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A Introduction

AExampIes of using CFD for raw materials processing
A Simulation of hazardous waste combustion
A Simulation of transient heating of dredging impellers

Summary
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AHistory of using PHOENICS

A Simulation of off-gas cooling in waste-heat boilers for
copper flash smelting process. (1992 i 1997 HUT)

A Simulation of gas flow and slab heating of steel reheat
furnace. (1997 i 2000, HUT and TU Delft)

A Flow and combustion modeling of hazardous waste
Incineration in rotary Kilns. (1999 i 2004, TU Delft)

A Predicting the fuel combustion and transient heating process
of metal components. (2003 i 2004, TU Delft)
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Off-gas cooling & dust flow in WHBs
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AUse of CFD in Raw Materials Processing at TU Delft

A PHOENICS:
A Education (1998-) : ftransport phenomena
processingo , Case studies in Cor

A Steel flow in tundish,

A Off-gas cooling in boilers,

A Heat loss from furnaces and reactors,
A Transient cooling of steel slabs

A MSc. thesis research : 5 students
A Project research : modelling of hazardous waste incineration

A PhD research projects
A Hot metal flow in an ironmaking blast furnace hearth (CFX)

A Aluminium scrap melting in a rotary furnace (CFX)
A Submerged arc furnace for phosphorus production (Fluent)
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AKey Issues and challenges

A Fuel stream modelling
A Waste combustion modelling
(CFD)

A Construction of cylindrical kiln and
rectangular secondary combustion
chamber (SCC)

Secondary
combustio
chamber




ARotary kiln + secondary combustion chamber (SCC)

AWaste supply
A ~30 MW, 7.2 t/h
A Main burner ~11.5 MW
A Sludge burner ~4 MW
A Solid burner ~11.5
A SCC burner ~3 MW
A Fuel lances: non-regular

A Air supply
A Load chute
A Cooling ring
A Air lances (SCC)
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Ap p 0 aCh Waste characterization

Virtual fuel definition

Inlet stream definition
(wastes/water, air)

Temperature CFD turbulent combustion Species
validation model (7-gas) validation

Post-processing
Statistical analysis

Parametric studies

Advice on operation




AAssumptions and physical models
A Gas phase only
(negligence of gasification and vapourisation)
A Turbulence flow: k-e model
A Walls: adiabatic (small wall heat loss)
A Radiation was neglected (adiabatic walls, no effect)
A Kiln rotation: neglected

AWastecombustion:
A Global combustion model (SCRS, 3gas model)

1kg Fuek skgOxidant- (1+s)kgProduct +He

A Extended global combustion model /-Gas model.
(ESCRS, 7gas model) C.H, H,, O, CO,
A Real gas/fuel compounds have to be used CO,, H,0, N,
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From the incineration plant

Original Less known, porly defined
Vf,'gsl?: 1 Chemically Average off -gas composition:
Thermaly 7.5%0,, 69.5%N,,

9%H,0, 14%CO,

Modelled virtual fuel

] Heat of combustio
Assumed Fuel: CH, 7 42,000 kJ/kg

Off gas calculations

C:IOZH 1310110

87.37% 46.3 MJ/kg

|- co 12.38%  10.1MJ/kg

H, 0.25% 120 MJ/kg

%C,H, %CO %H, | | % CO,, O,
A

Heat of combustiop [Heat of combustion |Heat of combustion

r
2

depends on comp| | 10,100 kJ/kg 120,000 kJ/kg
1 1 D
_ Better defined Propyne
Re-defined 1 Chemically
waste * Thermally

]
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Al primary reaction C,H,+1.50, =3CO 2H,
2 secondary reactions

Turbulent combustion rate:
A Eddy breakup model
A Dependent on turbulent mixing

A Fuel concentration + turbulence
A Regulated by CEBU constant (0.1i 4.0 tested, 1.0 used)

Sw= -CEBU min{ m, ra/ ) E
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Stream definition

A Input streams
A Waste streams: multi-fuel streams
A Water content: mixed with wastes
A Combustion air: multi-feeding ports

AZ stream constraint (code)

A Fuel rich stream

A Fuel lean stream .
Main burner

FUEL RICH STREAM
Compound CzH, O, CO H, CO; HO N Total S-burner o4 chute
Percentage 21,64% 15,64% 3,09% 0,000 0,75% 4,41% 54,47% 100,0% .

FUEL LEAN STREAM O 0

Sludge burner
Compound CsH, 0O CcoO H, CO, H,O N, Total
Percentage  0,28% 20,97% 0,06% 0,00% 0,00% 5,64% 73,06% 100,0%

Alndividual stream

X% Fuel-rich + y% fuel -lean




ACarteSian grid P

A 230,000 360,000 cells

A Using solid blockages to o =========:=:==========
form the kiln and SCC,

A Difficult to set B.C. for non -

rectangular shapes. SEseee=ciiissszss

A Burner definition
A 2 stream approximation
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General flow pattern
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