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™



Cranfield

University B aC k g rO U n d

Cooling walls
- g ——————= thin alkali layer
— _:hﬁ_«:?_;;&,:,:;;g; molten slag
7 X K e Pz -~ ~ = o
Inherent Minerals ZpX e X A WX Ty = fused ash particles
minerals

7 _ Char conversion
in coal particles , in reducing atmosphere

=

S °
Heating = Combustion 5 3 Fragmentation ﬂ C? Fly
H

pyrolysis y f o *

\ ,0 / * Het%rogef}eous
NaCl me condensauon \l
COz KCI 28
Ash +
Air N, Coalescence ax1Run

SiO E~ Homogeneous
MgO 28 condensation particles

SO
o
Ash 0.
% Heating -1 > 10 + SOum

Solidification particles ]
Extraneous Minerals Fusion
minerals decompositions in oxidizing atmosphere

Mineral matter transformation mechanism (Tomeczek and Palugniok, 2002)



Cranfield

University B aC kg rO U n d

Conseqguences (Rushdi et al., 2005a; Wactawiak and Kalisz, 2012)

» Insulation of heating surfaces and deterioration of boiler thermal
efficiency.

» Corrosion of tubes leading to outages.
» High maintenance costs.

Deposit on real superheater tubes
(Tomeczek and Palugniok, 2004)

Fouling in heat exchangers (http://scopewe.com)
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» Ash collection

» Deposition flux [mg/(cm? hr)]

» Ash analysis — Scanning electron microscope

» Ash particle size distribution - Laser diffraction




Cranfield |\/|eth0d0|09y

University

CFD Modelling
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Navier-Stokes) A -
Geometry ‘ 4) [ﬁgg:llélon
and mesh 3) Particle
‘ trajectories

2) Flow gas
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Cranfield combustion rig
geometry

UDF (User Defined Function)
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MODIFIED FLUENT UDF: DEFINE_DPM_EROSION Y
Deposition flux:

dm .
Mrora = Pror d—ApS in(y) + m¢ 4 [kg/(m? s)]

Pror = Ps+ Pp—PgsPp

P;= surface stickiness probability= f(vapour condensation)

Pp= particle stickiness probability = f(ash composition, ash T) — critical
viscosity model

m.= condensation flux
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MODIFIED FLUENT UDF: DEFINE_GRID_MOTION

(mf,A)i
p dep

6i= ) A

Paep = deposit density [kg/m3];

§;= deposition thickness at node i [m]; /

t = time [S].

Xp= Xp + 8;cos 0 — « Deposit shape
Yp=Yp t+ 8;sin 6  Deposit temperature
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MODIFIED FLUENT UDF: DEFINE_PROFILE
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Results and Discussion

Ash Analysis
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Modelling — Particle trajectories and deposit shape
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'/ Model Validation
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In Fluent to predict
deposition in Cranfield
combustion rig

\

/Developed CFD models )

)

{

*Ash particle trajectories (DPM)
Modified UDFs:

Model validation

M

Experimental
Investigation of
deposition on heat
exchangers in pilot
scale testing

odel boundary

*Deposition flux (DEFINE_DPM_EROSION)
*Deposit shape (DEFINE_GRID_MOTION)
*Deposit temperature (DEFINE_PROFILE)

Predictions:

Deposition fluxes, deposit shapes...
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-Daw Mill and Miscanthus 12 wt.%

*Ash composition and fly ash particle size
distribution analyses

*Deposition flux measurements

*Deposit shapes
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