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Abstract

The rotary dry distillation furnace is an important equipment in the dry distillation of small-grained
oil shale. The mixing of internal oil shale and shale ash greatly affects the dry distillation effect.
Therefore, this study adopts the discrete element method to carry out a systematic numerical study
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on the four factors affecting the mixing characteristics and kinematic properties of oil shale and
shale ash, including axial response spacing, rotational speed of dry distillation furnace, oil shale
particle size, and furnace filling degree. The mixing and kinematic properties of oil shale and shale
ash were evaluated by mixing index and velocity distribution cloud diagram. The results showed
that the mixing effect of oil shale and shale ash showed an increasing trend as the axial plate spacing
decreased, but the mixing effect decreased at full contact (spacing of 0). This is because the closure
reduces the relative displacement between oil shale and shale ash, which is not conducive to mixing.
An increase in rotational speed and particle size does lead to an increase in mixing efficiency and
mixing rate, but the trend of increase is getting smaller; low filling degree also leads to an increase
in mixing efficiency.
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Figure 1. Geometrical model for dry distillation furnace simulation and initial particle state
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Table 1. Material characteristic parameter [17]
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Table 2. Correlation coefficient of material contact [17]
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Figure 2. Comparison of the instantaneous flow patterns of the particles in the ro-
tating drum: (a) experiment [18]; (b) simulation
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Figure 3. Comparison of Lacey’s mixing index: experiment and simulation
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Figure 4. Error analysis
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Table 3. Comparison the predicted repose angle with the corresponding experimental data
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Figure 5. Mixing of granular oil shale and shale ash in the dry distillation furnace with different platen spacing
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Figure 6. Mixing index of oil shale and shale ash with different platen spacing M
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Figure 7. Particle velocity vector cloud plot with no platen spacing (left) and platen
spacing of 0 (right)
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Figure 8. Mixing of oil shale and shale ash at different rotational speeds(rad/s) from 0 s to 80 s
El 8. FEI#%iE (rad/s) NiHTUE STUARTE 0~80 s SRATHNR

@  t=0s t=20s t=40s t=60s t=80s

v=0.2rad/s

v=0.4rad/s

' 2 2N & 4

KO NBEANFGE T BB SIREE O, W LAE R R B3N, i Vs 5 UUs ACRURL ARVE £ RCR
RAGS , AEIEINFRZ AR BN AR iR & FOR P R M s ARAG, (AR TUAE 5 TS KA FEE
R R AARKSETE, 7T LATE H A RAN BRI [A) B 4 B AN N A 8 TR A R B 22 A K

1.0

0.8+

~ 0.6
= — 0.1 rad/s
—
0.4 ——— 0.2rad/s
— 0.3 rad/s
0.2
——— 0.4 rad/s
0.0 T T T T T T T T T
0 20 40 60 80 100

t(s)
Figure 9. Mixing index of oil shale and shale ash at different rotational speeds M
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Figure 10. Mixing of oil shale and shale ash at different grain sizes
10. TRKEZETHRESTERESER

KT ONIRETREM], W LUR H A IR S ROR Bl (A2 T DUA KRR N 3 mm, TUA KRR 3
mm, BEFETUE 5 TUE ROBRDRAR 22 (RO, TR & RORFEC . 8w Arob LR 23 87 Al &0 ASHIE7E o A4S
BRAR W ST LA i A R0 R, H 2k AR 2 R 2B R, AT K TH 5 2 s, SR 2 1 40 i R
B -

0
% RS (3mm) WEK (2mm)
0.4 o -
A (3mm) REMK (3mm)
—— HRE (3mm) REK (4mm)
0.2
— JBEA (3mm) WEMK (5mm)
0.0 T T T T T T T T r {
0 20 40 60 80 100

t(s)

Figure 11. Mixing index of oil shale and shale ash at different grain sizes M
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Figure 12. Mixing index of oil shale and shale ash at different filling degrees M
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