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Ultra-fast calculation of 

conductive heat transfer in a 

moving granular medium

❑ Particle-fluid systems can be found:

• industries  (fluidized beds, rotary kilns, …)

• natural phenomena (avalanches, pyroclastic flows, …)

❑ Numerically:   Discrete Element Method (DEM) for particles

Microscopic level

• Contact Forces 

• Transfers

Numerical simulations

Obstacle: CPU time
Industrial level

• Zillions of particles

Standard DEM

❑ Develop models for pseudo-periodic 

systems  to extrapolate DEM results from 

one period of time over a longer period

One million of particles

For one minute of real time

How to accelerate the simulations of the 

processes at an industrial time scale?

• Application to conductive heat transfer in rotary drum

Extrapolated DEM

In one week In one minute
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Work Done/Novelty

Perspectives

❑ DEM simulation for rotary kiln

• Standard DEM and extrapolated DEM simulation with pairing algorithm

❑ Ultra-fast simulation for conductive heat transfer

• Extrapolation of the heat transport in granular media (massive reduction of 

CPU time)  

T0

T1

T2-extra

Output

Scan for pairing 
algorithm video

Red → Blue

Blue → Orange

Orange  → Green

Green → Red

❑ Input: Physical properties of 

the particles

❑Output: Positions, 

temperatures and collisions list

using the heat conduction 

equation [2] 

❑Output: Extrapolated temperature 

of the particles

DEM simulation for 
one period

Granular motion extrapolation: 

Pairing algorithm[1]

Ultra-fast simulation for heat 
transfer in granular media

Step 1 Step 2 Step 3: This work

❑ Adaptation of the algorithm for fluid (convective heat transfer)

• Extrapolation of results from a coupled CFD-DEM simulation

❑ Validation of numerical results with experimental setup

• Setting up experiments on the constructed rotary kiln for validation purpose

Rotary drum constructed in SPIN centre 

at Ecole des Mines de Saint-Etienne. 

Coming soon for experimental validation

Scan to see the video of the 

temperature profile over time 
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DEM: CPU time = 3900 s / τ

vs. 

Extrapolated:  CPU time  = 6 s / τ
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t2= t0+2τ t3 = t0+3τ          t4 = t0 +4τ    t5 = t0 +5τ

t2= t0+2τ t3 = t0+3τ        t4 = t0 +4τ    t5 = t0 +5τ

• Temperature profiles are in 
agreement.

• Error is less than 2%  with 
a gain factor of 650.

t0 t1 = t0+τ  

Simulation properties

100 000 particles

• Half cold/ half hot

• Adiabatic wall

• Biot < 1

• Restitution coefficient= 0.2

• Rotation speed of drum ω = 5 s

• τ = 10 s = 2 ω


