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Second, the determination of the properties of the VLE curve was done by simulation on the Gibbs ensemble [4].
ABSTRACT In this case the system was composed by two systems, each one composed by 512 particles (Total of particles
1024). The simulation was done in cycles, each one consist in average 300 particle displacements attempts, 3

Equations of state (EoS) based on a two parameters model fall in a description of a corresponding state theory (CS) volume change attempts and 30 particle interchange attempts. The selection in the order was done ramdomly.

[1,2], which is not suitable to describe the properties of real fluids. To obtain a nonconformal behavior [1] that
breaks down the CS for real fluids, it is necessary to use a three parameter potential. In this work, a fluid with

: . . : : . ] Both systems started with the particles situated in a cubic lattice with equal volumes. The system was
molecules that interact with a triangular well potential of variable width was studied. Y X q y

equilibrated by 3x106 cycles and the properties were sampled from the next 3x10° cycles. The results are plotted
In fig. 2-5 with the respective error bars. The critical point for VLE of the different well widths was estimated

The non-conformal behavior of this fluid can be observed by the vapor-liquid equilibrium curve obtained for with the procedure presented in [5]. The internal energy profile for the two phases is shown in fig. 6

different values of the well width. No information for the phase equilibrium data of the fluid has been previously

reported in the literature. .
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In this work, the vapor-liquid equilibrium for triangular well fluid was studied by a proposed equation of state e This work, molecular simulation . 4 ©  Liquid density (Sim)
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based on the perturbation theory. The obtained curves were compared with new molecular simulation data obtained 6 - — Eos
here for this fluid at different well widths. New data for this fluid in the one phase region is also presented. o/ T=L5 B
T*=1.4 =
The proposed EoS describes an equilibrium curve and critical compressibility factor function of the well width. N 41 A Eiz §
These results are in agreement with the results obtained from molecular simulation. The proposed model over y o
predicts the critical temperature of the triangular well fluid.
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It has been shown that the use of a two-parameter model to represent the properties of real fluids falls in the use of ¢ . . . .
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the CS principle. This is the case for the cubic EoSs [2]. The use of a third parameter allows a non-conformal 3 ,
behavior. The triangular-well potential of variable width can be use to represent a non-conformal behavior with a Figure 1. Compressibili‘ﬁy/ factor for reduced well Figure 2. ELV curve for'reduced well width of 2
relative simple algebraic potential, having the advantage that only the discontinuity raised from the hard core is . width of 2 o
presented in the radial distribution function (RDF) of this fluid. . Vapor densiy (Sm) | < vavor donsity
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Typical fluids used in chemical engineering do not follow the CS principle mainly due the electrostatic interactions . - p)/zt . p)/zl
present in their structure, then the triangular well potential can be used to represent a effective potential for the i =o° (Fad® 0.8 - — E?:ilt(ll:\:andsiycolumn
Interaction between molecules and reproduce a non conformal behavior.
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The most clearly effect of a non comformal behavior can be observed in the vapor — liquid equilibrium curve for o " 8 2
pure fluids when the critical point of the fluid change displace in the temperature — density plane for different well 06 - 4
amplitudes of the interaction potential. q
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EQUATIONS OF STATE FOR THE TRIANGULAR WELL o
The model employed has been developed based on a second order expansion of the Helmholtz free energy 0.0 02 04 06 08 10 o 0o 04 06 08 Lo
according to the perturbation theory of Barker and Henderson [3]. The first order term is obtained by the mean 063 08
flied theory [3], while the second order term is a modification to the macroscopic approximation of Barker and Figure 3. ELV curve for reduced well width of 1.75 Figure 4. ELV curve for reduced well width of 1.5
Henderson. The EoS for the triangular well of variable width can be write in terms of the residual Helmholtz free 0.20 0
energy as: \\.\. \\\\\
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Where A, is the Helmholtz free energy of the reference fluid, C (1) and D, (L) are functions of the well width o4 oo o -0 -2 1'4 e 04 06 08 L0 L2 L4
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Ebtalljned b?j/ Fhe} _uselof the perturbation theory. Comparison of the equation of state in the single phase region can Figure 5. Vapor pressure curves from simulation Figure 6. Internal energy profiles as function of well
€ observed In hg. and EoS width from Gibbs simulations
RESULTS

As can be observed in eq. 1-3, the properties of the fluid are function of the reduced temperature, the reduced
density and the well amplitude, this last variable is the one that allows recovering a non conformal behavior for the
triangular well fluid. The representation of the vapor-liquid equilibrium (VLE) obtained from the equation of state
for different well amplitudes of the triangular well can be observed in figs. 2-5.

The VLE curve has been calculated by molecular simulation (Gibbs ensemble) on a first step the VLE has been
traced by NVT simulations and compared with Monte Carlo results reported by Card and Walkley [6]. The
proposed equation of state has been compared with the result from molecular simulation in figs. 2-4, The
equations shows a good agreement with the simulation results except for the region close to the critical point of
the fluid. A Padé approximant has been used to consider higher order perturbation terms, , this new model has

This equation of state is based on the mean field theories, in order to include the fluctuations related to the region : : :
behavior closer to the results from molecular simulation.

close to the critical point, the perturbation terms of order higher than 2 have been considered by using a Pade

approximant proposed by Barker and Henderson [3]: CONCLUSIONS
Ares A e A 1 The proposed model gives a fair description of the VLE for the triangular-well fluid of variable width, i.e. an
= + (4) AAD of 5.5 % for saturation densities away from the critical point (Tr < 0.8), however the errors increase as the
NKT  NkT kT NkT 1— % & critical point of the fluid approach. The proposed equation of state is based on a mean field theory, which fails to
KT A describe the region close to the critical point of a fluid.

Comparison of eq. 1 and eq. 4 to represent the VLE of different well widths are plotted in figs. 2-5. To introduce a correction to the model a Padé approximant is used to represent the higher order terms of the

perturbation expansion. The representation of the region close to the critical point is improved, however this

MOLECULAR SIMULATION correction is not enough and other considerations should be taken into account.
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