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Tablel Basic parametersin simulation
Particle Gas Pipeline Discrete variable
=900 kg/m® g=1.205 kg/m? H=0.90 m At=107°s
d,=0.003 m 15=1.80x10°kg/(m's) W=0.06 m AxxAy=0.01 mx0.02 m
&n=0.4 Po=1.01325x10° Pa Imac<Jma=13x91
e=0.9
pO Ug
3.1
1
[15,16] 1
3.2
20~25 cm'?! l1cm 40 cm 23],
28 cm. . 1
4500, 3600 2700 20cm 35cm . Borzond™
Konrad!®!
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1 1 L

[15, 16]
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(a) N = 4500

0.60 0.70 0.80
(b) N=3600
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t(s)->0.00 0.10 0.20 030 040 050 0.60 070 080 09 100 1.10 120 130 1.40 150
(c0 N=2700
1
Fig.1 Simulation of plug motion with different particle numbers (Us=2.9 m/s)
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(a) Ug=21m/s

t(s)—»0.00 0.10 020 030 040 050 060 070 080 090 1.00 1.10 1.20 . 1.50
(b) U=3.3m/s
2
Fig.2 Simulation of plug velocity with different gas velocities (N=2700)
2 2
Borzone ™ 2
3%~28% Table2 Gas velocity, plug velocity and slip velocity
Fig.1 Fig.2(a) Fig.2(b)

90%. Ug (m/s) 29 21 33

Up (m/s) 28 1.9 3.2

Us(m/s) 0.1 0.2 0.1

2. 2 [15] Uy/Uq (%) 97 9 97

UdUp (%) 4 1 3
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Abstract: The phenomena of plug conveying in a vertical pipe have been simulated by using the simplified
hard-sphere model. In the model, the behavior of solid phase is simulated by calculating the motion of individual
particles while gas flow is obtained by solving the locally averaged equation, taking account of the interaction
between fluid and particles. For the calculation of solid phase, the motion process of each particle is decomposed
into the collision process accounting for the inter-particle interaction and the suspension process related to the
interaction with fluid. Momentum conservation of collision mechanics controls the interaction between colliding
particles, while the state of each suspended particle is fully dominated by the equation of force balance over that
particle. The coupling relation between two phases is subjected to the Newton's third law of motion, in which the
action of fluid to individual particle will react on the fluid phase from the individual particle in a computational cell.
As a result, the proposed model has shown the typica behavior of vertica plug. In simulations, the particles are
observed to move up as "plug" of bulk solids that occupy the entire cross-section of pipe. There are amost no
particles between two plugs. Although some particles go out from the back of the plug and come in front of the plug,
the length of the plug fluctuates around a certain fixed value for a certain set of operating condition. At the same
time, the plug moves has almost uniform velocity and similar pattern in different cross sections. The plug velocity is
independent of the plug length and it increases with increasing gas velocity. These results are qualitatively coincident
with experiments. Compared with the soft-sphere model, the simplified hard-sphere model based on the method of
resolving particle's motion process is simple and takes less time without special attention to be paid in calculations.
Key words: simulation; hard-sphere model; plug conveying; gas-solid two-phase flow



