C—

* X %
* *
* * — = -l
* * A
* 5k L
migrate microfluidics
A Marie-Curie-ITN . nd
within H2020 Proceedings of the 2™ MIGRATE Workshop

June 29-30, 2017 — Sofia, Bulgaria

MIGRATE2017:153867

MODELING OF GAS FLOW WITH VOCS ADSORPTION ON A FIXED
BED PRECONCENTRATOR

Alireza Sharifi*!, Dimitris Valougeorgis®, Irene Lara Ibeas?, Stéphane Le Calvé **
'Department of Mechanical Engineering, University of Thessaly, Pedion Areos, 38334 Volos, Greece
sharifi@mie.uth.gr, diva@mie.uth.gr
“University of Strasbourg, Institute of Chemistry and Processes for Energy, Environment and Health
(ICPEEYS), Group of Atmospheric Physical Chemistry, Strasbourg France
*In’Air Solutions, 1 rue Blessig, 67000 Strasbourg
ilaraibeas@unistra.fr, slecalve@unistra.fr

KEY WORDS

Preconcentrator, Volatile organic compounds, Mathematical modeling, Adsorption dynamics

ABSTRACT

In several cases the concentrations of gaseous volatile organic compounds (VOCs) are too small to be
detected by BTEX micro-analyzers and therefore a preconcentration unit should be coupled to the
analytical instrument in order to increase the injected concentration of the pollutants and improve then
detection sensitivity. The present work is focused on the modeling of the preconcentrator by
simulating first only the main flow and secondly the adsorption process coupled to the main flow with.
The introduced model is validated by comparison with published results.

The main flow is described by the continuity and Navier—Stokes equations supplemented by a source
term to model flow through the porous medium [1]:
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Here, p is the pressure, p is the density, U; is the flow velocity, « is the viscose resistance which is
function of porosity and particle diameter and c, is inertial resistance coefficient . No-slip boundary

conditions are applied at the preconcentrator walls. Also, the gas flow rate at the inlet is given, while
the pressure at the outlet is fixed. Once equations (1-3) are solved, the inlet pressure as well as the
velocity field of the main flow are obtained.

Next, in order to simulate the adsorption process, the time evolution of the concentrations of the k-th
VOC in the gas phase ¢, and in the solid phase q, , along the flow direction X are obtained by

solving the following time dependent equations [2]:
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Here, &, is the bed porosity, D;; is the axial dispersion coefficient, p, is the bed density and Q, is the
maximum monolayer adsorption capacity, while k,, and k, , are the adsorption and desorption rate

constants respectively. It is noted that U; is the flow velocity obtained from Egs. (1-3). The associated
boundary and initial conditions are:

t=0 O<x<Hp Ckx=0, G x=0; t=0 x=0 Ckx=Cko., dkx =0

t>0 x=0 Cy o =const : t>0 x=Hy 8¢ (Hp,t)/ox=0

The above model is introduced to simulate nitrogen flow through the micro preconcentrator built at
In’ Air Solution. Equations (1-3) are solved for three flow rates with the outlet pressure fixed at 4 bar
using various permeability coefficients and the results are shown in Fig. 1a. In all cases as the flow
rate is increased the inlet pressure is increased to overcome the increased pressure drop. In addition, as
the the permeability coefficient is increased the pressure drop is always decreased. In order to validate
the implemented model of the main flow comparison with corresponding experimental results is under
way. Then, Egs. (1-5) are solved for flow through a porous tube with diameter 1.8 cm and length 29
cm. to compute the main flow field as well as the concentrations ¢, , and gy , . Results of the latter

one are shown in Fig. 1b, where the adsorption capacity of fixed-bed silica gel for acetone versus time
are plotted. These curves, also known as the breakthrough curves, are compared with corresponding
results in the literature [2] and as it is seen a very good agreement is observed.
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(a)
Figure 1: (a) Pressure drop in the In’ Air Solution preconcentrator for different adsorbents and flow rates. (b)
Experimental and numerical simulation data of acetone adsorption onto fixed-bed silica gel
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