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Summary

This work is devoted to the CFD simulation

of tiebed reactors with environmentally-based

applications on advanced wastewater treatmentréettimensional computational domain is employed
to investigate and validate the catalyst wettinficiehcy as a function of operating flow conditions
Finally, TOC decontamination rates are discussehartrickling flow regime.
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Introduction

Olive Liquid effluents arising in chemical and agro
alimentary plants are contaminated with a high eonbf
toxic and hazardous organic compounds

the present study, the detailed information of mtone
and mass transfer phenomena is investigated ed fied

revealingpy means of direct numerical simulations (DNS). In

chemical oxygen demands (COD) in the range 10-10(articular, the liquid—gas flow through a catalytied was
g.L'. Among advanced oxidation technologies, catalyticconsidered comprised of monosized, spherical, solid

wet air oxidation (CWAOQO) has demonstrated in theers
literature the necessary suitability for the treain of
liquid effluents in which direct biological purifition is
unfeasible, offering lower energy requirements ameth
higher oxidation efficiencies rather than WAO.
Specifically, olive oil mill wastewater (OOMW) is
characterized by a high total organic carbon foacti
(TOC) so that three-phase reactors are requiredthier
continuous wastewater treatment operating in ®idldw
regime at trickle-bed reactors (TBR). Recent adegario
the improvement of multiphase reactor models irtdita
that computational fluid dynamics (CFD) is a valieatool
to address the complete multidimensional flow eiguat

coupled with chemical species transport and reactio ;

kinetics instead of traditional TBR models reporiedhe
literature that consider isothermal operation arsedu
either a pseudo-homogeneous approach or a hetemgen
model with plug-flow for gas and liquid phdse

Mathematical model

In porous media the multifaceted fluid behaviorgchsas
film and rivulet flow, coalescence and fragmentatiof
droplets has been widely observed in laboratorjesda

particles arranged in a cylindrical container gfilat TBR
unit (50 mMMpx1.0 Mepgr). The volume of fluid (VOF)
method was used to compute velocity field as wsll a
liquid volume fraction distributions. The multipleagiow

is assumed to be vertical downward and incompriessib
with the mathematical description for the flow ofiacous
fluid through a three dimensional catalytic beddohsn
the Navier—Stokes equations for momentum and mass
conservation. By taking the viscosity to be conistéme
equations of motion may be written in the followifogm:
%(ru)ﬂﬁx(ru' u)=-Np+Kx +rg

with the viscous stress tensor

n(Nu+NuT)

in which the material parameters depend on theertse
phase: water (liquid) and air (gas). At the integfathe
additional interaction conditions depend on inteidh
velocity and gradient of the surface tension. TRFEAD
kinetic parameters were derived from LopesF.

Numerical simulation
Computational mesh representing the solid catalf/the
trickle-bed reactor was created using the integraiaid
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modeling and meshing program Gambit (Fig. 1). The . 1.00
numerical methodology used for the direct numerical
simulation of incompressible transient two-phasew$
needs to solve the Navier—Stokes equations togeittler
the interfacial interaction parameters. It mustoact the 0.70
fact that the material parameters of the fluidimett and
position §, y, 2 depend on which phase is presentxaty(
z, §. The VOF method simulates free-surface flow by [ 050
means of a fluid fraction function, which has aueal

between unity and zero. The discretization of the

governing equations is done by the finite-volumehod. 0.30
The grid independency was established after thieiatian
of different mesh natures and apertures in ordésdlate
mesh related discretization errors. All transpaytiagions
were discretized to be at least second order atecuma
space. For the convective terms, a second ordeindpw
scheme was L_Jsed_ to interpolate va!ues f_rom cet_b(xamo Figure 1. TOC conversion color map at 60 min

nodes. The diffusion terms were discretized usiagtral

differences. A segregated implicit solver availabte Notwithstanding, different catalytic bed geometrica
commercial CFD package Fluent 6 was employed té&onfigurations lead to different porosity valuesrate of

evaluate the resulting linear system of equaticfise thumb but it plays an important effect on the votum
conditions required for grid convergent results hased ~fraction distribution map. Therefore, VOF methodh dze

on a 1% relative error criterion and the simulasion used to probe the hydrodynamic behaviour of a TBR i
accuracy has been assessed by comparisons @ms of pressure drop, liquid holdup and catalyesting

experimental data available in the literafure efficiency in detail as never before. These preligRults
allow us to obtain a better understanding of the
Results and Discussion fundamental physics governing the efficiency of

multiphase reactors for advanced wastewater tredtme
At this stage, concerning hydrodynamic validatidnttee  facilities and the CWAO technology deployment ire th
VOF model, the preliminary numerical results for commercial-scale TBR.
temperature field, liquid volume fraction with TOC
conversion color map are presented in Fig. 2. AfteiConclusions

evaluating successive VOF distribution maps (nav8f)  ckp resuits stated that hydrodynamic parameterkd does
and comparing with the experimental resulis suggests  hredicted if good closures were performed in the-fiwid
that the liquid phase distribution in the catalyied is 1 iphase model in order to achieve feasibilityd 2o
mainly controlled by surface tension. In fact, thegynioit TBR advantages in different hydrodynamic
reasonable agreement of the numerical resultsladecke regimes. This could dictate the success of contiauo

with the strength of VOF model and its foundati@séd  c\aQ technology in wastewater treatment referringtt
on the surface tension gradients in the interfacectery any advance in TBR technology will thus represent

computational cell. substantial savings, which stimulates the continued
research efforts aimed at improving TBR operation a
performance.
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Figure 1. Slice of trickle-bed reactor geometry. (4), 1740.



