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Numerical and experimental analysis of spherical and non-spherical particles in a rotary drum: Metamodels for calibrating the friction coefficients in a rotary drum from DEM simuations

 

Problem in this approach:

Possibility of non-unicity in the set of parameters.

❖ To study the influence of static friction (SF) and rolling friction (RF) coefficients in both interactions particleparticle (PP) and particle-wall (PW) on the dynamic repose angle of quinoa seeds in a rotary drum.

❖ To obtain metamodels, which allow analyzing the interaction between the parameters and their significance.

❖ To validate the four parameters set found in other speed rotations.

Rolling regime

Quinoa seeds

Variable

Coded levels -α -1 0 +1 + α SF PP 0.300 0.350 0.400 0.450 0.500 SF PW 0.350 0.400 0.450 0.500 0.550 RF PP 0.005 0.070 0.135 0.200 0.265 RF PW 0.300 0.350 0.400 0.450 0.500

DIRECT COMPUTATION Lagrangian Method or Discrete Element Method (DEM):

• All the particles trajectories are tracked.

• Temporal integration is applied to each of them using Newton's laws: 

SF PP SF PW a A x RF PP RF PW -             -       = = =       -             SF-PP 0.

PARAMETERS IDENTIFICATION

(3) Optimization: resolution of the metamodels and determining the 4 parameters optimized.

(1) 4 Central Composite Designs: parameters: SFPP, SFPW, RFPP, RFPW 26 simulations for each speed rotation.

(2) 4 metamodels: verification of the interactions between the parameters.

(4) Validation: Comparison: angles calculated by metamodels, angles simulated with parameters optimized, and angles measured experimentally. • The rolling friction influence more on the dynamic angle of repose than the static friction, mainly in PP interactions, because it allows particles roll over each other, enabling better rearrangement and redistribution of stress, leading to a more stable packing.

MODEL PARAMETERS

• Drum: diameter 0.084m and length 0.020m.

• Quinoa seeds: d = 0.0017m, ρ = 1058 kg/m 3 .

• Speed rotation: 6, 8, 10, 12 rpm (rolling regime).

• Time-step = 8.6x10 -6 s -1 (5% of Rayleigh time).

• Software: LIGGGHTS®.

• Linear regression in the mean interface of 200 images of the bed drum, implemented by a MATLAB code.

••

  Particulate systems + fluids • Isothermal or non-isothermal • A large number of industrial processes: rotary kilns, dryers, mills, etc • But lack of simple tools for the Understanding the flow material behavior with more details • Overcoming industrial safety limitations CALIBRATION STEP: adjusting the parameters until the model response corresponds to the equivalent experimental responses.
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4.5. Validation: comparison between angles provided by metamodels, angles simulated with parameters optimized, and angles measured experimentally

  

	4.1. Experimental dynamic angles of repose	
	Speed rotation	6 rpm	8 rpm	10 rpm	12 rpm
		Angle (°)	31.96	32.46	33.14	33.74
				at 12 rpm:
		3226			
	SF-PW	0.3938			
	RF-PP	0.0665			
	RF-PW	0.4227