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Ac@vi@es	in	the	PSL	focus	on	developing	experiments,	analyses,	and	
computer	simula@ons	to	model	the	dynamics	of	par*culate	systems,	
with	applica@ons	in	mixing,	segrega@on,	coa@ng,	aDri@on,	
compac@on,	granula@on,	and	characteriza@on.		These	models	have	
been	applied	to	systems	that	process	pharmaceu@cals,	food	and	
consumer	products,	biomass,	and	agrochemicals.	

Examples	of	current	and	recent	ac@vi@es	include	the	development	of	
predic@ve	models	for:	
•  par@cle	and	tablet	coa@ng:		batch	and	con@nuous	processes,	scaling,	

inter-	and	intra-par@cle/tablet	coa@ng	variability,	tablet	aDri@on	
•  rigid,	needle-shaped	par@cle	and	flexible	fiber	dynamics	
•  powder	roll	compac@on	and	table@ng:		3D	FEM	design	models,	reduced	

order	models,	material	property	measurements,	mixture	models,	picking	
and	s@cking	

•  contact	spreading	of	liquids	in	mixed	par@culate	systems	
•  imaging	of	granule	component	distribu@ons	and	their	influence	on	

granule	strength	
•  mixing	and	segrega@on:		con@nuous	blending,	mul@-scale	segrega@on	

models,	segrega@on	in	discharging	hoppers,	segrega@on	in	vibrated	
beds,	influence	of	cohesion	
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FIG. 4. Apparent friction coefficient as a function of solid volume fraction for various aspect ratios (µ = 0, e = 0.95,
E = 8.7 × 109 Pa, γ = 100 s−1). The kinetic theory curve is for frictionless spheres.

(AR = 0.3, 0.5, 1, and 2), the AFC remains essentially constant at a level higher than the kinetic
theory prediction11 when ν is greater than 0.2. However, a sharp decrease in the AFC is observed
for the very flat disks (AR = 0.1) and elongated rods (AR = 4 and 6) at ν > 0.2. This sharp decrease
in AFC is attributed to the strong particle alignment that is discussed in Sec. III B.

B. Particle alignment

During dense flows of flat disks and elongated rods, particles exhibit a strong orientational
preference. As shown in Figure 5, the flat disks have their major axes aligned in the velocity
gradient direction (perpendicular to the flow direction) and the rods have their major axes in the flow
direction. With this specific particle orientation, the particle projected area on the plane perpendicular
to the flow direction is minimized, and also the particle projected length in the gradient direction
(y-direction) is minimized. As a result, the interference between the particles from the same and
neighboring layers is reduced.

The orientation of a cylindrical particle can be described using two angles: inclination angle α

and azimuthal angle β, in which α represents the angle between the major axis of the particle and the
horizontal plane and β is the angle between the projection of the major axis and the flow direction
(x-direction), as shown in Figure 6(a). Considering the geometric symmetry of the cylinder, both α

and β should run between ±90◦. Figures 6(b) and 6(c) show the probability density distributions
of the inclination angle α and azimuthal angle β, respectively, for the particles of various aspect
ratios at ν = 0.5. For the particles with the aspect ratio of AR = 1, the probability of α reaches

FIG. 5. Particle alignment during shear flows with (a) disks and (b) elongated rods at a solid volume fraction of 0.5 (µ = 0,
e = 0.95, E = 8.7 × 109 Pa, γ = 100 s−1).
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Twin	screw	granulation is	a	
relatively	new	continuous	wet	
granulation	process. Experimental	
studies	are	performed	using	real	and	
ideal	pharmaceutical	formulations	to	
elucidate	breakage	and	nucleation	
mechanisms.		The	goal	is	to	develop	
models	to	predict	granule	size	
distributions	and	porosity.

Breakage	of	needle-shaped	particles is	of	
significant	concern	to	thepharmaceutical	industry	
since	many	active	ingredients	are	needle-shaped.		
Computational	DEM	models	are	being	developed	
and	used	to	investigate	the	breakage	of	these	
particles	during	processing,	and	the	effect	that	
these	size	changes	have	on	the	system	dynamics.

Prediction	of	blending	and	
segregation	in	industrial	systems	
using	a	multi-scale	modeling	
approach	(FEM	and	the	advection-
diffusion-segregation	equation)	is	
being	developed	and	validated.		This	
approach	is	new,	and	the	only	
practical	method,	for	systems	of	
industrial	interest.

Shankali Pradhan,	Ph.D.	student	 (pradhas@purdue.edu)
Jiayu (Billy)	Li,	UG	student	(li1722@purdue.edu)
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Biomass	material	handling	models	are	required	to	
design	effective	methods	for	handling	biomass,	e.g.,	
switch	grass,	wood	chips,	and	corn	stover,	in	
biorefinery storage	and	feeding	operations.		In	this	
work,	FEM	and	DEM	models	of	biomass	materials	are	
being	developed	and	validated.	
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High	shear	wet	granulation is	a	batch	size	enlargement	
process	for	agglomerating	small	particles	into	larger	
granules.		Although	the	technique	has	been	widely	
used	in	practice	for	decades,	methods	for	predicting	
granule	properties	and	scaling	of	the	process	remain	
largely	empirical.		Current	work	in	the	lab	examines	
scaling	methodologies	and	the	use	of	x-ray	computed	
microtomography for	characterizing	the	granules.
Dr.	Dhanajay Pai,	Laboratory	Manager	(dpai@purdue.edu)
Jihye (Skylar)	Kim,	UG	student	(kim1719@purdue.edu)

Predicting	Grain	Damage	in	harvesting	equipment	is	
important	for	minimizing	crop	losses.		Current	research	
utilizes	DEM	computer	simulations	and	experiments	to	
predict	grain	damage	due	to	surface	wear,	impact,	and	
crushing	in	various	system	found	in	combines.
Zhengpu Chen,	M.S.	student	(chen2057@purdue.edu)
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