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Antecedentes

Los separadores ciclonicos de particulas son dispositivos esenciales para desviar las particulas
solidas de un flujo de gas o aire. Estos equipos permiten separar las particulas de diferentes tamanos
y densidades mediante la fuerza centrifuga generada por la rotacion del fluido en un ciclon,
permitiendo que el flujo del gas limpio salga por la parte superior, mientras que las particulas son
acumuladas y descargadas por la parte inferior.
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Justificacion

La justificacion e importancia del proyecto radica en optimizar el diseno de los separadores
ciclénicos de particulas con diferentes configuraciones geométricas, de forma que se asegure un
rendimiento confiable, permitiendo a su vez la reduccion de costos, junto con la mejora de la
calidad y eficiencia de los procesos industriales que utilizan estos dispositivos.
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Objetivos

Objetivo General.

« Estudiar numéricamente el desempeno de tres configuraciones de separadores ciclonicos de
particulas.

Objetivo Especifico.

« Analizar los parametros geométricos que permiten optimizar la eficiencia de un separador ciclonico
de particulas.
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Informacion preliminar
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Dimensiones 1D3D 2D2D Stairmand

a/D 0.5 0.5 0.5
b/D 0.25 0.25 0.2
Dx/D 0.5 0.5 0.5
Ht/D 4 4 4

h/D 1 2 1.5
S/D 0.625 0.625 0.5
Bc/D 0.25 0.25 0.375
Hc/D 2 2 2
Dc/D 1 1 1
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Generalidades

Contents lists available at ScienceDirect

Applied Mathematical Modelling

journal homepage: www.elsevier.com/locate/apm

The effect of cyclone inlet dimensions on the flow pattern and performance

Khairy Elsayed *, Chris Lacor

Vrije Universiteit Brussel, Department of Mechanical Engineering, Research Group Fluid Mechanics and Thermodynamics, Pleinlaan 2, 1050 Brussels, Belgium

Powder Technology
Volume 162, Issue 2, 1 March 2006, Pages 126-132

A CFD study of the effect of cone dimensions
on sampling aerocyclones performance and
hydrodynamics

T.G. Chuah %, Jolius Gimbun ® 2, =, Thomas S.¥. Choong °

Powder Technology LoD
Volume 416, 15 February 2023, 118236 :

Numerical investigation on the swirling
vortical characteristics of a Stairmand
cyclone separator with slotted vortex finder

Ming Guo 7, Hao Xue , Jian Pang 9, Dang Khoi Le @, Xun Sun ° 2 ==, ]oon Yong Yoon © 2 =

P(:N’L\-'DI:R
Powder Technology it
Volume 320, October 2017, Pages 51-65

Multi-objective optimization of a Stairmand
cyclone separator using response surface
methodology and computational fluid
dynamics

[ e—
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Xun Sun ® =, Ssung Kim ° ® =, seung Deok Yang © = , Hyun Soco Kim
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Modelos CAD
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Convergencia de mallado .

Disefos
Mallado Criterio
1D3D 2D2D Stairmand
RA 9.08 10.19 10.25
Grueso Or 0.20 0.23 0.20
Ob 0.035 0.035 0.035
RA 10.17 10.38 10.99
Medio Or 0.26 0.21 0.14
Ob 0.034 0.035 0.031
RA 11.76 10.36 10.25
Fino Or 0.21 0.21 0.23

Ob

0.033

0.031

0.032

1.8
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Mallado
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Modelos numéricos

Modelo de Turbulencia (RSTM)

—(pu )+—(puku ) Drij+Dyij+ Pij+ Gij + ¢y — & + Fij + Syser

\ ~ _J & ~ 7/
Derivada Conveccion
temporal
d 1, 1.7 ! / d J T — . i
DT,ij = a [pu uk + p(5k]ul + SLku])] DL,ij = U axk (ulu] ] Pl] —p <u uk a + u u E)
— — ou. oJu; ou’ ou;
:plB gu9+gu6 = l_l_ J = i 7]
( L% ] ) ¢U p<ax]- axi &ij axk axk
Fij = —Zka(u U Eiem, + U ums]km)
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Modelos numéricos

Fuerza de
arrastre

Modelo DPM
ou,,;
ac = ol
o 18u CpR,
D ppd,? 24
pdp|up u|
R, =
U
1662.5 5.4167 x 10°
Cp = 0.5195 — +

Fuerza neta

Re Re?

Re = 10000

Particle Motio

Fluid Velocity {7

Propiedades

Valor

Densidad [kg/m?3]
Diametro min. [m]
Diametro max. [m]

Propagacién

Numero de diametros

2700

1e-6

5e-6

3.5

10
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Modelos numéricos

Modelo DPM .
u
u=u+u
u' =¢J/u' -u’ v =0/v v w' =3a/wew!
>
t
TL = CL k/g
T, = —T; In(r)
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Condiciones de contorno

Condiciones de contorno

Seccidén
Categoria DPM
Entrada tangencial. Velocidad de entrada  Escape
Salida del buscador de vortice Salida de presion Escape
Colector de particulas Pared Atrapar
Paredes Pared Reflejar.

Salida b.v

1

/

Entrada

Paredes

Colector
de particulas
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Condiciones de contorno.

Intensidad de turbulencia.

I =0.16(Re)"1/8

Diametro hidraulico

pa
=

vinDh @
Re =
P A\
4(nD?/4) _ 4ab  2ab
B Dh‘_E(a+b)_a+b
Seccidn
Parametros Circular [¢p (m)] Rectangular (m x m)
0.04 0.07 0.10 0.13 0.16 0.1x0.05 0.1x0.04
DH [m] 0.04 0.07 0.10 0.13 0.16 0.06667 0.05714
IT [%] 446102 4.15962 3.97824 3.84989 3.75125 4.18504 4.26652
—-v-—
F o1
&ESP
SlmulaCIén e T 1T 1] 1 nnnnnnnn LA l::u- uuuuuuu -.



		Parámetros

		Sección



		

		Circular []

		Rectangular (m x m)
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		0.1x0.05

		0.1x0.04



		DH [m]

		0.04
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		0.06667

		0.05714



		IT [%]
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		4.15962

		3.97824

		3.84989

		3.75125

		4.18504

		4.26652








Validacion de datos.

Data validation

Data validation
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Velocidad axial.

1D3D Axial Velocity profiles

25 T T T

2D2D Axial Velocity profiles
T T T T T

Stairmand Axial Velocity profiles
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Velocidad tangencial.

1D3D Tangential Velocity profiles 2D2D Tangential Velocity profiles

Stairmand Tangential Velocity profiles
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Contornos de presion estatica

presion-estatica
Static Pressure

2.85e+03
2.41e+03
1.97e+03
1.53e+03
1.10e+03
6.56e+02
2.16e+02
-2.23e+02
-6.63e+02
-1.10e+03

-1.54e+03
[Pa]

presion-estatica
Static Pressure

2.67e+03
2.26e+03
1.85e+03
1.44e+03
1.04e+03
6.27e+02
2.18e+02
-1.91e+02
-6.00e+02
-1.01e+03
-1.42e+03
[Pa]

19

—

presion-e stafica
Static Pressure

[Pa]

1.84e+03

1.58e+03

1.32e+03

1.06e+03

£.04e+02

543e+02

2.83e+02

2.30e+01

-2.37e+02

-4.97e+02

-758e+02

presion-estatica

presion-estatica Static Pressure
Stafic Pressure presion-estatica
0676402 S Static Pressure
8.36e+02 7.93e+02 6.68e+02
L 7048402 6.65e+02 5.74e+02
+ 5.73e+02 536e+02 4.80e+02
L 4426+02
o 3860402
311e+02 2796+02
2.92e+02
1808402 S
L 489e+01 1.98e+02
2.19e+01
-8.22e401 1.05e+02
-1.07e+02
St 1.08e+01
-2358+02
-344e+02
[Pa] -3.648402 -8.30e+01
[Pa] 1.77e+02
-2.71e+02

[Pa]

\
.

_/

Dx = 0.04 m

Y
Dx = 0.07 m
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Contornos de presion estatica

presion-estatica ggisilo;-estaﬁca presion-estatica g‘ratslior;—estalica
i c Pressure : . i atic Pressure
Static Pressure e pres_lon-estatlca Static Pressure presion-estatica
5 65e+02 . Static Pressure 3.15e+02 3.01e+02 Static Pressure
4.8de+02 el il S 2598402 2.886+02
59+ :
4026402 i HILA ariete
217e+02 251e+02
3210402 [ &tteri2 3.15e+02 230e+02
1.75e+02
L 2140402 2.13e+02
2 3%e+02 263e+02 1.88e+02
153e+02 F 134e+02
9.17e+01 : 9.18e+01
758e+01 L i { 50e+02 138e+02
5.84e+00 : 1.04e+02 501e+01
3.01e+01 1.07e+02 1.008+02
-8 74e+01 6.17e+01 L 8.29e+00
-9.11e+01 547e+01
6.26e+01
-1.69e+02 erelis 195e+01 -3.35e+01
2 2.78e+00
-251e+02 [Pa] -7.53e+01 2.49e+01
[Pa] -4.922+01 -2.27e+01
-1.17e+02 -1.27e+01
-1.01e+02 -6.49e+01 (Pa]
[Pa) -5.04e+01
-1.07e+02
[Pa) -8.80e+01
[Pa]

N N
Dx =0.1m Dx = 0.13 m

5 ESPE
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Contornos de presion estatica

presion-estatica presion-estatica sion-estatica
Static Pressure Static Pressure e
225e+02 2.20e+02 1.71e+02
1.80e+02 1.78e+02 1.38e+02
1.35e+02 1.37e+02 1.05e+02
9.05e+ 01 9.60e+01 s
3.96e+01
457e+01 5.48e+01 —
863e-01 1.35e+01 ST
-439e+01 = e -5.90e401
-8.88e+01 i 9.190+01
-1.10e+02 .
-134e+02 1.25e+02
-1 51e+02 -1.58e+02
-1.78e+02 [Pa]
-1.93e+02
-2.23e+02 (Paj]
[Pa]
Dx = 0.16 m
21 Resultados
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Contornos de velocidad axial

velocidad-axial
Z Velocity

[ms]

22

6.62e+01

5.58e+01

453e+01

3.49e+01

244e+01

1.40e+01

3.56e+00

-6.88e+00

-1.73e+01

-2.78e+01

-3.62e+01

velocidad-axial
Axial Velacity

6.44e+01
5.43e+01

4 43e+01

3.43e+01

242e+01

1.42e+01

4.18e+00
|
' -5.85e+00
-1.59¢e+01
-2.59e+01

-359¢+01
[ms]

velocidad-axial
Z Velocity

[ms]

5.20e+01

4.36e+01

3.56e+01

2.74e+01

1.92e+01

1.10e+01

2.82e+00

-5.38e+00

-1.36e+01

-2.18e+01

-3.00e+01

—
Dx = 0.04 m

velocidad-axial

velocidad-axial

velocidad-axial

Z Velocity Z Velocity Z Velocit
Y 1.89e+01
1.97e+01
157e+01 1.53e+01
1.50e+01
107e+01 1166401
16e+
S 1.03e+01
842601 5 64e+00 7.89e+00
-4 10e+00 9.44e-01 421e+00
-9.03e+00 3750400 e
-140e+01
-8.44e+00
S BHeIu -3.16e+00
-131e+01 ;
-2.38e+01 -6.84e+00
[mis] -1.78e+01
-1.05e+01
-2.25e+01
[ms] -1.42e+01
-1.79e+01
[ms]

Dx=007m

Resultados
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Contornos de velocidad axial

velocidad-axial velocidad-axial ‘;{,‘:‘ﬂfg{;’ = velocidad-axial
Axial Velocity Axial Velocity velocidad-axial Z Velocity
1.82+01 1.68e+01 velocidad-axial 1.37e+01 SEDy { {1se01
Z Velocity 1.06e+01 1.33e+01
1.51e+01 1.39+01 1.25e+01 8.63e+00
7.508+00 1.03e+01
4.39¢+00 7.23e+00
7.75e+00 8196400 8.23e+00 3.63e+00
1.28e+00 4.18e+00
4.05e+00 6.11e+00
5.328+00 : o o0 120400 1.13e+00
3.58¢-01
2.46e+00 330 00 -4.93e+00 -1.93e+00 N A7en
-3.34e+00 1.87e+00
-4.06e-01 -8.04€+00 4992400 -3.87e+00
-7.04e+00 -256e-01
-3.27e+00 e -8.046+00 -6:37e+00
-1.07e+01 -2.38e+00
S -1.43e+01 e -8.87e+00
-1.44e+01 -450e+00
) 1.74€+01
Ikl ! -1.42e+01 sl
1.816+01 S LIE]
-1.61e+ -6.62e+00 -13%e+01
(m's] 1.19e+01 B wer
= ]
(ms] 8.75e+00 [ms] fme]
[ms]

__ T
- ~ ~ N

Dx =0.1m Dx=013m

5 ESPE
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Contornos de velocidad axial

velocidad-axial velocidad-axial
velocidad-axial :
Vel
7 Velocty Z Velocity Z Velocity
1.26e+01 1.05e+01
1.26e+01 Re
7.89e+00
9.63e+00
9.61e+00 *
5.24e+00
6.62e+00
6.58e+00 2.58e+00
3.61e+00
3.55e+00 -7.11e-02
6.09e-01
5.260-01 -2.73e+00
-2.40e+00 -538e+00
-2.50e+00
-5.40e+00 -8.03e+00
-5.53e+00
-8.41e+00 el
-8.55e+00 -133e+01
-1.14e+01
-1.16e+01 -1.60e+01
-1.44e+01 [ms]
-1.46e+01
-1.74e+01
-1.76e+01 [ms ]
[m/s ]

Dx = 0.16 m UESPE
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Contornos de TKE

r ineti tke
T Tngengg;r Turbulert Kinetic Ener...
. o 191€+02
WSS l 1728402
1546402
- 1.52e+02
1346402
- 1.33e+02
1156402
1.14e+02
 9.60e+01
— 9 538401
- 7.68e+
L 5766401 7638401
385e+01 - 5.72e+01
1.93e+01 3.82e+01
7.276-02 1.91e+01
[mast2) 9.516-02
[m*2Is"2]
N

25

Dx = 0.04 m

tke

Turbulent Kinetic Ener...

1.11e+02
1.00e+02
8.91e+01
7.80e+01
6.68e+01

- 5.57e+01

4 46e+01

- 3.35e+01

2.24e+01
1.12e+01
1.30e-01

[M'2s"2]

tke
Turbulent Kinetic Ener...

tke

Turbulent Kinetic Ener...

tke
Turbulent Kinetic Ener...

5.48e+01 4.97e+01 2.69e+01
' 4.93e+01 ! 4476401 ! 2.42¢+01

- 4.39e+01 - 3.98e+01 - 2.15e+01

- 3.84e+01 L 3.48e+01 L 1.88e+01

- 3.29e+01 - 2.98e+01 L 1.61e+01

- 2.74e+01 L 2 48e+01 i 1.34e+01

L 2.19¢+01 L 1.99¢+01 ‘

- 1 .64e+01 - 149e+01 e
1.10e+01 9.94e+00 R
5.48e+00 4.97e+00 LA
1.18¢-03 2.13e-05 269400

(m2s*2] [mA2sh2] 1.34e-03
[m*2/s"2]
BN N -
Dx =0.07m

Resultados
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Contornos de TKE

t ke tke tke tke tke
Turbulent Kinetic Ener... Turbulent Kinetic Ener... Turbulent Kinetic Ener... . Turbulent Kinetic Ener
Turbulent Kinetic Ener...
2 408401 l 2 18401 1438401 R 5.69+00
tke
2.16e+01 1.96e+01 Turbulent Kinelic Ener.. . 1.28e+01 l 1.17€401 5.12¢+00
L {.92e+01 - 1.74e+01 1.14e+01 L 1 14e+01 - 1.04e+01 - 4.55e+00
L 1.68e+01 - 1536401 ' L0ca: 01 - 9.99e+00  0.09e+00 - 3.98+00
L 1.4de+01 1316401 A L 8566400 r 7.788+00 - 3.41e+00
7.956+00 | 6492400
1.20e+01 1.09e+01 i 7132400 s i 2.84e+00
6.82e+00 L 5206400
- 9.59e+00 " 8720400 - - 5.71€+00 - [ oo
' L | 5.68e+00 - 3.90e+00 L { THes00
L 7.200+00 - 6.54e+00 L 4286400 et
. L 4.55e+00 2.60e+00
4 36e+00 2 856+00 1.14e+00
4.80e+00 ‘ L 3.41e+00 ' B 5.71e-01
2.40e+00 2.13e+00 2 986+00 1.43e+00 5.99e-04
7.41e-03 [m'2/s"2] - 2.26e-03
2.48¢-03 "Sjgha 1 1.14e+00 g = (ARES [M'2/s"2]
[m'2s"2] iR [mh2/sh2]
6.81e-03
[MA2Ish2]
N - ' -
Dx =0.10 m Dx =0.13m

26

Resultados
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Contornos de TKE

tke - tke tke
Turbulent Kinetic Ener... Turbulent Kinetic Ener... Turbulent Kinetic Ener...
1.39e+01 1.10e+01 5.16e+00
l 1.25e+01 ‘ 9.896+00 . 4.640+00
e et L 4.120+00
- 9.73e+00 L 7 69e+00 B
S Aaelh - 3.09e+00
- 8.34e+ L
6.59e+00 L 258e+00
- 6.95e+00 - 5.49e+00 L 2 06e+00
- 5.56e+00 - 4.40e+00 L 1.55e+00
- 4.17e+00 - 3.30e+00 1.03e+00
2.78e+00 2 20e+00 5.16e-01
1.39e+00 1.02e-03
1.10e+00 (mA2/sh2]
1.24e-04 1.76e-04
[m"2/s*2] [m*2/s"2]
Dx =0.16 m
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Curvas de eficiencia

y niamero de Euler

Eficiencia - Euler

100 ; ; . . ; 60
0 | ' | 54
80 1 48
70 - 1428
s
60 - 136 3
X st 730 E.T
= <
] 1241
el 118 [S
ol Efficiencies | '°
10 | .
0 ' : 0
0 0.1 09 1
d/D
[ O 13 0O 2020 A  Stairmand]
Eficiencias (1) Euler (Eu)
Relacién de
diametros 1D3D 2D2D Stairmand 1D3D 2D2D Stairmand
0.2D 93.83 82.23 88.29 39.6028 38.1787 26.7363
0.35D 77.77 75.80 90.25 10.0674 9.7689 7.5768
0.5D 63.32 63.33 77.18 3.7674 3.8167 3.5842
0.65D 33.18 36.4 58.94 1.7062 1.8591 1.8066
0.8D 13.44 14.07 23.36 0.7051 0.8057 0.7367

0.35 T T T T T T T
03| -
0.25 | -
E 0.2 .
T
"= 0.15 | -
0.1 -
0.05 | -
O 1 1 1 1 1 1 1
0 0.1 0.2 0.35 0.5 0.65 0.8 0.9 1
d/D
¢y 13D [ 2p2p /% Stairmand
n*/NEu
Modelos
0.20D 0.35D 0.50D 0.65D 0.80D
1D3D 0.13990085 0.19061912  0.20656568  0.08428328 0.02151095
2D2D 0.10943337 0.17662611 0.20529412  0.09717407  0.02205461
Stairmand 0.14864524  0.29590376 _ 0.31464067 _ 0.25846043  0.06357534
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