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Example Application of CxD
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A Meaningful reaction kinetics must be fed —_—

I nt o g almadels

A Parameter Screening at the micro scale to answer
fwhat matterso (| . -scale diffpsion, esaction, etc.)

A Continue with meso and macro scale  if necessary.
A Need closures !

[1] W. HollowayPhD Thesis, 2012.




Closures at the Meso Level

Flow

A Contact+cohesive
forces and torques
per contact

A Fluid-Particle
interaction(drag)
forces and torques
per particle

Scalar Transport ¥ e
A Heat and mass transfer rates
(Nusselt/Sherwood numbers)

deposited droplet
evaporation

spray
evaporation

per particle

A Dispersion ratesfluid phase)  ceposiion

A Filtration ratesper particle | : droplet

A Liquid transferatesper _ i
contact B il e

[2] M. Askarhishahi et alAIChE (R017) 63:2562587



Overview Ty
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The Correlations
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1~ Gunn (1978) Re=10

—— Deen (2014) Re=10
— —Deen (2014) Re=30
- - - Deen (2014) Re=50

— ~Gunn (1978) Re=30
— - =~ Gunn (1978) Re=50
— Correlation Re=10
— ~ Correlation Re=20
— - ~ Correlation Re=50

X simulation results :
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[3] B.Sunet al.,Int J Heat and Mass Trans{@015)86:898913

A Many exist for the
mean (i.e., an average
over many particle¥

TheT f doupidéng
andlocal mean

temperature are
confused. Cumixing
temp.: okey for bed
average Nusselt
numbers but in Euler
Lagrange models this
guantity iSNOT known
[3]!

Correlationsare often
G2 QPSNIIMFAGOS
regimes where this is
unnecessary (e.g., low
Re, hight,)



The Cylinder

AwS3arzya OF&Y 65
thisiscumbersome
(meshing!)

A Wall distance and wall
curvature effectsare
mixedup

[4] A. Singhal et alChem Eng @017 314:2%37

A Correlations are valid fahe
meanandfar away fromwalls

A Confidence intervalgor
parameters are not provided

A Computational domainare
often too small

fAux Wall

Added Volume |
Zero heat (dn/12.5) J
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llaT Towards
Improved Closures




Saturation

A For small Re and high A fluid phase igjuickly

Zsat)

80 =

g
=]
|
o

[5] F. Municchi and S. Ratilf J Heat Mass Transfé017) 111:174¢190
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A Fluidfield quickly relaxedo equilibrium value
provided at particle surface

A In a mesescale simulationNuwould NOT mattet
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saturatedwith the transferred quantityi.e., small
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Bi-Disperse Systems: Drd&cpefficient
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A Onecannot simply rescalethe fluid-
particle interaction force (with &) to
extract the drag force in b{and poly)
disperse suspensions

A Fortunately, thissan bedrepairedé

Municchi and Radlgimple rescaling
versus Beetstra et alsimple re
scaling

'rH F] k 'rH 'rIJ_I—

H . Total force acting on particl®
H . Drag force acting on partici@

H™ : Force due to mean pressugeadient

Municchi and Radldorrect pressure
gradient handling versus Beetstra et al.
(simple rescaling

[5] F. Municchi and S. Rattit J Heat Mass Transfé017), 111:17%190. 11



