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Numerical Investigation on Flow-Field Characteristics towards 
Removal of Free-Water by A Separator with Coalescing Plates 

Xiangdong Qi, Hongqi Zhang, Xitong Sun1, and Zhihua Wang 

1Key Laboratory for Enhanced Oil & Gas Recovery of the Ministry of Education, Northeast Petroleum University, Daqing 

163318, China 

2Oil Recovery Plant No. 2, PetroChina Daqing Oilfield Company Limited, Daqing 163414, China 

3 Jilin Branch of China  Aviation Fuel Company Limited, Changchun 130500, China

Abstract: 

1. Introduction 

With the intensive exploitation of oilfields, a variety of measures such as water flooding and chemical 

agents have been widely used, thus crude oil production and economic benefits have been guaranteed [1-

3]. Subsequently, the prevalence of impurities such as water, sediment, and polymers are commonly 

present in the produced water from oil wells, respectively, the transportation and utilization of crude oil 

are affected and threats to the environment may increase [4-5]. Furthermore, the oil-water interfacial 

stability is affected by components such as polymer and asphaltene in produced water, which brings new 

challenges to the treatment of produced water [5-7]. Typically, water and crude oil mixture need to be 

separated and treated in the oilfield to achieve compliance with refining and commercial requirements 

[8-10]. 

The existent form of water in crude oil is not fixed, so the difficulty of separation and treatment will 

continue to change. Free water is separated from oil in a short time by gravity sedimentation at room 

temperature, on the contrary, some amount of water will form a stable emulsion with crude oil, which is 

The produced water-containing polymer brings new challenges to oil-water separation in oilfield 

production, yet separators with coalescing plates to remove free water have been playing an active role. 

In this paper, the flow-field characteristics of polymerladen produced water in a separator with 

coalescing plates are analyzed using computerized mathematical methods to investigate the effects with 

a water content of 55%, 70%, and 85%, flow rate of 3500 m3/d, 4800 m3/d, and 6000 m3/d, and duration 

time of 20 min, 40 min, and 60 min on flow-field properties and separating efficiency are studied. The 

results show that the separating efficiency is positively correlated with water content and duration time, 

and duration time has the greatest improvement to the separating efficiency, but the enhancement of flow 

rate may reduce the separating efficiency. It is also observed that the separation efficiency of free-water 

reached 70.9% and the water content at the oil outlet of the separator reached 20.4% at a duration time of 

60 min, when the contained polymer concentration and water content in the oil-water mixture are 500 

mg/L and 70%, respectively. 
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difficult to separate by gravity sedimentation [11, 12]. In industry, the process of separating free water 

and then treating oil-water emulsion has been applied on a certain scale [13]. Therefore, efficient 

separation of free water from emulsion is important. 

   Although free water is usually separated by gravity, there are differences in specific treatment 

equipment and methods [12-14]. At the same time, the separation effect will also change significantly. 

For example, wang et al. [15] simulated a separator with a bi-directional corrugated plate structure, 

which can obtain higher separating efficiency when the oil concentration is 30% to 60% and the flow rate 

of the inlet is 13 L/min ~ 133 L/min. Moreover, lower oil concentrations allow the selection of larger 

inlet flow rates within the appropriate range. Almarouf et al. [16] arranged a series of inclined multi-arc 

coalescing plates in the oil-water separator and proposed that the geometrical characteristics of the 

separator govern the separation effect between oil and water. Under the conditions of longer duration 

time and higher water content, the separation effect between oil and water will be enhanced, and the 

processing temperature and degree of oil shedding are linear. Kim et al. [17] simulated the influence of 

mesh size on the separation of an oil-water mixture under different pressure gradients, and the narrow 

pores can improve interfacial resistance and viscous dissipation, which help prevent oil infiltration by 

consuming oil inertia. From the point of coalescence and breakup of droplets, Yuan et al. [18] considered 

that droplets with smaller surface tension are suitable for lower separation speed, and separating 

efficiency can be enhanced by controlling the shape and spacing of wave plates, on the contrary, the 

speed of droplets with larger surface tension is a convenient way to increase the separating efficiency. 

Oruç et al. [19] experimentally studied the separating of mixtures at different temperatures, taking into 

account the corrugated plate spacing, shape, and angle, and obtained the highest value of separating 

efficiency. Yayla et al. [20, 21] investigated the influence of the Reynolds Number and the configuration 

of the coalescing plate on the oil-water separation. They found that the Reynolds Number of the oil-

water mixture was inversely related to the separating efficiency. When the hole shape of the coalescing 

plate is elliptical and rectangular, the size of the hole does not affect separating efficiency. Moreover, 

when the distance of the coalescing plate is 12 mm and the Reynolds Number is 18, the separating 

efficiency is the highest for a cylinder with an aperture of 15 mm. In general, the various methods of 

removal of free water have the same goal, that is, by creating good conditions, oil and water rely on 

density difference and by the gravity to separate, and liquid separation plate and coalescing plate plays 

an irreplaceable role in this segment. 

   However, the properties of produced water are constantly changing when the polymer continues to 

exist, and the adaptability of the traditional separator to an oil-water mixture containing polymer is 

reduced, thus the separation effect of free-water has not reached the expected goal [13, 14, 22]. On the 

other hand, the separator with coalescing plates is widely used as the free-water separation equipment in 

oilfields, and the separation effect of oil-water mixtures containing polymers also lacks systematic 
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evaluation. 

   Therefore, the suitability of oil-water mixtures containing polymers in separators with coalescing 

plates should be understood. The flow-field characteristics of the separation are concentrated reflections 

of the removal effect of free water, which is also inevitably affected by factors such as water content, 

flow rate, and duration time. Meanwhile, the separation effect of an oil-water mixture containing 

polymer in the separator provides a reference for the optimization of the separator structure.

   In this paper, a Φ3600 mm×16000 mm separator with coalescing plates is built for mathematical 

simulation. The EULERIAN model and RNG k-ε model are applied to simulate the flow-field 

characteristics in the separator, and the role of steady flow and coalescence unit is shown. The separation 

of free water with the effect of water content, flow rate, and duration time of oil-water mixture containing 

polymer is studied by combining qualitative and quantitative methods. The flow-field change of the 

separator is further discussed by detecting the pressure field, flow field, and oil phase concentration 

distribution, furthermore, the oil-water separation effect is also evaluated. 

2. Methodology 

2.1. Modeling of Separator with Coalescing Plates 

   In the process of oil-water separation in Daqing Oilfield (China), a horizontal settling separator is 

mainly used to separate free water, and its model is Φ 3600 mm×16000 mm separator with coalescing 

plates, which has been widely used. Therefore, a physical model with an equal proportion to the 

separator is established. 

The separation of oil and water depends on the steady flow unit and coalescence unit in the separator. As 

shown in Fig. (1a), the liquid separation plate is used as a steady flow unit, and the coalescing plate is 

used as a coalescence unit. The goal of oil-water separation can be achieved through these units. This is 

because the flow field becomes stable within the unit area, the oil droplets rise upward and the water 

phase settles downward. 

   Therefore, during the numerical simulation, the structure of the separator is reasonably simplified, the 

auxiliary components such as the oil tank and the base inside the separator are omitted, and the 

components such as the manhole and safety valve group outside the separator are not considered. As 

shown in Fig. (1b), a simplified physical model of the separator is constructed, and the coalescing plate 

is arranged horizontally. The main structural dimensions of the separator can be obtained from Table 1. 
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   In the process of removing free water by using the separator, the oil-water mixture enters the inside of 

the separator in a tangential direction through the inlet, and the initial steady flow is realized by the liquid 

separation plate and then enters the coalescence unit. At this time, the lower density of the oil makes it 

rise and coalesce to the bottom surface of the coalescing plate, in turn, the higher density of the water 

makes it settle to the upper surface of the coalescing plate. The liquid in the coalescing plate will be 

continuously promoted from the entrance. Subsequently, the oil flows out from the oil outlet at the upper 

right end, and water flows out from the water outlet at the lower right end, and the separation of free 

water is realized. 

2.2. Mathematical Model for Simulation of Coalescence-Separation 

Before selecting the mathematical model, the temperature and pressure characteristics of the free-water 

separator are considered, and the energy exchange can be neglected. 
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2.3. Solving Process 

Based on the established physical model of the separator, the finite volume method is used to solve it, 

dividing the calculation area of the physical model into non-repeating control volumes (grids), 

integrating the conservationtype differential equations to be solved in any control volume and a certain 

time interval over space and time, and specifically completing the application of the algorithm in the 

model by the commercial software FLUENT.  

The grid type is generally divided into structured grid and unstructured grid. Among them, the 

unstructured grid has good adaptability to complex models [32]. Fluent Meshing is used to generate an 

unstructured grid after the structure of the separator is considered. Since the liquid separation plate and 

the coalescing plate are the main implementation areas of the separation function, they are reasonably 

encrypted. In addition, grid independence verification is accomplished by encrypting the number of 

grids in the computational domain, and the separator outlet velocity variation is observed at different 

grid numbers. The relative error of the simulation results decreases with increasing the number of grids, 

and the grid convergence can be considered when the error is lower than 5%, and finally, the physical 

model with the grid number 5086345 is used for the formal simulation calculation, and the meshing of 

the separator is shown in Fig. (2).

In the FLUENT software, the wall is set to a static state by considering the influence of the viscosity of 

the wall of the separator. After a given inlet velocity, the outlet boundary of both water and oil is set to 
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“Outflow". Similarly, the steady flow unit and coalescence unit play an important role. For a clearer 

understanding of the separation effect and obtaining the separation flow-field characteristics inside the 

separator, the mixture composed of oil and water is considered to be incompressible fluids in the 

simulation process. The temperature inside the separator has been kept constant so that heat exchange 

has been ignored. 

The parameters selected for the simulation calculations are determined according to the physical 

properties of the oil-water mixture in the Daqing oilfield, as shown in Table 2. Due to the mutual motion 

between the oil and water phases, a non-constant calculation of the simulation process is chosen for 

“Phase Coupled Simple” [33].

3. Results and Discussion 

   In the operation of a separator, the separation flow field characteristics can be represented by pressure, 

velocity, streamline, and volume fraction of the phase [15, 17, 21]. Thus, the distribution characteristics 

of the pressure field, velocity field, and concentration field, as well as the streamlined distribution 

characteristics inside the separator are observed and analyzed, and the oil-water separation effect of the 

separator is evaluated. Furthermore, the water content and flow rate are selected based on the nature of 

the oil-water mixture provided by Daqing Oilfield, while the duration time of the oil-water mixture in 

the separator is determined by actual process experience. For better quantitative analysis, pressure, and 

oil phase volume distributions are observed on the separator z=0 profile, and correlation data are 

extracted parallel to the separator profile and every 0.1 m in the Y direction under conditions relative to 

the outlet boundary.

3.1. Flow-Field Characteristics of the Separator 

Oil-water mixture with a water content of 70%, containing a polymer concentration of 500 mg/L, and a 
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flow rate of 4800 m3/d is selected as a case after the physical properties of the produced water are 

analyzed. The flowfield characteristics of oil-water separation are further revealed by calculation 

results. The important role of the stability of the working pressure inside the separator on the separation 

performance is considered, and the distribution of the pressure field in the separator is shown in Fig. 

(3a). The uniform decrease of the pressure distribution in the separator from bottom to top can be 

observed, and the maximum pressure difference is about 3.3 kPa, which confirms separator has good 

operation stability. 

As shown in Fig. (3b), velocity vector distribution in the separator is extracted, and the flow-field 

distribution during the separation process is more intuitively reflected. The oil-water mixture enters the 

interior from the left inlet of the separator, and the flow field of the separator is impacted by the 

maximum flow rate. However, the distribution of the flow rate change uniformly after passing through 

the steady flow of the liquid-separating plate. Meanwhile, the flow field in the separator tends to be 

stable, and the role of the liquid separation plate as a steady flow unit is demonstrated.

  Fig. (3c) shows the streamlined distribution characteristics inside the separator. Similarly, the 

streamline is the most intuitive manifestation of separation flow-field characteristics during the 

separation of free water. It can be found that the high flow rate of the inlet brings significant disturbance 

to the streamline in the inlet area, and the chaotic state of the streamline can be observed. However, the 

streamline distribution tends to be stable as a whole, after passing through the coalescence area. 

   The separating effect of the separator is shown in Fig. (3d), and the change in the volume fraction of oil 

is the main manifestation. The stratification of the oil/water interface inside the separator exists, 

however, the stratification of the oil and water interface is more chaotic before entering the coalescence 

area. The stratification of the oil/water interface is transformed into a clear form after passing through 

the coalescing plate, the higher oil phase volume fraction area is thickened, and the lower oil phase 

volume fraction area is continuously thinned.

3.2. Effect of Water Content on Flow-Field Characteristics 

The interfering factors of the flow-field characteristics and separation effect in the separator are taken as 

research objectives. Initially, the effect of water content is explored based on flow-field characteristics in 

the separator, and the control variable method is used, that is, the contained polymer concentration and 

flow rate of the oil-water mixture remain unchanged. Then, three kinds of oil-water mixture with a water 

content of 55%, 70%, and 85% are simulated and analyzed after the production, and research data are 

referred to.

3.2.1. Pressure Field Distribution and Pressure Drop Characteristics 
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Pressure field distribution in the separator is compared and analyzed in Fig. (4). The pressure field 

distribution of the mixture under the three kinds of water content is the same during the separation 

process, respectively, when the contained polymer concentration and flow rate are 500 mg/L and 4800 

m3/d. The pressure drop of the cross-section increases slightly, and pressure field distribution in the 

separator is generally stable as the water content of the mixture increases from 55% to 85%

As shown in Fig. (5), pressure field distribution of the e-separation process is further quantitatively 

ISSN 2249-4278



 

Journal of  Advances in Applied Computational Mechanics and Engineering (Volume- 13, Issue - 2 May - August 2025)       Page  10

described, and then the characteristic of pressure drop is drawn. The pressure drop changes of the free-

water separation process with different water content are similar, and the average increase of pressure 

drop is 4.80%, respectively, when the water content increases from 55% to 85%. 

3.2.2. Streamline Distribution Characteristics 

As shown in Fig. (6), the streamlined distribution of an oil-water mixture with three kinds of water 

content in a separator with coalescing plates is shown. There is a ' gap ' in the streamlining of the oil-

water mixture with 55% water content during the separation process, respectively, the stability of the 

internal flow field of the separator may be reduced. The dispersion performance of the fluid is more 

significant when the water content increases from 55% to 70% and 85%, and the phenomenon is 

consistent with the reduction of interphase stability caused by higher water content. 

3.2.3. Oil Phase Concentration Distribution Characteristics 

As shown in Fig. (7) and Fig. (8), the oil/water interface characteristics of the mixture with different 

water contents in the separator are compared and analyzed, and the oil volume fraction is extracted. The 

oil-water interface stratification changes to fuzzy with the increase in water content. Overall, the 

distribution of the oil phase volume ratio in the separator is more regular. The maximum and minimum 

values of the oil phase volume ratio are obtained when the water content is 85% and 55%, respectively, 

when the longitudinal position is below  
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2m. On the contrary, the maximum and minimum values of the oil phase volume ratio are obtained when 

the water content is 55% and 85%, respectively, when the longitudinal position is in the range of 2m and 

3m. However, the oil phase volume ratio after separation with a water content of 85% is higher than that 

with a water content of 55% and 70%, respectively, when the longitudinal position is above 3m. 

3.3. Effect of Flow Rate on Flow-Field Characteristics 

The effect of flow rate on the flow-field characteristics and separating efficiency is studied, and the 

pressure field, streamline, and oil phase volume fraction distribution are also analyzed. Similarly, the 

contained polymer concentration and water content of the mixture are kept at 500 mg/L and 70%, 

respectively, when flow rates of 3500 m3/d, 4800 m3/d, and 6000 m3/d are simulated and analyzed.

3.3.1. Pressure Field Distribution and Pressure Drop Characteristics 

As shown in Fig. (9), the distribution of the pressure field in the separator is extracted with different flow 

rates. The pressure field in the mixture separating is the same, and the pressure field distribution in the 
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separator is steady, but the pressure drop decreases slightly with the enhancement of the flow rate. 

Further, pressure field distribution in the separation process of free water affected by flow rate is 

quantitatively described. The characteristic of pressure drop in the separator is shown in Fig. (10), and 

pressure drop changes of the three kinds of flow rate are coincident. The steady state of the pressure 

change characteristics during the operation of a separator with coalescing plates is displayed, and the 

fluctuation of the flow rate does not bring a significant impact on the pressure field in the separator. 

3.3.2. Streamline Distribution Characteristics 

As shown in Fig. (11), the flow field in the separator is displayed from another perspective, and the 

streamline in the separator with the flow rate of 3500 m3/d, 4800 m3/d, and 6000 m3/d are analyzed, 

respectively, when the contained polymer concentration and water content of the oil-water mixture are 

500 mg/L and 70%. There are many ' gaps ' between +-the streamlines in the separated flow field when 

the flow rate is 3500m3/d. The ' gap ' in the separator is filled, and the phenomenon of eddy current 

begins to appear and developed, respectively, when the flow rate increased from 3500 m3/d to 4800 

m3/d and 6000 m3/d. Eventually, it can be observed in Fig. (11c) that the flow field is no longer smooth. 
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3.3.3. Oil Phase Concentration Distribution Characteristics 

As shown in Fig. (12), Oil phase concentration distribution in the separator under the effect of different 

flow rates is obtained, and the oil/water interface state and variation characteristics in the separator are 

observed. Overall, the oil/water interface in the separator is relatively flat with different flow rates. 

Higher oil phase concentration distribution gradually becomes thicker, and lower oil phase 

concentration distribution gradually becomes thinner, respectively, when the flow rate enhances from 

3500 m3/d to 4800 m3/d. The difference is that higher oil phase concentration distribution becomes 

thinner and lower oil phase concentration distribution becomes thicker, respectively, when the flow rate 

increases from 4800 m3/d to 6000 m3/d, in addition, the change of oil phase concentration distribution is 

affected by streamlined distribution characteristics is further verified. As shown in Fig. (13), the volume 

ratio of oil in an e-separator with different flow rates is extracted for quantitative analysis. The volume 

ratio of oil is the highest for a flow rate is 6000 m3/d, and the smallest for a flow rate is 4800 m3/d, 

respectively, when the longitudinal position of the separator is below 2.4 m. However, the volume ratio 

of the oil phase is the highest for a flow rate is 4800 m3/d for the separator longitudinal position above 

2.4 m.

3.4. Effect of Duration Time on Flow-Field Characteristics
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 Eventually, the influence of duration time on the separation flow-field characteristics and separation 

effect is studied after understanding the effect of water content and flow rate. The duration time of the oil-

water mixture in the separator is changed when the contained polymer concentration and water content 

of the oil-water mixture are 500 mg/L and 70%. In this study, three kinds of duration time about 20 min, 

40 min, and 60 min are simulated and selected. 

3.4.1. Pressure Field Distribution and Pressure Drop Characteristics 

As shown in Fig. (14), there is a significant difference in the distribution of the pressure field in the 

separator when the duration time chosen is 20 min, 40 min, and 60 min. The pressure drop in the 

separator increases with the extension of the duration time, and pressure loss is reduced, which may be 

due to the reduction of the flow rate in unit time, and the longer duration time makes the pressure drop in 

the separator increase. 

   As shown in Fig. (15), the pressure field distribution of the free-water separating process in the 

separator is quantitatively described by the pressure drop characteristic. The pressure drop increases 

significantly after 60 min duration time, respectively, when the vertical position of the separator is above 

1m and compared with other duration times, and the consistency of pressure distribution and pressure 

drop characteristics is confirmed. 

3.4.2. Streamline Distribution Characteristics

 As shown in Fig. (16), the streamlined characteristics of the oil-water mixture in a separator with 

coalescing plates are similar, respectively, when the duration time is 20 min, 40 min, and 60 min. 

However, there are obvious phenomena of ' eddy current 'in many places in the separator, when the 

duration time is 20 min. In Fig. (16c), the phenomenon of ' eddy current ' is greatly reduced, and the 

stability of the separation flow field is continuously improved for a duration time of 60 min. The 

separation effect of free water can be improved with an extension of duration time.  
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3.4.3. Oil Phase Concentration Distribution Characteristics 

As shown in Fig. (17), there are obvious differences in the distribution of oil phase volume in the 

separator with the influence of duration time. The oil/water interface in Fig. (17a) is irregular when the 

duration time is 20 min. After the duration time is extended, the oil/water interface changes from chaos 

to clarity, and the stratification becomes more and more obvious, respectively, and the concentration 

distribution areas of higher and lower oil phases become thicker and thinner.

As shown in Fig. (18), the oil phase volume proportion in the separator with a duration time of 40 min 

and 60 min is relatively regular. The proportion with a duration time of 40 min is higher than that with a 

duration time of 60 min for a vertical position of the separator is below 2.4 m. On the contrary, the 

volume fraction is the highest when the duration time is 60 min for the area with a longitudinal position 

of more than 2.4 m. In contrast, the volume proportion in the upper half and lower half of the separator is 

low and high, respectively, when the duration time is 20 min. It is further proved that extending the 

duration time can promote the effect of oil and water separation. 
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3.5. Oil-Water Separation Performance 

Oil-water separation is the ultimate goal of the separator, and the quality of the oil phase in the oil outlet 

should be guaranteed. The water content in oil should be lower than the specified value of the process 

flow and the water content of the oil outlet should not exceed 30% [22, 34]. Therefore, the effects of 

water content, flow rate, and duration time on the separation of free water by a separator with coalescing 

plates are quantitatively characterized, respectively, and the volume fractions of oil and water are 

extracted. As shown in Fig. (19), the separating performance is mainly reflected by the water content of 

the oil outlet and the removal rate of free water, and the oil-water separation effect under different water 

content, flow rate, and duration time is compared and analyzed. 

   As shown in Fig. (19a), the water content of the oil outlet increases when the water content of the 

mixture in the separator increases, respectively, the contained polymer concentration and flow rate are 

500 mg/L and 4800 m3/d. However, the rise in water content in oil outlets is not significant, although 

water content has always met the technical requirements of 30%. The water content of the oil outlet 

decreases when the flow rate increases from 3500 m3/d to 4800 m3/d, and the water content of the oil 

outlet increase when the flow rate continues to increase to 6000 m3/d, respectively, when the contained 

polymer concentration and water content of 500 mg/L and 70%. In the separation simulation of a 

mixture with 30% oil content, the water content of the oil outlet also decreases first and then increases 

after changing the inlet flow rate, which is consistent with the simulation of this paper [15]. Although the 

water content of the oil outlet is lower than the technical index of 30% required by the process, the 

irregularity of the water content of the oil outlet cannot be ignored, and separating performance should 

be evaluated in combination with the removal effect of free water. The water content at the oil outlet 

decreases from 45.4% to 20.4% when the duration time is extended from 20min to 60min, respectively, 

ISSN 2249-4278



 

Journal of  Advances in Applied Computational Mechanics and Engineering (Volume- 13, Issue - 2 May - August 2025)       Page  17

when the contained polymer concentration and water content of 500 mg/L and 70%. The increase in 

duration time not only makes the water content of the oil outlet meet the requirements for dehydration, 

but also significantly improves the oil phase concentration of the oil outlet, and the important role of 

duration time is further demonstrated. The result is consistent with the description of flow-field and oil 

phase volume fraction distribution.

   The volume fraction of water and oil extracted after the calculation is stable, and the separation 

efficiency of free water in the separator is calculated by Eq. (6), and the separating effect is further 

quantitatively characterized. As shown in Fig. (19b), the separation efficiency of free-water increased 

from 54.7% to 68.8% with the water content in the oil-water mixture increased, respectively, when the 

contained polymer concentration and flow rate are 500 mg/L and 4800 m3/d, but the increasing rate is 

decreased with the water content in the mixture increases. The separation efficiency of free water 

increased from 58.7% to 65.3% when the flow rate increased from 3500 m3/d to 4800 m3/d, 

respectively, when the contained polymer concentration and flow rate are 500 mg/L and 4800 m3/d. The 

separation efficiency of free water decreased from 65.3% to 58.9% when the flow rate continued to 

increase to 6000 m3/d. The separation efficiency is consistent with the qualitative description of flow-

field and oil phase concentration distribution. The separating efficiency of free water increased from 

35.1% to 70.9% when the duration time is extended from 20 min to 60 min, respectively, when the 

contained polymer concentration and flow rate are 500 mg/L and 4800 m3/d. The separation efficiency 

of free water and the water content of the oil outlet confirm the important effect of duration time on oil-

water separation.
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The research of Almarouf et al. [16] and Yayla et al. [21] is consistent with the numerical simulated 

results in this paper. The separating efficiency of free water is positively correlated with the water 

content and duration time of the oil-water mixture, respectively, when the characteristics of the mixture 

and the specifications of the separator are similar.

4. Conclusion 

The pressure, flow rate, and streamlined distribution of the oil-water mixture in a separator with 

coalescing plates reflect the important role of the steady flow and coalescence unit in building a stable 

flow field. The variation of oil phase volume fraction further confirms the oil-water separation 

performance of a separator with coalescing plates. In the separator, the separation efficiency of free 

water is positively correlated with the water content and duration time, and the effect of duration time 

was greater than that of water content and flow rate. When the duration time was 60 min, the water 

content at the oil outlet decreased to 20% and the separation efficiency of free water increased by about 

71%. However, as the flow rate increased, the free-water separation efficiency first increased and then 

decreased. When the contained polymer concentration in the oil-water mixture is 500 mg/L and the 

water content is 70%, the flow rate of the free-water separation process should be no higher than 6000 

m3/d. 

Using mathematical methods to observe the flow-field characteristics of the oil-water mixture 

containing polymer in the separator can reveal the principle of action of a separator with coalescing 
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plates, determine the influencing factors of the oil-water separation efficiency, and then improve the 

treatment methods and equipment parameters of the actual process to achieve efficient operation of oil-

water separation. However, the variations of flow lines and oil phase volume fractions indicate that a 

separator with coalescing plates is not suitable for treating oil-water mixtures with higher water content. 

In addition, a separator with coalescing plates needs a suitable flow rate to ensure separation efficiency, 

which means that the separator with agglomerated plates cannot meet the demand of some high-speed 

production. Therefore, the structure of the coalescing plate separator can be optimized, and thus the 

separation efficiency of free water can be improved.
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Abstract: 

1. Introduction 

   Inverse scattering problems are a class of applied mathematical problems that arise in various fields, 

such as medical imaging, radar technology, and non-destructive testing. These problems involve the 

reconstruction of an unknown scatterer (its geometry and/or material properties) from the 

measurements of the scattered waves close or far from the medium. We refer to the textbooks [1-3] for 

the fundamentals and an extensive overview.

   In the special case of obliquely incident scattering problems, where the incident wave is not normal 

(perpendicular) to the scatterer or the boundary, additional complexity is introduced. The scattering 

events depend on the incident angle and thus such problems pose additional theoretical and numerical 

challenges compared to normal incidence. The analysis of these problems often involves advanced 

mathematical and computational approaches to account for the increased complexity, see for example 

the early works [4, 5]. 

   However, if we specify the scatterer to be infinitely long and spatial-independent in one direction then 

the three-dimensional problem reduces to a set of two-dimensional problems and the complexity has to 

do only with the boundary conditions where the tangential derivative of the fields appear. Motivated by 

the works of Nakamura and Wang, see for example [6, 7], we examined scattering problems for 

penetrable simply- and doublyconnected scatterers [8, 9].

   In this work, we are interested in solving numerically the inverse problem to reconstruct the inner 

boundary curve of a doubly connected penetrable infinitely long cylinder with impedance-type 

In this work, we examine the inverse problem to reconstruct the inner boundary of a cylindrical doubly-

connected infinitely long medium from measurements of the scattered electromagnetic wave in the far-

field. We consider the integral representation of the solution to derive a non-linear system of equations for 

the unknown radial function. We propose an iterative scheme using linearization and regularization 

techniques.
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conditions in its inner boundary. The well-posedness of the corresponding direct problem was proven by 

the author in [10]. 

We formulate the inverse problem as a system of singular boundary integral equations to be solved for 

the unknown density functions, see the initial work of Kress and Rundell [11]. The radial function 

appears non-linearly and we apply the Fréchet derivative on the integral operator. The ill-posedness is 

treated with Tikhonov regularization. 

The paper is organized as follows: In sec_direct we formulate the direct problem and we present the 

necessary differential equations, boundary, and radiation conditions. The inverse problem and the 

equivalent system of integral equations are stated in sec_inverse where we propose also the numerical 

iterative scheme for its solution. In the last section, we present the numerical implementation and 

numerical examples justifying the applicability of the proposed method.

2. Problem Formulation 

In [10] the author considered the direct scattering problem of a time-harmonic electromagnetic wave by 

an infinitely long, penetrable, and doubly-connected cylinder. The initial problem is stated in 3D but the 

properties of the medium allow for an equivalent formulation in 2D for the cross-section of the scatterer. 

The medium is bounded by two disjoint smooth boundaries. We impose transmission conditions on the 

exterior and Leontovich impedance conditions on the inner boundary.
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We observe that the reconstructions are satisfactory and stable with respect to noise. However, they 

depend on the initial guess. 
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Abstract: 

1. Introduction

    As differential equations are used to model real-life problems in sciences, technology, social sciences, 

etc, the Sturm-Liouville equation, which is a special case of a second-order differential equation, plays a 

vital role in the literature both in classical and fractional cases. The fractional derivative approach is 

such a vital tool in which certain phenomenon, that can not be or is very difficult to analyze in the 

classical case, can easily be analyzed and expressed. There are many fractional derivative approaches 

such as Riemann-Liouville, Caputo, M-derivative, Grunwald-Letnikov, Weyl, etc, but each has its 

shortcomings [1-3]. Looking into those shortcomings associated with the most popular fractional 

differentiation approaches, Khalil, et al. [4] established a new fractional derivatives approach which 

turned out to be easy in evaluations and satisfied most of the properties of differentiation and named it 

Conformable Fractional Derivative. This new approach was criticized, affirmed, and further developed 

and is in use by many authors [5-9]. As this article involves an inverse problem in the Sturm-Liouville 

Problem (SLP) in fractional case, there are many studies on the fractional SLP that are being progressed 

as can be seen in [10-19]. 

There is an inverse problem in a parameter identification problem of partial differential equations, which 

involves finding the unknown parameter (usually p(x)) from some observed data from the situation 

under consideration in the system. Under this, many authors designed many inversion strategies that 

appropriately describe and many different inverse problems, details on these can be obtained from [20-

25], but the inverse problem in SLP, deals with the concept of finding the potential q(x)) and the 

This paper aims to express the solution of an inverse Sturm-Liouville problem with constant delay 

using a conformable derivative operator under mixed boundary conditions. For the problem, we stated 

and proved the specification of the spectrum. The asymptotics of the eigenvalues of the problem was and 

the solutions were extended to the Regge-type boundary value problem. As such, a new result, as an 

extension of the classical Sturm-Liouville problem to the fractional phenomenon, has been achieved. 

The uniqueness theorem for the solution of the inverse problem is proved in different cases within the 

interval (0,π ). The results in the classical case of this problem can be obtained at a = 1. 2000 Mathematics 

Subject Classification. 34L20,34B24,34L30. 

Keywords:  Spectrum Constant delay Conformable derivative Fractional sturm-liouville problem 
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constants in the conditions in the differential SLP by using the spectral parameters. Ambarzumyan 

theorem gives the first results of inverse SLP [26], it says that if the spectrum of SLP under Neumann 
2boundary conditions is  n , n ≥ 0, then the potential function will be zero,  q(x)) = 0). The authors in [27, 

28] gave some results, in various cases, on this theory. The inverse SLP has been under discussion for a 

long time by many researchers and so many results have been obtained by many authors as in [29-38]. 

   Inverse SLP under fractional derivative operator is now one of the current research fields, researchers 

are crescively expanding their studies in the area and many results in different problems were obtained 

as detailed in [39-42]. There are differential equations with delay in various mathematical problems and 

applications which produces vital changes in the quality of the studies on the corresponding inverse 

problems of spectral analysis. The methods of transformation operator, spectral mappings, etc, are the 

standard methods of solving an inverse SLP without delay (differential operators), but these methods do 

not work for operators with delay, as such some researchers constructed new approaches for the latter 

general spectral theory. The authors in [43] consider the Sturm-Liouville differential equation with a 

large constant delay, that is  a  ∈  π/ 2 , π), and generated an effective algorithm for solving the problem, 

also the authors in [44] studied the nonlinear inverse problem and obtained the Properties of their 

spectral characteristics. Most of the studies in inverse SLP focus on the situation with function with the 

assumption that the potential q(x) vanishes on the corresponding subinterval but the authors [45] waived 

that assumption in favor of a continuously matching initial function, which leads to appearing an 

additional term with frozen argument in the equation, they solved the problem and proved its spectral 

properties, more on these problem can be found in [46-50]. 

The authors of [36] gave an interesting result of inverse SLP with a constant delay under a non-self-

adjoint operator with a mixed boundary condition, expressing the spectral properties of the eigenvalues 

obtained and also, proving the uniqueness theorem. Studies and results on fractional inverse SLP are 

scarce, as such we intended in this paper to express the case in [36] in a fractional case under a 

conformable derivative operator. We obtained the result of the inverse SLP with a constant delay under a 

mixed boundary condition using the conformable derivative approach, expressed the corresponding 

spectral properties, and proved the uniqueness theorem. The corresponding classical results can be 

retrieved at a= 1.   

2. Some Basic Definitions 

 
tℎ

Definition 2.1. Consider the function ℎ:[0,∞) → ℝ, then the a  order derivative of ℎ is given
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we show and express the possibility of solving the inverse SLP with constant delay. The problem 

discussed is under mixed boundary conditions and in each case, a result is obtained. Also, the 

specifications of the respective spectrums are given affirming the solution obtained. The asymptotics of 

the eigenvalues were extended to the Regge-type boundary value problem and analyzed. The proof of 

the uniqueness theorem is similar to the one in the classical case of the problem. Similar problems with 

different boundary conditions can be discussed under this new fractional derivative approach with their 

corresponding spectral properties and this will lead to providing an entire phase of fractional SLP. 
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On the G′ /G Expansion Method Applied to (2+1)-Dimensional 
Asymmetric-Nizhnik-Novikov-Veselov Equation  
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Zagazig University, AlSharqia, Egypt 

Abstract: 

1. Introduction 

Mathematical models that take into account nonlinearity in the dynamics of a system are referred to as 

nonlinear evolution equations. These models are used to represent the change that occurs in a system 

over time. These equations are very important in a variety of scientific fields, including engineering, 

biology, and physics, among others [1-4]. In these areas, the ability to understand and analyze the 

behavior of nonlinear evolution equations has major consequences for the ability to forecast and 

regulate complex processes. The purpose of this study article is to investigate the applications of one of 

the well-known nonlinear evolution equations Asymmetric - Nizhnik - Novikov - Veselov equation in a 

variety of fields and to emphasize the significance of these equations in terms of comprehending events 

that occur in the real world.

  The Asymmetric - Nizhnik - Novikov - Veselov equation is a two-dimensional KdV equation 

described by the system of equations: 

In this paper, the G′ /G expansion method is applied to the (2+1)-dimensional Asymmetric-Nizhnik-

Novikov-Veselov equation (ANNV). The motivation is creating new families of solitary waves. The 

system of equations has been combined in one partial differential equation (PDE) and the traveling wave 

variable has been applied to transform the resultant equation into an ordinary differential equation 

(ODE). The homogenous balance condition has been applied to determine the truncation variable of the 

G’/Gg expansion. Four cases are created according to the appropriate choice of the arbitrary constants 

relations. For each case, some new solitary wave solutions including solitons and kinks represented by 

trigonometric, hyperbolic, logarithmic, polynomial, and combinations of these functions. 

Keywords:  ANNV equation Soliton solution G’/G expansion method
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5. Conclusions 

Solitary waves of the ANNV equation in its (2+1)-dimensional form have been investigated by 

exploiting the G′ /G method. This method had the ability to create new forms of solitary waves after 

getting the homogenous balance required for this method. Four cases were formulated according to the 

appropriate choice of the relations between the arbitrary constants. The solutions included 

trigonometric, hyperbolic, logarithmic, polynomial, and combinations of these functions. The attained 

soliton and kink solutions are very useful in describing the behavior of the solitary wave in different 

engineering and physical applications including plasma explosions and ocean waves.  
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Fuzzy Rough Subgroups on Approximation Space  

Nurettin Bağırmaz
Mardin Artuklu University, Mardin, Turkey 

Abstract: 

1. Introduction 

To deal with vagueness, rough sets, and fuzzy sets are two efficient set theories. Both are generalizations 

of classical sets but have different viewpoints and applications. 

Fuzzy sets are first introduced by Lotfi Zadeh [1], allowing objects to belong to a set or relation to a given 

degree, this is called the degree of membership. Fuzzy sets have been applied to various domains, such 

as logic, control, decision-making, and artificial intelligence. Fuzzy sets allow us to represent linguistic 

terms such as "a lot", "more or less" or "about" with a numerical value. Fuzzy sets have been applied to 

various mathematical fields. For example, fuzzy subgroups were defined and established by Rosenfeld 

[2]. Then many authors have studied it [3, 4].  

Rough sets introduced by Polish computer scientist Z. Pawlak in [5], provide approximations of 

concepts in the presence of missing information. Although it is a generalization of classical sets, it uses a 

pair of sets to approximate the original set. The lower approximation includes objects that belong to the 

set, while the upper approximation includes objects that probably belong to the set. At the same time, 

some researchers have applied this theory to algebraic structures as well. Some algebraic properties of 

rough sets were explored by Iwinski [6]. In [7], Kuroki and Wang introduced the upper and lower 

approximations together with normal subgroups in a group. Then, some features of upper and lower 

approximations were studied according to normal subgroups [8-12]. On the other hand, in [13] 

definitions of the notation of rough subgroups and rough groups are given by using only the upper 

Fuzzy rough sets are a mathematical concept that combines fuzzy sets and rough sets to deal with 

uncertainty and incompleteness in data and information. In this study, different from the definition of 

Dubois and Prade (1990), the fuzzy rough set is defined within the framework of the rough group concept 

defined by Biswas and Nanda (1994), and some of its algebraic properties are discussed. Then, the 

concepts of fuzzy rough subgroup and fuzzy rough normal subgroup are introduced in the rough group. 

In addition, some basic features and examples of these concepts are given. 

Keywords:  Rough group Rough subgroup Fuzzy subgroups Approximation space Fuzzy rough 

subgroup
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approximation. Miao et al. developed the rough group and rough subgroup definitions and offered some 

new characteristics [14]. In [15], the notation of rough semigroup is introduced. Also, Bağırmaz et al. 

defined the concept of the topological rough group [16]. Li et al, separation axioms of topological rough 

groups are discussed in [17]. 

On the other hand, some researchers have tried to reduce the limitations of equivalence relations in 

Pawlak rough sets in practice. Therefore, many researchers have proposed some general models [18-

21]. Later, combining rough sets with fuzzy sets, Dubois and Prade [21] introduced the concepts of 

rough fuzzy sets and rough fuzzy sets. From this point of view, some researchers have applied this idea 

to other areas of mathematics [22-24]. 

This study is regulated as follows. In section 2, basic notations of fuzzy subgroups and rough groups are 

given. In section 3, fuzzy rough subset and (normal) subgroup definitions were made and some 

important features were proved.
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4. Conclusion 

In this study, in the context of group theory a bridge has been established between fuzzy sets and rough 

sets. Fuzzy rough (sub) set, fuzzy rough (normal) subgroups have introduced. In addition, important and 

basic properties of these concepts were examined. 
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