 m height. After passing through the ring (0.93 m height), the
particles are distributed in the radial direction, although a more concentrated region will remain in the center. In the
Condition 2, solids are concentrated in the wall below the ring and are redistributed above the ring. In the Conditions 3
and 4, particles are concentrated in the center below the ring and are well distributed above the ring. A comparison of the
solids dispersion coefficients below and above the ring is made in Table 4.
Table 4. Comparison of solids dispersion coefficient.
Operational
condition
1
2
3
4

Height (m)
0.81
0.87
2.33
0.89
0.88

0.93
0.72
0.78
0.68
0.64

Reduction
(%)
17
66
24
27
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The dispersion coefficient is defined by the Eq. (3), and is calculated for the 17 experimental points on each axial
position. In terms of solids distribution, the best results were reached with Conditions 3 and 4, which have the lower solid
dispersion coefficient. At Condition 2, solids dispersion coefficient is reduced in 66%, resulting in the better particle
redistribution.

Figure 5: Solid volume fraction for the 4 operational conditions, at 0.81 m and 0.93 m height.

Figure 6 shows the gas-solid flow reorganization due to the rings. In the inlet region, the solid particles are
concentrated in the opposite wall. After passing through the ring immediately above the solids inlet, the particles are
redirected from the wall to the riser center. This behavior can be attributed to the airfoil shaped of the ring.

Figure 6: Gas-solid flow redirection in the CFB riser inlet due to the rings.
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4. CONCLUSIONS
In this study, an airfoil-shaped ring-type baffle was proposed to redistribute solid particles in the cross section of a
lab-scale CFB riser. LDA and PDA techniques were used to measure gas and solid velocity. Solid volume fraction was
calculated using solid particle diameter and concentration obtained with PDA.
In the gas and solid velocity profiles, velocity reduction is observed above the ring. This behavior can be attributed to
the reduction-and-expansion effect caused by the ring presence. The solid velocity increasing in the wall opposite to the
solids inlet indicates the solids redistribution. The solid volume fraction contours shown clearly the particle redistribution.
Solids dispersion coefficient decreases in all the cases, indicating better solids dispersion.
The analysis of the gas-solid flow and the solid volume fraction distribution in the ring-baffled riser shows that the
airfoil-shaped ring-type baffles can improve solids distribution in the inlet region. This study is an important contribution
to the FCC process and the researches about CFB risers.
5. ACKNOWLEDGMENTS
The authors are grateful for the financial support of PETROBRAS for this research, through the cooperation
agreement 0050.0070 334.11.9 and CNPq process 310504/2012-0.
6. REFERENCES
Albrecht, H., M. Borys, N. Damasche, and C Tropea. 2003. Laser Doppler and Phase Doppler Measurement Techniques.
Cryogenics. Vol. 43. doi:10.1007/978-3-662-05165-8.
Behjat, Yaghoub, Shahrokh Shahhosseini, and Mahdi Ahmadi Marvast. 2011. “CFD Analysis of Hydrodynamic, Heat
Transfer and Reaction of Three Phase Riser Reactor.” Chem. Eng. Res. Des. 89 (7): 978–89.
doi:10.1016/j.cherd.2010.10.018.
Benyahia, S., H. Arastoopour, T. M. Knowlton, and H. Massah. 2000. “Simulation of Particles and Gas Flow Behavior
in the Riser Section of a Circulating Fluidized Bed Using the Kinetic Theory Approach for the Particulate Phase.” In Pow.
Tech., 112:24–33. doi:10.1016/S0032-5910(99)00302-2.
Bu, Jianjie, and Jing-Xu Zhu. 1999. “Influence of Ring-Type Internals on Axial Pressure Distribution in Circulating
Fluidized Bed.” Can. J. Chem. Eng 77: 26–34. doi:10.1002/cjce.5450770106.
Chen, Guo-Qiang, and Zheng-Hong Luo. 2014. “New Insights into Intraparticle Transfer, Particle Kinetics, and Gas–
solid Two-Phase Flow in Polydisperse Fluid Catalytic Cracking Riser Reactors under Reaction Conditions Using MultiScale Modeling.” Chemical Engineering Science 109 (April): 38–52. doi:10.1016/j.ces.2014.01.015.
Deng, Rensheng, Fei Wei, Tengfei Liu, and Yong Jin. 2002. “Radial Behavior in Riser and Downer during the FCC
Process.” Chemical Engineering and Processing: Process Intensification 41 (3): 259–66. doi:10.1016/S02552701(01)00140-4.
Dongli, Ma, Zhao Yanping, Qiao Yuhang, and Li Guanxiong. 2015. “Effects of Relative Thickness on Aerodynamic
Characteristics of Airfoil at a Low Reynolds Number.” Chinese Journal of Aeronautics 4 (28). Chinese Journal of
Aeronautics: 1003–15. doi:10.1016/j.cja.2015.05.012.
Gao, Xi, Li Jun Wang, Cheng Wu, You Wei Cheng, and Xi Li. 2012. “Steady-State Simulation of Core-Annulus Flow in
a Circulating Fluidized Bed (CFB) Riser.” Chemical Engineering Science 78: 98–110. doi:10.1016/j.ces.2012.03.030.
Guío-Pérez, Diana Carolina, Tobias Pröll, and Hermann Hofbauer. 2014. “Influence of Ring-Type Internals on the Solids
Residence Time Distribution in the Fuel Reactor of a Dual Circulating Fluidized Bed System for Chemical Looping
Combustion.” Chemical Engineering Research and Design 92 (6): 1107–18. doi:10.1016/j.cherd.2013.10.018.
Jiang, Peijun, Hsiaotao Bi, Rong Her Jean, and Liang Shih Fan. 1991a. “Baffle Effects on Performance of Catalytic
Circulating Fluidized Bed Reactor.” AIChE Journal 37 (9): 1392–1400.
———. 1991b. “Baffle Effects on Performance of Catalytic Circulating Fluidized Bed Reactor.” AIChE Journal 37 (9):
1392–1400. http://www.scopus.com/inward/record.url?eid=2-s2.0-0026223383&partnerID=tZOtx3y1.
Jiménez-García, Gladys, Ricardo Aguilar-López, and Rafael Maya-Yescas. 2011. “The Fluidized-Bed Catalytic Cracking
Unit Building Its Future Environment.” Fuel 90 (12): 3531–41. doi:10.1016/j.fuel.2011.03.045.
Jin, Young, Fei Wei, and Yao Wang. 2003. “Effect of Internal Tubes and Baffles.” In Handbook of Fluidization and
Fluid-Particle Systems, edited by Wen-Ching Yang, 169–97. New York: Marcel-Dekker, Inc.
Kim, Sung Won, and Sang Done Kim. 2002. “Effects of Particle Properties on Solids Recycle in Loop-Seal of a
Circulating Fluidized Bed.” Powder Technology 124: 76–84. doi:10.1016/S0032-5910(01)00472-7.
Lopes, G.C., L.M. Rosa, M. Mori, J.R. Nunhez, and W.P. Martignoni. 2011. “Three-Dimensional Modeling of Fluid
Catalytic Cracking Industrial Riser Flow and Reactions.” Computers & Chemical Engineering 35 (11): 2159–68.
doi:10.1016/j.compchemeng.2010.12.014.
Peng, B., C. Zhang, and J. Zhu. 2012. “Improvement of the Uniformity of Radial Solids Concentration Profiles in
Circulating Fluidized-Bed Risers.” Chemical Engineering & Technology 35 (4): 627–34. doi:10.1002/ceat.201100563.
ROSSBACH, VIVIEN, RODRIGO KOERICH DECKER, DIRCEU NORILER, JONATHAN UTZIG, and HENRY

Proceedings of EPTT 2016
Copyright © 2012 ABCM

10th ABCM Spring School on Transition and Turbulence
September 19th to 23rd, São José dos Campos – SP, Brazil

FRANÇA MEIER. 2015. “Análise Numérica Do Uso de Anéis Defletores Internos Sobre O Escoamento Gás-Sólido Em
Risers de FCC.” In Anais Do XXXVII Congresso Brasileiro de Sistemas Particulados, 456–65. São Paulo: Editora Edgard
Blücher. doi:10.5151/ENEMP2015-LE-676.
Samruamphianskun, Thatchai, Pornpote Piumsomboon, and Benjapon Chalermsinsuwan. 2012. “Effect of Ring Baffle
Configurations in a Circulating Fluidized Bed Riser Using CFD Simulation and Experimental Design Analysis.”
Chemical Engineering Journal 210: 237–51. doi:10.1016/j.cej.2012.08.079.
Samuelsberg, a., and B.H. Hjertager. 1996. “An Experimental and Numerical Study of Flow Patterns in a Circulating
Fluidized Bed Reactor.” International Journal of Multiphase Flow 22 (1990): 575–91. doi:10.1016/0301-9322(95)000801.
Werther, Joachim. 1999. “Measurement Techniques in Fluidized Beds.” Powder Technology 102 (1): 15–36.
doi:10.1016/S0032-5910(98)00202-2.
Zhang, Wei, Wan Cheng, Wei Gao, Adnan Qamar, and Ravi Samtaney. 2015. “Geometrical Effects on the Airfoil Flow
Separation and Transition.” Computers & Fluids 116 (116): 60–73. doi:10.1016/j.compfluid.2015.04.014.
Zhu, Jesse Xu, Mohamed Salah, and Yuming Zhou. 1997. “Radial and Axial Voidage Distributions in Circulating
Fluidized Bed with Ring-Type Internals.” Japanese Journal of Chemical Engineering 30 (5): 928–37.
doi:10.1252/jcej.30.928.
5. RESPONSIBILITY NOTICE
The authors are the only responsible for the printed material included in this paper.

