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Highlights
· Effect of different coarse-graining methods and factors are investigated
· Comparison against experimental data shows good agreement with averaged quantities
· Differences in the dynamic behavior are quantified

1. Introduction
Since its introduction [1], the Discrete Element Method (DEM) has proven to be a valuable method for the analyzing and understanding particulate flows. Supported by the continuously increasing computational power, CFD-DEM simulations have found their way into the chemical and process industry for various applications like solid suspension in mixing vessels, fluidized and spouted beds, granular transport and coating applications in rotary drums [2,3]. 
The major shortcoming of DEM, however, is its computational cost that increases with the amount of particles involved, their material properties (stiffness) and size. This hinders the application of CFD-DEM simulation to large-scale systems of industrial size. To overcome this shortcoming a coarse grain (CG) model has been described [4]. Using straightforward scaling rules, a group of particles gets replaced by a representative coarse parcel. This effectively reduces the number of particles that need to be processed and subsequently shortens the computational time. On the other hand they introduce a modeling error into the simulation. In this study we are investigating different coarse graining models and quantify the effect on different parameters and their fluctuation like pressure drop and expansion height in a fluidized and spouted bed.
In this work two different contact scaling methods are examined for a fluidized and for a spouted bed reactor. The results are compared against experimental results and against a DEM simulation without coarse graining. 
2. Methods
In this investigation the software tool Simcenter STAR-CCM+ was used for the coupled CFD-DEM simulation. The built-in DEM solves for each particle Newton’s law of motion in each time step. The particle-particle and particle-wall interaction is taken into account based on Hertz-Mindlin model (spouted bed) or the linear-spring-dashpot model (fluidized bed). Momentum exchange between the background gas phase and the DEM particles is calculated based on Gidaspow drag model and three different coarse graining (CG) approaches were used: 	Particle-based CG with l3-scaling, Parcel-based CG with l3-scaling and Parcel-based CG with l2-scaling.
3. Results and discussion
Exemplarily the results for the fluidized bed are shown here, but similar results were also found for the spouted bed. Figure 1 shows a snapshot in time of the different CG methods. In general it can be stated that bed expansion and pressure drop are well predicted for all investigated CG methods, but depending on the CG factor the dynamic of the system cannot be captures which can be seen in Figure 2 as deviations in the RMS values for the respective parameter.
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	Figure 1. Comparison of the particle dynamics for different CG methods
	Figure 2: Average and RMS expansion height for different CG methods


4. Conclusions
Coarse-graining is a promising method to increase the number of particles in CFD-DEM simulations and simultaneously reducing the runtime by orders of magnitude. The predictivity is slightly affected in terms of the particle dynamics while overall properties are still predicted accurately in the investigated CG range.
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