TU

Grazm
Graz University of Technology

Modeling
Cohesive Gas-

Particle Flows

with a Parcel-Based

UPa'rticle,z [m/s] Uﬂuid,z [m/s]

Lagrangian Approach 12 16
Stefan Radl, it 0.6
Josef Tausendschon ' 00

-0.3

0.6 0.6

Institute of Process
and Particle Technology
AIChE Annual Meeting 2019

17+3 mins 1




Motivation

Resolved TFM I1“'I'Fl‘u'1 - 10 mm fTFM - 10 mm
0.625 mm 1M Anisotropic  2M Anisotropic

fTFM - 10 mm
3M Anisotro E

New approach: correction depends on

Cloete et al., Chem Eng Sci 207 (2019) 379-396
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On the large scale: a
filtered model is
needed (e.g., filtered
TFM)

Improved ,,meso
scale” closures (drag,
stress) are needed

Q1: How do these
closures look like for
cohesive &
polydisperse
powders?

Q2: Is a filtered ,,CFD-
parcel” (Lagrangian)
approach feasible?

fTFM - 10 mm
2M Isotropic !

Classical approach: correction
identical in each direction 2
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Coarse-Graining Basics

Bo=0

A parcel is...

e approximation of a particle
ensemble

* representation of a fixed
number of particles, but not
a fixed set

e cannot directly predict
particle-particle collisions
—> approximate “parcel
collisions”




TU

Grazm
Graz University of Technology

Coarse-Graining Basics

* Coarse Graining of the Particles:
dparcer = & * dpyrim => One parcel consists of a’
primary particles

dparcel (b)

* With a fixed CFD grid size, parcels can become bigger
than a CFD cell!
=> typically, CFD cell size is increased for a > 1 4
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Coarse-Graining Basics

nparcel ij

571 ,prim,ij

—

cpnm ij — = kn ,prim On ,DTim,ij
+ Cp pnm‘gn prim,ij cparcel ij — kn ,parcel 6n ,parcel,ij

+ Cn,parcel 6n,parcel,t j
* we suggest a scaling of contact and cohesive

forces based on constant stress: . Particle St
n = Particle Stiffness
( Vprim "= Vparcel cn = Normal Damping coeff.
Wigprim * @& = Wig,parcel ¥ = Surface Tension
it = L Vi
Force/R? = const., leads to < Knprim * @ = Knparcei . = Liquid Viscosity
N A = Hamaker const.
Cn,prlm a~ = Cn,parcel
3 —
L Aprim "aT = Aparcel

Tausendschon et al., submitted manuscript
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Can we predict Stress?

_ cont
6 =6" +¢" (up,gbp,T,dprim,ep,fwh)

LYYk, L Y (v, )y,

pepy jeC, pepV
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Stress Prediction

Setup

Gas-particle system (p,/p; = 1000), freely
sedimenting.

Low Re system (u,=0.22 m/s, Re, = 1).
3D, size: 8x32 mm & 4x16 mm, periodic.

Fluid Grid & Coarse Graining
Sensitivity

Analyze distribution of granular temperature and
pressure to illustrate effect of grid resolution

Investigate effect of coarse graining

(on coarse grids!)
Clustering predicted by CFD-DEM
(2.3 - 10° particles, <g,> = 0.25). 7




Stress Prediction
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. Gran Temperature and Partlcle Phase Pressure

0.08} -0y, d/d 333 TFM
ool -o- ﬂuid/dp ~3.33, CFD-DEM|
..... +/4,=6.67, CFD-DEM
0'06'?Q /d _13.3, CFD-DEM]
1O - - - Mud9=

0 041 02 03 04 05 06

0

p
T and stress quantitatively

sensitive to grid resolution

007 —o d/d =3.33, TFM
~o- Aﬂui(/dp ~3.33, CFD-DEM
006 A, 9667, CFD-DEM

SRS W d/t::I =13.3, CFD-DEM

= TFM significantly off
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Stress Prediction

 Comparison DEM and Coarse Grained DEM

0.06

—o-pem | * Particle-phase
- #- DPM, a=2, no relaxation

0.05 ... DPM, a=4, no relaxation :1 Pressu re

8x32 mm domain;

. . ey s .
o004t ol Ton, , stress |n.creases with increasing
= Aqua/ d, = 13.3 ! parcel size as expected from
shear-flow simulations

However,

- ...this is for a coarse grid! We
need smoothing for a fair
comparison
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Smoothing Strategy

- fluid grid
(uy, 9
) Bl N

/ particle (up)

g

region to
determine ¢,

neighbor particles

— -S— S _—_—1
I
I

10
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Smoothing Basics

0 (a)’ . (b)

L =10 Combination of : f/ ] K\
’.Z these two I.f’

schemes

© ‘ \
() 5 LSmaath
®eceo — Grm[

Diffusive Smoothing

* Smoothing operation is performed via (an implicit) solution
of a diffusion equation for each transferred quantity :

Y
E - DVZI/J ) D = LSmoothz/At

11
3Clarke et al., Ind. Eng. Chem. Res. 2018, 57, 3002-3013



Optimal Smoothing Length
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Tausendschon et al., submitted manuscript
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Non-cohesive &
Monodisperse

12



LSmooth/AGT‘id [_]

Optimal Smoothing Length ﬂ [U
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- = fit,R2=0.999,slope=1.3,intersect=-1.09 /',

v
l’v
IV’
Iv’
v'/ The effect of parcel-
interaction parameters
can now be isolated in
v

gas-particle flows

4/3  45/3  5/3  55/3

dparcel/AGrid [_]

3}3 3.5'/3

Tausendschon et al., submitted manuscript
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Non-cohesive &
Monodisperse
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Cohesion & Coarse Graining

Time: 3.52 s

v [m/s]

0.600

0.300

M\ll\lwllllllwlwlll:m

0.000

original =4 =4
system Stress Bond
Bo =50 Bo =50 Bo = 50
&
-

_dz%gpp 14
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wet
-« = 5 stress paf'tiCIes
—O~a = 4 stress
—©-a = 2,stress
o = 4,bond
——a = 2,bond

-~ o = 4. noscal

Cohesion

-~ o = 2 noscal

=X

=

< The proposed
S stress-based

scaling is
superior to
other coarse-
graining force
models

15

Tausendschon et al., submitted manuscript
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Outlook & Conclusion

vPa'rticle,z [m/ 8} Uﬂuid?z [m/ S}
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Polydispersity

Primary Particle

System
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smoothing

Time: 0.01 s
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Dev(vgip/ve) [%]

Polydispersity
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o = 2,constDiff
—©-a = 3,constDiff
o = 2,localP
-©~-a = 3,localP

Vdw-cohesion

The stress-based
scaling and “constant
length” smoothing
yield an accurate
imitation of the
polydisperse primary
system

18
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Conclusion & Outlook

* With smoothing operation and optimal smoothing lengths: effect
of parcel-interaction parameters can be isolated

* Stress-based scaling led to a very accurate imitation (of
sedimentation speed!) of the original system in the monodisperse
setup

* Bo =50 and =5 maximum permissible parameters to guarantee
acceptable deviation from original system

* Stress-based scaling and smoothing appears suitable for
polydisperse systems as well

19
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Thank you!

Special thanks to
Jari Kolehmainen and Sundar 20



