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Fig. 2. Dimensionless temperature field, velocity vectors, and particle positions in the sedimentation process of two particles at time
t = 0.084s for different R, : (a) Re, =0.25; (b) Re, =1;(c) Re, =4;(d) Re, =16.
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Fig. 3. Variations of different factors with time in the sedimentation process of two particles for different R., : (a) The horizontal

velocity of mass center Uc,z ; (b) the vertical velocity of mass center Ucy ; (c) the distance between mass center S; (d) the hori-

zontal angle of mass center 6.
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The kissing, tumbling, and detaching moments ( txiss, tumble , and tgetach ) and the drafting, kissing, and tum-

bling durations ( Atgra , Atyiss » and Atymple ) in the sedimentation process of two particles for different R, .

Re, tiiss /S Lrumble /S tdetach /s Atgrafy /S Atyiss /S Atymble /S
0.25 0.707 0.938 1.890 0.707 0.231 0.952
1 0.561 0.821 1.761 0.561 0.260 0.940
4 0.387 0.689 1.510 0.387 0.303 0.821
16 0.314 0.686 1.314 0.314 0.372 0.628
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Fig. 4. Variations of different factors with time in the sedimentation process of two particles for different Gr: (a) The horizontal

velocity of mass center Uc,z ; (b) the vertical velocity of mass center Ucy ; (c) the distance between mass center S ; (d) the hori-

zontal angle of mass center 6.
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Atkiss N @Hﬁlﬂ‘ﬁ Attumble

Table 2.  The kissing, tumbling, and detaching moments ( txiss, tumble ; and fgetach ) and the drafting, kissing, and tum-
bling durations ( Atgran , Atkiss , and Atgmple ) in the sedimentation process of two particles for different Gr .
Gr tiiss /5 Lrumble /S tdetach /5 Atdrag /5 Atyiss /5 Atymble /3
100 0.275 0.489 0.689 0.275 0.214 0.200
500 0.257 0.468 0.669 0.257 0.211 0.201
1000 0.239 0.444 0.647 0.239 0.205 0.203
2000 0.214 0.413 0.623 0.214 0.199 0.210
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Fig. 5. Variations of different factors with time in the sedimentation process of two particles for different particle’s initial temperat-

ures: (a) The horizontal velocity of mass center U . ; (b) the vertical velocity of mass center Uk y ; (c) the distance between mass

center S ; (d) the horizontal angle of mass center 6.
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%3 BRI, PIURTME B RO BRI ) tgss BRI tuampte  SMBSI grn  HERITH Aty 08
I Atyiss « BRI Atwmbie
Table 3.  The kissing, tumbling, and detaching moments ( txiss, tumble ; and tgetach ) and the drafting, kissing, and tum-

bling durations ( Atgmg, Atkss, and Atymple ) in the sedimentation process of two particles for different particle’s initial

temperatures.
Case tkiss /S tiumble /5 Ldetach /5 Atgrafi /3 Atyigs /5 Atyymple /3
C-C 0.239 0.444 0.647 0.239 0.205 0.203
C-H 0.258 0.469 0.669 0.258 0.211 0.200
H-C 0.307 0.501 0.701 0.307 0.194 0.200
H-H 0.365 0.703 0.902 0.365 0.338 0.199
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Investigation of drafting-kissing-tumbling movement of two
particles with conjugate heat transfer”
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Abstract

The conjugate heat transfer at the particle-fluid interface and the collision between particles play a crucial
role in the sedimentation process of particles. In this work, the recent volumetric lattice Boltzmann method for
thermal particulate flows with conjugate heat transfer is adopted to investigate the drafting-kissing-tumbling
movement in the sedimentation process of two particles in a closed channel. This volumetric lattice Boltzmann
method is based on double distribution functions, with the density distribution function used for the velocity
field and the internal energy distribution function used for the temperature field. It is a single-domain approach,
and the nonslip velocity condition within the solid domain can be strictly ensured. The difference in
thermophysical properties between the solid and fluid can be correctly handled, and the conjugate heat transfer
condition can be automatically achieved without any additional treatments. Based on this particle-resolved
simulation, the influences of the solid-to-fluid specific heat ratio, the Grashof number, and the particle’s initial
temperature on the drafting-kissing-tumbling movement are discussed in detail. It is found that the fluid cooled
by the particle and thus subjected to the downward buoyancy force can promote particle sedimentation. As the
specific heat ratio increases, the particle’s temperature rises relatively slowly. In the sedimentation of two cold
particles, the drafting duration and tumbling duration of the drafting-kissing-tumbling movement decrease when
the heat capacity ratio increases. In contrast, the kissing duration increases as the heat capacity ratio increases.
When the Grashof number increases, the heat transfer between the particle and fluid is enhanced, and the
drafting duration significantly decreases while the kissing duration and tumbling duration remain almost
unchanged in the sedimentation of two cold particles. The particle’s initial temperature greatly affects the
occurrence moment of the drafting-kissing-tumbling movement. To be specific, the drafting-kissing-tumbling
movement occurs at the earliest moment for the sedimentation of two cold particles, followed by the
sedimentation of one cold and one hot particle, and the latest for the sedimentation of two hot particles. The
promoting effect of the low particle’s initial temperature on the drafting-kissing-tumbling movement mainly
takes place in the dragging stage and kissing stage. The particle’s initial temperature has almost no influence on
the tumbling duration.

Keywords: particle sedimentation, conjugate heat transfer, drafting-kissing-tumbling
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