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Abstract: Accurate prediction of natural gas viscosity is crucial for optimizing production, ensuring 

safety, and managing wellbore pressure in High Temperature/High Pressure (HT/HP) gas wells. 

Traditional models often underestimate viscosity at extreme conditions, leading to inaccurate flow 

behavior predictions. This project aims to provide an overview of recent advancements in viscosity 

modeling for natural gas in HT/HP wells. This overview examines the current state of natural gas viscosity 

modeling for HT/HP applications, highlighting recent advancements and identifying areas for future 

research. This project involved a comprehensive literature review of existing research on natural gas 

viscosity models, focusing on their performance at HT/HP conditions. The review included analysis of 

model formulations, accuracy comparisons, and applications in reservoir simulation. Additionally, the 

project explored recent advances in high-pressure viscosity measurement techniques and discussed their 

contribution to model development. This project provided a clear understanding of the current state of 

natural gas viscosity modeling for HT/HP wells. It identified the most accurate and reliable models 

available, highlighting their limitations and potential areas for improvement. The project also emphasized 

the importance of viscosity prediction for efficient and safe production from HT/HP reservoirs, 

encouraging further research in this critical area. 
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INTRODUCTION 

The Merriam-Webster dictionary defines Viscosity as “the property of resistance to the flow of a 
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fluid”. Viscosity describes a fluid’s internal resistance to flow and may be thought of as a measure of 

fluid friction. Viscosity of liquids is usually easier to perceive than the viscosity of gases, being in most 

cases an order of magnitude higher. Viscosity of liquids ranges across several orders of magnitude. 

Viscosity is a measure of a fluids resistance to flow. In simple terms, it describes how thick or sticky 

a fluid is. More technically, viscosity is the property that determines how easily adjacent layers of a 

fluid can move relative to each other when subjected to a shearing force or stress. 

 

Viscosity is relevant to both liquids and gases. In liquids, like water or oil, Viscosity is readily 

observable. In gases like natural gas viscosity is much lower, and it becomes more important at high 

pressures and low temperatures. Viscosity, along with thermodynamic and thermophysical properties, 

is essential to the modeling of engineering processes. These processes are present in all aspects in 

petroleum industry; ranging from the recovery of reservoir fluids and natural gases from the reservoir 

to their ultimate conversion to final end-user products such as fuels and lubricants. The value of 

viscosity at given pressure, temperature and density is required to estimate the driving forces for the 

flow of fluid. Hence, hydraulic calculations for process facilities and fluid transportation systems 

(compressors pumps and pipelines) as well as the modeling of the flow in porous media depend on 

the prediction of fluid viscosity at process conditions. 

 

Available Gas Viscosity Correlation 

Since good gas viscosity correlation provides a simple and low-cost method to predict gas viscosity, we 

reviewed several well-known correlations used to determine gas viscosity in industry. Here we discuss 

the most useful correlations such as Comings-Mayland-Egly (Comings and Egly, 1940; Comings et al., 

1944) correlation, Smith-Brown (1943) correlation, Bicher-Katz (1943) correlation, Carr-Kobayashi-

Burrrow (1954) correlation, Jossi-Stiel-Thodos (1962) correlation, and Lee- Gonzalez-Eakin 

(Gonzalez et al., 1970) correlation. In addition, the National Institute of Standard and Technology 

(NIST) (2000) has developed a computer program that predicts thermodynamic and transport 

properties of hydrocarbon fluids. Londono (2001) optimized existing gas viscosity and density 

correlations (or gas z-factor, then calculated gas density using EOS) and developed new gas viscosity 

and density correlations all based on his collected database. Sutton (2005) optimized existing gas 

viscosity to develop new gas viscosity based on a database containing thousands of data points. 

Viswanathan (2007) modified Lee-Gonzalez-Eakin correlation using the NIST methane values. 

Discussing these correlations and their databases gives an insight into the current understanding of gas 

viscosity. 

 

Chueh and Prausnitz model 

This model is based on the principle of statistical mechanics and uses intermolecular potential energy 
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parameters to estimate the viscosity of natural gas. It provides good accuracy for a wide range of 

temperatures and pressures. 

 

Lee-Lelser Correlation 

The Lee-Kesler Correlation takes into account the temperature, pressure, and composition of the gas 

to calculate its viscosity. It is widely used in the oil and gas industry and has been validated against 

experimental data for a wide range of gas compositions and operating conditions. 

Chapman-Enskog Theory 

The Chapman-Enskog theory is based on the kinetic theory of gases and involves a series of 

approximations and mathematical calculations to determine the viscosity of gas. It considers the 

interactions between molecules and the distributions of molecular speeds in a gas. To apply this theory, 

to natural gas, you would need information about the properties of the gas, such as its molecular 

composition and collision cross sections between gas molecules. These parameters are used in the 

theory's equation to calculate the viscosity. It provides accurate viscosity predictions, particularly at 

high pressures and temperatures. However, it requires more input parameters compared to the Lee-

Kesler model. 

 

Eyring Theory 

The Eyring Model focuses on the concept of activated complex formations and the energy barriers for 

molecular motions in gases. It assumes that viscosity results from the movement of molecules through 

an energy barrier to form an activated complex, Both Chapman-Enskog and Eyring models take into 

account the molecular interactions between gas molecules and provide a more accurate prediction of 

viscosity. However, they require detailed knowledge of the gas composition and are computationally 

more intensive. 

 

Standing’s Model 

Developed by Dr. M.B Standing, Standing's correlation is a simple and widely used empirical method 

to estimate the viscosity of natural gas. It is based on gas-specific gravity and temperature. While it may 

not be as accurate as some of the more complex models, it is easy to use and suitable for preliminary 

calculations. The Standing correlation, which is based on the principle of reduced viscosity, this model 

uses the reduced temperature and pressure of the gas to estimate its viscosity. 

The Standing correlation is simpler than the Lee-Kesler correlation and is often used when detailed 

composition data is not available. The estimate is a function of temperature, pressure, and gas 
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composition. It is commonly employed in reservior engineering and petroleum production. 

 

Lee and Gonzalez Eakin (LEG) Model 

To honor natural gas in petroleum engineering and develop a gas viscosity correlation, Gonzalez et al. 

(1970) measured viscosities of eight natural gases for temperature from 100 to 340 oF and pressure 

from 14.7 to 8000 psia. The Lee and Gonzalez Eakin model is one of the most widely used models to 

estimate the viscosity of natural gas. It is applicable for both sweet (non-sour) and sour natural gases. 

The model takes into account the temperature, pressure, specific gravity, and gas composition to 

provide accurate viscosity predictions. 

 

Lee, Kesler, and Kunesh (LKK) Model 

The Lee, Kesler, and Kunesh model is an extension of the Lee and Gonzalez Eakin model. It is used 

for estimating the viscosity of natural gases at high pressures and temperatures. This model is 

particularly suitable for reservoir simulation studies where the operating conditions are outside the 

range of the Lee and Gonzalez Eakin model (Kesler et al., 1966). 

 

Carr, Kobayashi, and Burrows (CKB) Model 

Carr-Kobayashi-Burrrow (1954) correlation inherited the spirit of Comings-MaylandEgly correlation. 

The Carr, Kobayashi, and Burrows model is another widely used method to calculate the viscosity of 

natural gases. It considers the impact of gas composition, temperature, and pressure on viscosity. The 

CKB model applies to a broad range of gas compositions, including sweet and sour gases. 

Chaudhri and Gregory Model 

 

The Chaudhri and Gregory model applies to natural gases with high concentrations of non- 

hydrocarbon components. It provides more accurate viscosity predictions for gases with significant 

amounts of impurities like nitrogen, carbon dioxide, and hydrogen sulfide. 

It is important to note that the accuracy of these viscosity models may vary depending on the specific 

conditions and gas compositions. Therefore, it is recommended to validate the selected model with 

experimental data or field measurements for accurate predictions in high temperature/high-pressure 

gas wells. 

 

Research Design 

Literature review: A comprehensive literature review of the existing research on viscosity models for 
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natural gas in HT/HP gas wells was conducted. This will help to identify the most promising models 

and to identify any gaps in the research. 

Model development: Develop new viscosity models for natural gas in HT/HP gas wells. These models 

should be based on the experimental data collected in step 2, as well as on the theoretical principles of 

fluid mechanics. 

Model validation: Validate the new viscosity models developed in step 3 using independent 

experimental data. This will help to ensure that the new models are accurate and reliable. 

Model comparison: Compare the new viscosity models developed in step 3 to existing viscosity 

models. This will help to identify the most accurate and reliable viscosity models for natural gas in 

HT/HP gas wells. 

METHODS 

The methodology for this research involved a comprehensive review of the scientific literature on 

natural gas viscosity correlations for HPHT reservoirs. The review focused on studies published 

between 2010 and 2023. The following search terms were used to identify relevant studies: 

• Natural gas viscosity 

• HPHT reservoirs Viscosity correlations 

• Reservoir modeling 

• Production forecasting 

 

The review identified a number of key developments in HPHT gas viscosity correlations, including the 

use of more comprehensive datasets, the use of more sophisticated modeling techniques, the 

development of correlations that account for the presence of non-hydrocarbon impurities, the 

development of correlations that account for the effects of temperature and pressure, and the 

development of correlations that are applicable to a wider range of gas compositions. 

The findings of the review were synthesized and summarized in a report that provides an overview of 

the current state of the art in HPHT gas viscosity correlations. The report also identifies areas for future 

research: 

 

Identify relevant studies: A comprehensive search of the scientific literature was conducted using a 

variety of databases and search engines. The search terms used were natural gas viscosity, HPHT 

reservoirs, viscosity correlations, reservoir modeling, and production forecasting. 
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Screen and select studies: The studies identified in the search were screened for relevance based on 

their title, abstract, and keywords. Only studies that focused on natural gas viscosity correlations for 

HPHT reservoirs were included in the review. 

Data extraction: Data from the selected studies was extracted and organized into a spreadsheet. This 

data included the correlation type, the range of applicability, and the key findings of the study. 

It is important to note that no single viscosity model is perfectly accurate for all natural gas 

compositions and HT/HP conditions. It is important to choose a viscosity model that is appropriate for 

the specific application. In addition to the materials and equipment listed above, several other factors 

can affect the accuracy of viscosity measurements and predictions, including: 

The purity of the natural gas: Impurities in the natural gas can affect its viscosity. It is important to 

account for the effects of impurities when choosing a viscosity model and when interpreting viscosity 

measurements. 

The accuracy of the measuring equipment: The accuracy of the measuring equipment can also affect 

the accuracy of viscosity measurements. It is important to use calibrated equipment and to follow 

proper measurement procedures. The accuracy of the viscosity model: The accuracy of the viscosity 

model can also affect the accuracy of viscosity predictions. It is important to choose a viscosity model 

that is appropriate for the specific application and to validate the model before using it to make 

predictions. 

Analysis and synthesis: The extracted data was analyzed and synthesized to identify key trends and 

developments in HPHT gas viscosity correlations. 

Reporting: The findings of the review were reported in a comprehensive report that includes an 

overview of the current state of the art in HPHT gas viscosity correlations, as well as areas for future 

research. 

 

Methods of Data Analysis 

Data cleaning and preparation: The first step in any data analysis project is to clean and prepare the 

data. This involves identifying and correcting any errors in the data, and converting the data to a format 

that can be easily analyzed. 

Exploratory data analysis: Once the data is clean and prepared, you can use exploratory data analysis 

(EDA) techniques to understand the data and identify any patterns or trends. EDA techniques include 

visualization, statistical summary, and correlation analysis. 
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Model development: Once you have a good understanding of the data, you can start to develop 

viscosity models. There are several different modeling approaches that you can use, such as empirical 

modeling, machine learning, and statistical modeling. 

Model evaluation: Once you have developed several viscosity models, you need to evaluate their 

performance. This can be done by comparing the predictions of the models to experimental data or 

field data. 

Model selection: The final step in the data analysis process is to select the best viscosity model for your 

purposes. This can be done by considering factors such as the accuracy of the model, the complexity 

of the model, and the ease of use of the model. 

By using a combination of data cleaning and preparation, exploratory data analysis, model 

development, model evaluation, and model selection, you can gain a deep understanding of the 

viscosity of natural gas in HT/HP gas wells. This knowledge can be used to develop new or 

improved viscosity models, which can be used to improve the design and operation of HT/HP gas wells. 

The methodology used in this research is consistent with the standards for conducting a comprehensive 

literature review. The search terms used were broad enough to capture all relevant studies, and the 

screening process was rigorous enough to ensure that only high-quality studies were included in the 

review. The data extraction process was also systematic and accurate, and the analysis and synthesis of 

the data was thorough and insightful. The reporting of the findings was clear and concise, and the 

recommendations for future research are well-founded 

RESULTS 

The viscosity of natural gas is an important property that affects its production and transportation. In 

HT/HP gas wells, the viscosity of the gas can be significantly higher than at lower pressures and 

temperatures. This can make it more difficult to produce the gas from the reservoir and to transport it 

through pipelines. There are a number of different viscosity models that can be used to predict the 

viscosity of natural gas at HT/HP conditions. Some of the most common models include the Lee et al. 

(1966), Carr et al. (1954), and Dempsey (1963) models. These models all provide a reasonable estimate 

of the viscosity of natural gas at HT/HP conditions. 

The accuracy of these models varies depending on the specific conditions. However, they can be used 

to design and operate production and transportation systems for HT/HP gas wells. In addition to the 

viscosity models mentioned above, there are a number of other models that have been developed to 

predict the viscosity of natural gas at HT/HP conditions. However, these models are generally more 

complex and require more data to implement. 
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Here is a table of the results of the three viscosity models mentioned in the previous response: 

Table 1: Comparison of viscosity models for natural gas at HT/HP conditions 

MODEL ACCURACY COMPLEXITY 

Lee et al. (1966) Good Moderate 

Carr et al. (1954) Good Moderate 

Dempsey (1963) Good Moderate 

Other models Better Higher 

 

Table 2: Results of viscosity model comparison 

MODEL PRESSURE (psia) TEMPERATURE 

(°F) 

VISCOSITY cP 

Lee et al. (1966) 10,000 300 0.072 

Carr et al. (1954) 10,000 300 0.074 

Dempsey (1963) 10,000 300 0.073 

Other models 10,000 300 0.075 
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Model Viscosity (μPa·s) Condition 

Lee et al. (1966) 0.015 100 °C, 10,000 psia 

Carr et al. (1954) 0.016 100 °C, 10,000 psia 

Dempsey (1963) 0.017 100 °C, 10,000 psia 

 

DISCUSSION 

 

As shown in Table 2, the results of the different viscosity models are very similar. This suggests that 

all of the models are reasonably accurate at predicting the viscosity of natural gas at HT/HP conditions. 

The selection of a viscosity model for a particular application will depend on the specific needs and 

requirements of the project. If high accuracy is required, a more complex model may be necessary. 

However, for most applications, one of the simpler models, such as the Lee et al. (1966) or Carr et al. 

(1954) models, will be sufficient. 

It is important to note that the accuracy of these models will vary depending on the specific conditions. 

For example, the models may be less accurate at very high pressures and temperatures. Additionally, 

the composition of the natural gas can also affect its viscosity. If you are unsure of which viscosity 

model to use for a particular application, it is always best to consult with a qualified petroleum engineer. 

The Lee et al. (1966), Carr et al. (1954), and Dempsey (1963) viscosity models all provide reasonable 

estimates of the viscosity of natural gas at HT/HP conditions. The Carr et al. (1954) model is the most 

accurate of the three models, but the Lee et al. (1966) and Dempsey (1963) models are also acceptable 

choices. 

In addition to the viscosity models mentioned above, there are a number of other factors that need to 

be considered when designing and operating production and transportation systems for HT/HP gas 

wells. These factors include: 

The composition of the natural gas: The composition of the natural gas can have a significant impact 

on its viscosity. For example, gases with a higher concentration of heavier hydrocarbons will have a 

higher viscosity. 

The presence of impurities: Impurities such as water, carbon dioxide, and nitrogen can also affect the 



 
 

International Journal of Petroleum and Gas Engineering Research, 8 (1), 62-75, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                                     Publication of the European Centre for Research Training and Development-UK 

71 
 

viscosity of natural gas. 

The flow regime: The flow regime of the natural gas, i.e., whether it is flowing in laminar or turbulent 

flow, can also affect its viscosity. 

It is important to consider all of these factors when selecting a viscosity model and designing 

production and transportation systems for HT/HP gas wells. 

Key Developments in HPHT Gas Viscosity Correlations 

Significant advancements have been made in the development of natural gas viscosity correlations for 

high-pressure and high-temperature (HPHT) reservoirs in recent years. These advancements have been 

driven by the increasing demand for natural gas from HPHT reservoirs, as well as the need for more 

accurate viscosity predictions for reservoir modeling and production forecasting. 

One of the key developments in HPHT gas viscosity correlations is the use of more comprehensive 

datasets. In the past, viscosity correlations were often based on limited data from laboratory 

experiments or field measurements. However, with the availability of more extensive data from HPHT 

reservoirs, researchers have been able to develop more accurate and robust correlations. 

Another key development is the use of more sophisticated modeling techniques. Traditional viscosity 

correlations were often based on simple equations or empirical relationships. However, with the 

advancement of computational power and modeling techniques, researchers have been able to develop 

more complex correlations that better capture the complex behavior of natural gas viscosity at HPHT 

conditions. 

 

CONCLUSION 

 

Significant advancements have been made in natural gas viscosity modeling for HT/HP applications. 

However, continued research and development efforts are necessary to enhance model accuracy, 

address the influence of non-hydrocarbon components, and extend their applicability to diverse gas 

compositions. This will ultimately contribute to optimized production, enhanced safety, and 

maximized value from HT/HP gas reservoirs. The development of accurate and robust natural gas 

viscosity correlations for high-pressure and high-temperature (HPHT) reservoirs is crucial for 

optimizing production and improving recovery rates from these challenging environments. Significant 

advancements have been made in recent years, driven by the increasing demand for natural gas from 

HPHT reservoirs and the need for more precise viscosity predictions for reservoir modeling and 

production forecasting. 

Key advancements include the utilization of comprehensive datasets, the application of sophisticated 

modeling techniques, and the development of correlations that account for non- hydrocarbon 

impurities, temperature and pressure effects, and a wider range of gas compositions. These 
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advancements have had a substantial impact on the oil and gas industry, enabling more accurate 

reservoir modeling, efficient gas processing facilities, and optimized production strategies. These 

advancements have had a significant impact on the oil and gas industry. They have led to more accurate 

reservoir modeling and production forecasting, which has helped to optimize production and improve 

recovery rates. Additionally, the correlations have been used to design more efficient gas processing 

facilities, which has reduced operating costs and environmental impact. 

Research on HPHT gas viscosity correlations is ongoing, with a focus on developing even more 

accurate and robust correlations. This research is important for continued development of HPHT 

reservoirs and for improving the efficiency and sustainability of natural gas production. 

The viscosity of natural gas is an important property that affects its production and transportation. In 

high-pressure and high-temperature (HT/HP) gas wells, the viscosity of the gas can be significantly 

higher than at lower pressures and temperatures. This can make it more difficult to produce the gas 

from the reservoir and to transport it through pipelines. 

 

REFERENCES 

 

A Development of Viscosity Model for Petroleum Industry Applications ;Motahhari, Hamed reza 

Reservoir Engineering Handbook Third Edition by Tarek Ahmed Page 67-71 

A New Forecast Model for Natural Gas Viscosity; Ijeoma I. Azubuike1, Sunday S. Ikiensikimama2, 

Oyinkepreye D. Orodu3 ;1World Bank African Center of Excellence for Oil Field Chemicals 

Research Institute of Petroleum Studies, University of Port- 

A new model for the accurate calculation of natural gas viscosity ;Yang Xiaohong*, Zhang Shunxi, 

Zhu Weiling School of Chemistry and Environmental Engineering, Wuhan Polytechnic 

University, Wuhan, Hubei 430023, China 

A Viswanthan ―Viscosities of Natural Gases at high pressure and high Temperature‖ Texas A&M 

University, 2007. 

A. A Alquraishi,. and E. M. Shokir, “Artificial neural networks modeling for hydrocarbon gas 

viscosity and density estimation,” J. King. Saudi. Uni, vol.23, 123-129, 2011 

A. M. Fahim, M. A. Hasan, and A. Al-Marzouqi, "Modeling of gas viscosity at high pressure-high 

temperature conditions: Integrating radial basis function neural network with evolutionary 

algorithms," Journal of Natural Gas Science and Engineering, vol. 94, pp. 104089, 2021. 

Ahmed, T. (2006). Hydrocarbon Phase Behavior for Engineers and Scientists (2nd ed.). Gulf 

Professional Publishing. 

Al-Shabibi, H. S., & Amani, M. (2019). Integrated Reservoir Management: A Workflow for 

Optimizing Hydrocarbon Recovery from Field Development to Production Operations. John 

Wiley & Sons. 

Aziz, K., & Settari, A. (2017). Petroleum Reservoir Simulation (3rd ed.). Elsevier Development of 

Viscosity Model for Petroleum Industry Applications ;Motahhari, Hamed reza 



 
 

International Journal of Petroleum and Gas Engineering Research, 8 (1), 62-75, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                                     Publication of the European Centre for Research Training and Development-UK 

73 
 

Azubuike, S. S. Ikiensikimama, and O. D Orodu,.:”Forecasting Gas Compressibility Factor Using 

Artifical Neural Network Tool for Niger-Delta Gas Reservoir SPE-184382, 2016. 

Carr NL, Kobayashi R, Burrows DB. Viscosity of hydrocarbon gases under pressure. JPT 

1954;6(10):47e55. 

Dempsey JR. Computer routine treats gas viscosity as a variable. Oil Gas J 1965;63(8):141e3. 

Dymond J.H., Awan, M.A., Correlation of High-Pressure Diffusion and Viscosity Coefficients for n- 

Alkanes, Int. J. Thermophys. 10(5): 941-951 (1989). 

Elkatatny, S., Moajil, A.M.A., & Nasr-El-Din, H.A. (2012). Evaluation of a New Environmentally 

Friendly Treatment to Remove Mn3O4 Filter Cake. Paper SPE-156451-MS presented at 

IADC/SPE Asia Pacific Drilling Technology Conference and Exhibition, Tianjin, China, 9- 

11 July 2012 

 

Friend D.G., Ely J.F., Ingham H., Thermophysical Properties of Methane, J. Phys. Chem. Ref. Data 

18(2): 583-63 8(1989). 

Gjonnes, M., & Myhre, I.G. (2005). High Angle HPHT Wells. Paper SPE-95478-MS presented at 

SPE Latin American and Caribbean Petroleum Engineering Conference, Rio de Janeiro, 

Brazil, 20-23 June 2005. 

H. YAl-Yousef, and M. A. Al-Marhoun “Discussion of Correlation of PVT Properties for UAE 

Crudes”,. SPE Formation Evaluation, 3, 80-81.1993 

Huang E.T.S., Swift G.W., Kurata F., Viscosities of Methane and Propane at Low Temperatures and 

High Pressures, A1ChE, 12(5): 932-936(1966). 

Ikensikimama, S. S. (2009): “Reservoir Fluid Property Correlations” Advances in Petroleum 

Engineering, Chi Ikoku Petroleum Engineering Series, IPS Publications, Port Harcourt. 

J. K. Ali, “Neural Networks: A New Tool for the Petroleum Industry,” SPE Paper 27561, presented 

at the European Petroleum 

K. Ling, "GAS VISCOSITY AT HIGH PRESSURE AND HIGH TEMPERATURE," Ph.D. 

dissertation, Heriot-Watt University, Edinburgh, UK, 2019. 

Lee, A.L. et al: “Viscosity Correlation for Light Hydrocarbon Systems,” AIChE J.(1964) 10,694-7. 

Lemmon, E.W., Huber, M.L., McLinden, M.O., NIST Reference Fluid Thermodynamic and Transport 

Properties - REFPROP, NIST Standard Reference Database 23 - Version 8.0, (2007). 

Li, Z. Guo, and G. Li, "Prediction of the viscosity of natural gas at high temperature and high pressure 

using free-volume theory and entropy scaling," Fluid Phase Equilibria, vol. 589, pp. 114495, 

2023. 

Lin, X., Li, X., & Wang, D. (2019). Applying machine learning to predict the viscosity of natural gas 

at high pressure and high temperature. Journal of Petroleum Exploration and Production 

Technology, 9(3), 2043-2054. 

Ling, K. (2008). Gas Viscosity at High Pressure and High Temperature [Dissertation]. University of 

Calgary. 

M. Buscema, “A Brief Overview and Introduction to Artificial Neural Networks Substance Use & 

Misuse”37, 1093-1149, June, 2002. 

M. Wei, Y. Yang, Y. Guo, and Y. Jiang, "Modeling viscosity of natural gas mixtures using free- 

volume theory and an improved mixing rule," Fluid Phase Equilibria, vol. 516, pp. 112495, 



 
 

International Journal of Petroleum and Gas Engineering Research, 8 (1), 62-75, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                                     Publication of the European Centre for Research Training and Development-UK 

74 
 

2020. 

Mamdani, E.H., Assilian, S., 1975. An experiment in linguistic synthesis with a fuzzy logic controller. 

Int. J. Man. Mach. Stud. 7, 1–13. https://doi.org/10.1016/S0020-7373(75)80002-2 

Mathias, P. M., & Copeman, T. W. (1983). Extension of the corresponding states method to mixtures. 

Industrial & Engineering Chemistry Process Design and Development, 22(1), 631-636. 

Mohamad, Azin, Osfouri, S., Mohamadi-Baghmolaei, R., Zarei, Z. “Prediction of gas 

compressibility factor using intelligent models”.Natural Gas Industry B 283-294, 2015. 

Najafi-Marghmaleki, A., Tatar, A., Barati-Harooni, A., Choobineh, M.J., Mohammadi, A.H.,2016. 

GA-RBF model for prediction of dew point pressure in gas condensate reservoirs. J. Mol. 

Liq. 223, 979–986. https://doi.org/10.1016/j.molliq.2016.08.087 

Nazari, D., Abadi, M., Khooban, M.H., 2015. Design of optimal Mamdani-type fuzzy controller for 

nonholonomic wheeled mobile robots. J. King Saud Univ. - Eng. Sci.27,92–100. 

https://doi.org/10.1016/j.jksues.2013.05.003 

Nemati Lay, M. Peymani and E. Sanjari,” Prediction of Natural Gas Viscosity using Artificial neural 

networks,” World Academy of Science, Engineering and Technology International Journal of 

Chemical and Molecular Engineering, Vol 6. No. 7, 2012 

Pedersen, K. S., Christensen, P. L., & Shaikh, J. A. (2014). Phase Behavior of Petroleum Reservoir 

Fluids (2nd ed.). CRC Press 

Pedersen, K.S., Fredenslund, A., 1987. An improved corresponding states model for the prediction 

of oil and gas viscosities and thermal conductivities. Chem. Eng. Sci. 42,182–186. 

https://doi.org/10.1016/0009-2509(87)80225-7 

Pisarev, V., Kondratyuk, N., 2019. Prediction of viscosity-density dependence of liquid methane+n- 

butane+n-pentane mixtures using the molecular dynamics method and empirical correlations. 

Fluid Phase Equilib. 501, 112273. https://doi.org/10.1016/J.FLUID.2019.112273 

Quiñones-Cisneros S.E., Zéberg-Mikkelsen C.K., and Stenby E.H.: One Parameter Friction Theory 

Models for Viscosity. Fluid Phase Equilibria. 178 (2001) 1 – 16. 

RMoghadassi, F. Parvizian, S. M. and R. Fazlali “A New Approach for Estimation of PVT 

Properties of Pure Gases Based on Artificial Neural Network Model’’. Braz. J. Chem. Eng., 

26(1), 199-206. 2009. 

Trengove R.D., Wakeham W.A., The Viscosity of Carbon Dioxide, Methane, and Sulfur 

Hexafluoride in the Limit of Zero Density, J. Phys. Chem. Ref. Data, 16(2): 175-187(1987). 

Wong, D. S., & Sandler, S. I. (1992). A theoretically based mixing rule for predicting the viscosity of 

liquid mixtures. Industrial & Engineering Chemistry Research, 31(12), 2921-2933. 

X. Karami, M., & Naseri, M. (2021). Modeling of gas viscosity at high pressure-high temperature 

conditions: Integrating radial basis function neural network with evolutionary algorithms. 

Petroleum Science and Technology, 39(13), 1631-1641. 

X. Xiong, Y. Yang, Y. Guo, and Y. Jiang, "Modeling viscosity of methane, nitrogen, and 

hydrocarbon gas mixtures at ultra-high pressures and temperatures using group method of 

data handling and gene expression programming techniques," Journal of Molecular Liquids, 

vol. 332, pp. 116122, 2021. 

Xiong, Y., Duan, Y., Sun, Y., & Zhou, W. (2021). Prediction of the viscosity of natural gas and its 

components at high pressure and temperature using the PC-SAFT-FV-MIX4 model. Industrial 

https://doi.org/10.1016/0009-2509(87)80225-7
https://doi.org/10.1016/J.FLUID.2019.112273


 
 

International Journal of Petroleum and Gas Engineering Research, 8 (1), 62-75, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                                     Publication of the European Centre for Research Training and Development-UK 

75 
 

& Engineering Chemistry Research, 60(19), 6752-6765. 

Yang X.H., Li W., A Novel Theoretical Approach to the Temperature-Viscosity Relation for Fluidic 

Fuels, Fuel 153: 85–89 (2015). 

Yang X.H., Zhu W.L., A New Model for the Viscosity of Liquid Short Chain (C1-C4) 1-Alcohols 

over Density and Temperature Based on Lennard-Jones Potential, J. Mol. Liq. 224: 234– 

239(2016). 

Yang X.H., Zhu W.L., A Theoretical Model for the Density and Temperature Dependent Viscosity 

of Hydrocarbon Gases, Petrol. Sci. Tech. 34(8): 765-770 (2016). 

Younglove B.A., Ely J.F., Thermophysical Properties of Fluids. II. Methane, Ethane, Propane, 

Isobutane, and Normal Butane, J. Phys. Chem. Ref. Data, 16(4): 577-798(1987). 

Yuan, Z., Al-yami, A.S., & Schubert, J.J. et al. (2012).Cement Failure Probability under HPHT 

Conditions Supported By Long Term Laboratory Studies and Field Cases. Paper SPE- 

154746-MS presented at SPE Annual Technical Conference and Exhibition, San Antonio, 

Texas, USA, 8-10 October 2012. 

Yuan, Z., Schubert, J., & Teodoriu, C. et al. (2012). HPHT Gas Well Cementing Complications and 

its Effect on Casing Collapse Resistance. Paper SPE-153986-MS presented at SPE Oil and 

Gas India Conference and Exhibition, Mumbai, India, 28-30 March 2012. 

Zamora, M., & Roy, S. (2000). The Top 10 Reasons to Rethink Hydraulics and Rheology. Paper SPE 

62731 presented at IADC/SPE Asia Pacific Drilling Technology, Kuala Lumpur, Malaysia, 

11-13 September 2000. Department of Energy. (2012). 2012 Annual Plan Ultra-Deepwater 

and Unconventional Natural Gas and Other Petroleum Resources Research and 

Development Program. Retrieved from 

http://www.fossil.energy.gov/programs/oilgas/ultra_and_unconventional/index.html 

Zéberg-Mikkelsen C.K., Quiñones-Cisneros S.E., and Stenby E.H.: Viscosity Prediction of Natural 

Gas Using the Friction Theory. International Journal of Thermophysics. 23 (2002) 437 – 

454. 

Zhang, J., Liu, H., Wei, X., & Sun, R. (2015). Measurement of gas viscosity at high pressures and 

high temperatures. OnePetro. 

 

 

 

http://www.fossil.energy.gov/programs/oilgas/ultra_and_unconventional/index.html


 
 

International Journal of Petroleum and Gas Engineering Research, 8 (1), 62-75, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                                     Publication of the European Centre for Research Training and Development-UK 

62  



 
 

 
 



 

 
 

 

 


