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DECREASED NATURAL GAS CONSUMPTION IN PUSHER FURNACE

PRODUCES ADDITIONAL CO7 EMISSION
M., Boji¢, N., Trifunovic, N., Luki¢, B., Stojanovic,

1. LIST OF SYMBOLS

a oxygen percentage in air, %
B mass-flow rate of fuel, Nm3/s
c specific heat capacity, J/kg-K
F surface, m2

Hy lower fuel-heat value, J/kmol
h

M

m

N

ratio of mass flows of high furnace to mixed

gasses
relative molecular mass, kg/kmol
mass flow rate, kg/s
number of slabs in furnace

. O2mip air minimum, Nm3/Nm3 of b

furnace over pressure, Pa

heat, W

Volumetric composition
envelope-layer width, m

weight of slab, kg

temperature, VC

gas flow rate Nm3/ Nm3 of b
moisture content, g/Nm3

heat transmitance coefficient, W/K
heat transfer coefficient, W/m2-K
furnace openings porosity.
coefficient of excess air

thermal conductivity, W/m-K

flow coefficient

density, kg/m3

time, s

ratio of times of opened door to furnace
operation.
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%

average
fuel

combustion air, cold
dry -

environment
combustion products
gas

high furnace gas, hot
exit
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m mixed gasses
oxygen
normal conditions
furnace openings
natural gas, constant pressure
preheater
floor
indices
indices
correction
heat-recovery device
slab
ceiling
combustion
entrance
water
air,
wall
inside °
outside
j=1-14 1(Hp), 2(CO), 3(CHy), 4(CoHy),5
(CoHg)6 (C3Hg), 7(C3Hg), 8(C4Hj ), 9(COy),
10 (Np), 11 (Hp0), 12(SO»), 13 (H3S), 14 (O9)

- B

Ll o T - - I - T

N=Ng<E2a

2. INTRODUCTION

In metallurgy the industrial pusher furnace is very
important object because of its large energy consumption
and consequently the pollution influence to environment.
Steel-heating process in pusher furnaces depends on
different parameters so as kind and shape of material,
kind and quality of fuel, percentage of oxygen in
combustion air ect. One should take care of the refuse of
energy of combustion products. This can be done by use
of heat-recovery device (HRD) in which combustion
products preheat furnace-combustion air [1].

Here, we try to see the effect of the mixing of natural gas
with refuse high furnace gas and the mixing of oxygen
with combustion air to natural gas saving and CO,p
emission to environment.




3. MATHEMATICAL MODEL

To represent this furnace (Fig.1) we have used bottom-
up analysis as in Ref. 2. We have presented this furnace
with the energy object network (Fig.2): modules of heat
exchangers, combustion and stream mixing. The applied
heat exchangers are purely convective with the constant
coefficients of total heat transfer. On the basis of this
mathematical model we have developed software POTIS
that can be used for the simulation of this furnace
operation.

Equations of the combustion module, the mixing module
of oxygen and air, and equations for mass flow rates of
combustion products, air entering HRD and steel slabs
are [3]

Hd’Omev Vi, 15 =1,2,..,14) = [r[n (=1.2,..,14), a;,
Wy waV =f(ay, aj, Ome’ 1);

mg = Vf B Mf/22 4; my=Vyi B My,i/ 22.4; m=T N/t
mco2 = Mco2 Veoz B/22.4 5 my, = M B (1-h) /22.4
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FIG.1 PUSHER INDUSTRIAL FURNACE
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Fig. 2 Schematics of the energy modules network for the
pusher furnace

where the volumetric data for wet fuels are: Thi» Tnj>

0j» Twj (G=1,2,...,14).Temperature of air wnh mass
flow rate V,; and a; percentage of oxygen at
the exit of the mixing box (mixing of air and
oxygen) and combustion temperature is given
as

twi=(VwuCpwutwutVO° /(CpwiVwi)»

tsg=(Cpm tm+Vwi Spwi twstHa/ (Ve cpp)- ()

Heat consumption by water for the cooling of furnace,
heat lost by radiation, by flame through the furnace
opening, through the furnace wall, heat obtained by the
slab oxidation from exothermic reactions, temperatures
out of convective furnace module, and temperature
correction for this module are given by [3]

Qv-ll my Cpy tyityw): Qg tsg’F of, whofi»

fiu u'ysu’ym) Qis=f( tsptf 1GFL2.-,14), p, m,
Fof wFof,i» ts YsuYsi) Q7= (g (s Fz szj Lzp Fse
Ssc.i J lsc 7 pr, f,_l’ Pf.]) for ]=1,, Qk_f( s)
tfikotsi=T(tsg, Lsu-Mf:Cpfa-Ms:Cpsa
‘ﬁ—‘ﬁk‘(Qv‘*Qr"'Q,s*'l())m+Qz-Qk)/(mf cpp)- 3

General equations governing preheater (counterflow heat
exchanger model) and heat recovery device [3] are

tetsy=f(tf, tsMfCpfa,Ms,Cpsa-Zph)s
153,y =Tt Ly MECRMy, Oy Zp1,Zp0)- @

Total general equation for the whole furnace with the
preheater is

B={f[mgmp b, 2, T, Zpy, Zpp f Tdpj "dOj- Tdwi
(=1.2,.,14), Wy, W, W(, Ww,a“, fn 10 L b
tyir tyw N &, my, Fogy, Fog i Fz, Fge, F pf fo G Yoo Yio
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p, m, Szn9 Ssc,n Spf,n lzne lse,ns 1E)Sf,n (=1, .3)ap,a

zf,
ESULTS AND ANALYSES

The initial values of different parameters of the
¢xample-pusher furnace are given in Appendix 1 and
simulation results in Figs. 3,4. When the oxygen
percentage is enlarged form 21 to 27 % the
consumption of the natural gas is around 30% lower
so as C@, production. For 21% of O, in combustion
products, high furnace gas percentage (h) increase in
mixed gas gives higher natural gas consumption but
for 27% of O, there is lower natural gas
consumption with the increase of h. Generally, the
increase of h form 0.2 to 0.5 means in average 75%
higher CO; production.
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Fig.3 Mass flow rate of natural gas as a function of ratio
of high furnace to mixed gas for different oxygen
percentage in combustion air.
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Fig.4 Produced CO; per kg of natural gas as a function of
ratio of high furnace to mixed gas for different oxygen
percentage in combustion air.

APPENDIX 1 - INITIAL DATA OF THE
MODEL.

Tdhi (*dh,CO=28% Tdh, H2=2%, Tqh, CH4=0%;
Idh,C2H4=0%, Tgh C2H6 =0%; Tdh,C3H6=0%;
Tdh,C3H8=0%, Tdh C4H10=0%: Tdh, H25=0-3% Tdh, CO2
= 10% rdh 02=0 5% rdh N2—58 5%, rdh 502—0‘7
Tdh, HZO_O%) Tdpi (rdp,CO =0.5%, Tdp H2—1 5%,
tdp,CH4=90.9%, Tap C214=06.%, Tqp, C2H6—2%
Tdp,C3H6 = 0-6%, rdp c3H8=0-8%, 1dp C4H10=0-2%,
Tdp, st—o 2%, » Idp,CO2 = =1%, » Tdp,02= =0.2%,
Tdp,N2=1.5%, 14p $02=0%, 1d4p H20=0%). 1doj
(r'do,CO = Tdo,H2 = Tdo,CH4= Tdo,C2H4= Tdo,C2H6=
Ido,C3H6= Tdo,C3H8= 'do,C4H10 = Tdo,H2S=
fdo,CO2= Tdo,N2= Tdo,S02= Tdo,H20=0%,
do,02=100%). Tawi (tdw,CO= Tdw,H2= Tdw,CH4=
Tdw,C2H4= Tdw,C2H6= Tdw,C3H6™ Tdw,C3H8™=
Tdw,C4H10= Tdw,H2S= Tdw,CO2= Tdw,S02=
Fdw, H20=0%. Taw,02=21%, T4w N2=79%, ), Wh =20
g/Nm* of dg, p—Sg/Nm3 of dg, Wy —2g/Nm of
dg, W, = 0 g/Nm3 of dg, h = 0.6, a; =21 %, a,=21%, 1
=1, twu = 3= Gy = 20, B 5 12500C, T = 16848 kg,
N =36, 1= 9648 s, f, = 0.78, f; =0.6, y, =0.1, y; =0.1, p=
3 Pa, m=0.85, mv—1000 kgs, tyy=90 c, t,;=980C, Patu
=78 m?, Fyg =9.1 m2, F,=524 m2, Fy =526
m? F)f-446 m<,s,1=0.4 m, s,5=0.13 m, 5,3=0.12 m,
Ssc 1—0 23 m, Ssc,2 =0.03 m, SSC 3=0.06 m, » Spf, 1 1=0.2 m,

f2—0 25 m, syr 3=0. 2()m Sp 4=0.15m; a;=58.14

/m2-K, ar=1 P53 W/m2-K; © zl =1.459 W/m-K,
1,5=0.605 W/m K, 1,3=0.179 W/m-K, Iy 1=1.221 W/m-
K Isc,2 = 0.605 W/m-K, I 3=0.142 W/mK,

1 —-l 459 W/m-K, 1 f2—1 429W/m K, 1 f3—1 395
\5 /m-K, 1, 4=0.142 > Win K, Z =42694 W/K, Z,,1,=0
WK, zrl_zizm W/K, Zn= 6706 W/K
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DECREASED NATURAL GAS
CONSUMPTION
IN PUSHER FURNACE PRODUCES

ADDITIONAL C02 EMISSION
M., Boji¢, N., Trifunovi¢, N., Luki¢, B., Stojanovic,

Abstract - Carbon dioxide is a major greenhouse gas
and the main result of fuel saving is usually
mitigation of its emission. But there are the cases
when decreased primary consumption by using
partially refuse gases as fuel means higher COj
generation. This is the case with industrial pusher
furnace in metallurgy when natural gas is mixed with
refuse high furnace gas in order natural gas
consumption to be decreased.

When the oxygen percentage is enlarged form 21 to
27 % the consumption of the natural gas is around
30% lower so as COy production. For 21% of O3 in
combustion products, high furnace gas percentage (h)
increase in mixed gas gives higher natural gas
consumption but for 27% of O there is lower natural
gas consumption with the increase of h. Generally, the
increase of h form 0.2 to 0.5 means in average 75%
higher CO; production.
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