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Аннотация. Использование вакуума необходимо для таких процессов, как дегазация и дезодорация при переработке растительных 

масел. Водокольцевые вакуумные насосы (ВВН) используются для этих целей благодаря их способности работать с влажными 

газами. Эффективность процесса дегазации и дезодорации различных жидкостей и растительных масел зависит от режимов тепло- 

и массообмена в рабочем объеме вакуумного насоса, равномерности давления откачки и степени внутреннего сжатия газоводяной 

смеси. Указанные недостатки конструкции и режима работы приводят к снижению быстродействия ВВН и повышению 

энергозатрат в процессе удаления влаги и растворенных газов из масел. Подробный анализ этих вопросов ограничен, что сдерживает 

разработку таких машин, особенно в изменяющихся условиях эксплуатации. Целью данного исследования является представление 

новой конструкции ВВН с регулируемым нагнетательным окном для повышения общей производительности вакуумной технологии 

переработки масел. Исследование основано на основных принципах термодинамики, механики жидкости и газа, конструктивных 

характеристиках ВВН и условиях процесса вакуумирования. Созданы математические модели, иллюстрирующие взаимодействие 

теплофизических свойств рабочей жидкости и всасываемого газа, таких как давление, температура, расход, быстрота действия и 

мощность сжатия. Результаты исследования показали, что новый режим работы снижает расход энергии на сжатие на 10–15% и 

мощность на валу на 25%, при этом быстрота действия увеличивается на 10% по сравнению с обычной конструкцией насоса в 

оптимальных условиях. Разработана технологическая схема водокольцевой вакуумной насосной установки с необходимым 

оборудованием для эффективной переработки растительных масел. Использование вакуумного насоса с регулируемым вакуумом 

является эффективным методом в технологических процессах рафинации и дезодорирования растительных масел, приводящим к 

снижению энергозатрат, сохранению биологически активных веществ и являющимся экологически безопасным вариантом. 

Уровень вакуума, температура рабочей жидкости и всасываемого газа, поступающего в насос, а также конструктивные параметры 

имеют решающее значение в процессах удаления растворенных газов, летучих соединений, свободных жирных кислот и 

одорирующих веществ при производстве растительных масел. Экспериментальная проверка предложенной конструкции насоса 

рекомендуется в качестве дальнейшего исследования с возможным применением в различных промышленных продуктах. 

Ключевые слова:  одноступенчатый, водокольцевой вакуумный насос, регулируемое внутреннее сжатие, дегазация, 

дезодорация, растительные масла. 
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Abstract. The use of a vacuum is essential for processes like degassing and deodorization in the processing of vegetable oils. Water ring 

vacuum pumps (WRVP) are used for these purposes due to their ability to handle wet gases. The efficiency of the degassing and 

deodorization process for various liquids and vegetable oils is influenced by the modes of heat and mass transfer within the working volume 

of the vacuum pump, the uniformity of evacuation pressure, and the degree of internal compressing of the gas-water mixture. These 

demerits in design and regime of operation result in reduced speed of action of the WRVP and increased energy consumption during the 

moisture and dissolved gaseous removal process from oils. Detailed analysis of these issues is limited, which restricts the development of 

these machines, particularly under varying operating conditions. This research aims to present a new design of a WRVP with regulation of 

the discharge port to improve the overall performance of the vacuum technology for processing oils. The study was based on key principles 

of thermodynamics, fluid mechanics, WRVP design characteristics, and evacuation process conditions. Mathematical models were created 

to illustrate the interaction among the thermophysical properties of working fluid and suction gas, such as pressure, temperature, flow rate, 

speed of action, and power of compression. The investigation's results showed that the new operation regime reduces compression power 

consumption by 10-15% and shaft power by 25%, while increasing the speed of action by 10% compared to the pump's conventional 

design under optimal conditions. A technological scheme of a water ring vacuum pump plant with the necessary equipment was developed 

for the efficient processing of vegetable oils. The use of a vacuum pump with controlled vacuum is an effective method in the technological 

processes of refining and deodorizing vegetable oils, leading to reduced energy costs, preserving biologically active substances, and 

providing an environmentally friendly option. The vacuum level, working fluid, and suction gas temperatures entering the pump, along 

with constructive parameters, are essential in the processes of removing dissolved gases, volatile compounds, free fatty acids, and odor-

causing substances during the production of vegetable oils. Experimental validation of the proposed pump design is recommended 

as a future study, with potential applications to various industrial products. 

Keywords: single-stage, water ring vacuum pump, adjustable internal compression, degassing, deodorization, vegetable oils. 
 

 

Introduction 

Degassing and deodorizing are important 
steps in processing vegetable oils. These processes 
help to ensure the oils stay stable, have a long shelf 
life, and keep their flavor and aroma. Water ring 
vacuum pumps (WRVP) are commonly used in in-
stallations that require a specific vacuum level. 
These types of vacuum pumps are widely used in 
various industries to create vacuum conditions for 
multiple purposes. WRVP provides several func-
tions, such as compression, creating a vacuum, and 
pumping working fluids. These pumps are used for 
several processes such as drying, evaporation, and  
extraction in chemical and agricultural industrial 
complexes [1]. The key advantages of these machines 
are high reliability, durability, environmental friend-
liness, low cost, and compliance with environmental 
standards [2]. These machines are available in two 
categories: single-stage and two-stage. Single-stage  
is widely used for most technological processes [3]. 

Application of a WRVP for agrotechnologi-
cal processes, such as drying of raw materials, 
evaporation of liquids, degassing and processing of 
various food products, plays a vital role in developing 
the quality of products [4–7]. 

When using water ring vacuum pumps in the 
degassing and deodorize processes of vegetable oils, 
several problems arise. The classical WRVP is 
characterized by a constant degree of compression 
of the gas-liquid mixture. Unregulated compression 
leads to inefficiencies, increased energy consump-
tion, and increased heat generation. The excessive 
heat and pressure reduce the WRVP life cycle and 
suboptimal oil quality. 

Hence, the primary challenges include main-
taining precise control over vacuum pressure,  
temperatures, and the level of compression within 
the pump to ensure effective operation and the  
production of high-quality processing oils. 

Justify the application of a water ring vac-
uum pump with an adjustable degree of internal 
compression of the gas-vapor mixture for improving 
the energy efficiency and quality of vegetable oils. 

Methods and materials 

The well-known scientists are engaged in the 
technological processes and the associated equip-
ment of producing vegetable oils: Ostrikov A.N., 
Kopylov M.V., Korea E.P., and Vasilenko V.N. [8]. 
To investigate the mechanism of gas and liquid 
phase compression in the working chamber of the 
WRVP, the foundational works of Rodionov Yu.V. 
and Nikitin D.V. were used [9, 10]. The work was 
achieved at the FSBEI HE “Tambov State Technical 
University” department of “Mechanics and Engi-
neering Graphics” in the laboratory of the research 
and education center of TSTU-МiсhGАU “Ecotech-
nologies”. The quality analysis of vegetable oils was 
carried out using the equipment of the Collective 
Use Center “Breeding of agricultural crops and  
technologies of production, storage and processing 
of products for functional and therapeutic purposes”. 

Results and discussion 

Regulation of the evacuation process, the power 
of compression, and reduction of action speed losses, 
and energy costs a key challenges in utilizing the 
WRVP for refining and deodorizing vegetable oils. 
A prototype of a new vacuum pump with a regula-
tion of the discharge port (WRVP RDP), (Figure 1) 
was designed and fabricated, and tested to address 
the mentioned problems. The key design features 
include: regulation of the degree of internal  
compression; elimination of the “harmful space” in 
the dead zone of the working chamber; reducing the 
influence of heat generation due to compression; and 
stable operation under conditions of vegetable oil 
degassing and deodorization. 
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Figure 1. Design characteristics of the working cavity of 
a WRVP: а) traditional design; б) with automatic 
adjustable of the discharge port: 1 – suction port;  
2 – fixed housing; 3 – discharge port; 4 – impeller;  
5 – blades; 6 – working fluid 

 

The proposed design features a vacuum 
pump equipped with a controlled discharge window 
(Figure 1b), which facilitates precise regulation of the 
evacuation processes and degree of compression 
necessary for the vegetable oil processing [11].  
In this design, dynamic regulation of the discharge 
port size is implemented using an automatically ad-
justable damper. The position of the discharge port, 
labeled as 1, 2, and 3, varies depending on the  
required operational regime of the degassing and 
deodorization processes. The new design elimi-
nates the loss of action speed caused by the transfer 
of gas phase from the discharge side to the suction 
side through the “dead zone”. Control devices and 
sensors were applied to adjust the regime of opera-
tion of WRVP in the processing of vegetable oils. 
The new vacuum pump maintains the vacuum  
pressure so that the liquid boils at a temperature  
below the critical value of the biologically active 
substances (BAS) of the vegetable oils. 

The power (work) supplied to the pump  
to move the vapor-gas phase (mixture) and remove 
it from the vacuum pump during the thermodynamic 
process of polytropic compression is expressed  
as follows [9, 10]: 
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where, sP  is the suction pressure, kРа; is the dis-

charge pressure, kРа.; 
aven  is the polytropy index; 

sV  is the volume of the suction cavity, m3; 
dV is the 

volume of the discharge cavity, m3. 
The polytrope index aven  is taken within the limits,

aven 1.02 1.05=  , and calculated using the formula [9]: 
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where, mixТ  is the temperature of the liquid-gas 

mixture at the outlet, K. 

Power consumed during compression [4, 9]: 
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where, S  is the speed of action of WRVP, m3/s;   

is the coefficient that takes into account the reverse 
flow of the gas phase during compression in the 
working cell;   is the degree of compression in the 

working volume of the WRVP [4]: 
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The dimensions of the discharge port and  
the minimum cell are constant for a conventional 
design of the WRVP. Therefore, the value  
τ = Vmax / Vmin = Fmax / Fmin = const, and regardless 
of the operating regime of degassing and deodori-
zation processes of vegetable oils, which leads to 
increased energy consumption and lower product 
quality. In the new design of the WRVP RDP,  
the size of the discharge port can be adjusted for  
a stable compression process in the working cell  
of the pump [11]. In this case: 
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The effective action speed (volume flow rate 
of the suction side, productive, capacity) of WRVP 
is one of the key indicators during the degassing 
and deodorization of vegetable oils, and is calcu-
lated as follows: 
 act th f.S S=   (5) 

where, actS  is the actual speed of action, m3/s;  

thS  is the theoretical speed of action, m3/s; f  

is the coefficient that refers to productivity losses that 
occur during the operation of the vacuum pump. 

The coefficient ( f ) depends on several fac-

tors, such as the properties of the working fluid, the 
design of the pump, the operating conditions of the 
agrotechnological processes, the composition of 
the gas, the temperature, the stability of the liquid 
ring and cavitation. The following dependence de-
termines this coefficient: 

 f 1 2 3
1 = − − −   (6) 

The coefficients 
1

 , 
2

 , 
3

  characterize the 

losses of vacuum pump productivity due to gas flows 
through the dead zone (harmful space), gas flows in 
gaps and evaporation, respectively, and are calculated 
by methods presented in the works [9, 10]. 
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In the traditional design of the WRVP, at the 

initial moment of the pumping, the process of gas 

over compression occurs, due to which the effect  

of “harmful volume” arises, reducing the value of the 

speed of action. The new design regulates the flow 

space ( τ var= ) of the compression cell and the dis-

charge port, thereby eliminating these losses 
1

0 = . 

Consequently, the coefficient for new 

WRVP RDP is calculated as: 

 f 2 3
1 = − −   (7) 

During the operation of the WRVP in the 

vegetable oil production line, heat and mass trans-

fer processes occur between the liquid and gas 

phases. Consequently, liquid droplets undergo 

evaporation into the functional volume of the 

working cells, thereby diminishing the operational 

efficiency. The following coefficient characterizes 

these losses in action speed: 

 
evap
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22 1

.
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V z

r r b

 =
 −    (8) 

Where 
evapV  is the volume of evaporated liquid in-

side the working cell, m3. 

Reduction of the speed of action (capacity  

of vacuum pump) caused by losses in gaps and heat 

and mass transfer can be eliminated by application 

the modification presented in patents [12, 13]. 

The results of the theoretical calculations 

(Figure 2) confirm that a WRVP RDP with an ad-

justable discharge window enables the optimiza-

tion of internal compression for the process. This 

adjustment reduces the consumed compression 

work by 10–15% at the optimal operating regime. 

The experimental results (Figure 3а, b) 

demonstrate that WRVP RDP reduces the power 

consumption on the shaft by 25% and increases the 

speed of action by 10% compared with the basic 

design. The modified configuration of the proposed 

vacuum pump offers an economical choice in veg-

etable oil deodorization and degassing. 

 

Figure 2. Theoretical dependence of the compression 

power vs the created vacuum 

 

  
(a) (b) 

Figure 3. Experimental dependence: a) actual speed of action vs vacuum pressure; b) shaft power vs vacuum pressure 

 

The vacuum technology is the main part of 

the production plant of vegetable oils. The process 

of removing dissolved gases, free fatty acids,  

odor-causing substances, decolourization, and  

deodorization from oils by the WRVP plant  

involves a series of mechanisms. 

The oil is provided to the degassing/deodor-

ization chamber, which has a special design. 

WRVP (1) with automatic regulation of the dis-

charge port (8) creates of vacuum and generates an 

environment of low pressure within the chamber 

for oil thermal vacuum processing. The liquid ring 
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inside the pump's working cavity compresses the 

sucked gas while rotating in the compression zone. 

The boiling point of dissolved gases is lowered  

by the vacuum pump, which leads to evaporation  

at a lower temperature, and it is pulled out of the 

degassing chamber. Heating the oil to a given mod-

erate temperature leads to a further reduction in  

viscosity and enhances the gas release process.  

The gaseous and liquid phases are separated as they 

exit the pump in the separator (5). Water as a work-

ing fluid is circulated, cooled (7), and supplied  

to the pump. The control valve (2) is used to adjust 

the appropriate amount of water needed to prevent 

the overload heating and normal operation of the 

vacuum pump. Heat exchanger apparatus (10) 

serves as a pre-condensation and cooler of the suc-

tion gas vapor mixture to eliminate the overload 

and cavitation inside the pump. Filters (11), (12) 

are used to protect the pump and auxiliary equip-

ment, ensuring efficient removal of contaminants 

and maintaining optimal pump operation.

 

Figure 4. Technological scheme for an efficient WRVP plant 

for vegetable oil degassing and deodorization: 1 – WRVP; 

2 – hydrodynamic control valve; 3 – electric motor;  

4 – circulation pump for additional water fluid; 5 – separator 

of the gas-liquid phase; 6 – water; 7 – water cooler;  

8 – device for automatic regulation of the discharge port;  

9 – a hydrodynamic control valve for ensuring a constant 

level of water in the separator; 10 – pre-condenser/cooler; 

11 – vacuum filter; 12 – exhaust filter of vacuum pump 

 

Conclusions 

The research findings indicated that the sug-

gested design of a WRVP featuring an adjustable 

discharge port enhances the effectiveness of degas-

sing and deodorizing vegetable oils. Changing the 

operating regime leads to a decrease in the power 

consumption on the compression and the shaft  

of the vacuum pump, and increases the action 

speed by 15; 25 and 10% respectively, during  

the evacuation process. This technology preserves 

biologically active substances in oils, enhances  

environmental friendliness in production, and 

opens up new opportunities for various sectors 

within the food industry. 
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