
*Corresponding Author Vol. 28 (No. 2) / 035 

International Journal of Thermodynamics (IJoT) 
ISSN 1301-9724 / e-ISSN 2146-1511 
https://dergipark.org.tr/en/pub/ijot  

Vol.  28 (No. 2), pp. 035-044, 2025 
doi: 10.5541/ijot.1534403 

Published online: June 1, 2025 

Research Article 

Refined Covolume Approach for Heavy Alkanes in Abel-Noble EOS at High 
Pressures  

1H. Hachoume , 1,2*H. Ksibi

1 LMA3E Laboratory, Campus Universitaire Sidi Ahmed Zarroug – 2112, University of Gafsa, Tunisia 
2 University of Sfax, IPEIS, P.B. 1172 Sfax 3018, Tunisia  

E-mail: *hatem.ksibi@ipeis.rnu.tn

Received 18 August 2024, Revised 28 November 2024, Accepted  7 January 2025 

Abstract 

A novel formulation was developed to accurately model volume behavior at very high pressures for heavy n-alkanes, 
based on excluded volume theory. This approach is crucial as several cubic equations of state become inadequate at 
pressures exceeding several thousand bars. The covolume formulation was applied to the Abel-Noble equation of state 
(EoS) for real gases to accurately model the specific volume of linear long-chain alkanes. It adjusts the compression 
limit volume of these heavy alkanes by tuning a small dimensionless parameter, epsilon (ε), which establishes a 
numerical relationship between pressure and excluded volume. At high pressure (from 50 MPa), the molar specific 
volumes of various aliphatic alkanes (CnH2n+2) between 30 and 250 °C were carefully calculated. The proposed 
formulation was undoubtedly improved by comparing it with experimental data from many peer-reviewed studies, 
keeping a square error limit of 3% for heavy n-alkanes. Additionally, we notice that attempts to use the presented EoS 
for low-carbon number hydrocarbons seem unreliable until the fluid is set under very high pressure.  

Keywords: Covolume; n-alkanes; high pressure; Abel-Noble EoS. 

1. Introduction
The thermodynamic properties of hydrocarbons,

primarily n-alkanes, which simply include carbon and 
hydrogen, at a certain pressure (P) and temperature (T) are 
ascertained using equations of state for fluids, which are also 
used to describe the phase behavior of those substances, 
thereby allowing the determination of the specific volume (v) 
at given P and T. In fact, most fluid PvT calculations in 
petroleum engineering cover reservoir models, well testing, 
pipeline flow calculations, separator design, and precise 
phase behavior predictions for various tertiary recovery 
procedures, such as gas injection, pyrolysis, or in situ 
combustion [1-2].  

Designing engineering processes requires accurate 
experimental density measurements and trustworthy 
thermodynamic property estimates due to the rising activity 
in chemical and petroleum engineering. Moreover, oxidation 
reactions and hydrogen abstractions (H-abstraction) during 
the combustion of heavy n-alkanes play a key role in heat 
production. In petroleum refining, these mechanisms, 
particularly H-abstractions, are essential for breaking down 
heavy hydrocarbons into smaller, more useful molecules for 
fuel production. 

Heavy alkane processing is generally carried out at high 
pressure and elevated temperatures. The auto-ignition and 
oxidation mechanisms of linear alkanes require a 
temperature range between 550 and 1100 K as mentioned by 
Biet et al. [3]. For example, the ignition delay time of such a 
hydrocarbon can be measured in a shock tube at temperatures 
above 1000 K, or predicted accurately using numerical 
simulations [4-5]. Although high temperatures are often 

preferred for the processing of long-chain alkanes due to 
their high thermal stability, certain conditions can benefit 
from lower temperatures as given by Bikas and Peters [6]. 
These include processes such as thermal and catalytic 
cracking (between 450°C and 750°C) or hydrocracking and 
hydrogenation (between 300°C and 450°C). 

This paper aims to present a straightforward method for 
accurately analyzing the state of n-alkanes by correlating 
pressure with the excluded volume and investigating its 
effect on the specific volume. Using the main idea of Van  

Der Waals, we can ignore repulsive forces under 
sufficiently high pressure that every material should undergo 
structural transformations towards denser and tighter atomic 
arrangements. Since these are input data for the 
aforementioned calculations, their accuracy is critical. 
Incorrect PvT properties lead to erroneous calculation 
results, so the calculation method used must be carefully 
selected [7]. We emphasize that aliphatic hydrocarbons, 
which lack double or triple bonds that are highly reactive in 
organic chemistry, are not entirely unreactive. While they do 
exhibit some reactivity, their generally low reactivity in most 
laboratory settings makes them a relatively stable but crucial 
component of organic chemistry. 

2. Model Development
2.1. EoS Theory

Based on experimental observations and well-founded 
theoretical investigations, a wide range of equations of state 
(EoS) have been produced. As a result, an EoS has a well-
established reputation for adaptability in computing pressure 
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as a function of density and temperature. To characterize the 
behavior of fluids under high pressures and temperatures, 
various models (equations of state) have been developed to 
date. Indeed, the use of equations of state to characterize the 
P-v-T properties of materials began in 1873 with van der 
Waals' introduction of his groundbreaking equation. The 
EoS Virial, a power series formulation of the fluid 
compressibility factor density, was proposed in 1901 [8]. 
Despite being proposed as an empirical form, the Virial 
equation was eventually proved to be derived from statistical 
mechanics. This equation's fundamental weakness is that it 
cannot describe multiphase events.

Both the Redlich-Kwong and Peng-Robinson EoSs 
offered highly successful equations about fifty years later as 
mentioned by Liu et al. for compressible alkanes [9]. In fact, 
cubic equations are most usefully applied at high-pressure 
levels that cannot exceed the supercritical zone [10]. These 
cubic EoSs are commonly utilized to predict hydrocarbon 
phase behavior and volumetric features [11]. In the 
compressible state, estimating the thermodynamic 
characteristics of nonpolar fluids such as aliphatic alkanes 
and their mixes was simple and reasonably accurate. At 
pressures of several hundred bars, cubic equations such as 
Peng-Robinson or Redlich-Kwong remain relatively 
reliable, particularly for gases at moderate temperatures. 
However, their accuracy decreases when complex 
phenomena, such as liquefaction or phase formation, occur. 
These equations often struggle to accurately represent such 
phenomena in condensed phases (liquid or supercritical), 
where molecular density is extremely high [4]. Furthermore, 
structural modifications of molecules in these dense phases 
are not always adequately accounted for in the formulations 
of cubic equations, which can lead to inaccurate predictions 
of alkane behavior under high-pressure conditions. 

Additionally, we see in the literature that several 
formulations of PvT are based on the scaled-particle theory 
for hard spheres for n-alkanes. Therefore, Vega et al. 
highlighted several applications for this form of EoS at a 
low-pressure level [12]. The equation of state for hard 
spheres is defined using a form factor, also known as a 
structural factor, which depends on the hard sphere's 
diameter. Recently, Eslami et al. provided a modified 
perturbed hard-sphere-chain equation of state that has been 
used to calculate fluid PvT properties, specifically for C1–
C20, where predictions are more accurate than those of the 
original perturbed hard-sphere–chain equation of state 
without modification [13]. 

In general, an EoS, described in these models 
summarizes two major molecular effects (agitation and 
repulsion effects) in a simpler formulation. The 
corresponding parameters are derived using the experimental 
saturation findings as reference data. Furthermore, a basic 
EoS model for hydrocarbons has proven to be a useful tool 
for engineering applications such as petrochemicals. The 
issue of using a cubic equation technique to determine large-
scale correlations, on the other hand, remains an open 
question. It is especially challenging to transition from the 
scaled equation of state used in the critical area to practical 
and well-understood analytical forms, or when the fluid 
(heavy n-alkane) is in the weakly compressible liquid state.  

We cited the empirical model of Orwoll and Flory, which 
expressed the density of n-alkanes entirely as a function of 
temperature [14]. We also highlighted other empirical 
equations used to calculate the densities of n-alkanes and 
their mixtures, employing a modified version of the Tait 
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equation of state, as reported by Bamgbade et al., whose PvT 
relationship was valid only at low and moderate pressures 
[15]. 

Additionally, the Abel-Noble equation is a simple yet 
effective tool for modeling the behavior of real fluids under 
moderate conditions. Its mathematical simplicity and low 
requirements for adjustable parameters make it practical in 
many situations. By adding simple correlations, this equation 
can be kept in its fully analytical form. Studies have 
evaluated its use with low-carbon-number alkanes under 
high pressure, often modeling hydrocarbons by eliminating 
the attraction energy term with minimal precision loss [16].  

It is discovered that its deviations from published 
experimental data at a wide range of pressures and moderate 
temperatures are slightly higher than those calculated for the 
same compounds using complicated EoS. Using only 
experimental data points at reduced pressures of less than 2 
for parameter fitting, as is common in most commercial 
chemical processes, results in smaller deviations from 
experimental values. While the Noble-Abel equation allows 
for quick and reasonably accurate specific volume 
calculations at high densities and temperatures, more 
developed models are needed for extreme pressure and 
temperature conditions. 

2.2 Covolume Models 
Determining the covolume for the equation of state 

calculations, as proposed by Abel-Noble, is useful when 
combined with van der Waals theory. Arteca explained that 
covolume, typically considered constant in cubic equations, 
represented the molar volume of a liquid near its melting 
point, including both the excluded molecular volume and 
inter-molecular voids [17]. It reflects the fluid's inability to 
be compressed indefinitely at a constant temperature, with 
volume approaching an incompressible threshold as pressure 
increases. Studies by Höhne and Blankenhorn and Machado 
et al. examined the behavior of n-alkane mixtures under high 
pressures, addressing issues like solid-to-solid transitions 
that can obstruct process lines [18-19]. 

Because they are made of a structured long chain, 
aliphatic n-alkanes have a distinct polarity characteristic. 
Alkanes are insoluble in aqueous solutions because their 
molecules are nonpolar and cannot interact with water 
molecules to disperse. Molecules with similar structures, 
even non-polar ones, can interact and scatter into one 
another. Alkanes, for instance, are excellent solvents for each 
other and for organic compounds in general. As the system 
gets closer to the volume limit of near incompressibility, at 
extremely high pressures, the covolume stabilizes at a 
constant value. 

Based on the molecular structure and carbon number of 
the given n-alkane, we used two different formulations of the 
covolume required for the EoS calculation in this analysis. 
The molar covolume is calculated using the Van Der Waals 
model Eq. (1), the Redlich Kowng model Eq. (2), and the 
Kumar et al. model Eq. (3), which is only valid for n-alkanes 
[20]. These formulations will be compared to the new 
covolume correlation used in the current study. 

Firstly, the well-known Van Der Waals covolume model 
is as follows, where Tc and Pc as shown in table 1, denote the 
critical temperature and pressure of the given pure 
compound, respectively: 

𝑏𝑏𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑅𝑅𝑇𝑇𝐶𝐶
8𝑃𝑃𝐶𝐶

(1)
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Therefore, the corresponding expression for the Redlich-
Kwong covolume formula is written as follows: 

𝑏𝑏𝑟𝑟𝑟𝑟 = 0,08664 𝑅𝑅𝑇𝑇𝐶𝐶
𝑃𝑃𝐶𝐶

(2) 

For heavy alkanes, most studies highlighted the 
limitations of cubic equations, particularly at high pressures. 
Kumar et al. addressed this issue by introducing a 
relationship between covolume and molar mass [20]. They 
calculated the covolume b values for n-alkanes as follows, 
where 𝑀𝑀𝑣𝑣 is the molar weight of the considered n-alkane: 

𝑏𝑏𝑟𝑟 = −14.69921 + 0.36977 𝑀𝑀𝑣𝑣 − 9.12089 𝑀𝑀𝑣𝑣
2  . 10−5 (3) 

Table 1. Physical Properties of some n-Alkanes. 
n-Alkanes Carbon 

number 
NC 

Hydrogen 
Number 

Nh 

Mw 
(g/mol) 

Critical 
Temperature 

(K) 

Critical 
Pressure 

(bar) 
n-Methane 1 4 16.04 190,5 46,0 
n-Propane 3 8 44.09 369,8 42,5 
n-butane 4 10 58.12 425,1 37,9 
n-pentane 5 12 72.15 407,8 36,4 
n-hexane 6 14 86.17 469,7 33,7 
n-heptane 7 16 100.20 461,0 34,1 
n-octane 8 18 114.22 433,8 32,0 
n-nonane 9 20 128.25 507,6 30,2 
n-decane 10 22 142.28 497,5 30,1 
n-undecane 11 24 156.30 504,4 31,2 
n-dodecane 12 26 170.33 488,7 30,8 
n-tridecane 13 28 184.35 499,8 31,3 
n-tetradecane 14 30 198.38 540,2 27,4 
n-heptadecane 17 36 240.46 540,5 28,9 
n-eicosane 20 42 282.54 519,7 27,4 
n-triacontane 30 62 422.80 553,5 25,6 
n-tetracontane 40 82 563.06 567,8 28,7 
n-pentacontane 50 102 703.32 617,7 21,1 

The primary motivation for this study arises from 
analyzing molar-specific volume data obtained from 
experiments at various pressures and temperatures. The 
covolume is modeled as an exponential function that varies 
with pressure up to very high values. While the concept of 
covolume as a state-dependent parameter is not novel—
Baibuz et al. previously noted its dependence on very high 
temperatures for real fluids—the current work proposes a 
new formulation of covolume for heavy alkanes under 
extreme pressures [21]. Also, we can underline the work of 
Chiapolino et al. who have taken the covolume as a function 
of the specific volume for liquid-gas systems far from the 
critical point [22]. By applying the Abel-Noble EoS and 
comparing the results with experimental data and Handbook 
values, this approach aims to refine the accuracy of the P-v-
T relationship for these substances [23]. The Abel-Noble 
equation is a relatively simple yet effective approach to 
describe the behavior of real fluids under moderate 
conditions. Its mathematical simplicity and low requirements 
for adjustable parameters make it a practical tool in many 
situations.  

In reality, under extremely high pressures, heavy alkanes 
approach a compressibility limit where their behavior shifts 
from what is typically expected. Instead of simply 
experiencing a uniform reduction in volume, the long-chain 
alkanes undergo a significant reorganization. The pressure 
causes these chains to become increasingly compact and 
aligned, leading to a more constrained arrangement of the 
molecules. At such high pressures, the concept of volume as 
a simple measure becomes inadequate. Instead, the behavior 

of these alkanes must be understood in terms of covolume 
the space that the molecules and their interactions effectively 
occupy. The chains don't just compress but adapt to a new 
molecular configuration where their movement is severely 
restricted. 

This calls for a refined model where covolume varies 
with pressure to accurately reflect the constrained nature of 
the alkanes' long chains. By developing a model that 
accounts for this pressure-dependent behavior, we can better 
capture the complex interactions and spatial arrangements of 
heavy alkanes under extreme conditions. Such a model 
provides a more precise description of their properties, 
accommodating the unique effects of high-pressure 
environments on their molecular structure. 

2.3 Sources of Experimental Data 
Our research only looks at the volume measurements of 

pure alkanes using techniques that have been published 
lately or in the last several decades.  

Table 2. Published data of n-Alkanes density at different 
ranges of pressure and temperature. 

n-Alkanes Temperature 
range (°C) 

Pressure 
range (MPa) 

Year and 
ref. 

n-methane -182 – 327
-183 – 327

< 100 
< 200 

(1988)  [24] 
(1987)  [25] 

n-propane -187.6 – 327
-188 – 427

< 100 
< 70 

(1987)  [25] 
(1982) [26] 

n-butane
-138 – 327
50 – 170
25 –  175

< 70 
13- 69
< 30

(1987) [25] 
(1992) [27] 
(2015) [28] 

n-pentane

50 – 150
75 – 150

52.7 – 247.3
-178 – 613

7 - 241
8.1 - 65

1.8 - 275.5
< 300 

(2000) [29] 
(1992) [27] 
(2010) [9] 

(2004) [30] 

n-hexane 38 – 238
40 – 175

0.7 - 66.2 
0.2 - 65 

(1954) [31] 
(1992) [27] 

n-heptane 30 – 300 5- 500 (1964) [32] 

n-octane
25 – 200
25 – 75

48.7– 150.2

0.1-  202
0.1 - 480

14.3-276.9

(2009) [33] 
(1982) [34] 
(2010) [9] 

n-nonane 30 - 300 5-500 (1964) [32] 

n-decane
25 – 100 
25 –  100 

51.3 – 247 

0.1 – 192 
.0.1 – 420 

14.6 - 274.5 

(2009) [33] 
(1982) [34] 
(2010) -[9] 

n-undecane 30 – 300 5- 500 (1964) [32] 

n-dodecane 25 – 300 
293 – 433 

0.1-81.1
0.1 - 140

(2004) [33] 
(2003) [35] 

n-tridecane 30 –300 5 - 500 (1964) [32] 
n-tetradecane 23–60 0.1- 10 (2013) [36] 
n-heptadecane 50–300 5 - 500 (1964) [32] 
n-eicosane 100–300 5 - 500 (1964) [32] 
n-triacontane 150–300 5  -500 (1964) [32] 
n-tetracontane 150–300 5 - 500 (1964) [32] 
n-Octadecane 50–300 0.1- 41.3 (2004) [33] 

As a result, specific molar volumes are calculated using 
data from linear alkane density and volume at various 
temperatures and pressure ranges (from 50 to 300 MPa). On 
the other hand, Lindberg et al. used pure chemicals like n-
propane and n-heptane to quantify density up to a 
temperature of 473 K at low pressures [11]. The behavior of 
n-alkanes is somewhat compressible in these conditions, and
covolume takes a minor role.

3. Results and Discussion
3.1 Model Describing

The presented EoS for heavy hydrocarbons at high 
pressure might be satisfying for many engineering 
applications. In fact, this EoS may be effectively included in 
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thermochemical codes to resolve shock tube problems when 
a sudden, and strong temperature shift occurs, such as in the 
case of shock tube breakdown of hydrocarbons [5]. Using the 
equation of state, these algorithms concurrently solve for the 
state surfaces and the chemical byproducts composition such 
as n-alkanes. Thus, as long as the equations of state correctly 
characterize pure and mixed chemicals at various 
temperature and pressure ranges, it is simple to predict 
operational parameters throughout a transformation process. 

𝑏𝑏 = 𝑀𝑀𝑤𝑤𝜀𝜀2

𝐾𝐾(1+𝜀𝜀)
�1 − 𝑒𝑒−

𝜀𝜀𝜀𝜀
𝜀𝜀0� (4) 

The use of very small exponents (ε) is often chosen in 
contexts where subtle modifications to a quantity or function 
are desired, without significantly altering the overall 
behavior of the target function. In this context, the exponent 
epsilon has a moderate effect on the function b(Mw, P), 
gradually bringing it closer to a limiting value with an almost 
imperceptible impact. The smaller the exponent epsilon, the 
more gradual and discrete the effect becomes. This pressure-
dependent form illustrates how pure compounds tend to 
reach the volume limit under very high pressures. This 
method allows for the adjustment of experimental density 
data across a wide range of n-alkanes. Here, K represents a 
dimensional constant (K=8.0), and P0 is a reference pressure, 
such as atmospheric pressure. The Abel-Noble equation of 
state (EoS) can be expressed as follows: 

𝑣𝑣 = 1
𝑀𝑀𝑤𝑤

�𝑅𝑅𝑇𝑇
𝑃𝑃

+ 𝑏𝑏� (5) 

where the gas-specific volume. The covolume b 
compensates for the finite volume occupied by the gas 
molecules and epsilon an arbitrarily small dimensionless 
value as ε=0.01. 

3.2 Effect of Epsilon 
Several n-alkanes were used to evaluate the proposed 

formulation in equations Eq. (4) and Eq. (5). Figure 1 
illustrates the application of the proposed covolume for n-
heptane and n-eicosane. At pressures ranging from 1 MPa to 
300 MPa and a temperature of 100 °C, the specific volume 
of n-heptane was calculated, showing good agreement with 
the epsilon values (0.01, 0.005) presented in Figure 1(a). The 
analysis reveals that a minimal effect is observed when the 
epsilon parameter doubles, a principle applicable to the 
measurement of the specific volume of n-alkanes over a wide 
range of temperatures and under high pressures. 

This study also compares the calculated specific volume 
data at (P, T) for n-eicosane with existing experimental 
results, using different epsilon values (0.01, 0.002, 0.005), as 
shown in Figure 1(b). Comparing these values highlights the 
refined effect of the exponents, with their impact remaining 
marginal in the estimation of specific molar volumes, 
particularly when these volumes deviate slightly from a 
target limiting value. The ε effect is often observed in 
chemical reactions or physical processes where small 
accumulated variations, such as radioactive decay, produce 
progressive but subtle effects over time. 
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Figure 1. Effect of ε value on the specific volume for both n-
heptane (a) and n-eicosane (b) at 100°C. 

3.3 Effect of Pressure on Covolume 
The covolume parameter has different behavior under the 

given operating conditions than the bulk of preceding 
publications, which only provide a single temperature 
dependence that does not also satisfy the very high-pressure 
domain. This behavior has been recognized in the literature. 
The covolume parameter b is given a new pressure-
dependent function to prevent thermodynamic 
inconsistencies at high pressure. 

Figure 2. Effect on pressure on the covolume calculated with 
Eq.(4). 

The proposed model shows that the covolume varies with 
carbon number as pressure gradually increases to thousands 
of bars, as illustrated in Figure 2, where the covolume is 
plotted as a function of the carbon number using equation 

b 

a 
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(4). Even under extremely high pressure, the behavior 
remains exponential and reaches a constant value. For a 
given hydrocarbon, the covolume remains stable under high 
pressure. In this case, the curves for 300 MPa (green) and 
500 MPa (*asterisk) are virtually superimposed. When the 
relation is sufficiently smoothed, it yields satisfactory results 
compared to the one published by Kumar (Figure 3). In 
contrast, for the VDW and RK approaches, the covolume 
estimate remains somewhat imprecise. 

Figure 3. Comparison with covolume correlation of Kumar 
et al. and those of Van Der Waals and Redlich-Kowng. 

We analyzed the correlation between this work at high 
pressure and that determined from relation Eq. (3) given by 
Kumar et al., as well as the covolume b in VDW EoS, Eq. 
(1) and RK EoS Eq. (2). In reality, the covolume curves
associated with the suggested techniques exhibit exponential
behavior and trend to a constant value as pressure is
significantly increased. Additionally, compared to the
covolume produced by the current study and supported by
Kumar's relation, the link providing the covolume from
VDW theory tends to produce a lesser value. In fact, Suceska
et al. demonstrate that this influence is related to non-
spherical molecules because rotational motion is constrained
at high pressures, which emphasizes the current relationship
between the covolume and working pressure [37]. Thus, the
current equation offers a good and precise correlation for the
covolume of heavy aliphatic n-alkanes.

3.4 Specific Volume Calculation for Several n-alkanes 
At different temperatures and pressures, the PvT of 

aliphatic n-alkanes (C1-C50) is estimated using the proposed 
Abel-Noble EoS-based equation; see Table 2. The 
experimental data presented here was chosen because it gives 
precise volumes of both light and heavy n-alkanes at 
pressures up to 3000 bar. In practice, the volumetric 
properties of n-alkanes (C1-C50), typical examples of non-
polar hydrocarbons, were predicted using the modified Abel-
Noble model. In this study, we compared our model to the 
exact aliphatic n-alkane volumes reported in the literature. 
To predict the density at higher pressures, only the 
temperature and molecular weight were employed as input 
variables. When all necessary experimental data were 
known, the epsilon term was frequently considered to be a 
minor constant. Otherwise, a squared average error threshold 
was used to compare the outcomes to those discussed in the 
literature. 

The specific volume of several pure aliphatic n-alkanes 
over the high-pressure domain has barely shifted, according 

to the modified Abel-Noble model. However, even with a 
specific EoS that is only relevant at low pressure, the density 
of compressed liquids containing aliphatic alkanes may be 
predicted with great accuracy [38]. The new study enhances 
agreement with liquid densities by more precisely 
characterizing behavior up to 300 MPa and beyond and 
incorporating the pressure-dependent b into the offered EoS. 
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Figures 4. Comparison of experimental and simulated 
specific volume of listed aliphatic n-alkanes (table 1.) 
Straight lines depict simulated values through the equation 
Abel-Noble EoS) and red circles represent experimental data 
for the considered n-alkane.  

Except for n-eicosane and n-heptadecane, which were 
tested at 250°C, figure 4 compares the specific volumes of 
the various n-alkanes mentioned in Table 1 were measured 
at 100 °C, at pressures ranging from a few bars to 300MPa. 
Three locations that stand out in the majority of the images 
demonstrate remarkable agreement between the model's 
(solid line) predictions at high pressure and the data provided 
in Table 2. 

Heavy alkanes, due to their larger molecular size, 
experience significantly amplified molecular compression 
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effects under high pressures. Typically, the model's validity 
range is 50 to 300 MPa. Other calculations carried out at 
various temperatures (50°C, 250°C) with a more precise 
agreement demonstrate the same tendency. If the n-alkane is 
heavier, or has a higher carbon number, in the second 
computation zone, which involves moderate pressures 
between 100 and 500 bars, the agreement is demonstrated. 
Our model completely diverges in the final computational 
region, which is connected to low pressures, where the 
CnH2n+2 is not always in a fluid condition. For instance, the 
cases of methane and heptane are presented to illustrate the 
limitations of the model's applicability. 

The modified Abel-Noble EoS modeling specific 
volumes (in this case, n-triacontane) are reasonably accurate 
at high pressures, as shown in Figure 5 (up to 50 MPa). The 
modeling curves display identical exponential behavior and 
do not cross one another for a given temperature and 
pressure, indicating thermodynamic consistency. It should 
be emphasized that all parameter values of the study's 
component sections are fixed at 0.01, and no attempt is made 
to alter them as the inquiry develops. Future work will focus 
on making the optimal value of this little constant even 
better. 

Furthermore, because it propagates in repulsive and chain 
terms, the pressure-dependent b enables the model to get 
excellent findings for liquid density. This method is more 
accurate than cubic EoS in a variety of ways when simulating 
the precise volume or density for a high-pressure range for a 
subset of n-alkanes. This equation may also determine the 
thermodynamic properties of a particular n-alkane with 
accuracy without the use of a hard-sphere approach or a 
complicated fluid state description, and it does so without 
relying on the attracting and repelling components from the 
traditional cubic EoS. This makes it simpler to write and 
faster to implement than chemical engineering. 

Figure 5. Isotherms of n-triacontane calculated through the 
modified Abel-Noble EoS (ε=0.01). 

However, the covolume Eq. (4) presented in this work 
has been compared to the standard representation of the 
Abel-Noble equation for n-heptadecane at room temperature 
(30°C). Here the pressure was varied from few bars to 3000 
bars. The proposed equation accurately reproduces 
experimental measurements of the specific volume at very 
high pressure; however the Abel-Noble model equation 
generates extremely low values that are far from reality, 
figure 6. 

Figure 6. Comparison of Isotherm (30°C) profile of n-
heptadecane calculated through Abel-Noble EoS and the 
presented EoS (ε=0.01). 

3.5 Root Mean Square Relative Error Calculation 
The mean relative error for the N data points serves as a 

reference for the EoS prediction's accuracy. The equation is 
validated in reality by comparing the estimated values to the 
experimental results using average deviation methodologies. 
The following are some uses for percent of the root mean 
square relative error (RMSRE). It was used to evaluate the 
performance of the model in percent: 

%RMSRE = �1
N
∑ �vexp−vcal

vexp
�
2

k=N
k=1 (6) 

Figure (7) presents the Root Mean Square Relative Mean 
Error (RMSRME) for the alkanes studied specifically 
methane (C1) and propane (C3), alongside heavier alkanes 
ranging from heptane (C7) to tetracontane (C40). Here, 
RMSRE is used to illustrate how the covolume formula in 
Eq. (4) can be used with Abel-Noble EoS to 
calculate 𝑣𝑣𝑐𝑐𝑐𝑐𝑐𝑐  for heavy aliphatic n-alkanes under high 
pressure. N is the total number of measurements at each 
temperature, and 𝑣𝑣𝑒𝑒𝑒𝑒𝑒𝑒 is based on data from the literature. 
The data indicate a significant error in the predictions for 
light alkanes (C1 and C3), where the model demonstrates 
considerable deviations from experimental results. This 
substantial error highlights the model's unsuitability for 
accurately capturing the thermophysical properties of light 
alkanes, likely due to the dominance of gaseous phase 
interactions and the reduced molecular complexity of smaller 
alkanes. 

Conversely, the error becomes acceptable for heavier 
alkanes (C7-C40). This indicates that the model is better 
equipped to handle the interactions and phase behavior 
associated with larger molecular structures. Heavier alkanes 
exhibit more complex intermolecular interactions, including 
van der Waals forces and enhanced molecular compression 
effects under high-pressure conditions, which the model 
appears to capture more effectively. 

The results confirm the model’s applicability and 
reliability within the range of heavier alkanes. This behavior 
is likely due to the reduced influence of phenomena like gas-
phase behavior and liquefaction irregularities, which are 
more pronounced in light alkanes. Additionally, the denser 
molecular packing and more predictable structural properties 
of heavier alkanes may align better with the assumptions 
underlying the model. Thus, Figure (7) underscores the 
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importance of carefully considering the molecular size and 
weight range when applying the model to alkanes, ensuring 
its use is restricted to the domain where its predictions 
remain valid. 

Figure 7. Root mean square relative error from the 
computation specific volumes for various n-alkanes. 

4. Conclusions
This study has enhanced our comprehension of the

behavior of aliphatic n-alkanes under high pressure through 
the use of EoS modeling. To study a new generation equation 
of state that is created using a numerical approach, the 
research evaluates the absolute deviation technique. A 
modified Abel-Noble EoS is employed in this work to 
accurately reproduce the density of pure aliphatic n-alkanes 
behavior over a wide pressure range at a moderate 
temperature. The model uses the classic Abel-Noble model 
to demonstrate the non-ideality of the state by using the 
covolume (b) as a function of pressure. 

The epsilon term has allowed the model to reliably 
predict the volume of the (CnH2n+2) throughout a wide 
variety of high-pressure conditions (from 50 to 300 MPa). 
This is comparable to the capabilities of actual fluid models. 

Nomenclature 
b Covolume or excluded volume (ml/mol) 
Nc Carbon number of aliphatic alkane 
P0 Ambient pressure (MPa) 
ε Tiny numerical adjustable parameter 
Tc Critical temperature (K) 
Pc Critical pressure (MPa) 
Mw Molar mass (g/mol) 
N Number of data points 
P Pressure (MPa) 
R Gas constant (J/ (K mol)) 
T Temperature (K) 
v Specific volume (ml/g) 

Abbreviations 
EoS Equation of state 
VDW Van Der Waals  
RK Redlich Kwong 
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