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Optimization of low heat value gas burner structure in lime rotary kiln

LIU Xiaoduan', TU Fuquan', LI Wenkai®, LIU Jian®
(1. Key Laboratory of Metallurgical Equipment and Control Technology ,Ministry of Education, Wuhan University of Science
and Technology , Wuhan 430081, Hubei, China ;2. Xinyu Iron & Steel Co.,Ltd.,Xinyu 338001, Jiangxi, China)

Abstract: In order to solve the problems of poor combustion stability and excessive concentration of high-temperature
flame when using low calorific value gas as fuel in lime rotary kilns in industrial production,a new type of gas internal
premix burner is designed, and the traditional multi-channel gas burner and the new gas internal premix burner in lime
rotary kiln are studied by numerical simulation method, and the changes of key parameters such as velocity field,
temperature field,component concentration field and NO, emission are compared and analyzed. The results show that the
additional coal mixing space and swirl outlet can realize the partial premix of different gas fuels,adjust the flame shape and
combustion intensity during the combustion process in the rotary kiln,so that the temperature peak of the centerline in the
rotary kiln is decreased by 75 K compared with the traditional burner,and the average temperature at the end of the kiln is
increased by 40 K. Overall, this improvement significantly improves the temperature distribution in the rotary kiln and
meets the process requirements for high-quality limestone calcination. The results show that the internal premix burner of

gas has a positive effect on the efficient combustion of low calorific value gas fuel. It not only improves the combustion
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efficiency of fuel,but also effectively reduces the amount of CO generated. Although this leads to a slight increase in NO,

emissions , from 98 mg/m’ to 104 mg/m’ ,an increase of 6. 12% ,overall , pollutant emissions are effectively controlled and

meet environmental standards. The potential of gas internal premix burners in improving energy efficiency and reducing

environmental pollution is found out and verified,and an important improvement direction for the combustion technology of

lime rotary kilns is provided.

Key words: lime rotary kiln; low calorific value gas; burner; numerical simulation; flame control

AR e 7 e A P A R R,
P RCR B AR W T dh 0 B AR R AR, R
B A R LBt 2 A o A R . R R RAR
AR PV IRRE, DU A R SR, Bl
FHREVRGEUR B9 H 25 55k A IR R 22K i AR W 42 &5,
FEARAE =i AR R, R Tk &I =9 7= A AR
EHEASAE BRI R] Tz, T
PAE IS AE BRI FEAE MR BE R . K Ha 1 A
MELL B BERE S0 R R FLAR S5 (] B AR SR £ K [l
Sy RO R, Ik, Al 48 m A%
A S AE A IR R 5 25 v (R R B 5% i A B2 1Y)
587,

EEXHZIA S, BTN R EIF R T T A e
5%, W HE 255 R FBUEBL S 8 50 1 8 b
FRESRPE BN (VR B 3 A | BN i U 1 6 AR
N YR LSRN AL, SR SVE B AR B T
JEHEFT TIRANIRISE, AERPERCRA B R f At T 3
WIEAN; MOON 251Vl BA 2505 fF 5 T Bl B b
ARAEHE FARHEIE S I aR e M s, &
TR 23 S TG BE AT LA SR TH be
R, SR, AMBATTIRES H R ek T RE S BUR e R
SR Y 5 21k AR TLBAS Z5[¢7  PAULAUSKAS
SETVRIMCH AR BETT, B ER RS T DU R
SRARIVE B AR BB, B8 O IR Rk %
R, H K 2 R EUHE N AR B 1S n D) B
NO, HEit it i3 25 ZHANG %51 HOU %51 Al
PINGEER A5 SR 45 56 v R(E R R 114 T O 8 e B
AR, SHE AR bR 2E 1T B0 AR S 5T
SEREH, mINERL B b B TR A AR
PRGSO, W NO, B9HER, B2, XAh
e s o T RS B T DL R T RESE M R e AR
FE MR 1)

gil, BUA NI BARAE — @ B E s TR
PR R BRBePERE, (AR IF IR T Y . #

VESZ R A G N 45 TR, DA I, A SCM [l 5
MABEAR LA AL B M BE A, B —Fh HA
RS IR ARG 1 AR B UM e &, O
>R PR 55 (B AU 205 O vk R T T 45 4 O 2L
A, DA AR BB A A R o) e 2 v o) s 280
TR bR AU AR RO 2

1 HRBEITRYEHRR

1.1 YA E

DIBRERR T 5 B Az 77 1) A0 K Bl e 25 (D4 mox
50 m) ABFFERTG . AR 208 18 BB d
SEARBERIANE 1 () Frzm, A8 J ) RE AP R Tl TR A
Leaw PV EA AN E 1(b) i, B2 AR
TRIAEAR I RIAL M, 2B be % — XU H 9 3 A1
S E O R EEA T BES D BER X
LA XU A, e 7E S E R R
(3G T — A PR TR 25 (R FUBE 3L o8 1 4540, 3xX
— MR AR B AL G 0 223 A I SRR A BEE S

(a) ZHIERTIRBE R I ARIAL

(b) M ERHIRIALE AR ) B A
E1 BEEEEHEENRESHBTURMRESEIEER
Fig. 1 Rotary Kiln cylinder model and physical model

of internal premixed gas burner



172 be 4

BB B TIUR, S ad e U 1T R RO Y
SRPEANTS ), DT AR f 2 A AR B (EL AR A AR e 2t
o BEATRIURIASGE &2 W R 1 fs

2 HEENABURBIRERE
Fig.2 Structure of internal premixed gas burner
x1 FESNEBBURMSRSESRORS
Table 1 Dimensions of tuyeres of internal premixed
burner for gas mm
BT BERAE B ERUAT R
SR OKE MR R SME MR MR MR HREE
75 125 1700 1400 1325 1100 1025 800 20
1.2 EFHEAMELS
[ 2 2 i T S R e 64 I A Jal G 11 3 s
% SRR A ity AR A AE B2 I S 3, JF AR
HRIZIRZ LS, XHZ XA AT WIS R &R N2
B S TR BRI AT 5 R, fEff Had 72 o
OEROREE FE ARG AT 5, T ZEHERR AR K0 AT fE
SRR T 22, BIHEAT WA Sk S MRS IE . 15T 4
N PIAR B E T, 7 P Bl B A AR A i
i 4 ] LDWEEE], A% B 142 J7 4,
wREFE S TRE, BahiR 22 R ] 1%
SERIFEE . PRI, 7S SR I — 200 4 R A% i
PATIR ST E T

E3 EEEHMNIENS
Fig. 3 Grid division of rotary Kkilns
1.3 hREH
AR IR R A 7 i B e o
FUEA BN, TRBELE N 2: 3, X THABE &%
Ag— U A I LR 28 Sk B9 XA B3R 3 JEE

Bk 2| %50 4% 54
1160
1140}
¥ 1120}
=
m 1100}
'§. 1080}
%;% 1060
1040}
1020 L L L L L
03 06 09 12 15 18 21
W% B/ (106 4)

S L v
Fig. 4 Grid independence verification

AN BRI A e 7 1y SR R g A
NN TN A RE TR BN 600 K, 25X
H AR SURTRBOBUCH 21% o S AR IR 2
BRI AU Il e i EL SR, 450 H R TR
NFRFMNZR 2 Fion, PR USR ank 3 B

R2 BEEDAFREE

Table 2 Numerical simulation boundary condition
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Table 3 Gas composition analysis %
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Fig. 5 Center section velocity vector distribution under multi-channel gas burners and internal premixed gas burners
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under different burner conditions
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Fig. 9 Component concentration distribution curves in

rotary kilns under different burner conditions
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