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The simulation of heat and mass transfer in iron ore sintering process
based on gas-solid convective heat transfer coefficient calculation model
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Abstract: In order to solve the problem that there are many models for calculating the gas—solid heat transfer coefficient in
the existing numerical calculation of iron ore sintering and the relative calculation accuracy is unclear which leads to the
difficulty in selecting the model the accuracy of three commonly used gas-solid heat transfer coefficient calculation models
is compared and analyzed by combining numerical simulation and sinter cup test. The results show that the increase of
convective heat transfer coefficient can effectively increase the temperature of the solid phase during ignition and reduce the
subsequent sintering rate and the heat storage capacity of the material layer resulting in a larger O, mass fraction and a lower
CO, mass fraction in the outlet gas composition. Among the three models the O, mass fraction obtained by the calculation
model with the maximum convective heat transfer coefficient is closer to the sinter cup test while the CO, mass fraction and
sintering rate obtained by the calculation model with medium convective heat transfer coefficient are closer to the test.

Key words: numerical calculation; gas-solid heat transfer coefficient; sinter cup test; gas composition

© 2024 - 04 - 30; © 2024 -05 - 13
(2021]J40763)
(1983—) .
(1990—) . . .



2025 1 39
1970 MUCHI ' o
1
- YOUNG * 1.1
- YOSHINAGA N N
’ Ergun 1(a) o
800 mm- 200 mm-
. CUMMING * 180 mm  1(b) &
5
o (a) ; (b)
1
° Fig.1 Schematic diagram of the sintering cup test device
Nusselt and its internal structural dimensions
- . YANG ° 1.2
Nusselt
. 7 s D
Nusselt
, @
9% o E)
’ Nusselt
@
5% 10% : @



40

50 1

. , ©
N-S k-
ERGUN
2
9 .
1

Table 1 Chemical equations of gas-solid phase reaction

in sintering cup

kC(s) +0,52(k-1)CO(g) +2(2-k) CO,(g)
CaCO,( s) —CaO( s) +CO,(g)

CaMg( CO,) ,(s) —CaO(s) +MgO(s) +CO,(¢g)
Fe,0,(s) +CO( g) —Fe;0, +CO,( g)
Fe;0,(s) +0,(g) —Fe,05( s)

CO(g) +0,(g) —CO,(g)

CO,(g) —CO(g) +0,(g)

(. (2 v
k. A
f HyO ssa ,
RH2O X IZQ%Tg ( H,0 ~ PHZO) (1)
k, A
, 'f Hy,O ssa .
R H0 = ;{771( Pnzo -P 1120) (2)
g
X ; kf H,0 H,0
) P/Hz()‘ PHZO
Pa; A_,
m’/m’; R, T, K.
(3). (4 ©
M; = min 1 max(0 M) (3)
M, = ( T,-T, ini) /( T, -T, ini) (4)
M(v i TS I<' Tm ini »
T K.

m fin
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Table 2 Main chemical compositions losses on ignition
and moisture content of mixture %0
TFe CaO Si0, MgO Al O, H,0

59.33 2.62 4.90 1.26 1.75 3.45 —

2.14 1.70 5.90 0.72 3.49 85.95 6.15

59.67 9.69 5.07 1.67 1.93 -0.54 0.20
— 32.00 1.28 18.76 0.43 46.52 0.25
— 51.99 1.84 1.44 0.55 43.07 0.20

3

Table 3 Boundary conditions of inlet

/ ( ) 1%
/s /K (mes™") €O, 0, H,0
120 1423 1.7 7.9 8.8 8
— 300 0.5 0 21.0 1
3
4 .

4
Table 4 Calculation model for convective heat

transfer coefficient

Sy.= L+1.5(1-g) +(2+
O 75R60A5Pr0‘333)
Sy =(1-g) /e+(0.5R"> +

12 2
0. ZRe()‘ (’67) Pr()' 333
7 Sy, = (2 +0.39R"° Pr" ) /e 5
1.4
5 460. 9 380
14 284 3
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Fig. 3 Distribution of convective heat transfer coefficient at different times
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Table 5 Significant temperature rise time at

different depths

170 477 465 -12 470 -7 460 -17
270 715 700 -15 715 0 695 -20
370 945 935 -10 955 10 930 -15
470 1177 1165 -12 1190 13 1155 -22
570 1403 1395 -8 1420 17 1380 -23
670 1623 1615 -8 1650 27 1600 -23

— — 10.83 — 12,33 — 20.00
1— ;2— 1, 3— 24— 3.
7 0,

Fig.7 Curve of O, mass fraction distribution over time
at the outlet for various computational models and

experimental data
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Fig. 8 Curve of CO, mass fraction distribution over time
at the outlet for various computational models and

experimental data
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Table 6 Relative error of mass fraction of O, and CO,
at the outlet through different computational models

and experiment

/% 1 2 3
0, 12. 13 10. 57 13. 09
CO, 8. 04 8.05 8.39
3
(1)
0, 0,
Co, .
(2) 3
0,
10.57%;
Co, Co,
8.04% .
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