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Closures for Meso-scale Models of Dense 
Suspensions 

The Euler-Lagrange 
Perspective 
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I ï MICRO II ï MESO  

III  

MACRO 

Å Meaningful  reaction kinetics must be fed  

into ñmicro-scaleò models  
 

Å Parameter Screening at the micro scale to answer 

ñwhat mattersò (i.e., pore-scale diffusion, reaction, etc.) 
 

Å Continue with meso and macro scale if necessary.  

Å Need closures ! 

[1] W. Holloway, PhD Thesis, 2012. 

Example Application of CxD 

closures  

closures  
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Closures at the Meso Level 

Flow 

Scalar Transport 

ÅContact+cohesive 
forces and torques 
per contact 

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

 

ÅHeat and mass transfer rates 
(Nusselt/Sherwood numbers) 
per particle 

ÅDispersion rates (fluid phase) 

Å Filtration rates per particle 

Å Liquid transfer rates per 
contact 

 

 

[2] M. Askarhishahi et al., AIChE J (2017) 63:2569-2587 
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Overview 

üPart I  The Bad  
  όΧǘƘƛƴƎǎ ŘƻƴŜ incorrectly in the past) 

üPart II  The Hope όΧǇǊŜǎŜƴǘ ǊŜǎŜŀǊŎƘύ 

üPart III  The Future όΧƳƻǎǘ ƭƛƪŜƭȅ Ψ¢ƘŜ DƻƻŘΩύ 

5 + 10 + 10 = 25 mins 
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The Bad 

Part I 
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ÅMany exist for the 
mean (i.e., an average 
over many particles) 

 

Å The ŦƭǳƛŘΩǎ cup-mixing 
and local mean 
temperature are 
confused. Cup-mixing 
temp.: okey for bed-
average Nusselt 
numbers, but in Euler-
Lagrange models this 
quantity is NOT known 
[3]! 

 

ÅCorrelations are often 
άƻǾŜǊ ŦƛǘǘŜŘέ in 
regimes where this is 
unnecessary (e.g., low 
Re, high fp) 

 

 

The Correlations 

•  

[3] B. Sun et al., Int J Heat and Mass Transfer (2015) 86:898ς913 
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ÅCorrelations are valid for the 
mean and far away from walls 

ÅConfidence intervals for 
parameters are not provided  

ÅComputational domains are 
often too small 

 

The Cylinder 

 

[4] A. Singhal et al., Chem Eng J (2017) 314:27-37 

ÅwŜƎƛƻƴǎ Ŏŀƴ ōŜ άŎǳǘ ƻǳǘέΥ 
this is cumbersome 
(meshing!) 

ÅWall distance and  wall 
curvature effects are 
mixed up 

Re = 10 Re = 40 
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The Hope 

Part II 
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IIa ï Towards 

Improved Closures  
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[5] F. Municchi and S. Radl, Int J Heat Mass Transfer (2017) 111:171ς190 

Saturation 

z 

Å For small Re and high fp Ą fluid phase is quickly 
saturated with the transferred quantity (i.e., small 
zsat)  

Å Fluid field quickly relaxes to equilibrium value 
provided at particle surface 

Å In a meso-scale simulation, Nu would NOT matter! 
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ÅOne cannot simply re-scale the fluid-
particle interaction force (with 1-fp) to 
extract the drag force in bi- (and poly) 
disperse suspensions 
 

Å Fortunately, this can be άrepairedέ 

 

Bi-Disperse Systems: Drag Coefficient 

 

[5] F. Municchi and S. Radl, Int J Heat Mass Transfer (2017), 111:171ς190. 

Municchi and Radl (simple re-scaling) 
versus Beetstra et al. (simple re-
scaling)  

Municchi and Radl (correct pressure 
gradient handling) versus Beetstra et al. 
(simple re-scaling)  

Ἦ ȟḳἮ Ἦ
♩▬

 

Ἦ    : Total force acting on particle Ὥ 

Ἦ   : Drag force acting on particle Ὥ 

Ἦ
♩▬

 : Force due to mean pressure gradient 


