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Introduction

Combustion

» Combustion models

» e.g. LUAT-Essen, LEAT-Bochum, Umsicht-Oberhausen, GKS/Cutec
Schweinfurt)

» Majority-species
» C.H,, CO, CO,, H,0, N,, N,, O,, SO,, HCI

X" y’?
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Introduction

Corrosion

» Minority-species
» Alkali- / alkalineearth- / heavy metals

» Variety of possible compounds

» Limited knowledge of ,Product forming models*
» Lacking of material data

» Complicate validation
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Methods
Ansys-CFX

» One of the 3 great CFD-Codes
» Robust solver

» Good performance (parallel , multigrid-solver)
» Good models for radiation and combustion
» Comprehensive wall-functions
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Methods

CFD-Simulation

» Grate model —
> Species
» GCombustion

—
_—
e T

» Heat exchange

» Further sources / sinks
» Secondary air, SNCR ...




Methods

Validation

» Continous validation with implemented plants



CFD-Studies of waste

incinerations
Brussel - Isle of Man
Gamsen - Neapel/Calabrien
Horgen - Palermo/Casteltermini
Ningbo - Moerdijk
Lippendorf - Halmstadt
Schweinfurt - Sodertalje
Wirzburg - Joenkoeping
Kirklees -
#: weghaus Lg¥ 9



Methods
FactSage / ChemApp

» Unification of FACT-Win and ChemSage in
2001

» One of the largest databases for chemical
thermodynamics in the world

ks i weghaus &»



Methods
ChemApp

» Libraries for intergration into own programs
» Communication over standarised interfaces

» High calculation speed
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Methods
Coupling ChemApp to CFX

» Additional transported species / elements

» Al, Br, Ca, CI, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, S, Si,
Ti, V, Zn

» Implementation of 300 additional variables
» For storing the results of ChemApp-calculation
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Methods

Wall treatment

» Radiation and convection
» Complete wall structure with fouling, refractory, piping

» No usable mechanism for aerosol-deposition
» Not implemented

» Depositon in the boiler < 2% of total aerosol
» Acceptable failure
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Methods

Calculation time

» Net size ca, 1.000.000 cells

» 1 equilibrium calculation ca. 3 -10 s

» Separate coupled nets for CFD and ChemApp
calculation

» Total computation time 4 - 5 days
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Methods

Relevant Species

» 1473 possible species

» Reducing for meaningful species
» Massfraction
» Temperature range
» Not meaningfull (e.g. hydride)
» Not probable (e.g. intermetallic)
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Results
OH-Radicals

| : :: = |mportant reaction
9. 113e+00 partner fpr
—7.811e+00 combustion
6.50%e+00
. = Stable at high
250 temperature
2.604e+00
[ 1.302e+00
3.352e-15
[rg/ka])

29 : gas_ideal - OH
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‘ Results
SO, - SO,

1

\

= Transition from
Soz to SOS with
falling
temperature

Later sulfuric acid
and Sulfate

\
]
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\ Results

KCI

[ 5.619e+00
4.995e+00

—4.370e+00

= Stable up to middle of 1.
pass

3.746e+00
3.122e+00
2.497e+00

1.873e+00

1.24%e+00
[5.2‘13;--!}1
2.646e-21

[maikg])

106 : gas_ideal - KCI
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Results

Little amound at

transition

1./2. pass
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‘ Results

SOIid [3.194e+00
KZSO4 — 2.484e+00

2.129e+00
1.775e+00
=  As mixed phase 1.420e+00
= From 2 paSS tO 1.065e+00
end [?.ogae-m
3.549e-01
0.000e+00

[markg]

177 @ [Li],Na,K__S04,C03(ss) - K2504




‘ Results

Solid
[?.OE‘}EH}D
NaZSO4 —6.184e+00

5.300e+00

4.417e+00

= As mixed phase BRI
- FrOm 2 paSS to 2.650e+00
end 1.767e+00
[3.8349-01

0.000e+00

(Mgl

176 : [Li]NaK__504,C03(ss) - Na2504
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‘ Results

SOIid [1.6239+I}1

1.442e+01

CaSO4 — 1.262e+01

1.082e+01

9.015e+00

= As mixed phase et
5.40%e+00
3.606e+00
1.803e+00

0.000e+00

[mafkg]|

202 : Mg504-CaS04(ss) - Cas04
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‘ Results

1.964e+00
1.746e+00

L.

—1.527e+00

1.309e+00
1.091e+00
8.728e-01

- —6.546e-01

4.364e-01
2.182e-01
0.000e+00

[ma/kag])

- FeCl2

126 : gas_ideal

- FeCl3

127 : gas_ideal
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Results
Fe, O,

= Main component of
ferrous species
in 1. pass

1.180e+00
[ 1.049e+00
—9.177e-01

— 7 .866e-01
—6.555e-01

—5.244e-01

—3.933e-01

2.622e-01
[ 1.311e-01
0.000e+00

[makg])
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‘ Results

Ferrous mixed
phase in rest of
the boliler

[6.9352—01
6.164e-01

—5.394e-01

4.623e-01
3.853e-01
3.082e-01
2.312e-M
1.541e-01
[?.?GGE-OZ
0.000e+00

[mgikg])

209 : LIQUID - Fedl3
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Rsults
PbO

[ 1.096e-01
9.744e-02

—8.526e-02

» Combustion
chamber

— 7.308e-02
6.090e-02
i4.8?2e-l}2
— 3.654e-02
2.436e-02
[ 1.218e-02
8.222e-35

(Mgl

156 : gas_ideal - PbO
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‘ Results

[ 1.996e
1.774

— 1.552¢

1.330e
[1.1099
§.870

- —6.652e

4.435e-
[2.21?e-
6.040e-

[modkg])

159 : gas_ideal -

-0

e-01

-0

-1

-01

e-02

-02

02

02
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Results

Lead-Aluminium
mixed phase

- g
—3.213e-01 ""ﬂi > U b I d
—2.758e-01 ""'“( p tO oller en
—2.295e-01 .--"r

— 1.836e-01

—1.377e-01

9.180e-02
[4.5909-02
0.000e+00

[mgikg])

<@
N
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Results
» Zinc and lead

» Important factor for corrosion
» Low melting eutektika

» In the front area stable as aluminat

» In the back area sulfatic and chloridic mixing
phases
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‘ Results

7.716e-01
[6.8599-01
—6.001e-01
5.144e-01
4.287%e-01
3.42%e-01

2.572e-01

1.715e-01

8.573e-02

0.000e+00

[ma/kag])

Zns04
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Results

> Alumina und Aluminium Silicate

» Delimited stability
K.
» Stable final product "

—7.76d4e-01

> Aluminiumoxide L 5
» Siliciumdioxide 5 1766-01

—3.882e-01

2.588e-01
[ 1.294e-01
0.000e+00

[mafkal)
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‘ Results

1.100e+00
[9.??79—01
—8.555e-01
7.333e-01

6.111e-01

4.88%e-01

3.b606e-01

2.444e-01
[ 1.222e-01
0.000e+00

(Mgl

252 : Si02_quartz(li(s) - SI02_quartz{l)(s)
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Results

» Boundary Conditions

» The total content of species will react
no deposition

» Plausible results for many species

> A lot of surprises

» Complex states in the combustion chamber
cannot be reproduced by ,simple” calculations
without CFD
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Results of Measurements

» Particle and Gas sampling

Probenahme Kesselwand | |
e 300 °C|250 °C
? Verdiinnungs
Schwanenhals- it PTD bl
krlimmer o ‘ —
S L
.................. 1—<_ Konden-
@ _________________ , ] e
/ Zyklon 2
Einlass- Probenahme- L7 et Trocknung
diise v |
sonde A -
/' Verdiinnungsluft lLor_I.l#I]len:
T 11 g == O
Rohqgas ? l—'_ Pumpe
- ’

Analyse Partikelmessung| | Gasanalyse

Online | Offline

- Berner
ELPI T
APS PIXE
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Results of Measurements

» Particle-Analysis

» Impactor-samples with PIXE
» Element distribution

» Dust / Aerosol samples

» Transmissionsrontgendiffraktogramm
» Mineral phases
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Results of Measurements

Z2_0,25-] pm |22 5-20 pm |Z3_ 5-20 pm
P ’ 0,3% 0,3%
S 5,8% 4.2% 4,9%
Zn 3,3°/o 3,9°/o 3,7°/o
Pb 0,8% 1,8% 2,2%
Si 1,8% 6,8% 4,8%
Fe 0,3% 1,5% 1,6%
Mg 0,1% 0,5% 0,4%
Ca 0,8% 5,1% 3,3%
Al 0,4% 0,6% 0,6%
Na 14,3°/o 11 ,2°/o 11 ,2°/o
K 5% 15,4% 13,9%
Cl @ 5.2% 5.1%
Br 0. O,4°/o O,3°/o
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Results of Measurements

Fractions of identifiable phases
Rontgendiffraktometrie

Z2 0,25 - 1um Z25—20 um Z35—-20 um
ZnCI2 (Cii?fb-) pa— sio2 K3Na(S04)2

K3Na(S04)2 Sio2 NaCl KCI
a
KClI
K3Na(S04)2
K-NaCl
Na0.5K0.5ClI
NaCl
K30ClI KCl Na0.7K0.3Cl

High SiO2-fraction -> great part of salts is not well crystallised
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Compartison of Results

FactSage: Hauptspezies bei 600°C

Probenahme, identifizierte Spezies

0% 20% 40% 60% 80% 100% 20% 15% 10% 5% 0%
Si02 T— sio2
ZnAI204(s) | ZnAI204(s)
ZnCl2(g) = znci2(g)
K2ZnCl4 | K2ZnCl4
K30CI E K30CI
| KCl(Mischph.) ' — { KCl(Mischph.) |
KCi(g) [KCli(g)
K, NaCl ——1 K, NaCl
| NaCl(Mischph.) ' ' NaCl(Mischph.) |
K2S04(Mischph.) | K2504(Mischph.)
K3Na(S04)2 ' ] K3Na(SO4)2

Na2S04(Mischph.)
CaS04(Mischph.)
Ca5HO13P3(s)
KAISi206(s)
PbCI2(g)
Fe203(s)
Mn203(s)

NiO(s)
Mg2SiO4(s)
CrSO4(Mischph.)
CrCI2(Mischph.)
(CuCl)3(g)
(CuO)(Fe2083)(s2)
CaTiO3(s)
V205(s)
CuBr3(g)

amorph

| Na2SO4(Mischph.)

| CaSO4(Mischph.)

| Ca5HO13P3(s)

| KAISi206(s)

| PbCI2(g)

| Fe203(s)

| Mn203(s)

| NiO(s)

| Mg2SiO4(s)
CrSO4(Mischph.)

| crei2(Mischph.)
(CuCl)3(g)

| (CuO)(Fe208)(s2)

| CaTiO3(s)
| V205(s)

CuBr3(g)

_ amorph
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Comparison of Results

ZnCl, - KCl
thtSage‘"
500 , | | | | y
LIQUID + KCl(s)
440} |
LIQUID
ZnK,Cl(s) + KCI(s)
3801 |
o LIQUID|+ ZnK ,Cl(s)
=
320 |
LIQUID'+ ZnCl
260} V i
ZnCl,(s) + Zn KClI
Zn,KCl(s) + Zn KCl () Z1C12(®) + 2 2KCl(s)
200 | . . | .
0 2 4 6 8 1

GNWG i weghaus g

mole ZnCY(ZnCL+KCl)
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Summary
» Coupling of ChemApp and CFX

» Fluid-mechanical view of minority compounds
» Reduced Variety of Species

» Results are plausible
» Conclusions for stability ranges

» Validation of Relevance with Measuring-
Results

Gls i weghaus &g
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Summary

» S02/SO3/H2504 shows the expected
deviation

» Cristal phases show slight correlation

» Inhibited acchivement of equilibrium in the gas
phases

» Interesting for the aerosol deposit on walls and
tubes
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