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Abstract: Currently, a large amount of high temperature furnace gas is discharged in the smelting process of electric fur-
nace, which causes energy waste and environmental pollution. The process of recovering combustible components such as
CO from electric furnace flue gas as auxiliary fuel for rotary kilns was proposed. A new five-channel burner was designed
to realize the mixed combustion of pulverized coal and electric furnace flue gas in rotary kilns. Afterwards, CFD(Compu-
tational Fluid Dynamics) theory was used to establish the mathematically model of pulverized coal and electric furnace

flue gas co-combustion. The process of gas-solid two-phase fuel co-combustion in a rotary kiln was numerically simulated.
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The temperature fields, combustion characteristics and NO, changes in rotary kilns were analyzed under different electric
furnace flue gas mixing ratios. The results show that the inner and outer circulation zones can be observed in the rotary
kiln, which can accelerate the mixing of fuel and air. As a result, the amount of heat transfer in the rotary kiln is increased.
The addition of electric furnace flue gas helps to improve the combustion characteristics of pulverized coal. When the elec-
tric furnace flue gas ratio increases from 20% to 40%, the temperature distribution inside the rotary kiln exhibit axisym-
metry, and the length of the black flame gradually decreased from 4.51 m to 2.32 m. Then the peak flame temperature
gradually decreases, the combustion rate of volatile components gradually increases from 4.21 mol/(m’® * s) to
7.33 mol/(m’ * s). Besides, the concentration of NO, at the rotary kiln outlet gradually decreases from 1 013 mg/m’ to
677 mg/m’. With increasing the electric furnace flue gas ratio from 20% to 30%, the flame shape gradually elongates and
narrows from a “pellet”, the combustion position of pulverized coal moves forward from X=4.68 m to X=2.26 m, and the
length of rotary kiln roasting zone increases from 18.50 m to 20.50 m. However, with increasing the electric furnace flue
gas ratio from 30% to 40%, the flame gradually shift to a “wooden-club shaped”, there is no significant change of the com-
bustion position of pulverized coal. Besides, the length of roasting zone correspondingly decreases from 20.50 m to
16.43 m. By comprehensively analyzing the length of the roasting zone and the characteristics of fuel co-combustion, it is
determined that the optimal electric furnace flue gas ratio is 30%.
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Table 2 Total package reaction kinetic parameters

. TE I BALR R 3 )2 S5
Bl HERIH T FEALAE/ - kmol™)
H )7 2.119x10"! 2.209x10%
@) 2.239x10'? 1.702x10%
A5 0.002 7.9x10’
(6)2 0.005 7.4x10
() 4.4 1.62x10%
A 133 1.47x10°
(92! 1.03x10" 2.84x107
#K(10)%% 1.6x10'° 1.08x10%

Vol +1.6640, — 1.243CO +2.544H,0+

0.048N, +0.019S0, 3)
CO+0.50, — CO, “4)

C(s)+ 0, — CO, (%)
C(s)+0.50, - CO (6)

C(s)+CO, — 2CO (7



B AR [l RO I TR S R bE R 2287

55 4 1
C(s) +H,0 —» CO+H, (8)
H, +0.50, — H,0 )]
C(s)+H,0 - CO+H, (10)

2.3 NO, & EE

i NO, AE 7 20 # ) B IR R R e g Y
38 TR R BE R AR R A NO, 194 i o R
Az G A LN, B LA NO, AR U 7 AR B
H2 [BI T RIS

DI RINO,. TEmRIRSAMT, ZPHN, 5
O, [ A= 1 NO,, S 7 it B 2 52 i #4033 NO, A= 1
(SRR K, A SR Zeldovich ML X H4 A7 A NO,
AT,

N,+0=NO+N (11)
N+0,=NO+0 (12)
N+OH = NO+H (13)

d[NO
% =k [O][N2] + k> [N][O,] + k3[N][OH] -

k_[NO][N] - k_,[NOJ[N] - k_3[NO]J[H] (14)

3 (12) AT, SR AR NO A AR B =R, B T 2
HEEAL 5T Ny, O, MR EEZ A1, i 75 K M [N]RI[O]A
JE, FEAR SR R -4 2 R i 8 R S S B TR B
ks ko ks R L RTS8 RN I IE SN R ko ko kg
SR 3 SN P N S

2) BREHEI NO,. TERARIE NO, AL pliad F v, S
WL TS N L HCN Fi NH; IR0 B8, BlS 1%
AL NO B #b 5 A N, & & 41> HCN il NH,
Pl A A A i NOPY,

My, nenp
SHoN-1 = —Rl,HCN }EN (15)
My, nenp
SHoN-2 = —Rz,HCN }EN (16)
RT
Stien = S pveHen T S Hen-1 + S Hon-2 (17)

A Suenct« Suenoa 23BN HON TEAER, kg/(m® - s);
Spnesn A1) 3 B B PR HON 628 ik ¢
kg/(m3 * ) Syex A HON SR I, ke/ (m3 * 8); Rypens
Rypion 57512k HON 185 4L 33 %%, mol/(m”® - s); p J &
91, Pay TR FIIRE, Ks M, yon 9 HON Y EE /R T,
kg/mol,

My Nh,
Snu,-1 = —Rinm, —n P (18)
MW, zp
SnH,—2 = —Ronm, IT (19)
Snu, =S pvent, +S Niy-1 S N2 (20)

A S NH, 1 ~ SNH;—Z%%U?‘:’ NH; HFER, kg/(m3 * S);
S pven, N B B ) 4R B B BRI NH 1 A AR
kg/(m® * s); Sxu, 9 NH; S 0, kg/(m® + s); Rim,
Rour, 535904 NH; (#5463 %, mol/(m® + s); My u, N
NH; B /R it , kg/mol.

b3 RO AR A] R O, PR E AN [ 9 Ak
2 RN R E HCN H NH, FTHFER.
24 HREH

ARTIFFE H RGeS A A 13438 Ry o R 0 1, 8K
A A5 B RE T R A A, 258 R WLk 3, iz iy
OEE MR O FREH SR PR A
AR S22 AT DL 4. BRBERR BT S 500
&5, S TO0 TR B R R AR, o IR AR
PR 5 SR L, B AR R A
2.5x107 Jkg, M PE R 1.15x107 Jkg, TEAMFFE
OB IR L TETE AL L F O XU 3 RUAG A 1 L
304 K, M A CHRBE R 503 K, R KA A F1R B
1100 Ko i 28 RN 11, WAMRE L 7E
27%~36% i FE N AE Ak, — U KU E R 2 500 0.650,

R3I BRB[EMRT

Table 3 Burner structure size
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Table 4 Ultimate and proximate analysis of coal and chemical analysis of burner gas
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Table 5 Boundary conditions
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Table 6 Comparison between calculation value and
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Table 7 Highest temperature of different fuel ratios
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