-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Archive Ouverte en Sciences de I'Information et de la Communication

archives-ouvertes

Intensification of phosphate fertilizers granulator using
CFD: transition phenomenon investigation FuturE work
& perspectives
Safae Elmisaoui, Lhachmi Khamar, Saad Benjelloun, Mohamed Khamar, Jean
Ghidaglia

» To cite this version:

Safae Elmisaoui, Lhachmi Khamar, Saad Benjelloun, Mohamed Khamar, Jean Ghidaglia. Intensifica-
tion of phosphate fertilizers granulator using CFD: transition phenomenon investigation FuturE work
& perspectives. SYMPHOS 2019, Oct 2019, Benguerir, Morocco. hal-02314059

HAL Id: hal-02314059
https://hal.archives-ouvertes.fr/hal-02314059
Submitted on 11 Oct 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://core.ac.uk/display/231927653?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.archives-ouvertes.fr/hal-02314059
https://hal.archives-ouvertes.fr

MSDA e
MODELING SIMULATION | ) \\“ '*//
& DATA ANALYSIS bl sl Mg disgle P

Université Mohammed V de Rabat

Intensification of phosphate fertilizers granulator using CFD:

transition phenomenon investigation

Safae ELMISAQUI*?, Lhachmi KHAMAR?, Saad BENJELLOUN?, Mohamed KHAMARP¢, Jean Michel GHIDAGLIA®¢
2 MSDA Université Mohammed VI Polytechnique, Lot 660 Hay Moulay Rachid, Benguerir 43150, Morocco
b L.GCE, EST Salé / Ecole Mohammadia d’ingénieurs, Avenue Ibn Sina B.P 765, Agdal Rabat 10090 Maroc
€ CMLA, ENS Cachan, 61, Avenue du Président Wilson, Cachan 94235, France
4 LIPIM, ENSA Khouribga, Université Moulay Slimane Bd Béni Amir, BP 77, Khouribga - Maroc

GENERAL CONTEXT

The granulation, using rotary drums technology, is an essential operation unit to form granules with good quality in many industries such as food
processing, pharmaceutical, and mineral processing. The main objective of this work is to evaluate the effects of the key operation parameters of
this process, especially the rotational speed on the behaviour of multiphase flow within an inclined rotary drum granulator by the use of
computational fluid dynamics (CFD).

MATHEMATICAL MODEL CAD MODEL AND MESHING

The Eulerian model that we used allows to simulate fluid-fluid and  The reliability of each simulation results is based on the generated mesh
fluid-solid multiphase flows. Navier Stokes equations are presented  performance. Using Design Modeler 19.1 we developed the granulator
by Euler-Euler approach and coupled to the Kinetic Theory of  geometry and we meshed it under ANSYS Mesher. A coarser, medium
Granular Flow model. and refined meshes had been generated, respectively (Fig.1).
The continuity equations for gas-solid mass conservation are:
XD V. (a7 =0 & 24V (a7)=0
v, and v, are the velocities of air and fertilizer particles.

The gas volume Vy, fis defined by : V; = [ a, dV.
The conservation of the gas and solid momentum is given by

the following equations: o
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Where Fy, Fyiqt , and F,,, are external body force, a lift force and a virtual mass

force, respectively and K, is the momentum exchange coefficient Fig. 1: Meshes for mesh convergence study

The model is discretised using finite volume method, and The First-Order-Upwind-method was used for interpolating the cell centre values to the
cell boundaries

RESULTS AND DISCUSSION

The rotary granulator was set to different rotational speeds (8, 16, 24 and 32 rpm) in order to analyze the different regimes of solid motion. The
results in Fig. 2 show the transition between the known typical transverse bed motions (rolling, cascading, and cataracting) during rotation. When
the speed increase the arch of the kidney-shaped bed increase.

The simulation results are
compared with published
experiment and simulated
data (Santos et al 2013) for
model validation.

The hydrodynamic of the
solid phase present atq
transition inside the vessel

at different levels,
depending on the
inclination angle degree.
This shows the importance
of the rotational speed in L,
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optimizing the granulation
process. Each efficiency in
monitoring the granulator
key parameters will control
the hydrodynamic flow ¢
that govern the chemical
reaction progress.
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Fig. 2: The distribution of fertilizer particles in different rotational speeds, and instants

FUTURE WORK & PERSPECTIVES

Our research work is open to different directions. Many studies will be carried to evaluate the effect of the key operating parameters on the hydr-
odynamic flow within the rotary drum granulator and the evolution of fertilizer particles distribution as a function of time, for different granulator
rotation speeds. Also the geometry characteristics impact (inclination angle) will be investigated. The chemical reaction will be added to correlate
the physical to chemical aspects of the process. Hence, the CFD simulation can be the efficient tool for an intensified granulation process,
respecting the physicochemical properties of the product.
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