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l Introduction 

This stud y reports modeling results of the primary combustion zone of the Holstebro
Struer waste furnace. The goal is to produce boundary conditlons to the reburning 
zone calculations from the primary zone simulations of the furnace. 

The final goal of the reburning zone calculations is to prediet the reburning effects 
of introducing reburning fuel in the reburning zone. 

The simualations are performed by the computer code KAMELEON-REBURNING 
developed at NTH/SINTEF Division Thermodynamics. 

2 The field models 

The KAMELEON-REBURNING simulator solves the governing partial differential 
equations for the different field variables describing a furnace problem. 

The solved equations are: 

• Three equations for the velocity. 

• A pressure correction equation ( coupled to the continuity equation). 

• Two equations for the k- E turbulencc model. 

• The enthalpy equation. 

• The species mass fraction equations. 

• Two equations for the soot model of Magnussen. 

The field variables are averaged turbulence quautities and the averaging procedurc 
of the governing equations produce additional terms that must be modeled in order 
to close the set of equations. 

The k - E model is introduced in order to close the turbulence transport terms. In 
addition a closure model for the average reaction rate must be included and the 
"Eddy Dissipation Concept" of B.F. Magnussen is chosen. 
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In a furnace, most of the heat exchange between the flow field and the wall is 
governed by radiation, hcnce a radiation model must be included to express the 
sink/source terms in the enthalpy equation. The rnadel adapted is the diseretc 
transfer rnadel of Shah. 

All t hese models are describerd in previous reports of the" Modeli ng and Reburning" 
project. 

The KAMELEON~REBURN1NG has a pre- and post-processor designed to easily 
specify a typical reburning case and to give a proper understanding of the three 
dimentional calculations performed. 

3 The furnace model 

The combustion of garbage in the Holstebro-Struer furnace is performed on a grate 
divided into three different parts. The combustion process is very camplex and 
in volves drying of the garbage, gasification of combustible material and humout on 
the grate. The evaporation is governed by the net radiation from the combustion 
gases and furnace walls to the grate. The temperature in the solid- and gas-phase 
on the grate is determined by the intemal heat exchange processes on the grate and 
the net radiation from the combustion chamber. 

The reactor consept described in the 1993 annual report of the "Modeling and 
Reburning" project, is the simplest description of the grate combustion possible if 
full interadion between the gas and solid phase should be taken care of. However, 
it has the advantage that i t can be extended to handie finite transfer processes of 
mass and energy. 

This reactor consept is currently not included due to problems with the eaupling 
between the reactors and the rest of the computat.ional domain. 

The preliminary version of the primary combustion zone rnadel is restricted to an 
overall balance of heat and mass transfer. 

The grate is divided into three parts: 

l. Evaporation of H2 0 from the garbage and gasification of garbage to CHaOH. 

2. Gasification of the garbage producing C H3 0 H and C02 plus part. ly combus
tion of CH30H to C02 and H20. 



3. Burnout of the garbage producing C02 and H20. 

The garbage are feeded inta the furnace at a rate of : 

m,., = gooo kg/h 

and the air feed are: 

)i.,, = 47105 Nm3 /h 

The garbage can be divided inta three different components 

W ater 
Dry garbage 
As h 

26% 
24% 
48% 

2340 
2160 
4500 

The air is supplied through three different devices: 

Through the grate 
Through wall nozzles 
Through porous wall 
Total 

65% 
24% 
11% 

30618 Nm3/h 
11305 Nm3 /h 
5182 Nm3/h 

47105 Nm3 /h 

The enthalpy of reaction of the garbage is given as: 

6H,., = -l0253kJ/kg 

By definition: 

where H p,. is the enthalpy of stable products in gas phase at the inlet temperature 
of the garbage. 

This can be divided into: 
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This gives the enthalpy of reaction of dry garbage is given as: 

. . . 
A ffigar AJ{ ffiwat / ffiask h 

L:J.HR = -.-L:J. gar- -.-- tjg,wat + -.- ash 
ffidry ffidry ffidry 

If we assume that same of the thermal energy released in the combustion process 
has been radiated to evaparate the water in the garbage, the heat of reaction must 
be reduced to preserve the overall energy balance. 

which gives 

If we assume the ash to be a s table product, we have: 

The composition of the dry garbage implies the following equivalent chemical far
mula: 

w hi ch gives a stoichiometric equation like: 

C20 H260 11 .5 + 20.75(02 + 3.76N2 ) = 20C02 + 13H2 0 + 77N2 

On mass basis we have : 

l kg Fu + rjukg Ox ~ (J + r·Ju)kg Pr 
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and the mass product to mass fuel ratio is given as: 

(l+ TJul =(l+ "Jul· (aco, + <YH,ol 

where acoz and CI'H20 are the stoichiometric co2 and H?. O ratio of the products, 
respectively. 

The stoichiometric mass fractions of species involved are given as: 

l 
Yju,st = -,------,.:C,,---

1 +4.29r/u 

l+ T ju 
O' C O z 

l + 4.29rju 

The use of heat of formation in the energy balance, demands convet-ting the heat of 
reaction to heat of formation of the fuel. 

hjuYju,st + ho2 Yo2 ,st + hN2 YN2 ,st + Yju,sti::!..HR 

= hco2 Yco2 ,st + hH20YH2 0,st + hN2 YN2 ,st 

This gives: 
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The adiabatic temperature is found from: 

where: 

T,, 

(}p = (T ~T.) j (Yco2 ,stCP,c02 + YH2 0,stCP,H2 0 + YN2 ,stCP,NJdT 
ad O To 

or 

From the stoichiometrlc equation and the relations above1 we get the following quan
tities: 

r ju 1.48 
aco2 0.79 

CXH20 0.21 

Yru,st 0.136 
Yo2,st 0.201 
YN2,st 0.662 
Yco 2 ,st 0.267 
YH2 0,st 0.071 
To 373 K 
ho2,373 71.0 kJ/kg 
hN2 ,373 79.6 Id/kg 
hco2 ,373 -8875 kJ/kg 
hH2 0,373 -13291 k.J/kg 
h ju,373 -14162 Id/kg 
H(373)R,.,,, -1859 Id/kg 
T,, 1506 K 

Part 3 - Burnout 

We assume the burnout to occure with excess air equivalent to twice the stoichio
metric requirement. 
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The reaction at part 3 of the grate will t hen be given as: 

C201l,s0n.s + 41.5(0, + :l.76N,) = 20CO, + 13H,O + 20.750, + 151N, 

The air flow through the third part of the grate is 5 % of the primary air supp\y. 
Hence: 

m,,, = 1874 kg/h 

This gives: 

and: 

l 
Y,., = = 0.073 

l+ 2 · 4.29rfu 

2 · 3.29!'Ju 
YN, = 2 4 29 = o. 711 

l+ " · T" ju 

0.216 

y, -a l+rru 
oo2 - oo21 + 2 . 4_zgrfu = 0.143 

The following parameters will then describe the condition on part 3 of the grate. 
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Area A, 15.6 m' 
Mass flow, air ffiair 1874 kg/h 
Mass flow, garbage mgar,3 148 kg/h 
Mass fraction, 0 2 Y o, 0.108 
Mass fraction, N2 YN, 0.711 
Mass fraction, H20 ylhO O.Q38 
Mass fraction, C02 Yco 2 0.143 
Enthalpy, reactants HR,.(373) -961,89 Id/kg 
Densit y P1 0.340 kg/m3 

Velacity v 0.106 m/s 
Temperature T, 1050 K 

Part 2 - Gasification, Combustion 

As a first estimate, the garbage is assumed to gasify and partly burn at the seeond 
part of the grate. Because the fuel contains oxygen, an equivalent fuel gas should 
also contain oxygen. This leads to the choise of methanol {C H30 H) as the fuel gas. 

S-tco,., cf 
The air flow through the ~ part of the grate is 60 % of the primary air supply. 
Hence: 

m,,2 = 22490 kg/h 

By assuming stoichiometric air supply for gassification/ combustion, we have: 

The garbage converted at part 2 of the grate will then be: 

m 9ar,2 = mp,Z = 3542 kg/h 
4.29rju 

By assuming thermodynamic equilibrium among the species CH30H,02 ,N2 ,C02 , 

and in addition assuming that 37.5% of the methanol is converted to co2 and 1120, 
we get the following composition: 

g 



Area A, 17.2 m' 
Mass flow, air m-air 22490 kg/h 
Mass flow, garbage mgar,3 3542 kg/h 
Mass fraction, CH30H YcH3 o 0.04 
Mass fraction, 0 2 Ya, 0.059 
Mass fraction, N2 YN, 0.659 
Mass fraction, H20 YH10 0.027 
Mass fraction, C 02 Yco 2 0.215 
Enthalpy, reactants HReo(373) -1859,89 kJ/kg 
Densit y P t 0.412 kg/m3 

Velacity v 1.02 m/s 
Temperature T, 896 K 

Part l - Evaporation/Gasification 

Evaporation and gasification is assumed to occure at the first part of the grate. 

rhgar,l = 810 kg/h 

Consequently the excess air factor is given as: 

,\ = mp,l = 2.67 
rhgar,l · 4.29rju 

Area 
Mass flow, air 
Mass ftow, garbage 
Mass ftow, H20 
Mass fraction, CH30H 
Mass fraction, C02 

Mass fractlon, 02 
Mass fraction, N2 
Mass fraction, H20 
Enthalpy, reactants 
Densit y 
Velacity 
Temperature 

ffiH20 

YcH3 0H 
Yco2 

Ya, 
YN, 
YHzO 

HReo(373) 
P t 
v 
11 

11.7 
13734 

810 
2340 

0.022 
0.063 
0.152 
0.623 
0.139 

-2463,9 
0.828 
0.484 

400 

m' 
kg/h 
kg/h 
kg/h 

Id/kg 
kg/m3 

m/s 
K 

This is a simplified representation of the combustion in the prirnary zone. 
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4 Computational results 

The primary cornbustion zone has been modeled as described above. At the present 
stage, loss of energy through the walls has not been modeled, hut for the simula
tion with the radiation rnadel included, the wall temperatures has been found by 
assuming adiabatic walls with an emissivity of 0.85. 

The primary combustion zone of the Holstebro/Struer furnace has the maximum 
dimensions (12.65m,3.9m,8.85m) in the x,y,z directions. The XZ-plane is parallell 
to the grate velacity and normale to the grate surface. It is said to be positioned 
along the grate. 

Figure l, 2 and 3 show the ftow field in the furnace w hi ch is dominated by the 
wall-jet injection of secondary air with high velacity into the furnace. In addition 
the buoyancy effects due to the heat release through combustion is a major factor 
infiuencing the flow field. 

Figure 4 and 7 show the temperature variation half way to the center of the fur
nace given in a vertical plane along the grate. Figure 4 shows calculations where 
no radiative effects have been added, while figure 7 reflects the conpling between 
radiation and the enthalpy equation. 

The higest temperatures will occure just above part 2 of thegratesince the rcactants 
from this part are premixed with stoichiometry equal to one. When the secondary 
air is mixed with the products, the temperature is lowered considerably. 

The effect of radiation is clearly seen on the temperature which is lowered approxi
mately 100- 200 K w hen the radiative source term is included in the energy equation. 

Figure 5 and 8 show the temperature variation at the center of the furnace given in 
a vertical plane along the grate. Figure 5 shows the calculation where no radiative 
effects have been added, while figure 8 reflects the eaupling between radiation and 
the entha1py equation. 

Again the highest temperatures will occure just above part 2 of the grate because the 
reactants from this part are premixed with stoichiometry equal to one. Campared 
with figure 4 and 7 the high temperature region in the center is located doser to 
the grate than these two figurcs illustrate. This can be explained by analysing the 
flow field which at the center of the furnace shows that the wall jets are forming 
a stagnation point, forcing the flow towards the ceiling and the grate. Hence this 
rnamentum oppose the buoyancy an keep the hot region doser to the grate. 
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Figure 1: Flow field shown m a plane normal to the Y-axis (Y= 0.924 m). 
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Figure 2: Flow field shown m a plane normal to the Y-axis (Y= 1.925 m). 
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Figure 3: Flow fields in the YZ plane for X = 7 .Om and X = 11.3 m 
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Figure 6 and 9 show that the temperature distribution is rather uniformacross the 
gr a te. 

Temperature (K) 

Plane: y, 0.924 

x 

1300.0 

1200.0 

1100.0 
1000.0 

900.0 
800.0 

700.0 

368.0 

Figure 4: Temperature (K) showninaplane norma1 to the Y-axis (Y= 0.924 m). 
No radiation 

Figure 10 shows the radiative heat load on the wall, parallell to the grate, and the 
maximum flux is clearly seen to follow the region of highest temperature above the 
grate. 

Figure 11 shows the adiabatic wall temperature along the grate calculated on the 
basis of the radiative balance between the wall and the flow field. The area just 
above the grate which has the discontinuities in the iso-temperatures, represents the 
porous wall area with air supply for wall cooling purposes. We see t hat except for 
the porous area, the temperature field correspond to the radiativc heat load on the 
wall. 
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1100.0 
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Figure 5: Temperature (K) showninaplane normal to the Y-axis (Y= 1.925 m). 
No radiation 
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Figure 6: Temperature fields m the YZ plane for X 
radiation model 
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Figure 7: Temperature (K) showninaplane normal to the Y-axis (Y= 0.924 m). 
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Figure 8: Temperature (K) showninaplane normal to the Y~axis (Y= 1.925 m). 
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Figure 9: Temperature fieldsin the YZ plane for X= 7.0m and X= 11.3 m 

20 



Radiative flux (WfmA2) 

Plane: y, 0.0 

]: 
N 

x 

Figure 10: Radiative heat load (W /m2
) on the wall (Y= 0.000 m). 
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Plane: Y= 0.0 
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Figure 11: Wall temperature (K) (Y= 0.000 m). 
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5 Conclusions 

The simulations give physical realistic results and show the interadion between 
different physical processes such as air injection and buoyancy. 

In addition this simple grate rnadel takes care of the overall heat and mass balance 
and hence obey the global conservation laws. 

The rnadel may be used to study how the change in process parameters affects the 
local processes in the furnace. 

The results are well suited to produce input conditions for the reburning zone cal
culations. 
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