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• Martin Mönnigmann, Process Engineering Systems, Aachen University

This work is partially funded by VolkswagenStiftung.



3

Overview

• Singularities in chemical processes

• Approaches for determining the singularities

• Interval arithmetic

• Basic branch–and–bound–algorithm + OpenMP implementation

• Numerical results

• Summary
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Singularities in chemical processes

Example: CSTR (continuous–flow stirred–tank reactor)

general model for exothermic reactions A→ B (e.g., hydrations, oxidations)

reaction

constant feed of A

constant flow of A + B

∞
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Process description (ODE)

ẋ = f(p,x)

with

(parameters) p = (inflow concentration, normalized time )T and

(state) x = (concentration, temperature )T .
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Process description (ODE)

ẋ = f(p,x)

with

(parameters) p = (inflow concentration, normalized time )T and

(state) x = (concentration, temperature )T .

Steady-state analysis ẋ ≡ 0 leads to a nonlinear system

f(p,x) = 0, p ∈ Rk, x ∈ Rn, f : Rn+k → Rn
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Process description (ODE)

ẋ = f(p,x)

with

(parameters) p = (inflow concentration, normalized time )T and

(state) x = (concentration, temperature )T .

Steady-state analysis ẋ ≡ 0 leads to a nonlinear system

f(p,x) = 0, p ∈ Rk, x ∈ Rn, f : Rn+k → Rn

Investigate the set of solutions with respect to the parameters p.
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Singularities

multiple states

unique states
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Singularities

multiple states

unique states

• •
saddle–node singularities

(limit points)

•
cusp

Jumping between states:

• drastically reduced gain or

• “ignition” of the process
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Approaches for determining the singularities

Goal:

• prove absence of certain singularities or

• determine (guaranteed) bounds for all singularities of a certain type

within given ranges for the variables and parameters.




