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Abstract  
Introduction. Vacuum ejectors operating on the Venturi principle are used in various industries and are essential 
pneumatic devices. An important characteristic of a vacuum ejector is the vacuum depth it creates, where the maximum 
vacuum value is obtained in a certain range of supply pressure. Failure to comply with the supply pressure affects the 
performance of the ejector itself and automated vacuum systems in general. One of the options for solving this problem 
is to establish the recommended range of supply pressure in a fairly narrow pressure range, at which a guaranteed value 
of vacuum depth is reached without using the maximum capabilities of the ejector. At the same time, the technical 
literature does not provide the values of the dependence of the vacuum depth on the supply pressure over the entire range 
of ejector operation, which the authors would like to draw attention to in this work. The research objective was to conduct 
experimental studies on establishing the true values of the maximum vacuum depth depending on the magnitude of the 
ejector input pressure. 
Materials and Methods. To conduct experimental research, a special stand was designed, manufactured and used, which 
allowed for the study of vacuum ejectors operating on the basis of the Venturi principle. This stand provided setting the 
exact vacuum value depending on the input supply pressure for ejectors with a nozzle diameter from 0.1 to 4.0 mm, which 
completely covered the entire range of ejectors used in real sectors of the economy. Vacuum ejectors of the VEB, VEBL, 
VED and VEDL families manufactured by Camozzi were investigated in the range of the inlet supply pressure of the 
ejector from 2.0 to 6.5 bar. The true values of the vacuum depth were determined experimentally depending on the value 
of the input supply pressure for each ejector, as well as the maximum values of the vacuum depth reached by each ejector 
at the corresponding value of the input supply pressure. 
Results. It was experimentally proved that the recommended values of the input supply pressure given in the catalogs of 
ejector manufacturers did not always correspond to the true values. It was shown that the character of the obtained graphs 
also differed. In this regard, it was necessary to adjust the value of the input supply pressure to reach the maximum 
vacuum depth for each type of ejector. 
Discussion and Conclusion. The results of the conducted experimental studies allow for a rational choice of vacuum 
ejectors depending on the required technological tasks. This will ensure the operability of automated vacuum systems and 
the performance of the ejector itself. The research results can be used by all ejector manufacturers to adjust their basic 
catalogs and relevant recommendations for the use of these products. 
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Оригинальное эмпирическое исследование 

Исследование оптимальной глубины вакуума, создаваемой эжектором в зависимости  
от величины питающего давления 

С.И. Савчук , Э.Д. Умеров , А.У. Абдулгазис  
Крымский инженерно-педагогический университет имени Февзи Якубова, г. Симферополь, Республика Крым 
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Аннотация 
Введение. Вакуумные эжекторы, работающие по принципу Вентури, применяются в различных отраслях про-
мышленности и являются незаменимыми пневматическими устройствами. Важной характеристикой вакуумного 
эжектора является создаваемая глубина вакуума, где максимальное значение вакуума достигается в определен-
ном интервале питающего давления. Несоблюдение питающего давления влияет на производительность самого 
эжектора и автоматизированных вакуумных систем в целом. Одним из вариантов решения данной проблемы яв-
ляется установление рекомендуемого диапазона питающего давления в достаточно узком интервале давлений, 
при котором достигается гарантированное значение глубины вакуума, не используя максимальные возможности 
эжектора. При этом в технической литературе не приводятся значения зависимости глубины вакуума от питаю-
щего давления на всем диапазоне работы эжектора, на которые авторы хотели бы обратить внимание в рамках 
данной работы. Цель работы — проведение экспериментальных исследований по установлению фактических 
значений максимальной глубины вакуума в зависимости от величины входного давления эжектора. 
Материалы и методы. Для проведения экспериментальных исследований был спроектирован, изготовлен и ис-
пользован специальный стенд, позволяющий осуществлять исследования вакуумных эжекторов, работающих на 
основе принципа Вентури. Данный стенд позволяет установить точное значение вакуума в зависимости от вход-
ного питающего давления для эжекторов, имеющих диаметр сопла от 0,1 до 4,0 мм, что полностью перекрывает 
весь диапазон эжекторов, применяемых в реальных секторах экономики. Были исследованы вакуумные эжекторы 
семейств VEB, VEBL, VED и VEDL производства компании Camozzi в интервале входного питающего давления 
эжектор от 2,0 до 6,5 бар. Экспериментально определялись фактические значения глубины вакуума в зависимо-
сти от величины входного питающего давления для каждого эжектора, а также максимальные значения глубины 
вакуума, достигаемые каждым эжектором при соответствующем значении входного питающего давления. 
Результаты исследования. Экспериментально доказано, что рекомендуемые значения входного питающего 
давления приведенных в каталогах фирм производителей эжекторов не всегда соответствует действительным 
значениям. Показано, что отличается и характер полученных графиков. В этой связи необходимо вводить кор-
ректировку величины входного питающего давления для достижения максимальной глубины вакуума для каж-
дого типа эжектора.  
Обсуждение и заключение. Результаты проведенных экспериментальных исследований позволяют осуществ-
лять рациональный выбор вакуумных эжекторов в зависимости от требуемых технологических задач. Это гаран-
тированно обеспечит работоспособность автоматизированных вакуумных систем и производительность самого 
эжектора. Результаты исследований могут быть использованы всеми фирмами изготовителями эжекторов для 
корректировки их базовых каталогов и соответствующих рекомендаций по применению этих изделий. 

Ключевые слова: глубина вакуума, вакуумный эжектор, питающее давление эжекторов 
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Introduction. Currently, in various industries, the technological movement of products and parts is carried out using 
industrial robots equipped with vacuum suction cups, whose operation is performed using an ejector [1] based on the 
Venturi principle. Manufacturers offer a wide range of ejectors [2, 3], which create a vacuum of varying depth depending 
on the supply pressure [4], which meets the specific needs of production. 
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The optimum value of the air supply pressure at the inlet of the ejector, at which the maximum vacuum depth is 
reached, can be defined as the optimum pressure. Deviation of this pressure from the specified value causes a decrease in 
the vacuum depth, which, in turn, negatively affects the performance of both the ejector and the suction cup, and also 
increases energy costs. Thus, providing optimal supply pressure for the ejector in order to reach maximum productivity 
and reduce energy costs becomes an urgent task. 

When studying ejectors from manufacturers such as Camozzi, Festo, Schmalz, SMC Pneumatics, and others, it has 
been noted that only a small number of manufacturers publish in their catalogs the exact vacuum values depending on the 
supply pressure for different types of ejectors. The information is mainly presented in the form of a general diagram 
corresponding to the entire range of ejectors of a certain type, without taking into account the diameter of their nozzles. 

The practical experience of the authors of the article, as well as long-term cooperation with various production sites 
using vacuum ejectors, made it possible to identify significant discrepancies between the true and tabulated values of 
supply pressures and the corresponding values of vacuum depth. Therefore, studies aimed at determining the exact 
dependences of the maximum vacuum depth created by the ejector on the input supply pressure, with the aim of reaching 
minimum energy costs, are of considerable interest. A more in-depth study of these parameters is possible using a 
specially created experimental stand, which allows for a high degree of accuracy in determining the specified parameters, 
which, in turn, can contribute to an increase in the productivity of the entire system. 

Numerous studies are devoted to the use of vacuum ejectors [5] and vacuum technology [6]. The authors draw 
attention to the theory of vacuum [7] and its physical foundations [8], but do not sufficiently focus on the practical side 
of its use. In [9], specific cases of practical application of vacuum are considered; in [10], experimental studies with an 
improved ejector nozzle are presented; and in [11] — flow modeling. However, in modern scientific literature, practically 
no attention is paid to issues concerning the dependence of the magnitude of the resulting vacuum on the input supply 
pressure and the parameters of vacuum ejectors. Descriptions of the characteristics of vacuum ejectors can be found 
mainly in reference literature, such as catalogs of vacuum equipment manufacturers, for example, the Italian company 
Camozzi or the German company Schmalz. 

In [12], it was proposed to change the geometric dimensions of the ejector nozzle, which allowed increasing their 
productivity. In experimental work [13], the results of a study were presented in which the angle of inclination of the 
ejector mixing chamber was changed, which also contributed to increasing its productivity. In [14], the author attempted 
to study the main characteristics of vacuum ejectors and proposed a methodology for experimental research, which 
received a logical continuation in [15]. 

Taking into account all of the above, the authors set themselves the objective of conducting experimental studies to 
determine the true values of the maximum vacuum depth depending on the magnitude of the ejector input pressure. 

Materials and Methods. To conduct full-scale studies of vacuum ejectors, a special stand [15] was used. It was 
developed by the authors of the article and presented in Figure 1. 

 
Fig. 1. Stand for conducting experimental research  
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Table 1 
Components of Stand for Conducting Experimental Studies 

 Designator Type/Model 
1 Air inlet valve Ball valve V2E-316-PP-1/4 
2 Inlet unit Modular air preparation unit MC104-N-5-FL 
3 Control pressure gauge Pressure gauge M063-R12 
4 Electronic drive with regulator Gear motor 80YT25WGV22H/80GK150H with controller WS-L (25W) 
5 Main regulator with shut-off valve Pressure regulator МС104-R05 with ball valve V2E-316-PP-1/4 
6 Control pressure gauge Pressure gauge M063-R12 
7 Tee  

8 Pressure sensor Pressure sensor MIDA-DI-15-RS485-0.15(0.25; 0.5)/0-1.6 MPa-064-
M20-DIN C 

9 Distribution manifold Manifold 3053 1/4-3L-1/8 

10 Control manometer Standard deformation manometer with conditional scale, model 11202, 
accuracy class 0.4 16 kgf/cm2); SM 

11 Tested ejector  

12 Absolute pressure sensor Pressure sensor MIDA-DA-15-RS485-0.15(0.25; 0.5)/0-0.1 MPa-064-
M20-DIN C 

13 Tee  
14 Computer monitor  

15 Control vacuum gauge Standard deformation vacuum gauge with conditional scale, model 
11201, accuracy class 0.4 (-0.1 MPa); SVG 

16 Computer Only the keyboard is shown conditionally 
17 Sensor controller Communication device MIDA-US-410 

The study examined the VEB, VEBL, VED and VEDL vacuum ejectors manufactured by Camozzi [8] in the range 
of input pressure feeding the ejector from 2.0 to 6.5 bar. The main objective of the study was to establish the true values 
of the vacuum depth depending on the magnitude of the input supply pressure for each of the ejectors. In addition, it was 
necessary to experimentally determine the maximum vacuum depth values that each of the ejectors was capable to reach, 
as well as the input supply pressure corresponding to these vacuum depth values. The parameters obtained will 
subsequently be needed to conduct the following series of experiments aimed at establishing the time of creating vacuum 
in a volume of one liter at various specified vacuum depths. 

For each ejector from the families under consideration, at least 17 experiments were conducted. In this case, for each 
individual experiment, its own fixed rotation speed of the flywheel of the main pressure regulator 5 was set. The purpose 
of these settings was to provide maximum smoothness of the change in parameters, as well as to exclude the omission of 
any significant events during the experiment. 

Research Results. Below are the graphs of the dependence of the change in vacuum depth on the value of the supply 
pressure obtained as a result of the experiment for the ejector series (Fig. 2–5). The comparison of the obtained data with 
similar parameters of the ejectors provided in the Camozzi catalog is also performed. 

 
Fig. 2. Vacuum depth change dependence diagrams from the supply pressure value for VEB series ejectors 

https://vestnik-donstu.ru/
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The experimental data analysis shows that for the VEB-05H ejector, the maximum vacuum depth reaches 90.5% 
(residual pressure 96 mbar) at supply pressure of 4.73–4.74 bar. According to the information provided in the 
manufacturer’s catalog for the VEB-05H ejector, the optimal supply pressure is 4.5 bar, while the vacuum depth of 82% 
should be reached, which corresponds to a residual pressure of 182 mbar. This value is consistent with the diagram in the 
manufacturer's catalog, which shows the dependence of the vacuum depth on the value of the supply pressure for the VEB 
family of ejectors. The authors have found that for the VEB-05H ejector at a supply pressure of 4.5 bar (recommended 
value from the manufacturer), the vacuum depth is also 88.65% (residual pressure 115 mbar). 

As for the VEB-07H ejector, the experimental data has shown that its vacuum depth reaches 89.34% (residual pressure 
108 mbar) at a supply pressure in the range of 4.07–4.08 bar. Comparing with the data provided by the manufacturer for 
the VEB-07H ejector, it is found that the optimal supply pressure for this device is also 4.5 bar, at which the vacuum 
depth should be 85% (residual pressure 152 mbar). This value does not correspond to the values presented in the 
company's catalog, which shows the dependence of the change in vacuum depth on the value of the supply pressure for 
VEB family ejectors. It is found that at a supply pressure of 4.5 bar (recommended value for operating the VEB-07H 
ejector), the vacuum depth reaches 88.65% (residual pressure 115 mbar). Thus, the existing discrepancies between the 
experimental data and the information provided by the manufacturer require additional analysis and may indicate the need 
to revise the recommended operating parameters of the ejectors. 

It has been experimentally established that for the VEB-10H ejector, the vacuum depth reaches 86.9% (residual 
pressure 132.6 mbar) at a supply pressure of 4.9 bar. The data provided by the manufacturer of the VEB-10H ejector 
indicate that the optimal supply pressure is 5 bar, while the vacuum depth should reach 85% (residual pressure 152 mbar). 
This value corresponds to the dependence diagram presented in the manufacturer's catalog, which demonstrates the 
change in vacuum depth depending on the value of the supply pressure for VEB family ejectors. In the course of the 
study, the authors have found that for the VEB-10H ejector at a supply pressure of 5 bar (the value recommended as 
optimal for the operation of this device), the vacuum depth reaches 86.8% (residual pressure 133.5 mbar). 

Of particular interest is the unusual behavior of the dependence graph in the supply pressure range from 4 to 4.2 bar (Fig. 3). 

 

Fig. 3. Unusual behavior of the graph 

For the VEB-15H ejector, it has been experimentally established that the vacuum depth reaches 89.24% (residual 
pressure 109 mbar) at a supply pressure of 4.75 bar. The data provided by the manufacturer of the VEB-15H ejector 
indicate that the optimal supply pressure is 4.5 bar, provided that the vacuum depth reaches 85% (residual pressure 152 
mbar). This value probably corresponds to the diagram presented in the company's catalog, which demonstrates the 
dependence of the change in the vacuum depth on the value of the supply pressure for the VEB family of ejectors. In the 
course of the studies, it has been found that for the VEB-15H ejector, with a supply pressure of 4.5 bar recommended by 
the manufacturer as optimal for its operation, the vacuum depth reached 85.69% (residual pressure 145 mbar). 

Particular attention should be paid to the sharp drop in vacuum values in the supply pressure range from 2.95 to 3.0 
bar (Fig. 2). The reasons for this behavior of the graph are expected to be studied in the future as part of the development 
of a mathematical model of the ejector. 
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Fig. 4. Vacuum depth change dependence diagrams from the value of the supply pressure for VEBL series ejectors  

The experimental data analysis shows that for the VEBL-05N-T1 ejector, the vacuum depth reaches 88.06% (residual 
pressure 121 mbar) at a supply pressure of 4.2 bar.  

The information from the manufacturer on the VEBL-05N-T1 ejector indicates that the optimal supply pressure is 4.5 bar, 
while the residual pressure in the vacuum line should reach 160 mbar. The data correspond to the graphs presented in the 
manufacturer's catalog, which demonstrate the dependence of the change in vacuum depth on the supply pressure value for 
VEBL family ejectors. In the course of the conducted research, it has been established that for the VEBL-05N-T1 ejector 
with a recommended supply pressure of 4.5 bar, the residual pressure in the vacuum line is 127 mbar, which corresponds to 
a vacuum depth of 87.47%. 

For the VEBL-07N-T1 ejector, it has been experimentally established that the minimum residual pressure in the 
vacuum line reaches 133 mbar (86.87%) at a supply pressure of 4.1 bar.  

The data provided by the manufacturer for the VEBL-07N-T1 ejector, indicate an optimal supply pressure of 4.5 bar. 
At the same time, the residual pressure in the vacuum line should reach 150 mbar. This value is confirmed by the diagram 
provided in the manufacturer's catalog, which illustrates the dependence of changes in the vacuum depth on the supply 
pressure for VEBL family ejectors. The results of the conducted studies show that for the VEBL-07N-T1 ejector, with a 
supply pressure of 4.5 bar recommended by the manufacturer as optimal for its operation, the residual pressure in the 
vacuum line is 142 mbar, which corresponds to a vacuum depth of 85.99%. 

As for the VEBL-10N-T2 ejector, it has been experimentally established that the minimum residual pressure in the 
vacuum line reaches 133 mbar, which corresponds to a vacuum depth of 86.87% with a supply pressure of 4.22 bar. The 
data, provided by the manufacturer for the VEBL-10N-T2 ejector, indicate an optimal supply pressure of 4.5 bar, while 
the residual pressure in the vacuum line should reach 150 mbar. This value corresponds to the diagram presented in the 
manufacturer's catalog, which illustrates the dependence of changes in the vacuum depth on the value of the supply 
pressure for the VEBL family of ejectors. The conducted studies show that for the VEBL-10N-T2 ejector, with the 
manufacturer's recommended supply pressure of 4.5 bar, the residual pressure in the vacuum line is 138 mbar, which 
translates into a vacuum depth of 86.38%. 

 
Fig. 5. Vacuum depth change dependence diagrams from the feed pressure value for VEDL series ejectors  
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The experimental data analysis shows that for the VEDL-05N-T1 ejector, the minimum residual pressure in the 
vacuum line reaches 130 mbar (vacuum depth 87.17%) at a supply pressure of 4.0 bar. The data, provided by the 
manufacturer for the VEDL-05N-T1 ejector, indicate an optimal supply pressure of 4.5 bar, while a residual pressure of 
170 mbar should be reached in the vacuum line. This value corresponds to the diagram of the dependence of the change 
in the vacuum depth on the value of the supply pressure for the VEDL family of ejectors given in the manufacturer's 
catalog. The conducted studies show that for the VEDL-05N-T1 ejector with a feed pressure of 4.5 bar (the value 
recommended by the manufacturer as optimal for the operation of the VEDL-05N-T1 ejector), the residual pressure in 
the vacuum line is 142.6 mbar, which corresponds to a vacuum depth of 85.99%.   

It has been experimentally established that for the VEDL-07N-T1 ejector, the minimum residual pressure in the 
vacuum line reaches 207 mbar (79.57%) at a supply pressure of 3.4 bar. The data provided by the manufacturer for the 
VEDL-07N-T1 ejector indicate an optimal supply pressure of 4.5 bar, while the residual pressure in the vacuum line 
should reach 150 mbar. This value corresponds to the diagram of the dependence of the change in the vacuum depth on 
the value of the supply pressure for the VEDL family of ejectors given in the manufacturer's catalog. The conducted 
studies show that for the VEDL-07N-T1 ejector at a supply pressure of 4.5 bar (the value recommended by the 
manufacturer as optimal for the operation of the VEDL-07N-T1 ejector), the residual pressure in the vacuum line is 
256 mbar, which corresponds to a vacuum depth of 74.73%.  

 
Fig. 6. Vacuum depth change versus supply pressure diagrams for VED series ejectors. 

The experimental data analysis shows that for the VED-07 ejector, the minimum residual pressure in the vacuum line 
reaches 98 mbar (90%) at a supply pressure of 3.63 bar. The data provided by the manufacturer for the VED-07 ejector 
indicate an optimal supply pressure of 5 bar, in which case a vacuum of 90% should be reached (residual pressure of 101 
mbar). This value does not correspond to the diagram of the dependence of the change in the vacuum depth on the value 
of the supply pressure for the VED family of ejectors given in the manufacturer's catalog. The conducted studies show 
that for the VED-07 ejector at a supply pressure of 5 bar (the value recommended by the manufacturer as optimal for the 
operation of the VED-07 ejector), the residual pressure in the vacuum line is 124 mbar, which corresponds to a vacuum 
depth of 87.76%.  

It has been experimentally established that for the VED-09 ejector, the minimum residual pressure in the vacuum line 
reaches 90 mbar (91.12%) at a supply pressure of 4.34 bar. The data provided by the manufacturer for the VED-09 ejector, 
indicate an optimal supply pressure of 5 bar, in which case a vacuum of 89% depth should be reached (residual pressure 
111.5 mbar). This value does not correspond to the diagram of the dependence of the change in the vacuum depth on the 
value of the supply pressure for the VED family of ejectors given in the manufacturer's catalog. The conducted studies 
show that for the VED-09 ejector at a supply pressure of 5 bar (the value recommended by the manufacturer as optimal 
for operation of the VED-09 ejector), the residual pressure in the vacuum line is 98 mbar, which corresponds to a vacuum 
depth of 90.33%.  

Of interest is the sharp drop in the vacuum depth value and the occurrence of fluctuations in the vacuum depth readings 
in the range of supply pressure values from 3.95 to 4.4 bar (Fig. 6). 

Discussion and Conclusion.  The moment of occurrence of oscillations, recorded during all experiments, was 
accompanied by noticeable changes in the exhaust sound. We believe that this type of behavior may be associated with a 
sharp change in the air flow pattern, which may indicate the presence of a manufacturing flaw in this ejector. To confirm 
this conclusion, it is necessary to conduct additional experiments with other ejectors from this series. Furthermore, it is 
worth considering the possibility of studying the surface of the ejector channel in order to assess the accuracy of geometric 
shapes and the quality of surface treatment. 
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According to the results of the conducted experimental studies of vacuum ejectors, it can be concluded that the actual 
values of the vacuum depth vary depending on the magnitude of the input supply pressure, and differ from the values 
provided by the manufacturer. In addition, the character of the graphs also has its own differences. Specifically, the 
behavior of the graph in Figure 3 indicates the possible presence of manufacturing flaw in the ejector channel. In this 
regard, it is important to construct a mathematical model of ejectors, which allows us to study the factors that determine 
such a specific behavior of the graph at the model level. Understanding these factors will help develop recommendations 
for improving the technological processes of manufacturing vacuum ejectors. 

In this regard, it is necessary to introduce an adjustment to the value of the input supply pressure to reach the maximum 
vacuum depth for each type of ejector, which will affect the performance of both the ejectors themselves and the 
automated vacuum systems.  

The research results obtained can be useful for all ejector manufacturers for the purpose of adjusting their basic 
catalogs and corresponding recommendations for the use of these products. In the future, the authors plan to continue 
a series of experiments aimed at determining the time of creating vacuum in one liter of volume at various specified 
vacuum depths. 
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