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Digital Design — An Integrated Pathway from Molecules to

Crystals to Medicines
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Analysis

g Cambridge: Quasi-static characterisation and
role of material properties by DEM Modelling of
Ring Shear Test for powder flowabllity
(Chunlei Pel and James Elliott)

q Leeds: Powder characterisation under dynamic
conditions




Schulze Ring Shear Test

RST-XS (standard)

Volume: ~ 30 ml

Cross-sectional (annular) area: 24.23 cm?
Outer radius: 32 mm; inner radius: 16 mm
16 bars (3 mm in height) at top and bottom*

Rotational speed
7.5 mm/min; 0.05 rpm ( half of the max.)
0.5 rpm (modelling)

DEM model for ring shear test
§ Linear cohesion vs JKR
§ Flow function (ff,)
§ Particle shape
§ Rescaling



Cohesion Model in DEM
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Flow Function from DEM

Normal stress at pre-shear: 2081 Pa
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Particle Shape

@ Spherical vs Elongated
§ Equivalent volume diameter
§ JKR cohesion ongoing
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The Influence of Particle Shape and Adhesion
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The particle shape plays a role in the angle of friction of failure which also varl the
intercept on the axis of shear stress. s




Modelling

DEM

Rocky DEM
EDEM (Clumped spheres)

FT4

Screw Feeder

CFD-DEM

Rocky DEM + Ansys Fluent
EDEM + Ansys Fluent

Effect of

shape

Experimental

Effect of
strain rate

Calibration

@ Coefficient of Restitution
@ Friction (static, dynamic)
@ Surface Energy — Drop test

Effect of
cohesion

Account for environmental effects

(Manipulation of surface energy)
-Silanisation of glass beads and/or paracetamol

Effect of
air drag

Rheological
Model

@

Validation
FT4 ,




Rocky DEM (ESSS)

@Deltahedron (faces=16, corners=10): o

Faceted cylinder (faces=12, corners=20):

@Actual paracetamol shape (faces=25,

corners=44): .

@Dodecahedron (faces=12, corners=20):

@ Truncated polyhedron (faces=14, N
corners=16): DD T




Rocky DEM (ESSS) Contact model

@Contact deformation: Linear spring hysteresis model
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Luding, S. (2008), Granular matter, 10, 235-246.



Surface Energy vs Adhesive Stiffness

Comparison in terms of work of adhesion based on parameters
by Thornton & Ning?

107

10!

10° |

"""""" ;‘}mur I-[]'I
1072

Pasha et al.3
10~
— -4
Wﬂd}’mhnl ‘WﬂdLudmg 0 0.1 02 03 04 05

2Ning, Z. (1995). Elasto-Plastic Impact of Fine Particles and
Fragmentation of Small Agglomerates. PhD Thesis. Aston University
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Faceted vs Rounded Particles

Parameters used in the simulations
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Faceted vs Rounded Particles

2 mm mean volume diameter
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Cumulative Energy mJ
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Energy Comparison at 100 mm s and 5° Helix

Angle
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Regime Transition: Effect of Shape

2 mm mean volume diameter, no cohesion
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Regime Transition: Effect of Cohesion

Spheres, 2 mm diameter




Regime Transition: Effect of Cohesion

Spheres, 2 mm diameter
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Regime Transition: Effect of Cohesion

Spheres, 2 mm diameter
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Regime Transition: Effect of Cohesion

Spheres, 2 mm diameter
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Regime Transition: Effect of Cohesion

Spheres, 2 mm diameter
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Inertial Number

Local Rheology The process is described by a single dimensionless
number

: _ Pp
Inertial number, 1= dpy\/;

g special case: y(d,/g)°~, assuming that P equals to
Ppd,g

g ratio between the inertial timescale d,/(P/p,)°~
and macroscopic deformation timescale (1/y).
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Inertial Number

Local Rheology The process is described by a single dimensionless
number

. _ .
Inertial number, 1= dpy\/;

g special case: y(d,/g)°~, assuming that P equals to
Ppd,g

g ratio between the inertial timescale d,/(P/p,)°~
and macroscopic deformation timescale (1/y).

Constitutive law: T=u(l)P (1) is the bulk friction coefficient
3D Generalisation?

Stress Tensor Effective viscosity

Oij ij * lij ij = Nefr dx; Nefr ly| .

IP. Jop, Y. Forterre, O. Pouliquen, A constitutive law for dense granular flows, Nature 441 (2006), 727-30. A D Dx_'_'_'_ff :




Bulk Friction Coefficient

Bulk friction coeffivient m
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Apparent Viscosity for Non-Cohesive Deltahedra
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Faceted Particles
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Different Cohesion Levels

12
Spheres
10 .
0¢-% ® Kadh=0 e Kadh=0.1
® & ..
o 8 ."% 'q,.'ﬁ..’ e Kadh=0.2
(=] ... 0‘ """" '.
NUQ “& “ ..... ‘.
EL 6 op o ¥ o®
) R R 7 X
< '« ® 00
= 4 N0 :
LA o S
%f‘%‘. .........
2 V0.0 o9
,,,,, A
0
-5.5 -4.5 -3.5 -2.5 -1.5 -0.5




Screw Feeder vs FT4

Regions where
properties are
evaluated
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Screw Feeder vs FT4

Regions where
properties are
evaluated

Rotational velocity:
2, 5,10 and 20 rad/s

The powder rheology in screw
feeders and FT4 are similar
Both systems — dimensionless

shear stress = f(1)




Screw Feeder vs FT4
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Screw Feeder vs FT4

Regions where
properties are
evaluated

Rotational velocity:
2, 5,10 and 20 rad/s

The powder rheology in screw
feeders and FT4 are similar
Both systems — dimensionless

shear stress = f(1)
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Rheological models
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Conclusions

@ Quasi-static and dynamic shear deformation of cohesive large particles have
been simulated and the incipient yield and dynamic bulk friction and ‘effective’
shear viscosity are predicted.

@ Particle shape influences the angle of friction in bulk failure of particles

@ The presence of vertices in faceted shapes strongly influences the resistance to
shear deformation

@ Approximating real crystal shapes by truncated polyhedron shapes provides a
close match in flow energy and shear deformation behaviour between the two
shapes

@ Shear stress normalised by the inertial stress is unified for faceted shapes with
and without cohesion when expressed in terms of the inertial number

@ The same pattern of unification prevails for the conditions in screw feeders

@ Experimental validation is ongoing
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Thank you for your attention
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