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The optimization of device parameters for the separation  
of oily mixtures by sedimentation 

Theoretical studies of optimal sizes of sedimentation equipment for water treatment polluted with oil residues 
and industrial effluents were carried out, and design and operation experience were analyzed. Thus, it was 
determined that wastewater treatment issues in cities and towns characterized by high productivity were mainly 
investigated. Oily water formed during the liquidation of emergency oil and petroleum spills is treated at local 
treatment facilities with low cleaning capacity and specific design and operation features. The effective solution 
approach to treat oily mixture by sedimentation was proposed. Algorithm was developed to optimize parame-
ters of sedimentation equipment for oily mixture treatment which determines optimal sizes of sedimentation 
equipment providing the most effective oily mixture treatment at minimum cost of material for equipment 
fabrication. The proposed algorithm for calculation of sedimentation equipment parameters is based on search 
and selection of optimal equipment capacity and can be used to calculate rectangular equipment size. Thus, due 
to the above theoretical studies, a method for calculation of sedimentation equipment optimal size was proposed 
to be used in optimal equipment design for oil mixture treatment. 

Keywords: water treatment, oily mixture, sedimentation, sedimentation equipment, optimization, oily mixture 
treatment by sedimentation, equipment optimal size. 

 

Introduction 

Experience relating to the design and use of sedimentation devices for the separation of water from in-
dustrial sources is described in many research works, for example in [1–4]. Most of this experience relates to 
facilities for the separation of waste water from cities and other populations centres, which are characterized 
by high productivity. 

The separation of water which contains oil, which has resulted in the process of sedimentation accidental 
spills of oil and oil products, is carried out using local waste water treatment facilities, which have a low 
through-put, and the design and operation of which have their own peculiarities. For example, treatment facil-
ities may be floating [5] or vehicular platforms. 

An approach to the optimization of device parameters for the treatment of oily mixtures by sedimentation 
has been proposed. The algorithm proposed for the calculation of sedimentation device parameters can be used 
for the calculation of dimensions of rectangular cross-section devices. 

Materials and Methods 

The process of separation by sedimentation is based on the separation of the oil and oil product particles 
from the rest of the water being purificated, under the action of the force of gravity — Gm and the Archimedes 
force — А. The force resulting from these 2 forces, the force F, which is equal to the vectoral sum of these 
forces, determines the movement of the impurity particles. In addition to the force F acting on the moving 
particles, there is also another force, S, water resistance, which is constant for the particles in the process under 
investigation [6]: 
 1( ) ( ),S t k t= − ν  
where k1 is the coefficient of proportionality. 

The main parameter describing the process of separation of the particles from the water being purified is 
the velocity of movement of the foreign particles ν. This velocity can be determined by analysis or experimen-
tation. 

The following formulae for determining the velocity of movement of the foreign particles are identified, 
resulting from analysis of the equations of motion of these particles [3, 6]: 
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where m is the mass of the oil product particles; ν is their speed; k = 3πdη is the coefficient of proportionality; 
η is the medium viscosity (i.e. of water); d is the size of the oil product particles; Δρ is the difference in density 
between the water and the oil products. 

Analysis of the equations of motion shows that, independent of the initial velocity ν0, the movement of 
the particles very quickly becomes steady with a uniform velocity of vpr: 
 

2( ) .
18pr

С g dΔρν = =
α η

 

Taking into account the direction of flow of the purified water, the velocity hν  of the movement of the 

oil product particles shall equal h pr vν =ν +ν , where vν  is the velocity of flow of the purified water. 
For horizontal single-flow sedimentation devices, in which the flow of purified water moves horizontally, 

the velocity hv  of movement of the impure oil product particles can be calculated using the formula: 
 2 2 .h pr vν = ν + ν  

For vertical single-flow sedimentation devices, in which the flow is downwards (upwards), the velocity 
vh is determined by the formula: 

( ).h pr v h pr vv v v v vν = − = +  
The well-known principles [4, 7] are fundamental to calculations for the sedimentation devices for local 

water treatment facilities, in connection with which the required volume V of the device is determined by the 
conditions 
 0v ht t tΔ = − ≥ , 
where tv is the time that the water being purified is inside the sedimentation device; th is the time that it takes 
for the oil product particles to rise to the upper part of the sedimentation device, that is to separate from the 
purified water. 

For cylindrical forms of sedimentation devices of a vertical nature with a diameter D and height Н 

 
2

.
4v
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π=  

For horizontal sedimentation devices with a rectangular cross-section 
 v

abht
Q

= . 

The time of movement of the oil product particles for cylindrical and rectangular cross-section sedimen-
tation devices accordingly equals 

 h
Нt

η

=
ν  and h

h

ht =
ν

. 

Results 

As a result of the research which has been carried out, the following sequence of calculations is proposed 
for the calculation of the dimensions of sedimentation devices, for example for devices having a cylindrical 
form. 

Using the known relationship ht tθ =  or 
h

V H
Q

=
ν

 it becomes possible to propose a formula for the deter-

mination of the volume V of the sedimentation device: 
 

h

QHV =
ν

. 

The required volume V of various containers can be achieved with various relationships between the 
dimensions [6, 8]. Taking into account the fact that the existing methods for calculating dimensions of sedi-
mentation devices do not give sufficiently sound recommendations for the determination of their optimal di-
mensions [4, 9–11], we can use the above mentioned characteristic of geometric shapes to determine the opti-
mal ratio of dimensions for sedimentation devices. 
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The results of the calculation show that the surface area S of the device for various ratios of dimensions 
of the device without variation in its volume V will have varying values. 

For this calculation, in this paper we are proposing an algorithm consisting of the following basic steps: 
1. The diameter of the sedimentation device D is given; 

2. Using the formula 2
4VH
D

=
π

 the height Н of the sedimentation device is calculated; 

3. Using the value of D which is given and the height H of the sedimentation device which is derived in 

point 2, the surface area S of the device is determined: 
2

2
4
DS DH

 π= + π 
 

; 

4. For different diameters D of the sedimentation device, points 2 and 3 are repeated and a range of values 
for S are calculated for various values of D and Н. 

Discussion 

Figure 1 shows the results of calculations for the surface area S for cylindrical sedimentation devices 
within the limits of a volume V from 0.25 to 2.0 m3 [12]. An analysis of the results shows the occurrence of 
minimal values for surface area S in the size range under consideration. The minimal value of the surface area 
S corresponds to minimal cost of materials. 

However, a more objective indicator of the cost of materials for the production of sedimentation devices 
is the volume of materials В. Taking into account the thickness of the device walls, and also the presence of 
rigidity or other such factors in construction, it is possible to calculate the volume В of materials required for 
various values of D and Н. 

Results for the calculations of the volume В of materials used in production, taking into account the 
thickness of the materials and the presence of elements of rigidity are shown in Figure 2. Calculations of the 
value of В were carried out for devices with a volume V ranging from 1.0; 2.0 and 4.0 m3. Analysis of the 
results of the calculations shows the occurrence of minimal values of the volume of material used in produc-
tion. It is evident that the size of the sedimentation devices which results in a minimal value of В should be 
used. 
 

Figure 1. Changes in the surface area  
of sedimentation devices 

Figure 2. Changes in the volume of materials  
used in the production of sedimentation devices 

The optimal dimensions can be determined as follows: Using the relationship B = f (D), constructed for 
the required volume V, the value of the diameter D, can be determined for which B will have a minimum value. 
Using the value for diameter D which has been thus determined and the formula shown above (point 2 of the 
algorithm) to calculate the height H a new value can be calculated. 

Calculations show that the relationship D/H for the range of dimensions under consideration, can have a 
value from 0.79 to 1.57. For values of D/H < 1 a horizontal sedimentation device with a cylindrical form is 
recommended, and for values of D/H > 1 a cylindrical sedimentation device should be used vertically. 
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Conclusion 

As a result of the theoretical research, which is laid out in this paper, we have been able to propose an 
algorithm and calculation methods for the computation of optimal dimensions for sedimentation devices, 
which can then be used in their design. 

In this way, according to the research results, this paper has proposed a method for the optimisation of 
device parameters for sedimentation devices, which allows for the determination of the optimal dimensions of 
sedimentation devices, ensuring the most effective working regime for the treatment process while minimising 
expenditure on the materials used to produce the device. 
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Седиментациялау арқылы мұнайсу қоспасын тазалауға арналған  
құрылғылар көрсеткіштерін оңтайландыру 

Мұнай қалдықтары мен өндірістік ағындарымен ластанған сулардың тазалауға арналған седиментация-
лық құрылғылар өлшемдерінің оңтайлы мәндеріне теориялық зерттеулер жүргізілген. Суды тазалау 
үшін седиментациялық құрылғаларды жобалау мен пайдалану тәжірибесі талданып, негізінен, үлкен 
өнімділікпен сипатталатын қалалар мен тұрғын жайлардын ағатын суды тазарту сұрақтары зерттелгені 
анықталған. Мұнай мен мұнай өнімдерінің апаттық төгілісін жоюда пайда болатын мұнай құрамды су-
ларды тазалау, өздерінің ерекшеліктері бар, өнімі кішігірім локалды тазарту құрылғыларында жүзеге 
асырылады. Мақалада седиментациялау арқылы мұнайлы су қоспасын тазалау сұрақтарын тиімді шешу 
тәсілдемесі ұсынылған. Мұнайлы суды тазалайтын седиментациялық құрылғылардың оңтайлы көлем-
дерін анықтауға мүмкіндік беретін және ондай құрылғыларды дайындауға қажетті минималды матери-
алдар шығынын, тиімді тазалау процесін қамтамасыз ететін седиментациялық құрылғылардың көрсет-
кіштерін оңтайландыру алгоритмі жасақталып, сипатталған. Седиментациялық құрылғылардың пара-
метрлерін есептеуге, алгоритм құрылғының оңтайлы көлемін іздеуге және таңдап алуға негізделген 
және тікбұрыш формалы құрылғылар көлемдерін есептеуде қолданылуы мүмкін. Сонымен, теориялық 
зерттеулер нәтижесінде авторлар мұнайлы су қоспасын тазалау құрылғыларын оңтайлы жобалау ке-
зінде қолдануға болатын, седиментациялық құрылғылар көлемдерінің оңтайлы мәндерін есептеу тәсі-
лін ұсынған. 

Кілт сөздер: суды тазалау, мұнайлы су қоспасы, седиментациялау, седиментациялық құрылғы, оңтай-
ландыру, седиментациялау арқылы мұнайлы су қоспасын тазалау, құрылғының оңтайлы өлшемдері. 
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Б.Б. Оразбаев, Л.Т. Курмангазиева, Г.К. Шамбилова, А.А. Муратбекова 

Оптимизация параметров устройств для очистки  
нефтеводяной смеси седиментацией 

Проведены теоретические исследования оптимальных значений размеров седиментационных 
устройств, предназначенных для очистки воды, загрязненной нефтяными остатками, и промышленных 
стоков. Проанализирован опыт проектирования и эксплуатации седиментационных устройств для 
очистки воды, определено, что, в основном исследованы вопросы очистки сточной воды городов и насе-
ленных пунктов, которые характеризуются большой производительностью. Очистка нефтесодержащей 
воды, образующейся при ликвидации аварийных разливов нефти и нефтепродуктов, осуществляется на 
локальных очистных сооружениях с небольшой производительностью очистки, проектирование и экс-
плуатация которых имеет свои специфические особенности. В статье предложен подход к эффектив-
ному решению вопросов очистки нефтеводяной смеси седиментацией. Разработан и описан алгоритм 
оптимизации параметров седиментационных устройств для очистки нефтеводяной смеси, который поз-
воляет определить оптимальные размеры седиментационных устройств, обеспечивающих наиболее эф-
фективный режим процесса очистки нефтеводяной смеси при минимальных затратах на материал для 
изготовления устройств. Предложенный алгоритм расчета параметров седиментационных устройств 
основан на поиске и подборе оптимального объема устройства и может быть использован для расчета 
размеров устройств прямоугольной формы. Таким образом, в результате теоретических исследований 
в настоящей работе предложен метод расчета оптимальных значений размеров седиментационных 
устройств, который может быть применен при оптимальном проектировании устройств для очистки 
нефтеводяной смеси. 

Ключевые слова: очистка воды, нефтеводяная смесь, седиментация, седиментационное устройство, оп-
тимизация, очистка нефтеводяной смеси седиментацией, оптимальные размеры устройства. 
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