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Discrete Particle Models: From Atoms to Planets = ERGY

Water Molecular in Cell Membrane Asteroids in Solar System
. ” -~ "F ' ‘. ‘ " . N .Date:ED‘lD.l'CIQ.l‘zB dx/dt — V, dV/dt =F/m

Based on the SCALES of
PARTICLES and their
INTERACTIONS

* Molecular Dynamic

» Dissipative Particle Dynamic
* Pseudo-Particle Method

¢ Hard-Sphere Method )
* Discrete Element Method

-
o Coarse Grained Hard Sphere
2  Coarse Grained DEM
http://www.ks.uiuc.edu/Gallery/Movies/ChannelProteins/ http://sajri.astronomy.cz/asteroidgroups/groups.htm \ Particle |n Ce” )

* Smooth Particle Hydrodynamics

There is nothing cannot be simulated with DPM. If there is one, just make the particle smaller or larger.
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CGHS: Basic Assumptions and different models in CG

Assumptions:

CGPM
—>

N, /W

A CFD cell of original system
(color stands for different
species fraction and temperature,
vector stands for velocity)

Same species fraction
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Same Velocity
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o Nege
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(a) Drag force

Lumped into a sphere

N
F.= Y (F+F)/W

JeLymt

(d) Collision force

Same Temperature

AT

by,

1 Nesr

S L

odl i=1
(b) Heat transfer

Lumped into a sphere

o4

@ «

“dcgp —d W
@ .75, Ro
‘ ‘a';I .

o... ;-,::}‘ 5.‘

T=3 (nxF)/w"

J=1, =i
(e) Collision torque
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S ring\ Dashpot m
M1 |/keep = kp \ €cep = €p Hccp= /Up\
M2 | keep = WK, \ €cep = €p Hcep= Hy \
M3 | keop = WK, | [dFecqs = WPTrey Hoar™ Hy |
M4 \kegp = Wl/g/% €cep = €p Hcgp= /up/
M5 | Rr =k, /| €gp = (116, 1) WP | ) o 1)
~—
M1 Sakano et al.,2000, Jan.J.Multi.Fow.;
Patankar and Joseph, 2001, Int. J. Multi. Flow
M2 | Sakai et al. 2009, CES
M3 |Eenyahia and Galvin, 2010, I&E
M4 Radl et al. 2011, 8t" Conf. CFD in Oil &Gas; Thakur et al.,
2016 Pow.Tec.
M5 {"Lu et al. 2014, CES
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* Soft-sphere
T+ At T+At,
dc.
m—-=F
dt
G009 Ry >
dt 2
F: contact force

At=At_, /N N=20~50

e Hard-sphere

Event-driven

m(c;—c;)=J
SEPRRNIN}
| (O)i @ ) - 2 (nXJ) ‘ AtcoII=O
J: impulse
Time-driven

At=At

coll
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CGHS: Eliminating unphysical overlaps in HS N =|NATIONAL
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V&V TDHS in small bubbling fluidized bed N=|NATONAL
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V&V verification of CGHS in a virtual bubbling fluidized bed
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V&V of CGHS: validation in large circulating fluidized bed

Particle flow field in
NETL's Circulating
Fluidized Bed (CFB) system.

_ Particle
recirculation

Shaffer & Gopalan, PIV




V&V of CGHS: validation in large circulating fluidized bed
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V&V of CGHS: Vvalidation in large circulating fluidized bed N
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Improvements in radial profiles of solids vertical velocity and flux at height 13.33 m from case W1000
(e =0.5) to case W1000e (e = 0.14).
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V&V of CGHS: other validations of Coarse Graining N=
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FCC Regenerator. Geometry and boundary conditions
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Boundary conditions

il

Term Simulation Value Industrial data
Bottom inlet air velocity, m/s 0.495 NA (not available)
Bottom inlet air pressure, kPa 160 160
Bottom inlet air temperature, K 573 573
Bottom inlet air oxygen mass fraction 0.2320 0.2320
Bottom inlet air carbon dioxide mass fraction 0.0005 0.0005
Bottom inlet air carbon monoxide mass fraction 0.0000 0.0000
Bottom inlet air water vapor mass fraction 0.0000 0.0000
Bottom inlet air nitrogen mass fraction 0.7675 0.7675
Top outlet pressure, kPa 140 140
(Sﬁent catalyst inlet air velocity, m/s 0.5 NA (not available) \
Spent catalyst inlet air pressure, kPa 140 NA
Spent catalyst inlet air temperature, K 735 NA
Spent catalyst inlet air oxygen mass fraction 0.0212 NA
Spent catalyst inlet air carbon dioxide mass fraction 0.2617 NA
Spent catalyst inlet air carbon monoxide mass fraction ~ 0.0093 NA
Spent catalyst inlet air water vapor mass fraction 0.0416 NA
\S.Qent catalyst inlet air nitrogen mass fraction 0.6662 NA j
Spent catalyst mass flow rate, kg/s 22.7 22.7
Spent catalyst carbon mass fraction 0.00900 0.00900
Spent catalyst hydrogen mass fraction 0.00072 0.00072
§Dent catalyst Temperature, K 753 753
Spent catalyst inlet voidage 0.9 NA ]
(Regenerated catalyst outlet pressure, kPa 140 NA
R i 22.7
Walls Momentum transfer Non slip NA
Walls Heat transfer Adiabatic NA
Walls Species transfer Zero flux NA
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FCC Regenerator: Numerical parameters N= NN
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Numerical parameters

Term Simulation Value
Cartesian grid in x direction 15 Computation Speed: 1000 s for 5 days using only 64 cores
Cartesian grid in y direction 90 C | S . . 200
Cartesian grid in z direction 15 atalyst Space time: >
Convection term discrete scheme Superbee Correlations for the gas mixture properties
Linear equation solver BICGS _
Hydrodynamic residual 1.0x 103 Property Corrections y

. -3 :
Temperatu're residual 1.0x 10 Density p, =PI RTZ gi
Species residual 1.0x 103 M,

. . -3

Ga§ phase tll‘T]E step, s Adaptive and no larger than 1.0 x 10 Viscosity 1, 21.672X10—6\/-|T_1.058X10-5
Solid phase time step, s 1.0x 103
Coarse grained partide diameter, m 0.048 Thermal conductivity ﬂ“g = 5.526X10_5\/-F+ 0.01155
Particle-particle restitution coefficient 0.1 Heat capacity C, = ZYgngi
Particle-particle spring constant, kg/s> 1000 Y
Particle-particle friction coefficient 0.1 Molecular weight M, =1/ Zi
Particle-wall restitution coefficient 0.1 M gi
Particle-wall spring constant, kg/s? 1000
Particle-wall friction coefficient 0.1
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FCC Regenerator: Drag correction, Species. & Heat transfer N= [N
| TL TECHNOLOGY
LABORATORY

Drag corrections
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5 & f}pf|;19, P|cm= 0.800 < & <0933
" 2 dl-g)"
N P V=V e
3&0-a)p v P|r:m5f-~i 0.933 <&, <0.990
4 d,
g(l—-=g V.—V
3a0-)p v ”|cm= 0990 <z =1.000
E d,

Gao, J,, Lan, X, Fan, Y., Chang, J., Wang, G., Lu, C,, Xu, C.,
2009. CFD modeling and validation of the turbulent fluidized
bed of FCC particles. AIChE Journal 55, 1680-1694.
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Chemical reactions and Heat transfer

r<05

1
£ 31)0, > ——CO,~ ——CO-61H,0

CH1 -
ta fr—l r=1 r=1

C+0, - CO,,Q =-393.51kJ / mol

C+10, > C0,Q =-110.54k] / mol

2H+10, > H20 ,Q =-241.82kJ / mol

Chang, J., Wang, G., Lan, X., Gao, J., Zhang, K., 2013. Computational Investigation
of a Turbulent Fluidized-bed FCC Regenerator. Industrial & Engineering Chemistry
Research 52, 4000-4010.




FCC Regenerator: Hydrodynamics

20 I I I I _I I I I
Industrial data ¥
Simulation
15 -
T——

E
10} -
=)
[¢h]
T

5 - -

X
0 | | | |

0O 50 100 150 200 250 300 350 400
Bed density (kg/m3)

N: NATIONAL

«m |[ENERGY

TL TECHNOLOGY
LABORATORY

Exp: very small but still measurable
Sim: 0

This PSD was not provided by the industrial data and, so, was not
considered in the simulation.

In reality, small particles, or fines, in a PSD will generally be
entrained to the freeboard region. [Grace and Sun, 1991]

Figure 1. Comparison of predicted (averaged from 500 s to 1000 s) bed densities with industrial

data
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FCC Regenerator: Temperature N=]|NATonAL
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* Simulation of large-scale reactors can be achieved in just few days of wall-cIoc
using minimal computer resources using CGHS
* The computation accuracy can be improved by reducing time step and parcel size
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Concluding Remarks

Methanol-To-Olefins (MTO) Reactor

Rare-Earth-Element Leaching Reactor
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Ongoing Researches N=|NanonaL
TL){a50karory

Extension to polydisperse system:
FCC particles as an example
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Uncertainty Quantifications:
Homogeneous cooling as an example
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