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Population balance system in a channel with squared cro.

section

e Dbased on the report by Christian Borchert and the discussions on March 23, 2009

e domain €2
o length 1.25 m
o width 0.01 m
o height 0.01 m

e reference length
lco = 0.01 m diameter of the channel

e anisotropic grid in streamwise direction
o aspect ratio increases towards the outflow
o aspect ratio up to 30 (at the outflow)

e about 250 000 degrees of freedom



Flow equations

dimensionless Navier—Stokes equations

0
27 Au+ (u-V)u+ Vp

ot l oo Uoo

V- -u

gravitation force include into pressure gradient
parameters
o kinematic viscosity (ethanol) v = 1.361 10=°% m?2 /s
o density (ethanol) p = 789 kg/m?3
reference quantities
o velocity: uso = 0.01 m/s
o time: too =loc/Uco =18
o Pressure: poo = pu2, = 7.89e — 5 N/m?
Reynolds number

looUoo

Re = ~ 73.475386

v



Flow equations (cont.)

e inlet:
r—ox [L2]«[L]]
3 3 3 3
e inflow:
2.5cm/s Uin
0 dimensignless 0
0 0
with u;, solution of
—Auiy, = 2.51n I, wu;y, =00n ol

e outlet z = 125: outflow boundary conditions



Flow equations (cont.)

e flow is probably time—dependent
o stationary Navier—Stokes equations: solver stagnates

e Crank—Nicolson Galerkin FEM
e instantaneous flow field

u Magnitude

N

1.04

0.103

. 0.0107

0.00100

o grid dependence of result clearly visible, recirculation zone not sufficiently
resolved



Energy balance

e dimensionless equation

— AT +u-VT = ’ OU.nuc + OU .er
ot loouoopcp UooTooPCp ( U,nuc U,g owth)
301.15 atthe inlet
T(t,0Q) = .
291.15 at the walls save inlet and outlet
A T(t, 02
(t, 00) — 0 atthe outlet
locUsopcp  On
T(0,9) = 298.15

e parameters
o thermal conductivity (ethanol) A = 0.167 W /(K m)
o heat capacity (ethanol) c, = 2441.3 J/(kg K)
o heat of solution (in ethanol) A~y cryst = 216.45 J/kg
O OU,nuc, NOt yet implemented
o 0y, erowth, NONliNear term, not yet implemented



Energy balance (cont.)

reference quantities
o temperature: Tooc =1 K

. . . . . A
— non—-dimensional diffusion coefficient l ~ 8.669984¢ — 4
oo Uoo PCp

temperature only necessary for computing the growth rate of the particles

Crank—Nicolson linear Finite—Element—Method Flux—Corrected—Transport
(FEM—-FCT) scheme

instantaneous temperature distribution

o discontinuous Dirichlet boundary condition



Mass balance for solute

e changed to equation for concentration

P; kg
c= ,  Mmol(urea) = 60.06e — 3 ——
Mmol mol
e dimensionless equation
%) D 3p%ky G foo L3_1 Lmax/Loo
I Acqu-Vet LIV foo Lisoloc L2fdL =0
ot oo Uoo M mol Coo Uoco Linin/Loo
¢ = 71.09/mmo ~ 1183.65 atthe inlet
Dj (96
= 0 else
locUso ON
c(0,) = 0

e parameters

o diffusion coefficent (urea in ethanol) D, = 1.35e — 9 m?/s

o density of dispersed phase based on phase volume p? = 1323 kg/m?

o ky =mn/6

e —> non—-dimensional diffusion coefficient

J

oo Uoco

= 1.35e — 5 m?/s



Mass balance for solute (cont.)

o growth rate

CMmol — PS5 7)\°
) k'g < moC J,sat( )> If p; — Pj,sat > 0
G - pj’sa,t(T)
0 else
- g~ 0.5

- solubility of urea in ethanol

kg
m3K

k
05 sar (T) = 35.364 —2 + 1.305 (T — 273.15) K
’ m
e reference quantities
o concentration: co, = 1 mol/m3
o particle diameter: Loo = Lmax
o particle size distribution: foo =1 m™4



Mass balance for solute (cont.)

e Crank—Nicolson linear FEM—-FCT scheme
e instantaneous concentration distribution (with f = 0)

conc

-1.189+03

202,

Hsa.a

5.87

1.00



Particle size distribution

e dimensionless equation

8f_|_ lccG Of
ot Uoo Loe OL

+quf —

e reference quantities
o Lmin=1e—8m
0 Lmax =2e—5m
e implementation started (without right hand side)
o forward Euler upwind finite difference scheme
o backward Euler upwind finite difference scheme
o Crank—Nicolson linear FEM-FCT scheme




Next goals

e include PSD (until middle of April)
e Dbetter grid necessary (this week)
e link library for breakage and agglomeration (as soon as possible)
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