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Lateral diffusive migration of massive particles in high-velocity vertical pipe flow
of moderately dense gas-solid suspensions
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Transport processes involved in a gas-particle flow, comprised of spherical particles with a narrow size
distribution suspended in a turbulent gas, are investigated theoretically on the basis of the recently developed
Enskog theory for multicomponent dense mixtures of slightly smooth inelastic spherical pdfficiésman-
khan, Phys. Rev. B2, 4877(1995]. The generalized Boltzmann equation of the previous work is modified to
incorporate the relevant forces exerted upon individual particles including the drag force by the relative gas
motion. Extending the method of moments of Gf@bmmun. Pure Appl. Matt2, 331(1949], the modified
Boltzmann equation is solved to obtain the nonequilibrium velocity distribution function for particles of each
size. By taking the monodisperse limit, a basic equation is derived for the treatment of the problem of lateral
diffusive migration of solids in an assembly composed of separate equisized spherical particles traveling in a
fully developed, turbulent upward flow of a gas within a vertical pipe. At moderately high solid concentrations,
where the random component of the particle velocity is generated mainly by particle-particle collisions, the
particle diffusivity and the thermal diffusion coefficient are found to increase with the square root of the
granular temperature, a term that measures the energy of the random motion of the particles.
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PACS numbg(s): 47.55.Kf, 47.60+i

I. INTRODUCTION approximation in their approach is that the particle collision
time 7., which characterizes the mean time between succes-
During the past few years, the hydrodynamics of confinedsive collisions of a particle, is much larger than the particle
gaseous suspensions has received considerable attention digcous relaxation timey, which describes the response of a
to its importance in several applications, including fluid cata-particle to the drag force created by turbulent fluctuating ve-
lytic cracking[1] and combustion of low-grade coal in power locity of the surrounding gas.
generation plant§2]. In observing the transport of moder- ~ Under the operating conditions used for gas fluidized
ately dense gas solid particles in vertical pipes, where th€€ds, there are many parameters that affect the motion of
solid volume fraction is much larger than 0.001, it has beer?uspe_nded sqlld parthles relatlv_e toa tL_eruIent carrier fluid,
noted[3] that solid particles were distributed nonuniformly including particle inertia and solids loading. For moderately

over the cross section and that the recirculation of particle§oncentratecj particle loadings, recent t¢Sfsindicated that

occurred against the direction of their net flow. These pheln high-gas-velocity flows, large-scale solid structufeisis-

nomena clearly influence the particle residence time distribu{-(ha?sggrfg’ r\g’:el C:f ?Sgsbgr?giigﬁld aitvleozvvgr \;glgc't(')esul\gggn
f[ion in the risers,_which_ s important_in predicting the beh.av'composed of separatepparticles V\;h?)se freg and iFr)ld%pendent
lor of system_s n which the partlclgs catalyze rea_Ct'O”Smotions resemble that of gas molecules in a dense gas in
between species in the gas or in which they react with the,erma) equilibrium. Thus, for this case there is some justi-

gas. _ _ fication for assuming that the particle collision timg is
Several approaches towards developing two-fluid modelsy ¢ smaller than the particle viscous relaxation tirge

in which the gas and the particle phases are treated as@der such circumstances the flow regime is not fluid domi-
mixture of continua, have been used in an effort to predichated: instead, the frequency of a single-particle displace-
the aforementioned observations. The results of the earlieﬁﬁents is controlled by the rate of collision with the neigh-
approach, used by Berker and Tulig], demonstrated that horing solid particles7]. Hence the study of the lateral
for the pipe flow regimes relevant to high-velocity gas fluid- diffusive migration of solids in a turbulent upward flow of a
ized beds(6—9 m/3, the particle-eddy interactions tend to gas within a vertical pipe at moderately high solid concen-
move particles laterally due to the presence of a turbulencgations, which seems to be a possible cause for the tendency
gradient. As a result of this motion, an uneven distribution ofof particles to concentrate in the wall region, requires an
particles over the cross section may appear. The essentiassentially different approach from those proposed for
particle-laden turbulent flowis3].
Developing theories based on the kinetic theory of dense

*On leave from the Technical Research Centre of Finland, Jygased9] to obtain continuum equations for the mass, mo-

vaskyla Finland. mentum, and energy of the solid phase, therefore, could
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