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Numerical simulation of calcination characteristics of oxygen-enriched

combustion process in double-chamber lime kiln

LI Hongpeng' ZHOU Haoyu” ZHU Rongjia” WU Dongling® WANG Zhiqi' YANG Huya'
(1. School of Mechanical Engineering and Mechanics Xiangtan University Xiangtan 411105 Hunan China; 2. Zhongye
Changtian International Engineering Co. Ltd. Changsha 410205 Hunan China; 3. School of Energy Science
and Engineering Central South University Changsha 410083 Hunan China)

Abstract: As an important link in carbon emission reduction in the steel industry the production process of lime kiln is
mainly airfueled combustion and the CO, concentration in the exhaust gas is low making it difficult to achieve low-cost
carbon capture. Oxygen-enriched combustion is an effective carbon enrichment technology but the high volume fraction
CO, gas radiation in the lime kiln will affect the temperature distribution and decomposition characteristics of calcium
carbonate in the kiln. Therefore the double-chamber lime kiln is taken as the research object to establish a numerical
simulation model of the lime kiln production process study the effect of gas radiation on the calcination characteristics of
limestone under oxygen—rich combustion and compare the changes of temperature composition and calcium carbonate
content in the kiln under different O, /CO, ratios. The results show that the CO, component concentration in the lime kiln
does not change significantly after considering the gas radiation but the maximum temperature in the kiln decreases by

about 60 ~ 100 K and the maximum gas phase temperature increases with the increase of O, volume fraction. After
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considering the gas radiation the average temperature of the gas phase and calcium carbonate in the calcination area in the

lime kiln is increased and the decomposition rate of calcium carbonate in the kiln is increased and the average

temperature of the gas phase is increased by about 30 ~ 90 K and the average temperature of calcium carbonate is

increased by about 30 ~ 130 K increasing with the increase of O, volume fraction and the decomposition rate of calcium

carbonate in the kiln also is accelerated with the increase of O, volume fraction. The results can provide theoretical support

for the accurate simulation of temperature and calcium carbonate decomposition characteristics in lime kilns and also

provide a reference for the application of oxygen—rich combustion technology in double-chamber lime kilns.
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Fig. 1 Schematic diagram of lime kiln structure and

fuel nozzle layout
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Fig. 2 Calculation area selected for lime kiln
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Fig. 3 Schematic diagram of model boundary and mesh
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1
Table 1 Parameters and boundary settings for simulation
/(mes™") /K /(mes™) /K /(kges™) /Pa
1 0.240,/0.76CO, 0.57 420 0.49 300 0.09
2 0. 360, /0. 64CO, 0.38 420 0.49 300 0.09 0
60 K 100 K.
2
. . 0.360, /0. 64CO,
4 o 4
2 100 K
1168 K

1220 K 4. 5%

(a) » (b)
4
Fig. 4 Temperature distribution under actual operating

conditions

3.1

Fig. 5 Temperature distribution under different cases
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Fig. 6 Average gas temperature in the kiln height
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direction cross-section under different cases
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8 . 8 0,/CO,
o,

Co,

0. 360, /0. 64CO, o,

o

Fig. 8 Average CO, fraction in the kiln height

direction cross-section under different cases
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Fig. 10 Average calcium carbonate mass fraction in
the kiln height direction for different cases
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Fig. 9 Distribution of calcium carbonate in the kiln

under different cases

30 ~50. 70 ~130 K.
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11
Fig. 11 Solid phase temperature distribution in kiln

under different cases

12

Fig. 12 Average calcium carbonate temperature in kiln

height direction for different cases
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