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Introduction

U(VI) extraction in TBP from HNO, solutions in a

micro-channel within the PUREX process (increased _
extraction efficiency, reduced amount of waste solutions, 7

Mini heat exchanger

Gas supply

increased selectivity)?!

Heat/mass transfer in two-fluid flows within ) | S——

mini/micro devices?

— high heat/mass transfer rates due to high interfacial
area per unit volume

— mini/micro devices can operate under more stable
conditions and use small amounts of chemicals
(increased safety, isothermal flow)

— well defined flow patterns

Micro Bubble Column

' T

Monolithic Catalyst Reactor

1. H. Hotokezaka, M. Tokeshi, M. Harada, T. Kitamori, Y. Ikeda — Progress in Nuclear Energy 47, 439-447, 2005
2. V. Hessel, S. Hardt, H. Lowe — Chemical Micro Process Engineering, 2004




Computer code TURBIT - VoF

Numerical code developed for simulation of laminar and
turbulent flows in one-phase and two-phase flows in plane
channels

Time-dependent conservation equations for mass,
momentum and energy of two incompressible, immiscible
fluids

Volume-of-Fluid technique for interface tracking
Transport equation for the liguid volumetric fraction

Periodic boundary conditions in flow direction




Governing equations

Species conservation equation: oc, )

P . EkJrV-(CﬁVk):—V-jEJrIf, k=12
Fick's law:  j* = _D*vc”
Interfacial constitutive equation:  j'-n=J; -n

Interfacial local equilibrium instantaneously established (Henry's law):

Ho o c, —concentration of species a in the liquid
C, Cc, —concentration of species o in the gas
Concentration field is transformed to ensure continuity
Cli k.
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Validation of the diffusive term
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J. Crank — The Mathematics of diffusion, 1994
D. Bothe, M. Koebe, K. Wielage, J. Priss, H.-J. Warnecke — In Bubbly flows. Analysis, modelling and calculation — M.Sommerfeld, ed., 159-174, 2004
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Validation of the Mass transfer with first order homogeneous and
source term heterogeneous reaction in single phase flow

Y Analytical and numerical solution of mass transfer with

homogeneous chemical reaction - uniform flow
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. . Comparison between analytical and numerical solution
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Analytical solution
Grid 48 x 48
Cell size 1/192

Numerical solution
Grid 16 x 64
Cell size 1 /64

A. Apelblat — Chemical Engineering Science 19, 19 — 37 (1980) X




Influence of unit cell length L, on hydrodynamics

Lyc [mm] Grid Ug [m/s] U, [m/s] a[l/m]
A 200 48x48x48 0.0964 0.0319 1168.8
B 275 48x66x48 0.0964 0.0345 1476.4 C
C 350 48x84x48 0.0969 0.0349 1770.6
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Influence of L, on mass transfer with and
without chemical reaction
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Conclusions

* Implementation of the diffusive term has been successfully validated against
1D and 2D analytical solutions

» Implementation of the source term has been successfully validated against
analytical solutions of mass transfer with homogeneous and heterogeneous
chemical reaction in single phase flows

« Short unit cells are found more efficient than long unit cells for pure mass
transfer and mass transfer accompanied by homogeneous chemical reaction,
while long unit cells tend to be more efficient for mass transfer with chemical
reaction at the wall

Further step

Numerical simulation of U(VI) transfer from HNO; solutions into TBP solution
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