
�������� ��	
�����

Impulse-Based Dynamics for Studying Quasi-static Granular Flows: Applica-
tion to Hopper Emptying of Non-spherical Particles

Peter Toson, Johannes G. Khinast

PII: S0032-5910(17)30222-X
DOI: doi:10.1016/j.powtec.2017.03.016
Reference: PTEC 12421

To appear in: Powder Technology

Received date: 25 November 2016
Revised date: 27 February 2017
Accepted date: 4 March 2017

Please cite this article as: Peter Toson, Johannes G. Khinast, Impulse-Based Dynamics
for Studying Quasi-static Granular Flows: Application to Hopper Emptying of Non-
spherical Particles, Powder Technology (2017), doi:10.1016/j.powtec.2017.03.016

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.powtec.2017.03.016
http://dx.doi.org/10.1016/j.powtec.2017.03.016


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

1/31 

Impulse-Based Dynamics for Studying 
Quasi-static Granular Flows: Application 
to Hopper Emptying of Non-spherical 
Particles  
 

Peter Toson1 and Johannes G. Khinast1,2 

1 Research Center Pharmaceutical Engineering GmbH; Inffeldgasse 13, Graz, Austria 

2 Institute of Process and Particle Engineering; Graz University of Technology Inffeldgasse 13, Graz, 

Austria 

* corresponding authors: peter.toson@rcpe.at (+43 316 873 30980) and khinast@tugraz.at (+43 316 

873 30400) 

 

Abstract 
Impulse-Based dynamics (IBD) have been successfully utilized to describe mechanical systems in 

robotics and augmented/virtual reality applications for a long time. However, the method received 

only limited attention in the field of granular flows so far. In this work, a simulation model based on 

the bullet physics library has been implemented and applied to a model problem, i.e., the hopper 

discharge of non-spherical particles. The IBD simulations involved various particle shapes (ideal 

ellipsoids, cylinders and cuboids) with different aspect ratios and friction coefficients. The results 

have been compared with discrete element method (DEM) simulations and verified by the Beverloo 

equation. 
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