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Introduction

Entrained-flow gasifiers of new generation are characterized by operating
conditions so as to favor ash migration/deposition onto the reactor walls,
whence the slag flows.
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Historical overview of numerical particle deposition models
Particle viscosity, sticking probability, slagging indices:

— Baxter and Desollar, Fuel (1993): ADLVIC Sandia National Laboratory model, include a
particle cloud model with its interaction with a boundary layer to estimate deposition
rate in function of operative conditions;

— Richards et al. (1993); Lee et al. (1993, 1995); Wang and Harb (1997); Seggiani, Fuel
(1998); Tominaga et al, (2000); Barroso et al., Fuel Proc. Tech. (2007); Degereji et al.,
Fuel (2012), particulate deposition on the wall occurs if either the ash particle or ash

layer on the wall has a viscosity lower than a critical viscosity

— Fan et al., Fuel (2001); Fang et al., Fuel Proc. Tech. (2010), impaction rate and
sticking probability

— Lee & Lockwood, Prog. En. Comb. Sci. (1999); Costen et al., Proc. Comb. Inst. (2000),
impaction rate dependent upon critical velocity to penetrate the boundary layer.

— Benyon (2002), a posteriori model, with inertial impact being the dominant form of
deposition mechanism. Adhesion depends upon particle temperature, angle of impact,
presence of a liquid slag layer and particle velocity

— Pyykonen et al. (2002) inertial impaction and turbulent impaction considered separately,
impact rate proportional to turbulent boundary layer structure parameter z,,.



Introduction

Studies concerning the fate of char/ash particles as they impinge the slag
have focused on single particle impacts, developing deposition criteria
based on a critical viscosity.

f’l_ Istituto di Ricerche
r L\ ~ sulla Combustione



Micro-mechanical inspection of particle-wall interaction
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Micro-mechanical inspection of particle-wall interaction

» Shimizu and Tominaga, Fuel 85 (2008) @ O o
a model of char capture by slag surface that
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Micro-mechanical inspection of particle-wall interaction

« Lietal Energy Fuels 24 (2010) T ”
different levels of stickiness probability / ?\/@ %*ﬁ%
depending upon conversion rate

« Akiyama et al. / Fuel Proc. Tech. 92 (2011) . f",',gff“_gmm
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Introduction

In previous works from this research group, a different perspective has
been adopted to study particle-wall interaction, and several regimes of
particle entrapment inside the molten slag or carbon-coverage of the slag
layer have been identified.
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Introduction and Motivations

Montagnaro & al., En. Fuels (2011)

Solid wastes supplied by ELCOGAS, from
Puertollano (Spain) gasifier. |
Remarkable carbon

content (9.3%) with

patches having carbon

o contents as high as
= 48.8-54.2%.
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Introduction and Motivations
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Introduction

Entrained-flow gasifiers of new generation are characterized by operating
conditions so as to favor ash migration/deposition onto the reactor walls,
whence the slag flows.

Studies concerning the fate of char/ash particles as they impinge the slag
have focused on single particle impacts, developing deposition criteria
based on a critical viscosity.

In previous works from this research group, a different perspective has
been adopted to study particle-wall interaction, and several regimes of
particle entrapment inside the molten slag or carbon-coverage of the slag
layer have been identified.

In this work, the possible role of particle-particle interaction close to the

wall (and not only there) is investigated by means of numerical simulations.
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Limiting particle-wall micromechanical interactions regimes
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Different patterns on the basis of
the stickiness degree of the wall
layer and of the impinging char
particle.

The material laying on the wall is
sticky when the wall temperature
IS so high that the ashisin a
molten status (liquid slag layer). In
addition, it must not be extensively
covered by non sticky char
particles.

The char particle is sticky when
its temperature is beyond a critical
value and the carbon conversion is
beyond a given threshold. If one of
these conditions does not apply,
the char particle is non sticky.



Numerical model

dui np
7= (Fnyj + Fui) + Feon + Fy
]:

m;

dw; np
li dtl N z (Teij + Trij)

J=1

Frij = —knijdnij = YnijVn,ij |Feij| < tis|Fnyjl
Fiij = —keijdeij — Vi,ijVtij
Soft sphere spring—dashpot
F.,, = cAn, c = 105 N m-2 Hertzian contact model.
Wyelij .
T, = pr|Fypl R;

Discrete Element Method

|wrel,ij |
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Numerical model

5
Veij = —2 gﬁ m*Sy S = 8G” /R*6n,ij Soft sphere spring—dashpot
Hertzian contact model.

Regime “i4” psi; and . ;; [-] p [kg m'3] Coefficient of restitution &
Y [GPa], v . .
W 3 (any interaction) considered as the main
(any mteractlon) 1100, par ameter:

DEESTEEE  09,0.1,04,01 0.3, 5%10°3, 5x10-3, 5x10-2 3
EEETEE 0.1,09,09,09 5x10-%,0.3,0.3,0.3 0.37 non sticky - ¢ = 0.9

0.1 5x10-2 (any interaction) anv regime
w (any interaction) (any regime) sticky - =0.1
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FVzmpg'l'Fdrag

3prm
— p 24
Fdrag — 4 CD (uf - up)|uf - up| CD = R_ep (1 + 0.15 Reg'687) Re

Numerical configuration

LIGGGHTS DEM solver
(open source, CFDEMresearch GmbH, Austria)

Rey = 0.02m

H=03m

(the geometry mimic the experimental cold flow
reactor laboratory apparatus adopting solid or
molten wax, Troiano et al., Fuel (2014) )

Time step = 108 s (108 s for SW-SP)
N, contemporary in the domain at steady state:
from 1.8 x 10°to 2.6 x 10°

Volume fraction at insertion = 0.04

Upo = 2.5ms? 0,0 = 28°

Uf max = 0.04 m st
Particle flux in the area of first impact of about
30x10° n, m=2 s
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles distribution patterns
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Computed particles average fields
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Computed particles average fields
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Computed particles average fields

Recirculation region along the axis
Maybe relevant only in small scale reactors
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Computed particles average fields
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Computed particles average fields

( Recirculation region along the axis increases with

wall stickiness
Maybe relevant onlv in small scale reactors
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Computed particles average fields

050 0.01 0.03 0050001 003 005
r[m] r[m] r[m] r[m]

NSP-NSW SP-NSW P-SW SP-SW

Initial jet penetration changes with particles
stickiness (slightly increases with wall stickiness)

0 0.01 0.03 0050001 0.03

Average axial velocity of




Computed particles average fields
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Computed particles average fields
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& Non Sticky Walls “mputed particles average fields
1) First reflection on wall

2) Second reflection on axis
\ Maybe relevant only in small scale reactors J
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Conclusions

Detailed DEM numerical simulation of collision effects of non sticky
(unconverted char) and sticky (molten ash) particles has been carried out.

Dynamics of intra-particles collision strongly affects
the effective distribution patterns.

Numerical simulations indicate that a segregation and coverage regime can
likely occur on sticky walls (walls covered by a slag layer).

This hypothesis is enforced by the behavior of sticky particles that on average
keep floating above the surface of a sticky wall.
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Future work
Stickiness associated with changes in restitution coefficient:
non sticky - & =0.9; sticky -e =0.1

is this really the only parameter to take into account (what about friction
coefficients, cohesion, PSD)?

Effect of velocity and angle of impact
Effect of particle’s Stokes numbers

Effect of particle flux intensity (number of particles < number of collisions)

Effect of geometry size
Effect of injection type (tangentially fired, top fired, cross fired, ...)
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