CFD simulations of primary cyclones with and
without an eccentrically positioned vortex finder
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Objective

=

Concentric Cyclone Eccentric Cyclone

® Use CFD to better understand the gas-particle flow hydrodynamics around the vortex finder
in order to better define future experimental work in large-scale cyclones




History of the Eccentric Vortex Finder

® The asymmetric inlet of a cyclone generates eddies in Energiever Energiever
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® Such leakage is more prevalent in high loaded cyclones

® An eccentric shift of the vortex finder uniforms the flow [REEEEES
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CFD Simulation of Previous Cold Flow Study

Based on the Muschelknautz and Muschelknautz Concept [1999] and PSRI Equipment
Concentric VF: Cases 1 and 3 EccentricVF: Cases 2 and 4
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All units in mm

— 102
1 Concentric | 18 misec (59 fsec) | 9.24 kg/sec (20.3 Ibn/sec) 18
2 Eccentric | 18 misec (59 fisec) | 9.24 kg/sec (20.3 Ibn/sec) 18
3 Concentric | 18 misec (59 fusec) | 18.5 kgisec (41 bnsec) 3%
Ecentric | 18 misec (59 fiisec) | 18.5 kglsec (41 Ibmisec)

Applying the Fundamentals

Conditions at Cyclone Inlet

eCat in Bed and Freeboard

- Cylone Inlet PSD |
Bed PSD
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2 o100
g‘ ot Max Entrainable Particle Size, dpt, microns|181.4804198
E O.DBE Cluster Size, dpc, microns 62.16036941
o 0.06; TDH, meters 3.687533299
w 0.04F 1 Entrainment Rate, kg/sec Not Used |12.90853688
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Particle Size, microns
0.9 meter diameter fluidized bed with a PSRI Entrainment Rate Calculation was used to predict the PSD of the particles
bed height of 1.2 meters in a 3.7 meter entering the cyclone. The entrainment rate was not used

high vessel and a superficial gas velocity
of 0.9 m/sec through a bed of FCC eCat
(pp=1500 kg/m?) at ambient conditions




Grade Efficiency and Pressure Drop
»
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9.24 kg/sec (203 Ibn/sec) 18.5 kgisec (41 Ibnisec) Particle Size, microns ;
?
Case Cut 5ize, microns] i%
Case 1: Low Loading Symmetric Outlet 9.15 2
Case 2: Low Loading Asymmetric Outlet 8.92 £
Case 3: High Loadings Symmetric Outlet 13.2
Case 4: High Loading Asymmetric Qutlet 12.
Case 1 Case 2 Case 3 Case 4

® Improved grade efficiency with eccentric vortex finder with minimal impact on pressure drop
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Leakage to Gas Outlet

Case 3: Concentric @ High Loadings Case 4: Eccentric @ High Loadings

2.0000084e+01 200000846401

Isovolume from 0.3 to 0.63
vol Fraction

Isovolume from 0.3 to 0.63
vol Fraction

Isovolume from 0.3 to 0.4 vol Fraction: Highlighting Flow Into Vortex Finder

Particle Hydrodynamics: Solids Volume Fraction

Case 3: Concentric High Case 4: Eccentric High 4 Significant leakage near

' bottom of vortex finder
for the concentric case
(Case 3)

® It appears that
interaction of the solids
coming around the
cyclone with the inlet
generates a large eddy
that promotes this
leakage

® Shifting the vortex finder
minimizes this eddy and
the corresponding
leakage




Standard Cyclone with Tangential Inlet

Cyclone Diameter: 54 cm
Loading: 32 kg/m?3
Inlet Velocity: 18 m/sec
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T.A. Gauthier, C.L. Briens, M.A. Bergougnou, P. Galtier, Powder Technology, 62 (1990) 217-225.
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@ - Parametric Study on

\ //” Vortex Finder Position

Case 18: SE Case 19: NE

— ) o
Case Vortex Finder
Eccentric Inlet Velocity Solids Flow Rate Mass Ratio
—, Number Position, mm
/’/"\\ 18 S15XE15 |18 misec (59 ftisec) | 18.5 kg/sec (41 Ibm/sec) 36
rf N
[ i
/)
\\,_/ 19 N15xE 15 |18 misec (59 ftisec) | 18.5 kg/sec (41 Ibm/sec) 36
\ N
20 N15xW 15 |18 m/sec (59 ft/sec) | 18.5 kg/sec (41 Ibm/sec) 36
— 21 S15xW15 |18 misec (59 fiisec) | 18.5 kgisec (41 Ibm/sec) 36
Case 21: SW
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z Comparison
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= ® Pure SW shift results in a poorer collection of fines
w r .
£ == Cmse ) Symmetric culisl hube | than the original Muschelknautz and
5 -5~ Case 4: 4 x 15 mm shift to the SE Muschelknautz [1999] shift with cyclone vortex
T a0l —= Case 18: 15 x 15 mm shift to the SE finder
; _ - 19: 15 x 15 hift to the NE ®  Shift towards or away from the inlet resulted in
- ase 12 Tox1omm s o better fines collection but worse collection
—— Case 20: 15 x 15 mm shift to the NW - efficiencies for larger particles
—— Case 21: 15 x 15 mm shift to the SW ®  Shift in the NW direction resulted in a similar
L . . —_— . -'- collection efficiency as the control case with no
10 20 S50 100 .
shift
Particle Size, microns
Case Cut Size(50%), microns Cut Size (90%), microns % Overall Efficiency
Case 3: Symmetric outlet tube 13.6 20.8 99.77
Case 4: 4 x 15 mm shift to the SE 11.4 19.3 99.813
Case 18: 15 x 15 mm shift to the SE 12.9 20. 99.772
Case 19: 15 x 15 mm shift to the NE 108.7 23.8 94,882
Case 20: 15 x 15 mm shift to the NW 13.4 20.6 99.728
Case 21: 15 x 15 mm shift to the SW 9.44 43.2 91.165




k 1 better for
[ 1 smaller
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k 1 worse for
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E [ Case 3: Symmetric outlet tube 1
T | Case 4: 4 x 15 mm shift to the SE ]
2
g 4ot Case 18: 15 x 15 mm shift to the SE -
Foo Case 19: 15 x 15 mm shift to the NE
better for /
| Case 20: 15 x 15 mm shift to the NW - smaller
particle but
Case 21: 15 x 15 mm shift to the SW worse for
. . . s e larger particles
50 100
Particle Size, microns
Case Cut Size(50%), microns Cut Size (98%), microns % Overall Efficiency
Case 3: Symmetric outlet tube 13.6 20.8 99.77
Case 4: 4 x 15 mm shift to the SE 11.4 19.3 99.813
Case 18: 15 x 15 mm shift te the SE 12.9 20. 99.772
Case 19: 15 x 15 mm shift to the NE 10.7 23.8 94.882
Case 20: 15 x 15 mm shift to the NW 13.4 20.6 99.728
Case 21: 15 x 15 mm shift to the SW 9.44 43.2 91.165

Case 21: SW
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Leakage to Gas Outlet

Case 3: Concentric @ Case 18: Eccentric SE @ Case 19: Eccentric NE@ Case 20: Eccentric NW @ Case 21: Eccentric SW @
High Loadings @ High Loadings ® High Loadings O High Loadlngs High Loadings
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Isovolume from 0.3 to 0.4 vol Fraction: Highlighting Flow Into Vortex Finder

Particle Hydrodynamics: Particle Size
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Gas Velocity Magnitude and Particle Velocity Vectors

ol

Note: Impact with VF could be minimized by using a volute inlet instead of a tangential inlet

Summary

® CFD simulation of the complex gas-particle hydrodynamics in high loaded cyclones indicates

® | arge and small eddies do exist along with inner and outer vortices

® Eccentrical shift of the vortex finder may result in better collection efficiency over a wide
range of loadings without compromising pressure drop

® Varying the vortex finder position (SW, NW, NE, SE) shifts collection of particles towards
small or large sizes! ;

® The SW or NE shift results in considerable less collection efficiency than the
Muschelknautz and Muschelknautz [1999] design (Case 4)

® Muschelknautz and Muschelknautz [1999] design (Case 4) still found
to be optimal with cases examined (Cases 4, 18, 19, 20, 21)

® There appears to be two mechanisms causing particle leakage into gas outlet:
1) Impact of entering particles with the vortex finder
2) Interaction of particles coming around the cyclone with the inlet

generates a large eddy that promotes particle leakage
® Fyture work needs to look at pure N, E, and S shifts

NW : NE

SwW . SE

=B

® \What about cyclones with volute inlets or cyclones with helical roofs? :
Concentric VF Eccentric VF




