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Development of One-dimensional Mathematical Model for
Pulverized Coal Combustion Considering Particle Dispersion

Michitaka Sato, Ryota Murar and Tatsuro Arivama

Synopsis : A one-dimensional mathematical model of pulverized coal combustion in a blast furnace considering particle dispersion
has been newly developed. On the basis of the model, the combustion efficiency was precisely estimated by setting
the dispersion parameters properly for the lance structure. Evaluation of the effect of lance structure on the combustion
behavior using this mathematical model suggested that the combustion efficiency in the raceway was greatly improved
by intensifying the dispersion of particles. It was estimated that this phenomenon was resulted from the increase of
the gasification rate of char particles caused by heating-up and the pyrolysis of the coal particles followed by the
combustion of the volatile matter with peripheral oxygen. Moreover a simulation using an oxy-coal lance was carried
out. The oxygen supplied from the lance tip was rapidly mixed with the hot blast as coal particles were dispersed, and
concentration of oxygen that contributes to coal combustion decreased soon after injection. Therefore, injection of
pulverized coal with the oxy-coal lance showed little improvement in combustibility compared with a normal single

lance.

In conclusion, taking the particle dispersion into account in the one-dimensional model, it became possible to make
a quantitative approach to evaluate the effect of lance structure, lance arrangement and the manners of oxygen

enrichment in an actual blast furnace.

Key words : ironmaking ; blast furnace ; pulverized coal injection ; pulverized coal combustion ; one-dimensional mathematical model
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Fig. 1. Calculation zone and dimensions in one-
dimensional model.
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Fig. 2. Modelling of pulverized coal flows in blow-
pipe.
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Table 1. Chemical reactions considered in one-
dimensional model.

Chemical reactions Reaction
rate

Heterogeneous

ns2m+2 C,HoO, = A,C H, + A,CO

N>2m+2  C,H,O, = A,C Hyn,, +A(n-2M-2)/2 Hy + A,CO !

C (char) + 1/2 O, = CO R,

C (char) + CO, = 2CO R,

C (char) + H,0 = CO + H, R,

C (coke) + 1/2 O, = CO R

C (coke) + CO, = 2CO Rg

C (coke) + H,0 =CO + H, R,
Homogeneous

H, + 1/20, = H,0 Ry

CO + 1/20, = CO, Ry

nS2ms+2 CnH, + m/20, = mCO + n/2 H, R

n>2ms+2 CHam,z + M20, = MCO + (M+1)H, e

Table 2. Rate equations adopted to this model.

:::tuew(ln‘:;l Rate equatlons Ref.
Ry = N(7/6)8,,3(p po/ M, ) Ky o(V*-V)exp(-E/RT,) 9)
R, Kyo = *1.11x107w 241.96x107 w -8.55x10° 10)
E = -2.76x10%w 2+4.82x10% w -2.04x10° 10)
Char R =k C ,i=2~4, j=1~3 (O,, CO,, H,0)
Ky = a N/(1/ky+ 17K
ky, = D(2+0.6Re,"/2S¢;'/3)/d, 1)
R, k., = 7260exp(-17980/T )RT, 12)
R, k.= 4.1x10%xp(-29810/T;) 13)
kc‘ = kcl‘/(“*kcl“CHz)
R, Ko = 3.85x107exp(-34260/T,) 18)
Koo' = 95.7exp(-7306/T,)
Coke R;=kC; ,i=5~7, j=1~3 (O,, CO,, H,0)
Ky = B /(1/ky+ 117 Ke)) 3)
Ky = (D ¢d;)She '
Ry keg = 7260exp(-17980/T,) FITg . 12)
Rg kes = 8.31x10%( p,/a.)exp(-30190/T,) | 3)
R, Ko7 = 13.4(ppo/a) Trexp(-17310/T,) 3)
Yoz = 0.05 Rg=10
Re Yoz > 0.05 Ry = b/2R,+R,+R,+A,(b-2m-2)/2R, 3
Ry  [Rg= 1.3x10"7 € 0:5C,,,0%5Cope exp(-15100/Ty) | 15)
R,o |Ryo= 20000T,P°-3Cg, . °-5 Cq, exp(-9650/T;) 16)
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Table 3. Mass balance equations.

Gas J
dF, /dx =~ 31, - 4F£ /D
(mol flux) /dx j)=:'|rj ,&/ r
(x=18:8=0, x>1B:8=1)
Gas

7
(mol fraction) dy;/dx=~r; + yJ'Elrj)/F"

Char dd,, /dx = =214 Mepar /TPchar Ndp 201,

Volatile matter

dV/dx = —ko(V" =~ V)exp(~E/RT)/u,

Table 4. Heat balance equations.

Particle it 3 _
temperature dT,/dx=(-y +T, ngrk)/(lm)md., Nup Z(CePe /M) k = char, VM
7 - —_ —_
Gas dT, /dx = [~® + T, £(Cr;)+T, Z Cytic + TLCote
temperature =1 [3

-1 /6ndpaNup§(Ckpk/Mk)(dTp 1dx)}/ F,(Cr+ T, (dCrn /dT,))

D =Dy + Peng + Prag + Penv
Dy = :Z‘)‘;H‘K
Beng = (4/ Dphpu(Ty ~T)
+6(1 - (T, — T )/ 0
@, =ca N(T,* -T,*)/
(178, +(a,NDy /4)(1 /&, 1)}
D = (8/ DpPIM(T, — ;) /2.310g(D;, / Dg)

4 7
tym=Ry, Tor = IR, L=3R
: i= i=s
YV =Wehe *Wend T Wrad
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Yene = HiR + 6 HoRyg “’ezgzﬂi&
Wena = hip (T, = Tp)a N
Woa =08, N(T,* = T,*) /
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Table 5. Calculation parameters adopted to simulations

of hot model and Fukuyama No.5 BF.

Lance dp 6 ol € | € [ £y eo| ep| £, | de| dep | L4
(xm)) OO m] @@ m]m|m
Hot modgell_Sing'e 30 | 30 |060]| 07 | 05 | 0.05| 0.90 | 0.45 | 0.05 [0.0107]0.015 | 0.40"
of e 5 5 =
Double | 30 39 | 085 07 0.5 | 0.10 | 0.90 | 0.45 | 0.05 [0.015 |0.020 |0.40
Fukuyama Single” | 30 | 10 [070] 07 | 05 | 0.10 | 0.90 | 0.45 | 0.10 [0.010[ 0.015 | 0.80
SByF Triple 30 17 | 1.21 | 07 05 | 025 | 0.90 | 0.45 | 0.13 [0.015] 0.020 | 1.0
Oxy-coal| 30 10 | 0.70| 0.7 05 | 0.13 [ 0.90{ 0.45 | 0.13 [0.010[ 0.015| 1.0
* measured
** single tuyere test
100 T T 80 T T
Blast temp. : 1200°C Blast temp. : 1200°C
= PCR : 200kg/t = PCR : 200kg/t
£ 80 dp:30xm 085 2l Lance position : -270mm
> > 60 I A
(2] o
H L A 060 .. 1 s + & -
g o T gy a 3 | L -
s - S 40T
c a0t L c
% = Calculated 2 —  Calculated
H 20 P Measured ] § 20 Meas'ured
[ yy A Single lance [3 A Single lance
3 / A _Double lance S | /. i A Double lance
..... " " N N 0 i H PR =
00 300 600 900 1200 1500 -400 -200 0 200 400 600
Distance from lance tip (mm) Distance from tuyere nose (mm)

Fig. 3. Comparison of calculated combustion effi- Fig. 5. Influence of injection lance on combustion
ciency with measured data in blowpipe (Hot efficiency along tuyere axis (Hot model).
model).
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Fig. 4. Comparison of calculated gas composition
with measured data in raceway (Hot model).
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