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Outline of Lecture 1 

 
 
 

 

1.1 Overview of Applications involving Non-Spherical Particles 
 

1.2 Classification of Non-Spherical Particles 
 

1.3 Size and Shape of Non-Spherical Particles 
 

 1.3.1 diameters 
 

 1.3.2 shape factors 
 

1.4 Drag of of Non-Spherical Particles (intro) 
 

 1.4.1 shape effects 
 

 1.4.2 Stokes vs Netwon regime 
 

 1.4.3 correction factors 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS  
 

•  fiber suspensions (pulp & paper industry) 
 

•  processing of industrial colloids 

•  pneumatic transport of powders (process industry) 
 

•  pulverized biomass particles in industrial burners 

•  spread of ink particles (printing industry) 
 
ENVIRONMENTAL  SYSTEMS 
 

•  airborne particles and aerosols in the atmosphere 

•  micro-organisms (e.g. plankton, pollutants) in the ocean 
  

•  marine snow 
 
BIOLOGICAL FLOWS 
 

•  Transport of blood cells in veins 

•  lung aerosol dynamics 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  fiber suspensions (Pulp & Paper industry) 

20 µm 

Main process steps of 
paper manufacturing  
(f. Lundell et al., annu 
rev fluid mech (2011) 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  fiber suspensions (Pulp & Paper industry) 

20 µm 

C=0.02%-w 

C=0.1%-w 

C=0.5%-w 

Suspension of 
cellulose fibers 



Dilute (C=0.02%-w) 

 

(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  fiber suspensions (Pulp & Paper industry) 

Concentration 

Dense (C=0.5%-w)  



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  processing of industrial colloids  

paints, adhesives, inks, lubricants, coatings, cosmetics, 
pharmaceuticals and even electronic displays 

10 µm 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  processing of industrial colloids  

paints, adhesives, inks, lubricants, coatings, cosmetics, 
pharmaceuticals and even electronic displays 

10 µm 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  pneumatic transport of powders (process industry) 

Numerical Simulation (DEM) of non-spherical 
particles pneumatic conveying in a channel 
From: Hilton and Cleary, Chem Eng Sci (2011) 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  pulverized biomass particles in industrial burners 

Biomass and char particles at various reaction conditions  
From: Umeki et al.,ind eng chem res (2012) 



(Some) Applications 

 
 
 

 
INDUSTRIAL APPLICATIONS 
 

•  spread of ink particles (Printing industry) 

Toned carrier bead 

20 µm 



(Some) Applications 

 
 
 

 
ENVIRONMENTAL  SYSTEMS 
 

•  airborne particles and aerosols in the atmosphere 

Size range: 0.001 mm (molecular cluster) to 100 mm (small raindrop) 
  

    Pictures courtesy of Prof.  G. Habib IIT Delhi 

Fly ash particle  
from coal burning 

Granite cutting particle 

Iron oxide particles 



(Some) Applications 

 
 
 

 
ENVIRONMENTAL  SYSTEMS 
 

•  airborne particles and aerosols in the atmosphere 

Indirect effect of atmospheric aerosols: ship tracks visible in the clouds 

N  ~ 40 cm-3 

W ~ 0.30 g m-3 

re ~ 11.2 µm 

N  ~ 100 cm-3 

W ~ 0.75 g m-3 

re ~ 10.5 µm 



(Some) Applications 

 
 
 

 
ENVIRONMENTAL  SYSTEMS 
 

•  micro-organisms (e.g. plankton, pollutants) in the ocean 

Marine phytoplankton 

Phytoplankton bloom (bay of biscay,  2004)  



(Some) Applications 

 
 
 

 
ENVIRONMENTAL  SYSTEMS 
 

•  marine snow 

Picture: H. P. Grossart, IGB, Leibniz-Institute 
of Freshwater Ecology and Inland Fisheries 



(Some) Applications 

 
 
 

 
BIOLOGICAL FLOWS 
 

•  Transport of blood cells in veins 

Example of numerically – 
simulated  (IBM+LBM) 
blood cell moving  in 
linear shear flow 
(from: Sui et al., Phys 
Fluids, 2008) 

20 µm 



(Some) Applications 

 
 
 

 
BIOLOGICAL FLOWS 
 

•  Transport of blood cells in veins 

Example of numerically – 
simulated  (ibm-lbm) dense 
suspension of blood  cells 
in periodic flow domain 
(from: Shardt & Derksen, 
Int J Multiphase Flow, 2012) 

20 µm 



(Some) Applications 

 
 
 

 
BIOLOGICAL FLOWS 
 

•  lung aerosol dynamics 

                      Deposition in triple bifurcation lung 
airway model (zhang et al.,  j aerosol sci, 2002) 

20 µm 



Classification of 
Non-Spherical Particles* 

 
 

 

* From MandØ et al. Proc. 6th Int. Conference on Multiphase Flows (ICMF2007) 



Note: challenges with irregular non-spherical particles 
 

•  Model all relevant forces 

     acting on particles: 

•  Correlations for aerodynamic 

     coefficients currently based 

     on statistical distributions 

•  No measure available for shear-  

     induced and rotation-induced lift 
 

•  Model wall-collision: 

•  need to ‘convert’ particles into equivalent spheres 

•  Need to obtain statistical measures of restitution 

     and friction coefficients 
 

•  Heavily dependent on availability of accurate experimental 
measurements or particle-level direct simulations 

 

 

Quartz particles 

Duroplastic particles 

Classification of 
Non-Spherical Particles 

 
 

 



•  Common diameter definitions * 

3 p
eq π

6V
d =

* From MandØ & Rosendhal, Powder Technology 202 (2010) 1-13 

      How to Define Size and Shape 
     of Non-Spherical Particles? 

 
 

 



The aerodynamic diameter is always larger than the Stokes’s equivalent diameter 

      How to Define Size and Shape 
     of Non-Spherical Particles? 

 
 

 



•  Common shape factors 

•  Volumetric shape factor 

•  Corey shape factor 

•  Roundness 

•  Sphericity 3
33
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      How to Define Size and Shape 
     of Non-Spherical Particles? 

 
 

 



•  Common shape factors 

•  Volumetric shape factor 

•  Corey shape factor 

•  Roundness 

•  Sphericity 

In many engineering handbooks, drag is estimated 
using correlations for spherical particles and 
corrected for non-spherical particles based on 
sphericity 
 

Good shape factors should correlate well with 
the particle’s terminal velocity 
 

Problem: a cylinder and a disc with the same 
sphericity have different terminal velocity! 

3
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      How to Define Size and Shape 
     of Non-Spherical Particles? 

 
 

 



Consider for instance a cylindrical particle: 
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same  
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•  Reminder:      
   crosswise 
   sphericity! 

      How to Define Size and Shape 
     of Non-Spherical Particles? 

 
 

 



      How to Define Size and Shape 
     of Non-Spherical Particles? 

 
 

 

Why do I bother? 
 
Because in the literature: 

 
      drag  
      coefficient 

 
     

or 
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Drag Coefficient for 
Non-Spherical Particles 

 
 

 

Stokes regime: exact limiting and approximate solutions for 
the drag on spheroids exist at creeping flow conditions 
 
Newton regime:  “empirical” correlations from exp. (wen & yu) 
or sim. (e.g. loth 2008, sommerfeld 2009,van wachem 2012) 

ν
du

Re prel
p = Stokes 

regime 
( )0.1Rep <

Intermediate 
regime 
( )100Re0.1 p <<

Newton 
regime 
( )100Rep >



Drag Coefficient for 
Non-Spherical Particles 

 
 

 

Let’s keep it simple: Cd for spheroids in creeping flow  
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From an engineering point of view: 
 

 
could be acceptable (engineers like it easy…)   
 
but a complete description of the drag coeff. 
for a non-spherical particle would require: 
 
 
 
This  requires: 
 

•  an expression taking into account all possible 
  inclination angles for a given shape and Rep 
 
•  modelling particle translation, but also rotation 
  (see lecture 2 on Wednesday morning) 

)shape,(Re pD fC =

)norientatioshape,,(Re pD fC =

Drag Coefficient for 
Non-Spherical Particles 

 
 

 



Lessons Learned 

L1.  Non-spherical particles are ubiquitous in industry and     
         nature 
 

L2.  Particles with regular shape are mathematically 
         treatable and  exact or approximate solutions are  
         available for particular flow conditions 
 
L3.  Shape factors are especially suited for particles with  
         irregular shape 
 
L4.  Non-spherical particles  require a multi-parameter  
         description 
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Thank You 
For Your Kind Attention! 

 
 
 

Any questions? 


