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ABSTRACT 

Hysteresis is proven to have a significant role in petroleum fluids and other disciplines 

for better understanding and evaluation. This shows a need to be explicit about precisely 

what is meant by the word "hysteresis." For a long time, the term hysteresis has been 

used and has attracted the attention of most researchers and investigators. Despite its 

common usage, hysteresis is used in different disciplines to mean different things. Thus, 

hysteresis has many definitions depending on the book or paper's area of interest. While 

various definitions of the term 'hysteresis' have been suggested, this paper will focus on 

the definition in the oil and gas industry. Hysteretic impacts petroleum fluids either 

positively or negatively. Therefore, accurately estimating fluid properties curves is vital in 

evaluating hydrocarbon recovery processes. This paper addresses and discusses a 

comprehensive review of the hysteresis of different petroleum fluid properties and their 

applications. This paper reviews many fluid properties of hysteresis and investigates 

them experimentally. Numerous laboratory studies in hysteresis are present in the 

literature and critically reviewed and highlighted in this research. This paper aims to 

review the experimental processes of fluid hysteresis extensively. To satisfy this aim, this 

paper offers insights into and explanations for experiments that have been used in fluid 

hysteresis. The outcomes highlight some missing concepts of the existing models and 

experimental processes for fluid hysteresis. Furthermore, this paper tracks the current 

development of hysteresis and gives insight into the future trends in the application of 

hysteresis.  
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1. Introduction 

A more detailed account of the importance of hysteresis in petroleum fluids is given in the following section. 

Since the definition of hysteresis varies among researchers, it is essential to clarify how it plays a vital role from 

one discipline to another. As reported by many researchers, the hysteresis phenomenon is recognized in many 

disciplines, such as magnetic hysteresis [1], economics [2], biology [3], chemistry [4], mathematics [5], civil 

engineering [6], and petroleum engineering [7-14]. Due to the uses of hysteresis in many sciences, the definition 

varies from one discipline to another. Regarding magnetics, Mayergoyz [15] proves that the hysteresis transducer 

occurs when its input-output relationship is non-linear, which means the output does not follow the same input 

track when branch-to-branch transitions occur. Gross et al. [2] define hysteresis in economics by considering a 

system with input and output; both are a function of time. The system is a hysteresis if, at time t, the output is 

calculated by the input history, not just the scalar of input. In chemistry, Paska [4] finds that the hysteresis effect 

exists in field-effect transistors, which a transistors used to handle the electrical behavior when surface hydroxyl 

(Si-OH) sites (Si-O-, Si-OH2
+, OH-, or H+ species) initially exist. However, because of the lag response that happens in 

the forward and backward of the current against voltage, hysteresis occurs in field-effect transistors [16, 17]. 

Hydraulic hysteresis is well known in civil engineering as Wheeler et al. [6] propose in their study that if two 

samples from the same soil are tested against suction, one is in the drying stage, and the other is in the wetting 

stage, the two samples will be at different values of the degree of saturation.  

Many oil and gas industry researchers study hysteresis using various fluid parameters [11, 12, 14, 18-20]. For 

example, Elizabeth et al. [9] studied the effect of relative permeability on the field-scale predictions of water 

alternating gas (WAG). They define the hysteresis on three-phase relative permeability based on the saturation 

path and the saturation history. Accordingly, their definition is characterized by a series of three-phase drainage 

and imbibition cycles. Many other researchers study the relative permeability hysteresis in different reservoir 

types and against various tests. Still, all these researchers define hysteresis based on experimental or simulation 

studies [7, 10, 21-24]. Another investigation focuses on permeability and porosity hysteresis done by Teklu et al. 

[25]. The study tests these two parameters against net stress in consolidated and unconsolidated porous media. 

They define hysteresis based on the discrepancy of the following path when permeability and porosity are 

exposed to an increase or decrease of net stress. Furthermore, Ahmadzadeh et al. [22] studied the effect of 

interfacial tension (IFT) and hysteresis on capillary pressure. Their study observes the effect of hysteresis in two 

cases, oil-wet, and water-wet, during the imbibition and drainage process.  

2. Applications of Hysteresis in Various Fields 

Hysteresis is a phenomenon widely used in different scientific areas. This section describes and explains 

several recent cases of hysteresis. The applications discussed in this paper are, first, engineering fields, which are 

petroleum, electrical, mechanical, and civil engineering. Secondly, applications of hysteresis in biology include 

neuroscience and cornea—lastly, hysteresis in economics and finance. A summary of the standard features of 

these applications is identified at the end of this section. 

According to all these researchers, hysteresis generally be defined as "a phenomenon that happens in a system 

when a characteristic looping behavior of the input-output graph is displayed" [17]. For a general and better 

understanding, see Fig. (1), which shows the general hysteresis loop for any system. Path A represents the track of 

the first process for any parameter; in most cases, it is a system's input, while path B represents the track of the 

second process; in most cases, it is a system output. Some cases show this behavior only on the positive sides of 

the X and Y axes; another covers all sides of the two axes, as shown in Fig. (1). Not necessary for hysteresis's paths 

to be a curve; in some cases, it can be a square, rectangle, or trapezium [26]. In other words, the input or output 

may take linear or non-linear forms depending on the process that is conducted in the system.  

2.1. Application of Hysteresis in Engineering 

Engineering is one of the fields that has a hysteresis application. Many researchers study hysteresis 

applications in different engineering disciplines. For example, in petroleum engineering, capillary pressure with 



Fundamentals and Capturing Petroleum Fluid Hysteresis Through Experiments Murtada A. Elhaj 

 

41 

saturation are the first parameters that use the hysteresis concept [27]. Following the same track, many studies 

investigate rock parameters such as porosity, permeability, saturation, net stress, pressure, and temperature [7, 22, 

23, 25, 28-36]. On the other hand, fluid parameters are also investigated, such as interfacial tension, wettability, 

and foam [7, 27, 37]. Another example from engineering is electrical; Irmak et al. [38] study the electrical 

properties with thermal hysteresis. Mechanical engineering also investigates some parameters to study 

hysteresis; for instance, Longbaio [39] explores the effect of loading and unloading, temperature, and oxidation on 

mechanical hysteresis. Lastly, civil engineering also uses the hysteresis phenomenon to study stress-strain 

behavior in soils, as Wheeler [6] reported in his paper.  

 

Figure 1: A hysteresis loop for a system. 

2.2. Application of Hysteresis in Biology  

Biology with hysteresis has a much shorter history than engineering with hysteresis, especially mathematical 

approaches. Mathematical models of hysteresis with biology have recently been used, including dynamics of 

metabolic networks, neuroscience, and cornea [3]. In his recent book, Noori [3] studies the hysteresis 

phenomenon in protein-DNA interactions, microscopic cellar signaling pathways with bistable molecular cascades, 

neuroscience, and cornea. Other recent scholars study hysteresis in biologies, such as Spiteri et al. [40], Chatterjee 

et al. [41], and Qiao et al. [42]. 

2.3. Application of Hysteresis in Economics  

The application of hysteresis effects in the economic system is introduced by Cross et al. [2]. The main goal of 

his book is to incorporate hysteretic products into mathematical models in the financial system. Geogresu-Roegen 

[43] is one of the first scholars to investigate economics hysteresis. Cross et al. divide the hysteresis into weak, 

strong, and passive hysteresis depending on the relationship between input and output. If the system contains a 

limited number of points, then the system has weak hysteresis; elsewhere, it has strong hysteresis. While the loop 

of hysteresis is counterclockwise, the system has a passive hysteresis. Gocke [44] investigates the presentence 

hysteresis phenomenon in microeconomics and macroeconomics.  

2.4. Summary and Observations in Different Disciplines  

Table 1 summarizes, analyses, and shows some observations on using hysteresis in different fields. Moreover, 

it shows the parameters used in the investigation of hysteresis. In general, the table shows how applications of 

hysteresis are different from one field to another depending on the parameters. Therefore, the outcomes are 

various, but all the studies show the general concept of hysteresis, which is taking one path in the first process 

and taking another path in the second process. This section focuses on the applications of hysteresis in the 

engineering field, especially petroleum engineering; therefore, many studies in petroleum engineering are 

reported.  



Murtada A. Elhaj International Journal of Petroleum Technology, 10, 2023 

 

42 

Table 1: Summarizes the most recent work in hysteresis in various fields.  

Field Sub-Field Author 
Considered 

Parameters 
Outcomes Observations 

Engineering 

Petroleum Teklu [25] 

Porosity and 

Permeability vs.  

Net Stress 

Porosity and permeability 

increase when net stress 

decreases and both decrease 

when net stress increase 

• An experimental study in low-

permeability formations  

• Outcrops used in this study 

made it only applicable to 

limited options 

Electrical Irmak [38] 

Electrical properties 

for Lanthanum, 

Manganese, and 

Oxygen compound 

vs. thermal 

Thermal hysteresis influences 

electrical properties upon 

cooling or warming, either 

increasing or decreasing. 

• This study uses a wide range 

of temperatures in two 

samples, which gives the 

validity of the method that is 

used in this study to be used 

in others 

Mechanical Longbaio [39] 

Tensile, tension, 

temperature, and 

oxidation vs. 

loading/unloading 

effects 

Predict the mechanical 

hysteresis for the interested 

parameters in different 

loading types at room and 800 

temperatures. 

• This study uses experimental 

and numerical approaches to 

investigate mechanical 

hysteresis 

• The author suggests more 

future studies on shear stress 

and broken fibers 

Civil 
Wheeler  

et al. [6] 

Pore air and pore 

water pressures vs. 

saturation of soil 

The percentage of saturation 

in soil has a significant effect 

on the stress-strain behavior 

in drying and wetting paths 

• A new model for elastic-plastic 

constitutive for soil is 

developed in this study. 

• An experimental study was 

conducted to verify the 

developed model 

Biology 

Neuroscience Noori [3] 

Neuron cells vs. 

perisynaptic glial 

cells 

The neuron and glia cells are 

the main two types of cells in 

the nervous system and have 

a dynamic reciprocal feedback 

relationship 

• Two hysterons are connected 

in a parallel way in the 

hysteresis diagram 

Cornea 
Derek and H. 

Noori [3, 45] 

Air pressure vs. 

light signal 

The hysteresis behavior 

reflects an intrinsic viscoelastic 

biomechanical property of the 

cornea 

• The main reason for 

hysteresis to be happening is 

the flattening of the cornea 

Economics 
Economic 

and finance 
Cross [2] 

Any input vs. 

output of an 

economic system 

The idea of considering 

hysteresis in economics and 

finance came from 

micromagnetics and was 

adopted to be used in various 

contexts of economic activates 

• Authors incorporate time in 

hysteresis concepts 

• Mathematical models along 

with theoretical explanations 

are both used in this article 

 

3. Experimental Studies in Fluid Hysteresis  

Many experimental works have been performed to study the effect of hysteresis behavior on rock and fluid 

properties. Fluid properties have gotten most of the researchers' attention in investigating hysteresis 

experimentally since early times compared to rock properties. Several experimental studies have been conducted 

on fluid properties, such as capillary pressure [14, 46-49] wettability [46, 50-52], and interfacial tension [50-54]. 

Recently, many researchers have experimentally tested the hysteresis phenomenon in rock properties [7, 9, 37, 

48, 51, 52, 55-60]. In this paper, different fluid properties will be reviewed, discussed, and addressed 

experimentally for the hysteresis phenomenon.  
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Laboratory investigations into fluid hysteresis started many decades ago to observe and explain how and why 

fluid hysteresis occurs. Brown [49] and Benner et al. [54] are among the first scholars who studied fluid hysteresis 

experimentally.  

3.1. Wettability  

In their study, Benner et al. [54] and Elhaj et al. [13] found different values of the interfacial contact angle for 

the oil-water system against the quartz-silica in the case of increasing or decreasing water. The contact angle was 

either less or greater than 90 degrees for water receding or advancing. The difference between these two angles is 

well-known as hysteresis. The study used three types of oil to test the wettability against hysteresis at atmospheric 

pressure. Because of the non-availability of the oil-field brain, distilled water was used instead. The sessile drop 

technique was used in this study. The reason for the phenomenon of wettability was not explained; instead, 

Benner et al. [54] stated that the effect of hysteresis on wettability has been mysterious, and none of the studies 

offered an accurate explanation, as reported by Bartell [61]. Although this study attempts to explain the 

phenomenon of hysteresis, it is limited because of the conditions of the experiment, such as using distilled water 

instead of brain water, as well as conducting the investigation in room conditions instead of reservoir conditions.  

Michaels et al. [62] examined the contact angles between a drop of water and a gel surface. A series of 

recordings were conducted by increasing and decreasing these angles to examine hysteresis. Their study 

considered time as a variable factor, so the reported values for angles were time-dependent. However, this study 

fails to explain the cause of hysteresis in contact angle, but Michaels et al. [62] categorized the theories that 

attempted to explain the hysteresis phenomenon into three groups. The first group of these theories explained 

that hysteresis occurred due to interfacial free energy variations. The second group demonstrated the cause of 

hysteresis due to surface geometry. The molecular structure of the solid surface was the opinion of the third 

group.  

Grundke et al. [63] studied contact angle hysteresis on polymer surfaces using sessile liquid droplets and air 

bubbles. The study used scanning electron microscopy (SEM) and scanning force microscopy (SFM) to characterize 

the polymer surfaces in terms of their structure and element composition. Therefore, several surface types were 

used, such as soft and rough surfaces. This study used the effect of swelling and reorientation of the liquid/solid 

angle to explain the hysteresis phenomenon. This study concludes that a surface with roughness less than one-

hundred-nanometer diameter does not affect contact angle hysteresis [64].  

By tracking these studies, contact angle, which leads to wettability, has a different aspect of hysteresis 

depending on the surfaces or the fluids used. However, all these studies generally agreed on the common 

fundamental of hysteresis, which is increasing or decreasing the contact angle when the fluids or surfaces are 

exposed to an external element. Wettability hysteresis is significant when injecting water into porous media or 

adsorption at liquid/solid interfaces such as painting or coating [65].  

Many other studies investigate wettability hysteresis, such as Extrand [64, 66, 67], Reyssat [68], Moradi [69], 

and Restango [70]. Table 2 summarizes and shows some examples of experimental studies in wettability 

hysteresis, while Fig. (2) explains the change of contact angles during hysteresis effects.  

 

Figure 2: Change of contact angle during the hysteresis process. 
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Table 2: Analysis of some experimental studies in wettability hysteresis.  

Author  Conditions  Variables  Effect on Hysteresis  Time-Dependent  

Benner [54] 

• Room temperature  

• Atmospheric pressure  

Oil-water system and 

sandstone surface 

(quartz-silica) 

An increase in contact angle tends to 

increase hysteresis 
No 

Michaels  

et al. [62] 

• Liquid heated to 90 degrees 

and cooled to 40 degrees 

• Poured into a rectangular glass 

cuvette 

A drop of water and gel 

surface 

The hysteresis varies depending on the 

gel concentrations, advancing, or 

deciding the angle 

Yes 

Grundke  

et al. [63] 

• Laplace equation is used to 

determine the shape of a drop 

• The drop profile is 

axisymmetric 

Sessile liquid, air 

bubbles, and polymer 

surfaces 

Surfaces with roughness <100 nm have 

no hysteresis effects 
Yes 

Extrand [64] 
• The surface is small plaques 

• Room temperature  

Adhesion between 

water and polyamide 

Hysteresis increases with contact angle 

while it decreases with amide contents 
No 

 

3.2. Capillary Pressure 

Brown [49] is one of the first researchers to investigate the hysteresis behavior in capillary pressure using the 

restored state and the mercury-injection methods. The results were compared to dynamic capillary pressure 

measurements conducted by the Hassler technique [14, 71, 72]. Although his lab work was not mainly focused on 

hysteresis, he compared two methods he used for dynamic capillary pressure measurements, the Hassler 

technique; and the concept of drainage and imbibition, later known as hysteresis regarding capillary pressure.  

Gardner et al. [71] use dynamic measurement techniques to measure capillary pressure using sandstone and 

carbonate samples. They concluded that hysteresis must be considered in capillary pressure measurements when 

these measurements depend on the premier distribution of fluid in the cylinder. Their experimental results 

showed the relationship between capillary pressure, saturation, and hysteresis, which is that as the saturation 

increases, the capillary pressure decreases; therefore, the hysteresis increases.  

Kleppe et al. [47] used laboratory capillary pressure measurements on the gas-oil system to investigate and 

simulate hysteresis. The porous plate method, one of the three methods used to measure capillary method 

(mercury methods, porous-plate methods, and centrifuge methods), is shown in Fig. (3). For more details about 

the porous plate methods, see [73, 74]. Kleppe et al. presented a new method in the gas-oil system to determine 

hysteresis capillary pressure based on the history of saturation and capillary pressure bounding curves. This 

method, as well, can be used in reservoir simulation models. 

Wang et al. [75] and Masalmeh [76] analyzed capillary pressure hysteresis under experimental study. The 

experimental results showed that hysteresis is more noticeable under low salinity conditions during imbibition 

compared to high salinity conditions. The study also identified multi-phase flow hysteresis during fluid flow in 

porous media. They claimed that multi-phase flow is not only a function of saturation but of hysteresis as well. 

Furthermore, they stated that this phenomenon in multi-phase flow occurred because of contact angle hysteresis, 

trapping of the nonwetting phase, and wettability. The study explained that hysteresis is significant in low salinity, 

such as mineral dissolution and wet water samples.  

All these studies show the importance of capillary pressure hysteresis in porous media. Some studies 

considered one path, either drainage or imbibition, to investigate hysteresis [47, 49, 62, 71, 77]; others focused on 

both imbibition and drainage [75, 76, 78]. As reported in the literature, for a better understanding of multi-phase 

flow in porous media, it is necessary to understand capillary pressure hysteresis because it is the key to describing 

flow in porous media. Table 3 lists some works that have been done in capillary pressure hysteresis.  
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Figure 3: The porous plate method used in Kleppe et al. [47] experimental study (redrawn). 

Table 3 compares results from several studies in capillary pressure hysteresis. These studies show diverse 

types of methods used to investigate hysteresis. On the one hand, some studies used the oil-water system; others 

used the gas-oil system. On the other hand, several studies used different methods to determine capillary 

pressure, including porous plate, mercury injection, restored state, and dynamic measurement technique. A few 

studies used the centrifuge method but were not reported in this paper; for more details about how to use the 

centrifuge method [79, 80]. General observations were made according to the methods used in the study, missing 

assumptions, and some other observations.  

Table 3: Summary and observations for some studies in capillary pressure hysteresis.  

Study  Methods  Imbibition Drainage  Results  Observations  

Brown [49] 

• The Restored-state 

method 

• The mercury-injection 

methods 

No Yes 

Comparison between two 

methods and dynamic capillary 

pressure measurements by 

Hassler technique 

He did not use the term 

hysteresis, but later his work 

was used as an inspiration 

Gardner  

et al. [71] 

• Sandstone and carbonate 

samples used 

• Using dynamic 

measurement technique 

Yes No 

The increase in saturation and 

decrease in the capillary 

pressure leads to an increase in 

hysteresis 

In their study, they assumed 

fluid flow a horizontal and the 

viscosity and density of the air 

were negligible, which gave 

the limitation for this study 

Kleppe  

et al. [47] 

• Gas-oil system 

• The porous plate method 
Yes Yes 

A new method in gas-oil system 

to determine hysteresis capillary 

pressure 

This study shows the 

imbibition and drainage in 

physical equations, which 

make it easier to understand 

hysteresis behavior 

Wang  

et al. [75] 

• High and low salinity 

• Reservoir conditions Yes No 

Hysteresis is more prominent 

under low salinity compared to 

high salinity 

Time varies been considered 

in this study in the modeling 

part 

 

3.3. Interfacial Tension  

Interfacial tension is a phenomenon that occurs in the presence of two phases. It is rare to see interfacial 

tension hysteresis in literature; however, some researchers highlighted its relationship with temperature, pressure, 

or fluid composition [81-84], but not in terms of hysteresis. Jain et al. [50] presented that the interfacial tension 
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has a role in relative permeability hysteresis behavior along with pore geometry and the condition of the 

experiment. Denoyelle and Lemonnier [53] also showed the importance of interfacial tension in relative 

permeability hysteresis.  

 Peltonen and Yliruusi [85] investigated Sorbitan monoesters' interfacial properties, including interfacial 

intention. They studied the surface pressure hysteresis in terms of a compression-expansion cycle for different 

Sorbitan monoesters. The study also focused on the effect of the concentration of sorbitan monoesters on 

interfacial tension by showing that as the concentration increases, the interfacial tension decreases but differently 

depending on which type of sorbitan monoesters. 

Recently, Ghorbani and Mohammadi [84] experimentally studied the effect of temperature, pressure, and fluid 

composition on gas-oil interfacial tension. Although their study did not focus on hysteresis behavior, it highlighted 

these variables' effect on interfacial tension and which one has more effectiveness. Pressure has more influence 

on interfacial tension rather than temperature, and fluid composition might change from one fluid to another; 

that is what their study proved.  

By looking at the literature, interfacial tension hysteresis did not take researchers' attention. It might be 

because most of the research has been done in contact angle or relative permeability, which strongly connects 

with interfacial tension. Another reason, as Ghorbani and Mohammadi [84] report, temperature has no significant 

effect on interfacial tension. It does not have a specified trend, indicating hysteresis might not even exist in 

interfacial tension. 

3.4. Viscosity  

The term "hysteresis of viscosity" is not that famous in terms of fluid viscosity. Still, it is well known in the 

magnetic field when Jubb and McCurrie [86] experimentally studied the hysteresis phenomenon in magnetic 

viscosity. Their study was based on the theory of Gaunt [87] which showed the relationship between magnetic 

viscosity and temperature. Jubb and McCurrie [86] confirmed experimentally the hysteresis loop for the thermally 

and magnetic viscosity. A study aligned with what Jubb and McCurrie investigated was done by Stamps [87], in 

which he studied hysteresis in dynamic magnetic and viscosity in exchange systems.  

According to Murshed and Estelle [88], the first attempt at studying hysteresis in fluid viscosity was made by 

Nguyen et al. [89]. The study by Nguyen et al. is considered the first evidence of an experimental study of the 

hysteresis phenomenon for nanofluids viscosity under two conditions, temperature and nanoparticle 

concentration. Furthermore, this study raised serious attention to using nanofluids for thermal-enhanced oil 

recovery. 

Another study highlighted the effect of nanofluids hysteresis in heat transfer enhancement done by Nguyen et 

al. [90]. As demonstrated in their previous study, Nguyen et al. [87] raised concern about using nanofluids as a 

thermal-enhanced oil recovery; they continued their study by investigating the heat transfer phenomenon in 

viscosity. They concluded that at a critical temperature, the viscosity increases with the temperature increase 

inversely to what is known. From that point, the phenomenon of hysteresis occurred in a cooling phase. As the 

study demonstrated, the reason is that once critical temperature is reached, the fluid particles seem to be 

irreversibly altered. For more details about how the nanofluids can be used in confined flow situations [91-97]. 

Thermal hysteresis in viscosity also has been investigated by Walz et al. [97] by measuring different viscosity 

temperatures in the phase diagram of the triblock copolymer solved in water. Before melting occurred at 44 C, a 

highly viscous crystalline fcc was found. The different shapes and paths of the particle during heating and cooling 

have been observed for the first time for this material, which is called hysteresis. 

3.5. Summary and Observations 

Hysteresis in fluid properties occurs in different ways depending on the property. For example, it may have 

happened when the fluid is exposed to heating or cooling temperature or also for different percentages of fluid 
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concentrations such as in viscosity [86, 87, 89, 90]. Another example is when the fluid is tested with loading or 

unloading pressure, such as interfacial tension [54, 85]. Furthermore, at different saturations, the hysteresis 

concept occurred in capillary pressure [46, 75, 76, 78]. 

The Recent growth of annual publications on fluid hysteresis is shown in Fig (4). For the last seventeen years, 

fluid hysteresis has gradually increased, indicating it drew the researchers' attention. As shown in Fig. (4), a 

significant share of the reported publication on hysteresis belongs to capillary pressure hysteresis (45%), followed 

by wettability (20%) and viscosity (20%). Interfacial tension has fewer reported publications (16%) compared to 

others. Nevertheless, viscosity and interfacial tension have increased slightly in recent years, as shown in Fig (4). 

However, researchers have not paid attention to interfacial tension hysteresis that much because of its difficulty 

or not playing an important role in fluid hysteresis. Fig. (4) was generated from the record of published conference 

papers, journals, patents, and books on the "ScienceDirect" and "Onepetro" websites; the research occurred on 3 

June 2023.  

 

Figure 4: Publications records on different properties of fluid hysteresis from Webs of Science and Onepetro. 

4. Conclusions and Recommendations  

This paper extensively reviews and presents hysteresis for fluid properties. The focus was on experimental 

work done in these properties in terms of petroleum engineering. The applications of hysteresis in other 

disciplines, such as economics, biology, chemistry, physics, civil engineering, and mechanical engineering, are 

covered briefly in this paper.  

The primary concern of this paper is fluid hysteresis, such as capillary pressure, wettability, viscosity, and 

interfacial tension hysteresis. All these properties have a different common feature of hysteresis type, depending 

on the system. For example, there is thermal hysteresis when the fluid property is exposed to heating and cooling, 

such as viscosity. Another example is when the interfacial tension is under loading or unloading stress, another 

type of hysteresis is obtained.  

In the literature, no attempt is made to refer to and review more than one fluid property of hysteresis in one 

article because of the numerous publications in this area, either books, journal papers, or conference papers. 

Based on this fact, this article is considered one of a kind, and it is the first attempt to provide a complete and 

comprehensive review of the fluid properties of hysteresis. Although covering the hysteresis phenomenon in both 

fluid properties in one article is almost a real challenge for authors, this paper covers the experimental works that 

have been done in most fluid properties well. 

Finally, the following observations and recommendations can be considered regarding the hysteresis 

phenomenon: 
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1. The experimental study was conducted in special conditions and exceptional cases. Therefore, the 

universal hysteresis concept for fluid properties is missing from the literature. 

2. Following the previous point, no attempt was reported in the literature to use the experimental data to 

develop a general model applicable to predicting any conditions rather than experimental ones. However, 

some studies highlighted the data's use in developing a model but not in a general form. So, a numerical 

model must be developed for at least one fluid property. 

3. Comparing the number of publications in fluid properties hysteresis to that in rock properties hysteresis, 

the fluid properties have more attention than the rock properties, which might be because of the effect 

that played or because of the long history of hysteresis in the fluid than in rock, such as capillary pressure 

hysteresis has a long history.  

4. This paper did not cover some fluid properties, such as the fluid density, formation volume factor, and 

solution gas oil ratio. Thus, more investigation and review of these properties may be needed. 
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