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Dynamic operation can provide favorable equilibrium and kinetics, mass and heat transfer
in chemical reactors, by an optimization of performance parameters. Usually fluctuations of
inlet parameters are unwanted and can be even dangerous. Therefore detailed analysis of the
system is needed to fully predict possible outcomes [1]. The method of nonlinear frequency
response (NFR) attempts to predict the outcome of perturbation for the instructive input
variables using nonlinear functions within the model equations. The aim of the derived models
is the estimation of optimal frequencies and amplitudes for sinusoidal changes of the total inlet
flow, concentration, temperature and the cooling temperature, as well as combinations of
several of these inputs [2].

The NFR is an analytical method for the evaluation of periodically perturbed chemical
reactors. Based on the concept of high order frequency response functions (FRFs) weakly
nonlinear systems can be described. As an indicator for the performance of the forced periodic
operation the value and sign of the non-periodic (DC) component of the outlet have to be
analyzed, as shown in Fig. 1. This gives insight of possible improvements that can be implied
by the input changes. By applying the NFR method the non-periodic term can be estimated for
the modulation of a single and for multiple input parameters.
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Fig 1: General Approach of the Nonlinear Frequency Response Function with sinusoidal change of the inlet parameters, resulting in a possible
process intensification [3].

As amodel reaction the hydrolysis of acetic anhydride in a continuously stirred tank reactor
(CSTR) has been chosen. This exothermal reaction is investigated for the cases of separately
and simultaneously modulated inlet concentrations and feed flow rates. For the experimental
validation of predicted model-based results at first a verification and adjustment of the kinetic
parameters is performed. Based on these results an optimal steady-state is calculated, which is
used as an initial state of periodic operations. To estimate the performance of the reaction
system mean values of the conversion of acetic anhydride and the yield of acetic acid are
compared to the corresponding steady-state values of the reactor. Different forcing frequencies,
input amplitudes and, for multiple input parameter, phase shift between them are investigated.
The theoretical foundation as well as systematic exploration of the experimental possibilities
will be presented.
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