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Abstract  
Introduction. In industry, the process of obtaining technological vacuum using ejectors that utilize the kinetic energy of 
a jet of compressed air is widely used. The selection of the required ejector model, as well as their number (when creating 
a field of ejectors), is performed proceeding from the compliance of the ejector characteristics with the key parameters of 
the designed process technology. One of the most important characteristics of an ejector, significantly affecting the overall 
performance of the vacuum system, is the evacuation time of the graduated (calibrated) container. However, in technical 
literature, this parameter is not specified for the maximum vacuum depth produced by the ejector, nor for the 
corresponding supply pressure, but for certain, less-defined parameters, referred to as optimal by ejector manufacturers. 
In such cases, it is impossible to accurately estimate the actual value of an important criterion. Therefore, the objective of 
this work is to experimentally determine the actual value of the vacuum time of a graduated (calibrated) vessel for various 
types of ejectors. 
Materials and Methods. Experimental studies were performed on a stand specifically designed and manufactured by the 
authors, which made it possible to study various parameters of vacuum ejectors. In particular, the stand provided 
establishing the exact time of vacuuming a measuring vessel using ejectors with a nozzle diameter from 0.1 to 4.0 mm at 
a supply pressure value that induced the maximum vacuum depth for each model under study. The research was carried 
out using the most popular vacuum ejectors of the VEB, VEBL, VED and VEDL families manufactured by Camozzi at 
a pre-determined, precisely set input supply pressure for each ejector size. The actual values of the vacuum time at the 
highest vacuum depth for each ejector were experimentally determined. 
Results. It has been established that the performance of VEB, VEBL, VEDL, and VED series ejectors differs from that 
stated in the manufacturer's catalog. The time required to reach maximum vacuum for each ejector exceeds the 
manufacturer's specifications by 25–40%, which impacts the performance of the vacuum system. 
Discussion. The experimental data have shown that the actual values of the vacuum time of the measuring vessel differ 
from the values given in the catalogs of manufacturers of ejectors. This difference is explained by the fact that when 
conducting appropriate tests, manufacturers are guided not by the maximum vacuum depth created by the ejector, but by 
the vacuum depth created by a certain “optimal” (the wording of the ejector manufacturer) value of the supply pressure. 
In almost all the cases considered by us, this “optimal” supply pressure produced a vacuum, whose depth differed from 
the maximum. In this regard, it seems advisable to adjust the value of the inlet supply pressure to attain the maximum 
vacuum depth for each type of ejector. 
Conclusions. The results of the obtained values of the vacuum creation time in one liter of volume at the maximum depth 
of the vacuum produced by the ejector provide a more accurate selection of vacuum ejectors depending on the required 
process tasks, ensure the greatest efficiency and cost-effectiveness of automated vacuum systems. The research results 
can be used by all ejector manufacturers to adjust their basic catalogs and appropriate recommendations for the use of 
these products. Further research will be conducted to study the accuracy of the geometric shapes of the surface of the 
ejector channel, the purity of processing, and their production technology, which affect the passage of air flow.  
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Аннотация 
Введение. В промышленности широко распространен процесс получения технологического вакуума с помощью 
эжекторов, использующих кинетическую энергию струи сжатого воздуха. Выбор необходимой модели эжектора, 
а при создании поля эжекторов также и их количества, осуществляется исходя из соответствия характеристик 
эжектора основным параметрам проектируемого технологического процесса. Одной из важных характеристик 
эжектора, существенно влияющих на повышение производительности всей вакуумной системы в целом, является 
время вакуумирования мерной (тарированной) емкости. При этом в технической литературе данный параметр 
приводится не при максимальной глубине вакуума, производимого эжектором, и не при соответствующей этому 
значению величине питающего давления, а при некоторых, не вполне определенных параметрах, называемых 
изготовителями эжекторов оптимальными. В таких случаях невозможно точно оценить фактическое значение 
важного критерия. В связи с этим цель данной работы — путем экспериментальных исследований установить 
фактическое значение времени вакуумирования мерной (тарированной) емкости для различных типов эжекторов. 
Материалы и методы. Экспериментальные исследования проводились на специально спроектированном и изго-
товленном авторами стенде, позволяющем изучать различные параметры вакуумных эжекторов. В частности, стенд 
дает возможность установить точное время вакуумирования мерной емкости эжекторами, имеющими диаметр 
сопла от 0,1 до 4,0 мм при величине питающего давления, обеспечивающего максимальную глубину вакуума для 
каждой исследуемой модели. Исследования проводились с использованием наиболее популярных вакуумных эжек-
торов семейств VEB, VEBL, VED и VEDL производства Camozzi при заранее определенной, точно заданной вели-
чине входного питающего давления для каждого типоразмера эжектора. Фактические значения времени вакууми-
рования при наибольшей глубине вакуума для каждого эжектора определялись экспериментально. 
Результаты исследования. Установлено, что производительность эжекторов серий VEB, VEBL, VEDL и VED 
отличается от данных, приведенных в каталоге фирмы-изготовителя. Необходимое время для достижения мак-
симальной глубины вакуума каждого из эжекторов превышает на 25–40 % приведенные производителем данные, 
и эта «погрешность» сказывается в итоге на производительности вакуумной системы.  
Обсуждение. Экспериментальные данные показали, что отличие действительных значений времени вакуумиро-
вания мерной емкости от значений, приведенных в каталогах фирмы-изготовителя эжекторов, объясняется тем, 
что при проведении соответствующих испытаний изготовитель ориентируется не на максимальную глубину ва-
куума, создаваемую эжектором, а на глубину вакуума, создаваемую неким «оптимальным» (формулировка изго-
товителя) значением питающего давления. Практически во всех рассмотренных авторами статьи случаях это «оп-
тимальное» питающее давление производило вакуум, глубина которого отличалась от максимальной. В этой 
связи представляется целесообразным вводить корректировку величины входного питающего давления для до-
стижения максимальной глубины вакуума для каждого типа эжектора.  
Заключение. Полученные значения времени создания вакуума в одном литре объема при максимальной глубине 
вакуума, производимого эжектором, позволяют осуществлять более точный выбор вакуумных эжекторов в зави-
симости от решаемых технологических задач, обеспечить наибольшую эффективность и экономичность автома-
тизированных вакуумных систем. Результаты исследований могут быть использованы всеми фирмами-изготови-
телями эжекторов для корректировки их базовых каталогов и соответствующих рекомендаций по применению 
этих изделий. Дальнейшие исследования в этой области будут направлены на изучение точности геометрических 
форм поверхности канала эжектора, чистоты обработки и технологии их производства, влияющие на прохожде-
ние воздушного потока. 
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Introduction. Industrial development, continuous improvement of processing, and the introduction of innovations in 
production bring about the ever-growing use of vacuum for moving parts by robots and manipulators in assembly areas, 
conveyor lines, metal spraying in a vacuum environment, etc. Moving and positioning complex-shaped parts, especially 
those such as foil or paper, is not possible without the use of vacuum suction cups. 

The key parameter of a vacuum ejector is the supply pressure. Its optimal value provides a deep vacuum, which creates 
the conditions for attaining maximum efficiency. This provides high performance of the vacuum suction cup, a key 
element of the vacuum system, while minimizing energy costs. 

In [1], a group of authors examined vacuum ejectors with various design features. A special-purpose vacuum stand 
was used for the experiments, measuring the magnitude of the generated vacuum as a function of the feed pressure at the 
inlet. It was found that the recommended feed pressure values provided in the ejector manufacturers' catalogs differed 
from the actual values obtained experimentally.  

Typically, the supply pressure values recommended by ejector manufacturers do not allow for the full utilization of 
the ejectors they manufacture. That is, the “optimal” supply pressure values recommended in catalogs do not provide the 
maximum vacuum depth that each ejector in question can create. This reduces the device performance and, consequently, 
the efficiency of its actuator — the suction cup. The vacuum depth created by the ejector impacts significantly the cycle 
time. The deeper the vacuum created by the ejector, the shorter the suction cup response time, and the faster the vacuum-
equipped section operates. This discovery is the occasion for further experimental research to determine the time it takes 
to create vacuums of varying depths in a liter of measuring vessel volume at a given supply pressure. This parameter can 
be considered as the ejector operating speed, reflecting the response speed of the ejector-suction cup system and directly 
affecting the operating time of this pair. It is also listed in the manufacturers' catalogs and directly impacts the operation 
of the vacuum suction cup and the guaranteed holding force. 

It should be noted that the experiments to determine the vacuum time of the measuring vessel were carried out at a 
pre-determined supply pressure value [1], which provided the maximum vacuum depth produced by the ejector. This 
supply pressure value was set at the ejector inlet at the start of the experiment.  

Currently, various types of ejectors, which are used in supersonic [2], steam [3], refrigeration [4] and other systems, 
are known. There are also two-stage ejectors used in hydrodynamics [5] and cooling systems [6]. They allow for the 
dynamic pressure control, which increases the efficiency of the performance. 

Previously conducted studies made it possible to develop an analytical method for predicting the air flow in a supersonic air 
ejector [7]. A theory about its speed was put forward, a numerical analysis of the ejector operation was made [8], the results of 
its performance were obtained experimentally [9], the effect of the primary nozzle deflection on the ejector performance was 
studied using computational fluid dynamics [10], the effect of the Mach wave on the formation of the boundary of the moving 
flow in the device was considered [11], a theory of flow mixing was formulated [12], etc. 

There is a large amount of research that demonstrates the use of various types of both vacuum ejectors [13], and vacuum 
technology [14]. In [15], the authors disclosed the theoretical foundations of vacuum and their physical essence [16]. 
However, very little attention was paid to the practical possibilities of using vacuum. 

In [17], the author examines the application features of compressed air in pneumatic elements. In [18], the results of 
experimental studies with improved characteristics of the ejector nozzle are presented. And in [19], the process of air flow 
modeling is described. However, the issues related to the study of the parameters of vacuum ejectors receive almost no 
attention in modern scientific and technical literature. Basically, information about their parameters is contained only in 
specialized publications, for example, in the catalogs of companies engaged in the production of vacuum equipment, such 
as Schmalz, Festo, Camozzi, SMC, and others. 

Taking into account all of the above, the authors aimed at establishing the actual value of the vacuuming time of a 
measuring (calibrated) vessel for various types of ejectors through experimental research. 

Materials and Methods. Previously, the authors studied vacuum ejectors at various inlet supply pressures [1], 
recording the vacuum depth reached. After establishing the maximum vacuum at a given supply pressure, the time it took 
to attain vacuum in a volume equal to one liter was measured. The data obtained can be used to optimize the vacuum 
system parameters and improve its performance. 
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A specifically designed stand [20] was used for the experimental studies. Its photograph is shown in Figure 1. 

 

Fig. 1. Experimental stand: 
1 — ball valve; 2 — air preparation unit; 3 — inlet control pressure gauge; 

4 — electronically controlled motor gear; 5 — pressure regulator with shutoff valve; 6 — control pressure gauge;  
7, 13 — pneumatic tees; 8 — MIDA-DI-15 excess pressure sensor; 9 — distribution block manifold; 10 — standard deformation 

pressure gauge; 11 — test vacuum ejector; 12 — MIDA-DA-15 absolute pressure sensor; 14 — monitor; 15 — standard deformation 
vacuum gauge (accuracy class 0.4); 16 — computer keyboard; 17 — MIDA-US-410 communication device 

In the course of studies [1], the maximum vacuum depth created by the ejector was recorded depending on the inlet 
supply pressure. These parameters were subsequently used as reference values for a series of experiments aimed at 
establishing the time interval for creating a vacuum in a volume equal to one liter. 

To conduct this part of the experiment, a special sealed vessel (Fig. 2) was designed and manufactured. It was equipped 
with fittings and shutoff valves to allow for the connection to the test stand and the ejectors being tested. The vessel 
volume was carefully measured with certified measuring instruments and found to be 1000.03 ml. 

Before each experiment, the input supply pressure for all ejectors was set to provide the maximum vacuum depth. The 
value of this pressure corresponded to the experimental data given in [1] and was set using the control pressure gauge 10 
and the pressure sensor 8 (Fig. 1).  

 

Fig. 2. Measuring vessel: 
1 — measuring vessel; 2 — vacuum ejector under test; 3 — ball valve; 

4 — ejector vacuum line; 5 — ejector inlet pressure line; 
6 — vessel vacuum line; 7 — shutoff ball valve  
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Measuring vessel 1 can be linked with any ejectors that are connected to the process equipment through PVC tubing 
with a diameter of 4 to 10 mm. Ejectors 2 under study are connected to the distribution manifold 8 via the inlet supply 
pressure line 5 (Fig. 1). The ejectors under study are connected to the shutoff valve 7 installed directly on measuring 
vessel 1 via the vacuum line 4. Measuring vessel 1 is connected via the vacuum line 6 to tee 13 (Fig. 1). Air valve 3 
connects the measuring vessel to the atmosphere. 

The experiment was conducted in the following order. Air valve 3 and shutoff valve 7 were closed. The ejector under 
study was then connected to a specialized test stand, where the supply pressure at the inlet was adjusted to a value that 
provided the greatest vacuum depth. Shutoff valve 7 was then opened, and the emptying of the measuring vessel started. 
A sign of complete emptying was the achievement of a stable vacuum depth, which was recorded by vacuum gauge 12 
and absolute pressure sensor 15 (Fig. 1). After recording the instrument readings, the measuring vessel was refilled with 
air at atmospheric pressure, for which purpose shutoff valve 7 was closed and air valve 3 was opened. 

Research Results. Figures 3–6 show diagrams of the dependence of the time to reach the vacuum depth in one liter 
of volume on the supply pressure for different types of ejectors. Tables 1–4 present the supply pressure and vacuum depth 
data obtained experimentally and provided in the manufacturer's catalog.  

 
a) 

 
b) 

Fig. 3. Vacuum creation time diagrams for one liter of volume for VEB series ejectors: 
a — according to the authors' data; b — according to the company catalog 

Figure 3 shows the diagrams of the dependence of the vacuum time of the measuring vessel for the VEB series ejectors, 
obtained by the authors (left) and contained in the manufacturer's catalog (right). Table 1 shows the supply pressure values 
at which the optimal vacuum depth values were obtained, as well as the manufacturer's recommended values for the 
optimal supply pressure and the expected vacuum depth at these values. 
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Table 1 
Comparative Data on Supply Pressure and Vacuum Level for VEB Series Ejectors 

Ejector model 

Manufacturer's data Experimental data 

Ø nozzle, 
mm 

Vacuum 
depth, 
mbar 

Optimal 
working 

pressure, bar 

Maximum 
vacuum depth, 

mbar 

Feed pressure, 
bar 

Vacuum depth  
at recommended 
pressure, mbar 

VEB-05H 0.5 182 4.5 96 4.73 115 
VEB-07H 0.7 152 4.5 108 4.07 115 
VEB-10H 1.0 152 5.0 132 4.90 133 
VEB-15H 1.5 152 4.5 109 4.75 145 

The analysis of the diagrams and tables shows that the curve patterns and measuring vessel vacuum time for the VEB 
series ejectors are similar to those provided in the manufacturer's catalog. It has been established that the ejectors reach 
significantly greater vacuum depth at lower supply pressures. This means that the desired effect is attained at lower supply 
pressures than those recommended by the ejector manufacturer, which is undoubtedly safer and more efficient. Moreover, 
even with a feed pressure at the ejector inlet equal to the manufacturer's recommended “optimal” pressure, the vacuum 
depth is still greater than stated in the manufacturer's catalog (Table 1). The authors have also found that for the VEB-
15H ejector, even when reaching maximum vacuum depth, the time required to empty the measuring vessel is 70% longer 
than stated in the manufacturer's catalog.  

Figure 4 shows the diagrams of the dependence of the vacuum time of the measuring vessel for the VEBL series 
ejectors, obtained by the authors (left) and given in the manufacturer's catalog (right). Table 2 presents the supply pressure 
values at which the authors obtained the best (optimal) vacuum depth values. It also lists the manufacturers' recommended 
optimal supply pressure values and the expected vacuum depth at these values. 

 
a) 

 
b) 

Fig. 4. Vacuum creation time diagrams for one liter of volume for the VEBL series ejectors: 
a — according to the authors' data; b — according to the company's catalogue 
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Table 2 
Comparative Data on Supply Pressure and Vacuum Level for VEBL Series Ejectors 

Ejector model 

Manufacturer's data Experimental data 

Ø nozzle, 
mm 

Vacuum 
depth, mbar 

Optimal 
working 

pressure, bar 

Maximum 
vacuum 

depthl, mbar 

Feed 
pressure, 

bar 

Vacuum depth 
at recommended 
pressure, mbar 

VEBL-05H-T1 0.5 160 4.5 121 4.20 127 

VEBL-07H-T1 0.7 150 4.5 133 4.10 142 

The diagrams and table show that the curves and measuring vessel evacuation times for the VEBL series ejectors are 
similar to those provided in the manufacturer's catalog. However, since the ejectors reach significantly greater vacuum 
depths at lower supply pressures, the desired effect is attained at lower supply pressures than recommended by the ejector 
manufacturer, which is undoubtedly safer and more efficient. Moreover, even if the feed pressure at the ejector inlet is set 
to the manufacturer's recommended “optimal” pressure, the vacuum depth is still greater than that specified in the 
manufacturer's catalog (Table 2). The authors have also found that for the VEBL-10H ejector, even when the maximum 
vacuum depth is reached, the time required to empty the measuring tank is 40% longer than that specified in the 
manufacturer's catalog.  

 
a) 

 
b) 

Fig. 5. Vacuum creation time diagrams for one liter of volume for the VEBL series ejectors:  
a — according to the authors' data; b — according to the company's catalogue 

Figure 5 shows the diagrams of the dependence of the vacuum time of the measuring vessel for the VEDL series 
ejectors, obtained by the authors (left) and given in the manufacturer's catalog (right). Table 3 presents the supply pressure 
values at which the best (optimal) vacuum depth values were obtained, as well as the recommended optimal supply 
pressure values by the manufacturers, and the expected vacuum depth at these values. 
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Table 3 
Comparative Data on Supply Pressure and Vacuum Level for VEBL Series Ejectors 

Ejector model 

Manufacturer's data Experimental data 

Ø nozzle, 
mm 

Vacuum 
depth, 
mbar 

Optimal 
working 

pressure, bar 

Maximum 
vacuum 

depthl, mbar 

Feed 
pressure, 

bar 

Vacuum depth at 
recommended 
pressure, mbar 

VEDL-05H-T1 0.5 170 4.5 130 4.00 142 
VEDL-07H-T1 0.7 150 4.5 207 3.40 256 

Judging by the diagrams and data in the table, the nature of the curves and the vacuum time of the measuring vessel 
for the VEDL series ejectors are similar to the data given in the manufacturer’s catalog.  

The authors have found that the performance data for the VEDL series ejectors differs from that provided in the 
manufacturer's catalog. Specifically, for the VEDL-05N-T1 ejector, the time required to reach maximum emptying of the 
measuring vessel (–800 mbar) was 27 seconds (the time provided in the catalog is 19 seconds), which is 40% longer. Similarly, 
for the VEDL-07N-T1 ejector, the time required to attain maximum emptying of the measuring vessel (–800 mbar) was 
20 seconds (the time provided in the catalog is 11 seconds), which is 81% longer. 

Figure 6 shows the diagrams of the dependence of the vacuum time of the measuring vessel for the VED series ejectors, 
obtained by the authors (left) and given in the manufacturer's catalog (right). Table 4 shows the supply pressure values at 
which the best vacuum depth values were reached, as well as the manufacturer's recommended optimal supply pressure 
values and the expected vacuum depth at these values. 

 
a) 

 
b) 

Fig. 6. Vacuum creation time diagrams for one liter of volume for VEB series ejectors: 
a — according to the authors' data; b — according to the company catalog 

  



Advanced Engineering Research (Rostov-on-Don). 2025;25(4):300–310. eISSN 2687−1653 
 

 

ht
tp

s:
//v

es
tn

ik
-d

on
st

u.
ru

  

308 

Table 4  
Comparative Data on Supply Pressure and Vacuum Level for VEB Series Ejectors 

Ejector model 

Manufacturer's data Experimental data 

Ø nozzle, 
mm 

Vacuum 
depth, 
mbar 

Optimal 
working 

pressure, bar 

Maximum 
vacuum 

depthl, mbar 

Feed 
pressure, 

bar 

Vacuum depth at 
recommended 
pressure, mbar 

VED-07 0.7 101 5.0 405 4.70 409 

VED-09 0.9 111 5.0 120 4.20 133 

The analysis of the experimental data shows that the nature of the curves and the vacuum time of the measuring vessel 
for the VED series ejectors are similar to the curves given in the manufacturer’s catalog. 

The authors also found that the performance of the VED series ejectors differed from that listed in the manufacturer's 
catalog. Specifically, for the VED-07 ejector, the time required to reach maximum emptying of the measuring vessel  
(–800 mbar) was 20 seconds (versus 15 seconds listed in the catalog), a 33% increase. For the VED-09 ejector, the time 
required to achieve maximum emptying of the measuring vessel (–800 mbar) was 10 seconds (versus 8 seconds listed in 
the catalog), a 25% increase. 

Discussion. The experimentally obtained data on the actual time of vacuuming the measuring vessel by ejectors differ 
from the data given in the catalogs of the manufacturers. A positive aspect here is that the vacuum depth values stated by 
the manufacturer are reached at much lower supply pressures than those presented in the catalogs. Furthermore, the actual 
vacuum depth is significantly more efficient than described by the manufacturer. However, the actual time to empty the 
measuring vessel turned out to be longer than the manufacturers stated in their catalogs. Sometimes, this time was 
significantly exceeded.  

This fact can be of vital importance for designing the process cycle of equipment operation, as it reflects the actual 
capabilities of certain types of ejectors in terms of vacuum creation rates. This emphasizes the significance of such a 
parameter as the vacuum time of the measuring vessel when selecting ejectors. This property is critically important for 
calculating the required amount of time when constructing an ejector field to maintain the required vacuum depth.  

Conclusion. The analysis of the data obtained during the experiment shows that the nature of the curves during 
evacuation of the measuring vessel for ejectors of the VEB, VEBL, VEDL and VED series is similar to the data given in 
the manufacturer’s catalog. However, the time required for each of the ejectors to reach maximum vacuum depth differs. 
It exceeds the time specified by the manufacturers by 25–40%. This fact affects the performance of both the ejector itself 
and the vacuum system as a whole. In this regard, when solving process tasks in production, it is required to carefully 
select vacuum ejectors in order to provide the greatest efficiency and cost-effectiveness of automated vacuum systems. 

The research results can be used as recommendations for the utilization of ejectors and for adjusting catalogs of 
manufacturing companies. 

Further research in this area will be aimed at studying the accuracy of the geometric shapes of the surface of the ejector 
channel, the cleanliness of processing and their production technology, which affect the passage of air flow. 
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