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keywords: Applications in Engineering,Bifurcation theory extraction where during a reaction two immiscible species

and analysis,Differential Algebraic Equations are formed creating a two phase system, taking advantage
of the immiscibility of the two formed chemical species us-
ing a liquid-liquid contact equipment can mean an enormous

1. INTRODUCTION rise in the productivity(specially for reversible chemical re-

The use of Differential algebraic equations is commorfictions) and avoid energy consumption in the further process

in the dynamic simulation of chemical engineering plantsSt€PS [6, 7]
and apparatus that deal with physical equilibrium, special
cases of that would be the the Liquid-Liquid equilibrium and

the Vapor-Liquid-Liquid equilibrium that are systems that N’
are described by piecewise smooth non linear differential Z
algebraic equations with non trivial discontinuity frontiers, 1 5
the analysis of shortcut design chemical engineering models' ", Phai;" N
such as residue curves and liquid-liquid contactors leads to X — | 1 N — " X
the appearance of bifurcations over the discontinuity frontier.
N2 Phase Il N4

2. DAE BIFURCATIONS 2 — L] VI.Il —

The most common DAE bifurcations is know as singu- ' Reaction N '
larity inducted bifurcation [1], it consist on the the sudden
change of sign of eigenvalues without crossing zero, it is Figure 1 — Auto inducted liquid-liquid Contactor

common on electrical engineering systems. By far the most
common bifurcation in chemical engineering systems is the
fold bifurcation [2? —4], in many cases meaning the non op-
erability of an specific apparatus under certain conditions, i
many other cases it mean the appearance of multistability. Ql APPEARANCE OF BIFURCATION

As said before the appearance of fold bifurcations is com- The study case of the Biodiesel auto inducted liquid ex-
mon, but the use of piecewise smooth systems to descrilieaction (see Figure 2) is representative for being one of the
chemical engineering apparatus is not, neither is the appearew applied technology cases where the novel DAE bifur-
ance of a theoretically consistent fold bifurcation over thecation appear. The transformation of fats and vegetable oils
discontinuity surface as an important operation parameter i@riglycerides) into long chain fatty acid esters by the reaction

varied. with an alcohol generally methanol or ethanol in presence of
a catalyst, is the base of industrial production of biodiesel and
3. CHEMICAL ENGINEERING  LIQUID-LIQUID it is called transesterification[8—10], from the modeling of
CONTACTOR the reactor for the production of biodiesel from sunflower oil

A liquid-liquid contactor is widely used in chemical engi- using enzyme as catglyst several bifurcati_on diagrams were
neering plants to perform extractions [5], the operation prinoPtained, both operation parametér¢see Figure 3) and)
ciple is to take advantage of the different solubility of some(Se€ Figure 4) where varied, which are the relation of reac-
chemical species in two insoluble solvents, those are put iHVeS at the inlet of the reactor and the dilution rate respec-
intimate contact allowing the solute to pass from one to thdlVely. A special case of a fold nonsmooth bifurcation was

other, another class of extraction is the auto inducted reactio‘(?Pta";?d sh(;\;ving that it falls over the discontinuity surface
see Figure 5).
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Figure 2 — Auto Inducted liquid-Liquid Extractor for the Pro-
duction of Biodiesel

Figure 3 — Bifurcation diagram obtained varying R
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