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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. 1t 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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Beeoenue. B IpOMBIIITIEHHOCTH IIUPOKO PACIPOCTPAHEH MPOLECC MOIYICHHS TEXHOJIOTHUECKOTO BaKyyMa C TOMOIIBIO
KEKTOPOB, HCIOJIB3YFONINX KHHETHUECKYIO SHEPTHIO CTPYH CKAaTOr0 BO3AyXa. BeIOOp HE0OX0ANMO# MOIEH 3KEKTOPA,
a TpHU CO3AAHUU IOJIA IKEKTOPOB TAKIKE U UX KOJIUYECTBA, OCYILECTBIACTCS UCXOIA U3 COOTBETCTBUS XapaKTEPUCTHUK
KEKTOpa OCHOBHBIM IapaMeTpaM MPOEKTHPYEMOro TEXHOJOrHYeckoro mpouecca. OQHON U3 BaXKHBIX XapaKTEPUCTUK
9KEKTOpa, CYILIECTBEHHO BIMSAIOLIIX HA MOBHIIIEHUE IPOU3BOAUTENBHOCTHU BCEI BaKyyMHOM CHCTEMBI B LIETIOM, SIBISIETCS
BpeMsi BAKyyMHPOBAHHSI MEPHOW (TapUpOBaHHOM) eMKocTH. [Ipy 3TOM B TeXHHYECKOI! JMTepaType NaHHBIM napaMmeTp
MIPUBOJMTCS HE IPY MaKCHUMaJIbHOI TiTyOMHE BaKyyMa, TPOM3BOANMOrO 3KEKTOPOM, ¥ HE TIPH COOTBETCTBYIOIIEH 3TOMY
3HAYCHUIO BEJIMYMHE MHUTAIOIIETO TAaBICHHS, a TP HEKOTOPHIX, HE BIIOJIHE OMPEAETICHHBIX MapaMeTpax, Ha3bIBAEMbIX
M3TOTOBHUTENSIMH 3KEKTOPOB ONTUMAIBHBIMU. B Takux ciydasx HEBO3MOXKHO TOYHO OIEHHUTH (DaKTHUECKOE 3HAYCHHE
BaXHOTO KpUTEpHs. B CB3M ¢ 3TUM Lenb JaHHOH pabOTHl — IMyTeM SKCHEPUMEHTANBHBIX MCCIEIOBAaHUN yCTaHOBUTH
(bakTHUeCcKOe 3HAUCHHNE BPEMEHU BaKyyMHUPOBAaHUsI MEPHOM (TapUPOBAHHON ) EMKOCTH LTS Pa3JIMYHBIX THIIOB 3)KEKTOPOB.
Mamepuanvt u Menoobl. IKCICPIMEHTAIBHBIC UCCIICTOBAHUS MPOBOMIINCH Ha CHIEIHAIIBHO CIIPOCKTUPOBAHHOM H H3TO-
TOBJICHHOM aBTOPAMH CTEH/IE, TTO3BOJISIONIEM H3ydaTh Pa3IMuHbIe TapaMeTphl BAKYyMHBIX 9KEKTOpOB. B acTHOCTH, cTeHA
JIaeT BO3MOXKHOCTh YCTaHOBUTH TOYHOE BPEMs BaKyyMHPOBAaHHS MEPHOH €MKOCTH KEKTOpaMH, MMEIOIINMH JTHaMETp
coma ot 0,1 10 4,0 MM TIpH BEJTMYMHE MUTAIOIIETO AABJICHNUS, 00ECIEUHBAIOIIEr0 MAaKCUMAaJIbHYIO TTyOHHY BaKkyyMa JUls
Ka)XIoi ncenemyemoit Moaen. Mccie1oBaHuMs IPOBOAMIIHCH C HCTIOJIb30BaHUEM Han0oJIee MOITy ISIPHBIX BAaKyyMHBIX 97KEK-
topoB cemeiicts VEB, VEBL, VED u VEDL npownsBonctBa Camozzi pu 3apaHee OnpeIeIeHHO’, TOYHO 3aJaHHOM BEITH-
YHMHE BXOJHOTO MUTAIOIIETO AABICHUS I KaXK0T0 TUIIOpa3Mepa KekTopa. PakTudyeckue 3HaYeHUsI BpeMEHH BaKyyMH-
pOBaHMS IPH HauOOJIbIIEH NTyOHHE BaKyyMa JUIS KaXKI0TO 3KEKTOpa ONPEIeIISUTUCh SKCIIEPUMEHTAIIBHO.

Pezynomamut uccnedosanus. Y CTaHOBJICHO, YTO IIPOU3BOIUTENBHOCTH 35kekTopoB cepuit VEB, VEBL, VEDL u VED
OTJIIMYAETCs OT JAaHHBIX, IPUBEACHHBIX B KaTayiore pupMbI-U3roroButeis. Heooxoaumoe BpeMs Uit JOCTHIKEHHUS MaK-
CHUMaJTbHOM [TyOWHBI BAKyyMa KaXKIO0T0 U3 3)KEKTOPOB MpeBbiiiacT Ha 25—40 % npuBecHHBIC MPOU3BOIUTEIICM JaHHBIC,
1 3Ta IIOTPEITHOCTH)» CKA3bIBACTCS B UTOTE HA MPOU3BOJUTEIBHOCTH BAaKyyMHON CHCTEMBI.

Oécyrcoenue. DKCTICpUMEHTAIBHBIC TaHHBIC TIOKA3alIH, YTO OTJIMYNE JCHCTBUTEIHHBIX 3HAUCHUH BPEMEHN BaKyyMHPO-
BaHWS MEPHOI €eMKOCTH OT 3HAYECHHH, IPUBEJCHHBIX B KATAJIOTaX (pUPMBI-U3TOTOBUTEIS 3KEKTOPOB, OOBSICHACTCS TEM,
YTO IIPU MPOBEACHUH COOTBETCTBYIOIINX HUCTIBITAHUI M3TOTOBUTEh OPHEHTHPYETCS HE HA MAKCUMAIIbHYIO TTyOHHY Ba-
KyyMa, CO31aBacMyI0 KEKTOPOM, a Ha IIIyOHHY BaKyyMa, CO3/JaBaeMyl0 HEKUM «ONTHMAIbHBIMY ((hOpMyJIMpPOBKA M3r0-
TOBHTEJSI) 3HAYSHUEM ITUTAIONIETo AaBieHus. [IpakTuuecku Bo BCeX paCCMOTPEHHBIX aBTOPaMHM CTaThU CIydasixX 9TO «OI-
TUMaJbHOE)» IMUTAIOLIee AABJICHHE MPOM3BOAMIO BaKyyM, IJTyOMHAa KOTOPOro OTJIMYajach OT MakCHMaibHOH. B aroi
CBSI3U TIPEJICTABIACTCS LIeJIECO00Pa3HBIM BBOANUTH KOPPEKTHPOBKY BEIMYHMHBI BXOJHOTO IHTAIONIETO JAaBICHUS IS J10-
CTHIKEHUSI MaKCUMaJIbHO IITyOMHBI BaKyyMa JUIsl KayKA0TO THIIA KEKTOPaA.

3axntouenue. IlonyueHHble 3HAYEHUsI BpEMEHHU CO3/IaHMS BAKYyMa B OJJHOM JIUTPE 00beMa IIPH MaKCUMaIbHOH TITyOnHe
BaKyyMa, IPOM3BOANMOTrO KEKTOPOM, TTO3BOJISIIOT OCYIIECTBIIATH O0JIee TOYHBINA BEIOOP BAKyYMHBIX 3)KEKTOPOB B 3aBH-
CHMOCTH OT PEIIaeMbIX TEXHOJIOTHUECKHX 3a/1a4, 00eCeUNTh HanOoIbIIy 0 3()(heKTHBHOCTh M SKOHOMUYHOCTH aBTOMa-
THU3UPOBAHHBIX BAaKyyMHBIX CHCTEM. Pe3ynbTaTsl HccIe10BaHUN MOTYT OBITh HCIOIB30BaHbEI BCEMHU (DHPMAMHU-N3TOTOBH-
TEJISIMH 3KEKTOPOB JUIsl KOPPEKTUPOBKH MX 0a30BBIX KATaJOTOB U COOTBETCTBYIOMIMX PEKOMEHIALNH MO MPUMEHEHHIO
9THX u3enuil. JlanpHeire uccie1oBanus B 3T0i 001acTy Oy Iy T HalpaBJIeHb! HAa H3yYEHNE TOYHOCTH TEOMETPUIECKUX
(opM NMOBEPXHOCTH KaHajla 3KEKTOpa, YUCTOTH 00pabOTKM M TEXHOJIOTHH MX IIPOU3BOJICTBA, BIMAIOIINE Ha IPOXOK/e-
HUE BO3YIIHOTO MTOTOKA.

KaroueBsble ciioBa: I‘J'[y6I/IHa BaKyyMa, BaKyyMHLIﬁ 9KEKTOP, MEPHAsA EMKOCTD, ITUTAIOLICE AAaBJICHUEC 2)KEKTOPOB
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BaaropapHocTH. ABTOPBI BEIPXKAIOT IITyOOKYO 0J1aro[apHOCTh PEIIEH3EHTaM U PEIKOJUICTUH Ky pHAaJIa 32 BHUMATEIIbHOE
OTHOIILICHUE K CTAThe M YKa3aHHbIC 3aMEUaHUs], YCTpaHEHHE KOTOPBIX MO3BOJIMIIO YIYUIIUTh KAY€CTBO CTAThU.

Jnst marupoBannst. Capuyk C.U., Ymepos D./1. UccnenoBanne GpakTUUeCKOro 3HAYCHHS BPEMEHH BaKyyMHUPOBAHHST MEPHOM
E€MKOCTH 3KeKTOpoM. Advanced Engineering Research (Rostov-on-Don). 2025;25(4):300-310. https://doi.org/10.23947/2687-
1653-2025-25-4-2156

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.


https://vestnik-donstu.ru/
https://doi.org/10.23947/2687-1653-2025-25-4-2156
https://doi.org/10.23947/2687-1653-2025-25-4-2156

Savchuk SI, et al. Investigation of the Actual Value of the Vacuum Time of a Measuring Vessel by Ejector

A specifically designed stand [20] was used for the experimental studies. Its photograph is shown in Figure 1.

78 9 10 1213 14

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.
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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
Manufacturer's data Experimental data
Ejector model O nozzle, Vacuum OptirPal Maximum Feed pressure, Vacuum depth
depth, working vacuum depth, at recommended
mm bar
mbar pressure, bar mbar 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.
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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

Mechanics

305



https://vestnik-donstu.ru

306

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

Table 2
Comparative Data on Supply Pressure and Vacuum Level for VEBL Series Ejectors
Manufacturer's data Experimental data
Ejector model Optimal Maximum Feed Vacuum depth
@ nozzle, Vacuum .
working vacuum pressure, at recommended
mm depth, mbar

pressure, bar | depthl, mbar bar 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.
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Fig. 5. Vacuum creation time diagrams for one liter of volume for the VEBL series ejectors:
a — according to the authors' data; » — 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
Manufacturer's data Experimental data
Ejector model O nozzle Vacuum Optimal Maximum Feed Vacuum depth at
’ depth, working vacuum pressure, recommended
mm
mbar pressure, bar | depthl, mbar bar 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.
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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
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Table 4
Comparative Data on Supply Pressure and Vacuum Level for VEB Series Ejectors
Manufacturer's data Experimental data
Ejector model O nozzle Vacuum Optir.nal Maximum Feed Vacuum depth at
mm ’ depth, working vacuum pressure, recommended
mbar pressure, bar | depthl, mbar bar 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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