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Table 1
Summary of boundary condition requirements for each of the transport processes.
Convection Diffusion Settling
Order of spatial derivatives First Second First
Solid wall conditions No-slip velocity g—; =0 Usett =0
None for ¢ (except on the bottom wall
Usere = const.)
None for ¢
Inlet condition c=const. c=const. Not applicable
Outlet condition None &k _q Not applicable

on

Fig. 5 is the computational results for this case. The time
duration to reach the steady state is about the same as the
convection-diffusion case, because, as mentioned previously, the
diffusion process provides the mixing mechanism for reaching the
steady state faster. The steady-state value of C is higher than the
convection-settling case, but lower than all the cases without set-
tling. This is also evident in the particle-number density contours
in Fig. 5b, where the minimum value of c is lower than those in the
convection only and convection-diffusion cases, but higher than
that in the convection-settling case. The numerical leaking is still
shown in the rate of change plot in Fig. 5a, about 4% of the inlet
particle rate in this case.

3. Conclusion

Consistency of boundary conditions for each of convection, dif-
fusion and settling processes as well as for several combination
cases is investigated theoretically. By looking into the integral char-
acteristics of the conservative form of the transport equation for

Table 1. For combined processes, the boundary conditions are
sistently the corresponding combination of the processe
contradictions. That means for acombination of different pr es
the boundary conditions required for each of tQe #ivalved ®ro-
cesses are either the same or complement to e oth#r. Under
no circumstances are different boundary congdi s for particle-
number density required on the same bounda ationthatcan
cause physical and mathematical inconsg T convection, the

analyzed. Boundary conditions for each process are summariz?@

no-slip velocity condition on the solid walls deems that the bound-
ary condition for the particle-number density is not needed, and
the only boundary for convection is the inlet Dirichlet-type bound-
ary condition. For diffusion, the necessary boundary condition is
the zero normal-gradient of the particle-number density on all the
boundaries except the inlet. For settling, no boundary conditions
are needed for the particulatg phase when the settling speed is
specified zero on the top bogndgry. Since the boundary conditions
for each process do not ge t to each other, when different
processes co-exist, theré od&nomalous effects of the bound-
ary conditions on t QNs. Numerical simulations using the

finite-volume m w good agreement in comparison with
the analytiggl int results.
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