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Simulation of gas-solid movement and contact conditions in

sinter vertical cooler

LI Chengzhi ZHANG Yu® JIANG Jingsheng" ZHANG Wei

( Wuhan University of Science and Technology a. School of Metallurgy and Energy; b. Key Laboratory for
Ferrous Metallurgy and Resources Utilization of Ministry of Education Wuhan 430081 Hubei China)

Abstract: The sinter vertical cooling process is a new technology for sintering waste heat recovery with high efficiency

energy saving and environmental protection but the process has such problems in the trial operation stage as excessive local
resistance of the material bed uneven cooling of sinter and lower waste heat recovery rate compared with expectation. In
order to solve the above problems an analytical CFD-DEM method is used to calculate the gas-solid multiphase flow field
in the sinter vertical cooler with high precision essentially clarify the coupling motion behavior between the sinter and the
cooling gas focus on the analysis of the accumulation characteristics ( such as porosity distribution etc. ) and motion mode
of the sinter in the vertical cooler research the flow behavior and distribution law of the cooling air in the process of
countercurrent contact with the sinter bed and analyze the high-precision gas phase flow field data ( such as velocity field)

in different regions. The results show that the radial porosity distribution of the material bed is relatively uniform under the

condition of multi-channel split distribution. The sinter in the upper part of the media bed steadily decreases at a rate of
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about 1. 0 mm/s forming a piston flow. There are particle retention zones at the corners of the device and above the central
hood; the sinter velocity at the bottom of the cooling chamber and in the discharge section is significantly increased forming
a funnel flow. The average velocity of the cooling gas gradually decreases and spreads to the wall during the ascent process
and the gas-solid contact conditions at the corner of the device and the area above the central hood are relatively poor
which can be improved by adjusting the inclination angle of the shrinkage section the center/circumferential air inlet flow
ratio and the inclination and size of the outer edge of the central hood. The results can provide a technical support for the
optimization of the sinter vertical cooling process system.
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Fig. 1 Example of mesh refinement and comparison of velocity vector field around single sphere
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Fig. 2 Design of vertical sinter cooling furnace and its models in each module
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1 DEM
Table 1 Particle size distribution and main physical parameters of sinter applied in the DEM model
/

mm /% p/( gecm 73) E/GPd Mg PP M wp My PP M wp o r PP € wp
10 ~20 16.2 3.68 1.78 0.52 0.44 0.41 0.32 0.25 0.20 0.42
20 ~30 45.8 3.61 1.75 0.55 0.46 0.39 0. 31 0.25 0.22 0.40
30 ~40 20.3 3.58 1. 68 0.53 0.47 0.38 0.34 0.25 0.21 0.39
40 ~50 17.7 3.56 1.62 0.53 0.45 0.43 0.33 0.25 0.22 0.40
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Table 2 Main parameters for CFD-DEM coupled calculation
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Fig. 5 Comparison of simulated and experimental

pressure drop per unit sinter bed height

(a) ;
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4
Fig. 4 Pressure measurement device of lab-scale

vertical sinter fixed bed
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Fig. 6 Irregular sinter model applied to the simulation

of vertical sinter fixed bed
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Fig.7 Size distributions in the vertical cross section and
top surface of sinter packing formed under multiple

inclined feeding condition

I—A ; 2—B ; 3—C .

Fig. 8 Radial size and voidage distributions in the

selected layers at different heights of sinter packing
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Fig.9 Voidage distributions in the vertical and (a) ( )
horizontal cross sections of sinter packing formed (b) 7

under multiple inclined feeding condition

3.2

10 o 10

1.0 mm/s

10

Fig. 10 Sinter velocity distribution in the vertical sinter
cooler during steady discharging process
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Fig. 15 Comparison between the simulated gas velocity
distributions obtained from the applications of unresolved
and resolved CFD-DEM coupling methods

to vertical sinter cooler
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