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Continuous mixtures [1] are characterized by a large amount of components with similar
properties such that it is not feasible to determine each one of them. These mixtures can
be represented by a continuous component using a distribution function to characterize
its composition. Examples are oil fractions and polymeric solutions. The semi-continuous
mixture is defined as a multicomponent mixture with continuous component and discrete
components with known compositions. In order to solve the mass transport equation of
a continuous component using the conventional discrete component approach, the distri-
bution function has to be described by pseudo-components which are usually determined
by quadrature based methods. However, the elevated number of pseudo-components re-
quired to capture the composition changes during mass transfer process still represents a
drawback for CFD simulations.

The present work considers the coupled solution of the momentum and multicompo-
nent mass transport equations for an isothermal single phase gas compressible flow of a
semi-continuous mixture at low velocities. A model was developed and implemented in
OpenFOAM for the solution of the multicomponent mass transport in the flow of a semi-
continuous mixture using the DQMoM approach for the continuous component transport
equation [2]. The DQMoM for a continuous component is the extension of the QMoM
adaptive characterization of a continuous component to field problems [3]. A coupling al-
gorithm to account for the mixture compressibility was developed. The non conventional
algorithm corrects the concentration of all components based on the change of the overall
mixture molar mass in a way that is consistent to the gas equation of state. Fickian model
was employed for the diffusive mass transport.

Two solvers were developed in OpenFOAM-1.6-ext. The fist one, was developed to
solve the compressible flow of a multicomponent mixture based on the conventional dis-
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crete component model (DCM). The second one, the multicomponent mixture is a semi-
continuous mixture and the continuous component transport equation is solved using the
DQMoM approach. Simulations were carried out with both solvers and the results for
the DQMoM for continuous component were compared with the DCM. The test case
considered is the transient solution of the mixing of two gas streams with different com-
positions of 57 hydrocarbons with nitrogen, where the domain is initially filled only with
pure nitrogen. The mass flow at inlet 1 is 4.44 · 10−5kg/s and 1.64 · 10−5kg/s at inlet 2.

Figure 1: Mixture density and mass fractions (YA) results for the DCM at steady flow, where L = 0.5 m;
D = 0.01 m; H = 0.21 m.

Figure 1 shows the mixture density and mass fractions (YA) results for the DCM at steady
flow at both inlets and outlet. It was shown that 4 DQMoM adaptive pseudo-components
were enough to reproduce the mixture properties with a 3% accuracy. Furthermore, the
DQMoM CFD solution was approximately two times faster than the conventional DCM
solution. Therefore, it has been demonstrated that the DQMoM for continuous mixtures is
an interesting method for CFD applications because it can accurately calculate the flow
of a multicomponent mixture with a small number of pseudo-components and reduced
computational time.

REFERENCES

[1] R.L. Cotterman, J. M. Prausnitz: Flash calculations for continuous or semicontinuous
mixtures by use of an equation of state, Industrial & Engineering Chemistry Process
Design and Development, Vol. 24, pp. 434–443, no. 2 (1985)

[2] L.F.C. Jatoba and P.L.C. Lage and L.F.L.R. Silva and F.B. Campos: Simulation
of the compressible flow with mass transfer of semi-continuous mixtures using the
direct quadrature method of moments, Computers & Chemical Engineering, Vol. 64,
pp. 153–166 (2014)

[3] P.L.C. Lage: The quadrature method of moments for continuous thermodynamics,
Computers & Chemical Engineering, Vol. 31, pp. 782–799, no. 7 (2007)

2


