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Introduction

Hydrogen has the potential to produce electricity
and heat. It can also be used in fuel cells for electric
vehicles and buildings. Because of this, hydrogen is
being explored as a future clean fuel. Researchers
are studying how well the hydrogen energy system
can change the global energy landscape, especially
in the transportation sector [1]. Another example of
using hydrogen to make liquid fuels and important
petrochemical products is making syngas (a mix of H2
and CO) to use in the Fischer—Tropsch process [2]. At
the same time, there are limits on the money available,
so the equipment used to produce hydrogen and syngas
must be designed to meet more specific requirements.
These requirements demand accurate values for the
thermophysical properties of fluid mixtures containing
hydrogen.

The corresponding states approach provides an accurate
method for calculating the transport properties of pure
gases and mixtures in low and high density regions.
Also, a report by Assael, et al. [3] employed semi-
classical kinetic theory and a corresponding states
method to calculate the low density viscosity and
thermal conductivity of normal hydrogen. In a similar
manner, the correlations for low density transport
coefficients of simple polyatomic gases, including CO,
in the temperature range of 100-3000 K were presented
by Boushehri et al. [4]. Bzowski et al. [5] extended
this approach to investigate the transport properties
of gas mixtures comprising simple polyatomic gases,
including CO and noble gases, at low density. Maghari

Accepted: March 11, 2025

et al. [6] presented a relationship between the viscosity
collision integrals of hydrogen over a wide range of
temperatures from absolute zero to 3000 K, assuming
zero density. An effective pair potential was obtained
using the direct inversion method and a Morse-Spline-
Van der Waals (MSV) three-step potential model
was used to model the interaction between two H»
molecules.

This study utilizes a combination of the inversion
method and the MSV potential model to calculate
the thermophysical properties of pure H, gas and its
mixture with CO. This is useful because there is a lack
of reliable experimental data for H,, CO, and their
binary mixtures in some temperature and pressure
regions.

Materials and Methods
Method of Calculation

The kinetic theory of Chapman-Enskog [ 7] for a single
dilute gas leads to the following expression for the
viscosity coefficient n°:

oo 3 [mkl ]”2 f ey

16l = QP (T

QE@2*(T*) is the reduced viscosity collision integral
as a function of reduced temperature, T*=k T/e, k, is
Boltzmann’s constant, ¢ is the energy scaling parameter
in the intermolecular potential energy function, o is a
distance scaling parameter and m is the mass of the
molecule. Moreover, the value of the correction factor,
fﬂ , is close to unity. The self-diffusion coefficient, D,




of a pure gas is related to reduced diffusion collision
integral, Q(1,1)*(7*), given by Equation 2 [7]:
1/2
po 3 (kT o 2)
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where p is the pressure, and f, is a higher order
correction factor. The Chapman-Enskog solution of the
Boltzmann integro-differential equation [7], provides
a connection between collision integrals, Q®)(7T), and
intermolecular pair potential energy, u(r), through a
series of integrals given by:
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6(b) is the scattering angle, Q”(E) is the transport
collision cross section, E is the relative kinetic energy
of colliding molecules, b is the impact parameter, r is
the radial coordinate and r, is the distance of closest
approach of two molecules. Superscripts 1 and s
appearing in the collision integrals, Q®)(T), denote
weighting factors, which account for the mechanism
of transport by molecular collision.
In this work, the reduced centrally symmetrical
effective pair potentials, u*(»*)=u/e, were obtained
for interaction between H,-H,, CO-CO and H,-CO by
inverting the experimental gas viscosity data at low
density (p <1 bar) using the direct inversion method
[8, 9, 10]. r*=r/c is the reduced distance between
center-of-mass of interacting molecules in which o is
a distance scaling parameter, such that u(¢)=0, and is
the depth of the potential well.
The direct inversion procedure is based on the idea that
at a given temperature, there is a separation distance,
1, at which the potential u(r) is approximately equal
to k,T and the viscosity collision integral, Q*?, is
approximately equal to mr?. It is always possible for
a given intermolecular potential to find a function,
G'(T*), for which this idea becomes exact through the
equations.

r =22/ (6)

u, (r) =k G (T") (7)
where G "(T*) is the nth inversion function and the
subscript n refers to the nth iteration number. Equations
6 and 7 are central equations in the inversion scheme.
The Lennard-Jones (12,6) model was used as the
initial potential guess to estimate G "(T*)=u0*/T*,
which was iteratively used to minimize the objective
function O.F.=| [Q2*(T*)]exp-[Q@V*(T*)]

call'
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Results and Discussion

The INVERT potential (symbols) obtained iteratively
for H-H,, CO-CO, and H,~CO pairs are compared
with the MSV-fitted model (lines) in Fig. 1. It is evident
that the MSV model adequately represents the INVERT
potentials of interaction. As illustrated in Fig.s 2 and
3, the viscosity and diffusion coefficient of pure gases
and mixtures, calculated from the MSV potential
model, exhibit a high degree of agreement with the
corresponding experimental values. As illustrated in
Fig. 4, the MSV model demonstrates a high degree
of predictive accuracy in calculating the second virial
coefficients of H, and CO gases, as well as the interaction
second virial coefficient, B,,, of the H,~CO pair. The
second virial coefficients were calculated according to
the perturbation method of Pople et al., by considering
the total intermolecular interaction of molecular pairs
as the sum of spherical and non-spherical nth-order
electrostatic contributions [11, 12].
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Fig. 1 Comparison of inverted potential, U®, with the MSV

fitted potential (continuous lines) for H,-H,: (e), CO-CO (0)
and H,-CO () pairs.

.
b 4 .
.
1 * mg *
« = '] o."
. ‘0\.. -
I3 S s
>0 | | By =
E N ‘a i 4 o
L s
L
% !’:,
1 [ * H2+CO
'.
. . °‘ * H2
[] 4 i
. 5 CO
‘e
] . R .
0 500 1000 1500 2000
T(K)

Fig. 2 Deviation percent (DEV%) of the calculated viscosity,
using the MSV potential model, from the experimental
values for pure H, gas (e), pure CO gas (M), and H-CO
binary gaseous mixtures (4).
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Fig. 4 Comparison of the calculated second virial coefficients,
using the MSV potential model (continous lines), with the
experimental values (points) for pure H, gas, pure CO gas
and H,-CO interaction.

Conclusions

The inversion method of the experimental viscosity
and second virial coefficient data of dilute gases is
one of the appropriate statistical mechanical-based
approaches to obtain the effective interaction energy
of small monoatomic and diatomic molecular systems.
The utilization of the interaction potential energy,
derived from the inversion method and the Chapman-
Enskog theory, facilitates the calculation of the
thermophysical properties of pure and mixed diatomic
gases with a high degree of accuracy. Moreover, this
method is particularly advantageous in temperature
domains where experimental data is not available.
Ultimately, the three-step MSV potential model, in
addition to its excellent fit of intermolecular potential
data, has the capacity to calculate the transport and
equilibrium properties of pure and mixed gases with a
high degree of accuracy.
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