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Outline

Introduction — modelling of dispersed gas-solid flows

Stochastic particle-particle collision model — overview

Algorithm of the collision model

Validation of the collision model

— Test case description

— Comparison with experimental results

Summary and advisable extensions

Outline of the presentation
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Modelling of highly loaded dispersed gas-particle flows

« Two common techniques for dispersed gas-solid flows:
— Euler-Euler
— Euler-Lagrange
 Euler-Lagrange model is suitable only for dilute flows
— two-way coupling
« For highly loaded gas-solid flows, four-way coupling is essential
— interaction gas  particle
— momentum transfer between particles  collisions

— realisation by the presented model

Modelling of dispersed gas-particle flows
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Stochastic particle-particle collision model

Sequential trajectory calculation
Presence of neighbouring particles is taken into account

Creation of a virtual collision partner according to local statistical mean
particle properties

Calculation of a collision probability
Random process decides whether or not a collision takes place

If it occurs the collision is calculated deterministically

Enormous computational effort by simultaneous tracing of all particles is
avoided

Collision model is of iterative nature

Stochastic particle-particle collision model, conception
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Requirements for applicability

High mass loading
moderate volumetric concentration (<~ 20%)
Only binary collisions
— inter-particle distance >> particle diameter
aerodynamic forces dominate
not suitable for fluidised beds
— I'p>>Tgas

Spherical particles

Stochastic particle-particle collision model, requisites
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Algorithm of the collision model (1)

Navier-Stokes solver Lagrange solver

A A A

next current
trajectory trajectory

averaging procedure Collision model
subroutine,

User
FORTRAN

all trajectories
calculated? no

current
trajectory
complete?

yes

Stochastic particle-particle collision model, algorithm

Supported by BAYERN-CHEMIE / PROTAC Joint Venture of EADS and THALES




der Bundeswehr Faculty of Aerospace Engineering

Universitat j(.f']i M L}inchen Thermodynamics Institute

Prof. Dr. rer. nat. M. Pfitzner, Prof. Dr.-Ing. Ch. Mundt

Algorithm of the collision model (2)

InStantaneous Collision model

Lagrange
solver

velocity P2 subroutine,

. \ User FORTRAN
collision frequency

! —{ position P2

collision probability

- ~ deterministic

local time step Ty

of collision

collision?

sliding ] [ non-sliding ]

velocitiesl no \ /

velocities

Stochastic particle-particle collision model, algorithm
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Algorithm of the collision model (3)

Navier-Stokes Lagrange instantaneous Collision model
solver solver \ velocity P2 subroutine,
4 T b J User FORTRAN

collision frequency

averaging : y . »
procedure collision probability position P2

\ S

v . v

- 4 TR
local time step | deterministic
calculation

all -
| of collision |

trajectories - /\
calc.ed?
[ sliding ] [non-sliding]

current \ /

trajectory
complete?

Stochastic particle-particle collision model, algorithm
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Instantaneous velocity of the virtual particle P2

* Velocity of P2 comprises:
— a mean part from the local average values

— a fluctuating part including a correlation term between the two particles due to
Sommerfeld [3,4] and a random term

————

%,

— correlation function is determined by LES of a homogeneous isotropic turbulence
field

R (Ste) = exp (—[].5.5 %’r?Jx)

* Angular velocity of the particle is calculated the same way
— no correlation between particles

Instantaneous velocity of the virtual collision partner
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Collision frequency, probability and time step

» Collision frequency depends on:
— particle number density np
— diameters of real and fictitious particle
— instantaneous velocities of both particles

e Collision probability  function of collision frequency and time step

— decision by means of a uniformly distributed random number
e Lagrangian time step limited for stability and accuracy reasons

Collision frequency, collision probability and time step
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Position of the collision partner

« Stochastic determination o, e
 Probability equally distributed over Pastile Iy

Cross section

™,
NP .
~ Collision cvlinder

Deterministic calculation of the collision

« Distinction between sliding and non-sliding collision
o Determination of transferred momentum

Position of the virtual collision partner and calculation of the collision
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Implementation in ANSYS CFX

User Fortran subroutine in FORTRAN 77

Link to the CFX solver by an interface provided by ANSYS
Four-way coupling is made available for gas-solid flows

The model is contained in the next version of CFX (11, Beta-status)

Current limitation

No particle rotational motion
Simplified particle-wall collision treatment

If this aspect is improved in future inter-particle collision model
will account for angular velocities

Implementation of the collision model in ANSYS CFX, limitation
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Validation by experiment of Fohanno & Oesterlée [6]

Experiment was arranged exactly for this purpose
Enforced crossing of trajectories

Flow induced by gravitation
Particle
supply

Glass particles, d, = 3 mm

rP — 2500 kg/m3 O s\.\\\“\w

Collision effects dominate

:
.
:
Plane of
visualisation
.

Description of the validation experiment

Supported by BAYERN-CHEMIE / PROTAC Joint Venture of EADS and THALES

0.573 0.764 (m)




der Bundeswehr Faculty of Aerospace Engineering

UniverSit('jt jﬁs M ljﬂ ChE’ﬂ Thermodynamics Institute
I Prof. Dr. rer. nat. M. Pfitzner, Prof. Dr.-Ing. Ch. Mundt

Comparison of particle trajectories:

Particle residence time
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Particle trajectories without / with collision model
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