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Abstract

This paper is devoted to the MIMO control of theatgic
reverse flow reactor (RFR) which aims to reduce the
amount of volatile organic compounds (VOCs) reldaise
the atmosphere. The RFR is characterized by the dierio
reversal of the gas flow that aims to trap the loéataction
inside the RFR. The control issue is to confinehbespot
temperature inside an envelope (in order to ensomeplete
conversion of the pollutant and to prevent catalyst
overheating) in spite of stochastic variations loé tinlet
pollutant concentration (the input disturbance). eTh
manipulated variables (dilution ra® and internal electric

heatingQ ) have to be optimized. Closed-loop performances
of the LQR and the MPC are compared through sinonati

Keywords. Optimal reverse flow reactor control.

Process description

A medium-scale RFR (Nieken et al.) is consideredufeg
1). Cordierite monoliths of square cross sectionsh wi
channels of 1*1 mm are packed in the reactor. Mtmah

the core region is catalytically active and is trierhoth end
sections. A blower located downstream of the RFR &eep
aspiration of the pollutant at a constant flow résethe core
region, an electric heater maintains ignition terapee,
while the temperature in the catalytic layer isrdased by
fresh air dilution. The packed layer is adiabagigcept in
the core region where heat loss is inevitable dusoth the
installation for air dilution and the high tempenat in this
region. High temperatures exist in catalyst bed whereas the
inlet and outlet gas stream have ambient temperatur
Indeed, through periodic flow reversal, heat reddady
reaction is first trapped in the packing and theaduto heat
up the feed. The model considered here for coptugbose

is obtained from a countercurrent pseudo-homogeneou
model (Edouard and Hammouri), accounts for masstea
limitation and periodic frequency correction: iafares one
nonlinear parabolic PDE, two algebraic equationsd a
nonlinear boundary conditions. The nonlinearities@ue to
the cooling action. The advantages of this modelthat it

is more accurate and faster to compute than a qusvi
model used for control (Dufour et al., Dufour analfé).

Process control framewor k
The input disturbance (characterised by the adabat
temperature riseAT,, (Figure 2)) is assumed to vary

randomly between 0 K and 115 K. If no control iplagd to
the RFR, the hot-spot temperature exceeds both tetoper
limits (450 K and 600 K). This clearly justifiesetmeed for
closed loop control. Few papers are devoted toctimgrol
of the RFR. Here, the stochastic input disturbanas &
more realistic stochastic behaviour than in theiptes RFR
control studies (Budman et al., Dufour et al., Dufand
Touré). This disturbance and the temperature prafilthe
RFR are estimated on-line using a high gain obsdrased
on three temperatures measurements (Edouard and
Hammouri). The estimate state is injected in theRLQ

whereas the MPC is based on the estimated input
disturbance. Simulation results allow comparing dlosed-
loop performances obtained with the LQR and the MPC.

Closed loop performanceswith LQR

The output constraints are satisfied at any timawBen
500s and 1550s, the input disturbance leads taxase of
the temperature inside the reactor (Figure 3). LQRectly
tunes the internal heating (Figure 4) such that the
temperature stays above the extinction temperathice.
dilution is taking place. After 1550s, rich feedlirtes an
increase of temperature inside the reactor. LQRstuhe
dilution rate such that the temperature is maieiibelow
the maximum temperature and there is no more tggatin

Closed loop performances with MPC
The output constraints are also satisfied at ang {jFigure
5). Between Os and 13004\T,4is small (Figure 2) and

extinction of the process is avoided feeding eleatpower
into the reactor (Figure 6). In the meantime, thisreno
cooling action and the maximum amount of gas isctioee

treated as expected in these conditions. After $500

becomes important and overheating of the process is
avoided (see the upper bound constraint on Figuoué to

the correct use of the cooling action. The drawhaciat

the controller may sometimes require both heating a
cooling actions at the same time (at 3180s e.ghichw
should not happen.

Conclusions

In spite of large input disturbance due to the feed
concentration, the temperature can be maintainetdbly
observer based controllers inside the specifiecoézature
envelope. Concerning the optimization performant&R
leads here to better results than MPC since it reguéess

heating action while treating more gaé =83.4W and

a =0.894 for LQR,6:274.6W anda =0.849 for MPC

(these mean values are calculated from t=0s to0B<)5
This difference is mostly due to the impact of sihechastic
variations of the input disturbance over MPC. Indeabe
estimation of the disturbancAT, is directly used in the

MPC, where it is assumed constant in the futures Timy
forces the MPC to overevaluate the need for headimd
cooling. Combining this issue with the non minimuhape
behaviour of the process, the horizons tuning isasy. In
the meantime, a switching control structure is uledhe
LQR: therefore, heating and cooling action are dplezl
and can not acting at the same time as expected. Th
drawback is that it introduces a severe nonlingaidr
stability analysis whereas MPC is more suitable ttren
LQR for general MIMO control problems.
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Figure 2: Adiabatic temperature rise.
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Figure 3: Hot spot temperature (LQR).
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Figure 4: Cooling action (cont.)
and heating action (dashed) (LQR).
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Figure 5: Hot spot temperature (MPC).
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Figure 6: Cooling action (cont.)
and heating action (dashed) (MPC).




