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Abstract. The greatest intensity of the process of dispersion and 

subsequent coalescence of oil droplets in emulsified wastewater of oilfields 

takes place in the near-wall areas of tubular coalescing devices. 

Strengthening of the wall effect is possible by covering the surface of the 

flowing part of the coalescing device with silicate enamel, which provides 

the effect of sliding of the turbulent flow of waste water (emulsion) on a 

thin adhesive layer that appears directly on the surface of the enamel.  

Experimental studies to determine the effectiveness of treatment of oily 

wastewater in tubular vortex-type coalescing devices were carried out on 

an experimental unit consisting of three coalescing devices connected in 

series. Each coalescing device was a tubular shaft coaxially connected to 

the inlet and outlet chambers.   Vortex tubular coalescing devices made of 

stainless steel (not coated with enamel) and vortex coalescing devices of 

similar design coated with silicate enamel were used in the experiments. 

The wastewater treated in the unit was sedimented, and the concentrations 

of oil and suspended particles were determined in the clarified water. 

Analysis of the data obtained showed that at the time of wastewater 

treatment from 1.1 to 6.3 s sedimentation effect on oil particles after 

coalescing devices coated with enamel on average by 1.5 to 1.8% was 

higher than the sedimentation effect obtained after the treatment of oil 

emulsion in coalescing devices not coated with enamel. The sedimentation 

effect on suspended solids in the second series of experiments was greater 

than the sedimentation effect observed in the first series by an average of 

1.1- 1.4 %.  

1 Introduction 

The problem of oil emulsion destabilization is one of the main problems in the treatment of 

oily waste emulsions (OWE) of companies engaged in oil production from wells. Oil 

emulsions of field wastewater belong to polydisperse microheterogeneous systems, oil 

concentration in which can reach several dozens of grams per liter. A significant proportion 

of oil particles are less than 10 microns in size, and they form stable emulsions that stratify 

very slowly during settling. The OWE stability is due to the occurrence around oil droplets 
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of adsorption layers (protective shells) formed by surfactants, mineral salts and suspended 

mechanical impurities in the form of fine clays or sand. Therefore, oilfields OWE before 

settling should be pretreated in order to destroy protective adsorption shells that prevent the 

coalescence of oil droplets.  

To destabilize oil emulsions formed during oilfield oil production, currently the most 

widely used methods include the use of demulsifiers [1-7], treatment of emulsions with 

ultrasound [8-11], electromagnetic radiation [12-13], and mechanical action [16].  

Mechanical methods have a number of advantages related to the simplicity of apparatus 

designs and insignificant energy consumption for OWE treatment.  

In the processes of mechanical destabilization of oil emulsions, the most commonly 

used are tubular coalescing devices (horizontal or vertical) made of various types of steel. 

Vortex tubular coalescing devices have shown the highest efficiency in OWE treatment 

[17].  

In all types of coalescing devices, a turbulent motion regime with high Reynolds 

numbers is created (Re≥5·104). Turbulent pulsations contribute to the weakening of 

protective shells of oil droplets because of their deformation and crushing and also increase 

the frequency of effective collisions of droplets, leading to their coalescence. Between the 

dispersion and coalescence processes of oil droplets, a dynamic equilibrium is established, 

corresponding to a certain spectrum of turbulent pulsations of the OWE flow in the flowing 

part of the coalescing device. Turbulent pulsations of flow velocity are characterized by 

scale λ and the rate υλ. Pulsations on a large scale do not lead to dispersion of an oil 

droplet, because they simply transport it from one point of the flow to another without 

causing deformation.  The most effective droplet fragmentation is observed in turbulent 

eddies of a minimal (zero) scale λ0 with the highest energy while maintaining primacy [17]. 

 

          λ0<2r,                                                                                    (1) 

 

here r is droplet radius, m. 

Zero-scale turbulent pulsations are characterized by the following system of equations 

[17]: 
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here ε0  – per-second energy dissipation in the zero-scale vortex, m2/s3; 

      ν – kinematic viscosity of fluid flow, m2/s; 

    
0

  – turbulent pulsation velocity of scale λ0, m/s; 

    
0

G  – turbulent pulsation velocity gradient, s-1. 

When dispersing oil droplets in tubular hydrodynamic apparatuses, the wall effect is of 

great importance, where the maximum value of the velocity gradient takes place. This is 

explained by the fact that at a distance Δ from the wall the scale of pulsations is limited by 

the condition λ˂ Δ. Therefore, when approaching the wall, the probability of droplet 

fragmentation sharply increases, since only small-scale pulsations will act on it. 

At turbulent mode of motion in tubular coalescing devices near the rough wall a viscous 

laminar sublayer is formed, the thickness of which is determined by the relation [18] 
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here  defines dynamic velocity, m/s. 

A linear distribution of longitudinal velocity takes place within the viscous sublayer, 

while at the wall this velocity is zero. Due to the small thickness   of the laminar sublayer 

the velocity gradient at its boundary can be defined as  

                              


L
L

u
G  ,                                                                    (6) 

where 

uL 

 is the longitudinal velocity at the boundary between the laminar sublayer 

and the turbulent core of the flow, m/s. 

Value GL, determining the wall effect of crushing oil droplets in the OWE flow can be 

increased by increasing the Re values, which is associated with additional energy 

consumption during OWE processing. Another direction for increasing the values of GL in 

the wall area is the coating of the walls with silicate enamel MK-5. Due to its physical and 

chemical properties, this enamel provides a very small marginal wetting angle of the 

aqueous suspension (θ=6-70). When the OWE flow moves in the flowing part of the 

coalescing device, a thin adhesion layer of water is formed on the surface of the glass 

enamel, characterized by increased viscosity and significant forces of molecular interaction 

between water and glass enamel. The longitudinal flow velocity at the boundary of the 

laminar sublayer and the adhesive layer is not equal to zero and is determined by the 

relation [19] 

             

= 12,00u .                                                                  (7) 

where υ defines average flow velocity in the considered cross-section of the pipe, m/s. 

Thus, there is a sliding effect of the viscous sublayer in the glass-enamel coated pipes, 

with its thickness δ0 fall below the value δ of the sublayer in the pipe not covered with 

enamel at the same values of the average flow velocity. The values  , ε0 and GL in the 

near-wall regions of enamel-coated tubular coalescing devices will exceed the 

corresponding values for mixers with steel walls not coated with enamel, which should 

provide a higher effect of dispersion and subsequent coalescence of oil droplets in OWE.  

The purpose of research in this work was to experimentally compare the efficiency of 

oil droplet coalescence processes during OWE treatment in vortex tubular coalescing 

devices of the same design, covered and not covered with silicate enamel.  

2 Materials and Methods  

The design of the vortex coalescing device used in the experiments is shown in Fig. 1.  
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Fig. 1. Scheme of the vortex coalescing device with a central rod: 1 - shaft; 2, 3 - inlet and outlet 

chambers; 4 - rod; 5 - diaphragm; 6, 7 - inlet and outlet nozzles. 

The vortex coalescing device consisted of inlet 2 and outlet chambers 3 coaxially 

connected to the shaft 1, with a cylindrical rod 4 with a diameter dr in the central part of the 

structure. Due to the tangential connection of branch pipe 6 in the inlet chamber 2 and shaft 

1 a rotational motion of the oil-containing emulsion flow was created. In order to ensure 

high values of circumferential flow velocities at the inlet to the tubular shaft, an annular 

diaphragm 5 with an outer diameter d0 was installed between the inlet chamber and the 

shaft. The oil-containing emulsion processed in the annular space between the shaft and the 

central rod was tangentially discharged through branch pipe 7 of outlet chamber 3.  

The sequential connection between several vortex coalescing devices allowed 

maintaining high values of circumferential velocities in the shaft of each coalescing device 

to intensify the processes of dispersion and subsequent coalescence of oil droplets in the 

OWE. Fig. 2 shows the scheme of the experimental setup for three-stage treatment of oily 

wastes (OWE) using series-connected vortex coalescing devices. 

 

 

Fig. 2. Schematic diagram of the experimental setup: 1 - source water tank; 2 - mechanical agitator; 3 

- pump; 4 - vortex coalescing device;  5 - dosing device; 6 - valve; 7, 8 - pressure gauges; 9, 9/, 9// - 

isolating valves;  10 - withdrawal of samples 

Tap water was poured into tank 1, after which fine clay powder was added in the 

amount necessary to maintain the suspended solids concentration at the level of 140-150 

mg/L. A mechanical agitator 2 was used to keep the clay particles in suspension. When the 

pump 3 was operating, oil from the Alakaevskoye field of Samara region was supplied from 

the dosing tank 5 to its suction pipe. The flow rate of the dosed oil was regulated by valve 6 

and maintained in the experiments at the level from 770 to 810 mg/l. Thus, the 

concentrations of oil particles and mechanical impurities in the emulsion under study 

corresponded to these indicators of OWE of Alakaevskoye field. 

Pump 3 under overpressure 0.2 - 0.3 MPa fed the studied emulsion (OWE) to the 

coalescing unit consisting of three series-connected vortex coalescing devices 4. At the 
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outlet of the unit, the flow rate of OWE was controlled by means of a valve 9//, and a 

certain value of back pressure was set. Pressure losses in the coalescing unit were recorded 

by manometers 7 and 8. The capacity of pump 3 in the experiments ranged from 2.5 to 4.8 

m3/h.  

The design parameters of each vortex coalescing device included in the coalescing unit 

were as follows: 

- shaft length lsh=1000 mm; 

- shaft diameter dsh=50 mm; 

- center rod diameter dr=25 mm; 

- inlet and outlet chamber diameters dch=150 mm; 

- height of each chamber hch=52 mm; 

- nominal diameters of inlet and outlet nozzles 50 mm;  

 - annular diaphragm outer diameter d0=32 mm. 

For the first series of experiments, 3 vortex coalescing devices made of stainless steel 

were manufactured, and for the second series of experiments - 3 coalescing devices made of 

St 3 steel, coated with silicate enamel. The samples of oil-containing emulsion treated at the 

unit were taken after each stage of treatment through spigots 10 (see Fig. 2) and settled in 

laboratory cylinders for 90 min. After emulsion stratification, clarified water was sampled 

from the middle part of the cylinders and analyzed for oil and suspended solids 

concentrations. 

The sedimentation effect was determined by the formula:    

                                               %
С

СС
Е 100

0

10 
−

= ,                                                       

(8) 

here C0 and C1 are the concentrations of impurities in initial OWE and in water after 

sedimentation, mg/l, respectively. 

 Comparison of the efficiency of coalescing devices coated and not coated with enamel 

was carried out at the same values of their productivity.  

3 Results and discussion 

The diagrams of the sedimentation effect of oil particles in OWE after their treatment in the 

coalescing unit are shown in Fig. 3 a, b, c. When using the designs of vortex droplet 

coalescers made of stainless steel, the sedimentation efficiency of oil droplets after the first 

stage of treatment smoothly decreased from 84.5% to 83.6% at increasing the OWE flow 

rate from 2.5 to 4.8 m3/h (see Fig. 3 a). The decrease in the sedimentation effect can be 

attributed to the reduction of OWE treatment time in the shaft of the first stage of the 

coalescing device from 2.1 s to 1.1 s. When using the design of vortex coalescing device 

made of ordinary steel coated with silicate enamel, the sedimentation effect of OWE after 

the first stage of treatment increased from 85.0% to 85.3% at Q=3.2 m3/h (Diagram 2), and 

then remained at E=84.9% when Q was increased to 4.8 m3/h (Diagrams 3 and 4). A similar 

pattern of change in the diagrams with increasing plant capacity was observed after two- 

and three-stage OWE treatment in vortex coalescing device units. Using stainless steel 

coalescing device designs, the OWE settling effect after two stages of treatment decreased 

from 87.7% to 86.5% with increasing Q from 2.5 to 4.8 m3/h (see Fig. 3 b), and after three 

stages it decreased from 90% to 89.2% (Fig. 3 c). It should be noted that the OWE 

processing time in the coalescing devices after the second stage ranged from 4.2 to 2.2 s 

when the OWE flow rate changed from 2.5 to 4.8 m3/h, and the total oil emulsion 

processing time at the three stages of coalescing devices was in the range of 3.3 to 6.3 s in 

all experiments.  
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When using the enamel-coated coalescing devices designs, the OWE settling effect with 

increasing of the plant productivity stably remained at the level of E=88.2 - 88.4 % after 

two stages of treatment (see Fig. 3 b, Diagrams 2 - 4), and after three stages of treatment 

was fixed in the range of E=91.1 - 91.2 % (see Fig. 3 c, Diagrams 2 - 4). 

The analysis of the obtained data showed that the intensity of the processes of 

dispersion and subsequent coalescence of oil droplets remained quite high in the designs of 

enamel-coated coalescing devices at increasing OWE consumption despite the reduction of 

the time of effluent treatment. This can be explained by the influence of the wall effect, 

which increased with increasing circumferential flow velocity at the entrance to the annular 

space between the shaft and the central rod. According to preliminary calculations 

immediately after the annular diaphragm, the circumferential velocity of the flow at the 

initial section of the shaft for these designs of coalescing devices was about 1.4 m/s at 

Q=2.5 m3/h and 2.7 m/s at Q=4.8 m3/h. Thus, even when the productivity of the unit with 

enamel-coated coalescing devices was increased to almost 2 times, the effect of OWE 

clarification during subsequent sedimentation remained at a sufficiently high level. 

 Table 1 shows the results of experiments to determine the efficiency of suspended 

solids removal by sedimentation after treatment of the effluent in vortex coalescing devices.  

Table 1. Suspended solids removal efficiency from OWE (E, %) after treatment in vortex coalescing 

devices and sedimentation 

OW discharge 

rate,  

m3/h 

Non-enameled design Enameled design 

post-first 

stage 

post-

second 
stage 

post-third 

stage 

post-

first 
stage 

post-

second 
stage 

post-

third 
stage 

2.5 93.7 94.4 95.0 94.3 95.2 96.1 

3.2 93.1 93.8 94.5 94.5 95.6 96.5 

4.0 92.6 93.1 93.9 93.8 95.1 96.5 

4.8 91.2 92.5 93.3 92.8 94.0 94.8 

 

Analysis of tabular data showed that the efficiency of suspended solids removal from 

OWE with increasing the number of stages of effluent treatment did not increase 

significantly compared to the effect of oil particles removal (within 2 - 2.2 %). The 

sedimentation effect of OWE on suspended solids after treatment in enamel-coated 

coalescing devices was on average 1.1 - 1.4 % higher compared to the same effect obtained 

on effluents treated in non-enameled stainless steel coalescing devices.   

a) 

 

 
 

 

b) 
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c) 

 

 

 

 

 

 

 

Fig. 3. Diagrams of sedimentation effect of oil droplets after OWE treatment at one (a),  two (b) and 

three stages (c) of vortex coalescing devices at: 1 - Q= 2.5 m3/h; 2 - Q= 3.2 m3/h; 3 - Q= 4.0 m3/h; 4 - 

Q= 4.8 m3/h 

                        – non-enameled design;               – silicate enameled design 

 

Table 2 presents the pressure losses in the coalescing unit.  

Table 2. Pressure loss Δр·105 Pa, in a three-stage unit  vortex coalescing devices 

OW discharge rate,  

m3/h 

Design 

non-enameled enameled 

2.5 0.72 0.61 

3.2 1.12 0.95 

4.0 1.75 1.48 

4.8 2.4 2.0 

 

The experimental data given in table 2 suggest that the pressure losses in the three-stage 

unit of enameled coalescing devices were 17-20% lower than the pressure losses in the unit 

of non-enameled coalescing devices, which allowed the process to be carried out with less 

energy consumption.   

4 Conclusions  

The nature of dispersion and coalescence of oil droplets from emulsified oil-containing 

wastewater is determined by the spectrum of turbulent pulsations in the flowing parts of 

tubular coalescing devices. The most intensive dispersion of oil droplets takes place near 

the solid wall of the coalescing device, where the scale of turbulent pulsations decreases at 

maximum values of the flow velocity gradient. Increasing the value of the velocity gradient 

in the near-wall layer can be achieved by covering the walls of the flowing part of the 

tubular coalescing device with a layer of silicate enamel, providing the effect of sliding 

viscous sublayer of the flow of oil-containing emulsion (waste water) on the adhesive layer 

formed on the surface of the silicate enamel. Creation of the rotational motion of the flow 

with a high value of the circumferential velocity in the tubular coalescing device covered 

with enamel, as well as the organization of the flowing part in the form of an annular space 
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allows to increase even more the influence of the wall effect on the processes of dispersion 

and subsequent coalescence of oil droplets. 

Experiments conducted in the experimental unit showed that the effect of oil-containing 

emulsion sedimentation, pretreated on vortex tubular coalescing devices covered with 

enamel, on average by 1.5 - 1.8 % exceeds the sedimentation effect obtained after 

wastewater treatment on coalescing devices not covered with enamel. Enameling of the 

flowing part of vortex coalescing devices also allows to improve the sedimentation process 

of suspended solids and reduce by 17-20% energy consumption in the treatment of oily 

wastewater.  

References 

1. L.Yu, M. Han, F. He, Arab. J. Chem. 10, 1913-1922 (2017). 

2. S.Yamaly, A. Giwa, S.W. Hasan, J. Environ. Sci. 37, 15-30 (2015). 

3. J.Ma, M. Yao, Y. Yang, X. Zhang, J.Mol. Lig. 350, 118510 (2022). 

4. T. Ying, Z. Jingjing, H. Changqing, H. Lin, L. Xingang, S. Hong, Processes, 10 (4), 

738 (2022) 

5. D. Wang, D. Yang, C. Huang, et.al., Fuel, 286, 119390-119419 (2021) 

https://doi.org/10.1016/j.fuel.2020.119390. 

6. A.M. Sousa, M.J. Pereira, H.A. Matos. J. Pet. Sci.Eng. 210, 110041 (2021). 

7. R.Zolfaghari, A. Fakhru’ L-razi, L.C. Abdullah, S.S.E.H. Elnashaie, A. Pendashteh. 

Sep. Purif. Technol., 170, 377-407 (2016). 

8. J. Adeyemi, M. Meribout, L. Khezzar, Ultrason. Sonochem. 82, 105902 (2021). 

9. F.G.Antes, L.O. Diehl, J.S.F. Pereira, R.C.L. Guimaraes, R.A. Guarnieri, B.M.S. 

Ferreira, Erico M.M. Flores Ultrason. Sonochem. 35, 541-546 (2017) 

https://doi.org/10.1016/j.ultsonch.2016.03.031. 

10. M.F. Pedrotty, M.S. Enders, L.S. Pereira, M.S. Mesko, E.M. Flores, C.A. Bizzi, 

Ultrason. Sonochem. 40, 53-59 (2018). 

11. J. Adeyemi M. Meribout, L. Khezzar, N. Kharona. K. AlHammadi. Ultrason.  

Sonochem. 95, 106402 (2023). 

12. S.Akbari, A. Nour, S. Jamari A. Rajabi Aust.J. Basic Appl. Sci. 10 (4), 66-74 (2016) 

13. C.Lesaint, W. R. Glomm, L. E. Lundgaard, J. Sjoblom,  Colloid Surf. A Physicochem. 

Eng. Asp. 352 (1-3), 63-69 (2009). 

14. N.H. Abdurahman, R.M. Yunus, N.H. Azhari, N. Said, Z. Hassan. Energy Proc. 138, 

1023-1028 (2017). 

15. T. Assenheimer, A Barros, K. Kashefi, J.C. Pinto. F.W. Tavares, M. Nele. Energy 

Fuel. 31 (6), 6587-6597 (2017). 

16. R.B. Shiganova, V.P. Tronov, Oilfield Eng. 3, 43-46 (2011). 

17. A.A. Adelshin, A.B. Adelshin. N.S. Urmitova. Hydrodynamic cleaning of oil-field 

waste water using the swirling flows (KSACU, Kazan, 2011). 

18. L.I. Vysotskiy, I.S. Vysotskiy Longitudinally – homogenous averaged flows (Lan, 

StPetersburg, 2015). 

19. N.A. Gukasov, Yu.N. Mikhailovskiy, V.I.Rikker Theory, practice and prospects for 

use of pipes with enamel coating (RSRIOG, Moscow, 2000). 

E3S Web of Conferences 549, 07005 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454907005

 
8

RETRACTED




