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QUESTIONNAIRE

A compressor is a technical device that is designhed to compress air and gases to a
certain pressure (bar) with a required capacity (nm3/min). Compressors are used in
many areas of human life.

The following types of air compressors are the most widely used:
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Screws
Spiral
Piston

e Boosters

All of these compressors share the same operating principle: changing the volume of
the compression cavity.

Screw compressor

Screw compressors are used in technical processes
that require a constant, uninterrupted supply of
compressed air with a pressure range from 7-40
bar and a capacity from 0.4m3/min to any
maximum value, this value is achieved by
increasing the number of compressor units.



Types of screw compressors:
Oil-injected screw compressor

- is @ compressor in which the air is compressed by rotating the screws and changing
the volume of the compression cavity. Oil is injected into the unit to cool and seal the
gaps between the screws.

The principle of operation of screw oil compressor: through the suction valve and after
cleaning the dust from large particles by air filter, the air enters the compression zone.

The air is compressed by changing the volume of the cavity between the screw pairs
during their rotation, oil is supplied to reduce the gaps between them, lubrication and
heat dissipation.

The oil-air mixture then passes through a separator where the oil is separated from the
compressed air. The separated oil enters the oil cooler for cooling and is cleaned by an
oil filter and fed back to the screw unit.
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After that, the air passing through the air cooler, cooling to a temperature of +15
degrees from the air temperature at the intake and the minimum pressure valve goes
to the consumer.

The power source for rotation of the screw unit shafts is an electric motor or internal
combustion engine (in case of mobility or lack of electric power). The connection to the
power source is made by means of a belt transmission or a resilient coupling (direct
drive).

Advantages:

e High efficiency compared to reciprocating compressors;

e Modern screw compressors are equipped with a microprocessor unit, which
makes it possible to automatically control and transmit information about its
status;

e Reliable design ensures the possibility of round-the-clock operation;

e Low noise and vibration levels;

e High MTBF with proper maintenance;

e Large selection of manufacturers, which allows you to choose the equipment for
any purpose and budget;

e Smooth and smooth performance, no pulsation, therefore no need to retrofit air
receivers.

Disadvantages:

e Expensive to purchase initially (compared to reciprocating compressors);
e Expensive to repair main assemblies and units (screw block and electric motor).



High pressure oil-filled screw compressors up to 40 bar.

The principle of operation is the same as that of an oil-injected screw compressor, the
screw pair is cooled, lubricated and the gaps are sealed by oil injection.

In order to obtain such a high pressure, a two-stage compression process is required.
After passing through the screw unit of the first compression stage, the air enters the
cooler and then passes through the second compression stage, reaching a maximum
value of 40bar. The air is then cooled by the aftercooler and the compressed air is
separated from the oil by means of an integrated separator. The rotation of the two
screw pairs is transmitted synchronously by means of a gearbox;

Benefits:
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e Reliability as that of a single-stage compression screw compressor;
e High pressure can be achieved with a single piece of equipment, resulting in
cheaper installation, piping and maintenance.

Disadvantages:

e The darlings in the original purchase;

e Not a large selection of manufacturers, mainly only well-known foreign
manufacturers will be able to offer such equipment;

e The use of a gearbox in the design leads to an increase in cost and overall
dimensions.

There are also oil-free screw compressors, they are divided into two types:

e Screw compressor with dry two-stage compression;
e Screw compressor with water injection in the screw unit.

Oil-free screw compressor with two-stage compression

The basic principle is the same as for a conventional double compression oil-injected
screw compressor, except that there is no oil injection into the compression chamber
for cooling and gap sealing. Since there is no oil in the screw unit, the screw pair must
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be manufactured to the highest surface finish requirements and the screw spacing
must be kept to a minimum. Due to the absence of oil in the compression area, the
screw block is heated up considerably during operation, so that a maximum outlet
pressure of about 2.5-3 bar can be achieved. Next, the hot air passes through the
intercooler, cooling down by about 20 -30 degrees Celsius. After cooling and pre-
compression, the air enters the second compression stage, where it is compressed to a
pressure of 7-13 bar and heated to a temperature of 140-150 degrees Celsius. Celsius,
after the air compressed to the final pressure again enters the pre-cooler, cooling to
values +15-20g from the temperature of the air at the suction, before leaving the
compressor compressed air passes through a separator, to clean from moisture
formed during compression;

The transmission of rotation to the two screw pairs needs to be synchronized, so a
gearbox is used. The gears and bearings of the gearbox are lubricated with oil, but the
compression chambers are hermetically separated from the gearbox crankcase.

As a rule, such compressors are water cooled. Water is used to cool the screw block
housing by means of special ducts and the gearbox housing to cool the oil used to
flush the bearings and gears.

Benefits:

e The output is 100% oil-free compressed air for demanding applications;

e Savings on elements of the air treatment system for purification of compressed
air from oil vapors;

e Cheaper maintenance due to the absence of oil.

Disadvantages:

e Complexity of design;
e Expensive to buy;
e High thermal loads on the screw block.

Oil-free screw compressor with water injection

The principle of operation is the same as that of an oil-injected screw compressor,
except that water is used instead of oil in the compression chamber. These
compressors are equipped with a water treatment system that constantly analyzes
water quality before it is fed into the screw unit and purifies it using filters and reverse
osmosis technology. A separator is installed at the compressed air outlet of the
compressor to separate water from air. Some compressors can be connected to a
central water supply system. The water level required for normal operation of the
compressor is independently controlled.



Advantages:

e The output is 100% oil-free compressed air, which can be used in complex
processes;

e Savings on the air treatment system for cleaning compressed air from oil vapors;

e Cheaper maintenance due to the absence of oil;

e The highest reliability rating among oil-free compressors;

e More compact design compared to dry-compression oil-free compressors.

Disadvantages:

e Expensive to purchase;
e The ambient temperature must not fall below zero degrees Celsius;
e Additional maintenance of the air handling system.

Scroll compressor

A scroll compressor is a compressor designed to produce oil-free air, due to the
absence of oil in the compression chamber;

Principle of Action:

The compression chamber comprises an orbital movable spiral and a fixed spiral-
shaped housing. These elements are aligned to each other and form the compression
chamber. During the movement of the movable spiral, relative to the stationary body,
the atmospheric air moves from the suction zone to the compression zone. The
pressure is increased by a multitude of repetitive cycles that cause continuous suction
and discharge.

MpeumMmywiecTBa:
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e Ha Bbixoge nony4aeTtcsa 100% 6e3mMacnsHbI CKaTbI BO34YX, BO3MOXXHOCTb
NMPUMeHeHne B CJI0XKHbIX TeX npoLeccax;

e HageXXHOCTb KOHCTPYKLMM 3a cHeT HebobLWOoro Koan4yecTsa NnoABUXKHbBIX
yacTewu;

e YoewesneHue nposeneHusa TO, 3a cHeT OTCYTCTBUA Maca;

e CrinpasnbHble KOMMpeccopa OCHaLalTCA MUKPOMNPOLLECCOPHbIM 6/10KOM, 4TO AaeT
BO3MOXXHOCTb aBTOMAaTU4YeCKOro yrnpasJseHna u nepegaym nHgopmaumm o ero
COCTOAHUMN;

e Hebonblune rabapuTHblie pa3Mepsi.

HepocraTkum:

e HebonblUOWN AMana3oH No NPOU3BOAUTENIbHOCTU N AABNEHUIO, B CPABHEHUN C
BUHTOBbIMW KOMMPECCopamu;

e TpebyeTcs onpeneneHHoe BpeMs Ha NpupaboTKy, T.K. MPON3BOANTE b 3aBEA0MO
3aKJ/ladblBaeT pa3Hylo TBEPAOCTb MaTepurasa y BpallatoLencs n HenoaBu>xXHom
YyacTu.

NMopwHeBOM KOMNpeccop

MopLUHEBON KOMMPECCOP — 3TO KOMMNPECCOop, KOTOPbLIN CAYXXUT AJ19 CKaTUA BO34yXa
WM ras3a 3a CHeT ABVXXKEeHMe MOoPLUHA. DHeprusa ansa ABMKEHUSA NOPLWHSA NoCcTynaeT oT
anekTpuyeckoro asmratens nmbo ot ABC. CoeanHeHue nopliHeBoro 610kKa ¢
NCTOYHMKOM SHEPTUMN MOXKET ObITb C MOMOLLbIO MPAMOro NpMBo4a UM C MOMOLLbIO
peMeHHON nepenayu.

MpuHUMN paboTbl NOPLLIHEBOrO KOMMpPEeccopa 04eHb NoXoX Ha paboTy OBC, ToNbKo
OTKPbITNE/3aKPbITME KNAMaHOB MPOUCXOAUT 3a CYET Pa3HUL, Mexay AaBNeHUsAMn B
Kamepe cxKaTus U aTMocdepHbIM 3a ee npeaenamu. Mpu OBUXEHUN NOPLLHSA BHU3
obpa3yeTcs 30Ha pa3psiyKeHUE, 3a CHET TOro, YTO B 30HE pa3pPsXKEHUSA AaBNeHNEe HNXKe
4yeM aTMoCepHoe, OTKPbLIBAETCSA BMYCKHOW KfanaH npoucxoamnT 3abop Bo3ayxa u3
aTMoCepbl, BbIMYCKHOW KAanaH 3akpbIT, NP ABUXKEHUN NOPLUHS BBEPX, NOPLUEHb
TONIKaeT BO34yX, CO3[laBas AaBJIeHNE B KaMepe CKaTus, BIMYCKHONM KJlanaH 3akpbIT, a
BbIMYCKHOW KJlanaH TeM BpeMeHeM OTKpbIBaeTcsA. [luaMmeTp KiarnaHoB
PACCYNTLIBAETCS, UCxonsa U3 Tpebyemoi Npon3BoANTENLHOCTU U AaBNeHus. JuameTp
BMYCKHOIO KJlanaHa He No3BOJINT NPONTK 6osblue BO3AYyXYy YeM 3TO Heobxoanmo, a
ANaMeTp BbliNYCKHOrO KnarnaHa obecneynT Heobxoanmoe ConpoTMBIIEHME BO3AyXaA Ha
BbIX0/Ze, YTO CO34acCT AaBJIeHMe.



NMpeumMmyuwiecTBa:

e Mokynka n obcnyxmnsaHne o6xoanTCs 3HaYNTENIbHO AelleBsie BUHTOBOI0O
KoMmnpeccopa;

e OrpoMHbIN BbIOOP Npon3BoanTeNen, 4To noseonaseT nogobpaTtb obopyaoBaHmne
noa nobyto uenb n bloaXeT,;

e [lpocTOTa B 06CNYXXNBAHNN N B PEMOHTE.

HepocraTkum:

e KOHCTPYKUKMSA KOMMNpeccopa He npefHasHavyeHa A9 KPYraoCyTO4YHbIN paboThl,
pexxnm paboTbl 50/50 (paboTa/oTAbIX);

e BbiCOKMI ypoBeHb WyMa 1 Bubpauunin. MNMpm ncnoab30BaHNM NOPLUHEBLIX
KoMnpeccopoB 601bLLION MOLWHOCTN, HE06X0OMMO yCTaHaB/INBaTb €ro B
OTAEe/IbHOM MOMELLEHNN, Ha NPOYHbIN BETOHHbIN PYHAAMEHT;

e HM3Kaa Npons3BOANTENIbHOCTb, B CPAaBHEHUN C BUHTOBbIMW KOMMNpeccopamMu
AHaIOrMYHOW MOLLIHOCTW;

e HYacTbIl MHTepBasl TEXHUYECKOro obcnyxmBaHus;

e [ynbCauma NPoM3BOANTENBHOCTU N AaBJIEHUS, KaK cnencrteme, Heobxogmmo
NnPUMeHeHne C BO3A4YLUHbIMU pecmBepamu;

e Hnskumin KrM B cpaBHEHUU C BUHTOBbLIMW KOMMNpPEeCccopaMmu.

Mpun BCcex NpenmMyLlecTBax U HeJoCTaTKaxX MOPLUHEBbIE KOMMAPECCopa HaLUIM LWNPOKoe
NpUMEHeHMe B pa3/InYHbIX cpepax NpPoMblLLIeHHOCTU. MNpexxae BCero 3To
TexHn4eckue npoueccol, raoe He TpebyeTcs NOCTOSTHHAA NoAayva CXKaToro Bo3ayxa
npu 60bLION NPON3BOANTENBHOCTMN.

MopwHeBble KOMMNpeccopa BbICOKOro aaBJsieHUs
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MpuHUMN paboTbl NOPLLUHEBOrO0 KOMMPECCOopPa BbICOKOr0 AaBJIEHUS, TAKOW Xe, KaK Uy
06bIYHOIr0 MOPLUHEBOrO KOMMpPeccopa, TO/IbKO CKaThe NPONCXOaAnT
MHOroCTyneH4YaTbiM 0bpa3oM. Bo3gyx cxaTbii 4O onpenesnieHHoro (Ha4yaabHOro
NaBneHnsl) NoCTynaeT B CNeAyoLY0 CTyNeHb CXKaTus, rae oH AOXXMMAEeTCs U Tak
fanee, Nnoka He gocTurHeT Tpebyemoro nasneHus. Tak Kak BO3OyX NMpu CxaTuu
HarpeBaeTCs, nepen Nnofayvyen B CJeAyoLyo CTyNeHb CXKaTWUs OH MPOXOAUT Yepes
paanaTop, OS5 OXNlaKAeHUS.

Tak>)Xe CyLLeCcTBYIOT A0XKUMHbIE MOpPLUHEBbLIE KOMMpPeccopa, Nofd Bo3AyX U ras, rae
npenBapuTesibHO CxXaTas, APYrMM KOMNPECCOpoM, A0 HeobXoaMMOoro AaBsieHUs
cpefia, NOCTyNaeT B NepBYHO CTYMeHb CXXAaTUs, N3 HAa3BaHWUSA CTAHOBUTCH SICHO, YTO OH
JOXUMaEeT y)Xe NpeiBapuTesibHO CKaTylo cpeay.

Yawie BCcero foXXMUMHbIe KOMMNpeccopa NPUMEHATCA A9 MOAHATUA LaBNEHMNSA KaKoro-
nnbo rasa (a3oT/KMCI0pPOS) Tak Kak Ha BbIXo4e U3 reHepaTopa (asoTa/kucnopopna),
ras y>e nMmeeT Ha4dasbHoe faBJieHue.

npeuMyu.l,eCTBa M HeflOCTaTKM NOopPLUHEeBOro KoMnpeccopa BbiCOKOro gasJsieHus
U 0 OXKMUMHbLIX MOPLUHEBbIX KOMMNpPeccopos.:

MpenmMyLLecTBa N HEJOCTATKN Takue Xe, Kak U Yy 00blYHbIX MOPLUHEBbLIX
KomnpeccopoB. OCHOBHOE MPenMyLLEeCTBO — 3TO TO, YTO BbICOKOE AaBJieHMe nopsigka
40MMNa MOXKHO AO0CTUYb TOJILKO TakMM TUMNOM 060opyaoBaHuUS.

MepBaA cTynNeHb BTopas cTyneHe
HII3Koro BEICOKOIO

AaBneHus AABNeHNna

MpoMexyTo4Hoe
oxnaxaeHie
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Air treatment system

When using any type of compressor equipment, in the process of air compression,
condensate is released, which consists of water and oil, due to the fact that the
surrounding air has a certain humidity and a suspension of dust and oil particles. The
concentration of these contaminants is in a large volume, which at atmospheric
pressure is not visible to the eye. When the compressor compresses the air to a
pressure of, for example, 8 bar, the volume of air is compressed eight times, but the
concentration of substances in the air remains the same, which is why condensation
occurs. In order to prevent condensate from entering the pneumatic network and
damaging the equipment, it must be removed in time. For this purpose, an air
treatment system is used, which consists of the following equipment:

Compressed air cyclone separator, installed after the compressor through the vibration
compensator and before the main filters, in order to separate the main volume of
condensate. It is a metal casing with a spiral inside, unattended. Air entering the
separator begins to move along the spiral, under the action of centrifugal forces,
moisture settles on the inner walls of the housing and flows down. In the lower part of
the casing there is a partition, which prevents moisture under the action of air to rise
and go into the pneumatic network. All separators have a drain connection for
condensate drainage and can be equipped with a manual or electric condensate drain.
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Trunk filter set

MarucTpanbHble GUabTPa, CAyXaT 4SS O4UCTKM CXKATOro Bo3AyXa OT pa3/INYHbIX
npumecen Bsaru, Macjia v TBepAbixX 4acTuu. Tak XXe, KakK U LNKJIOHHbIA cenapaTop,
npencrasnseT cobon MeTassIM4eCcKUin Kopnyc, € puabTPYOLWMM 3/1IeMEHTOM BHYTPW.
Kaxxabli npon3ssognTenb npepiaraet cBon Habop MarmcTpasbHbIX PUALTPOB, 415
OYNCTKN BO3AYyXa Knacca, corsacHo ISO 8573. lMNMpwu ycTaHOBKE (hnbTPOB nepen
ocywmTesnieM nx Takxxe HeobxoaMMO KOMMIEKTOBaTb KOHAEHCAaTOOTBOAYMKOM. Kak
npaBuIo PUbTPO3NEMEHTBLI CNy>XaT okoJsio 2000 yacoB HapaboTKU, HO OMNLMOHANLHO,
CTerneHb 3arpAa3HeHnsa PuibTpo3sieMeHTa MOXKHO ornpenesinTb Mo
anddepeHunanbHOMY MaHOMETPY, KOTOPbLIA NOKa3biBaeT nepenajg gaBjieHns 40 n
nocne Hero. Yem b6onblue nepenapg, TeEM CUsbHee 3arpsa3HeH punbTp.
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Compressed air dryers

Air dryers are used to dehumidify air to the specified dew point parameters. There are
many equipment and compressed air users who have high requirements for the
degree of compressed air drying, as moisture in compressed air can damage the main
components and lead to increased internal corrosion of the pneumatic line. The main
parameters for selecting a dehumidifier are its capacity and the dew point value of the
compressed air.

The dew point of compressed air is the temperature at which moisture in the air
condenses to form water.

Types of dehumidifiers:

Refrigerated dryer

The basic principle of operation is to cool the air and release condensate from it.
Refrigeration dehumidifiers consist of two heat exchangers, air-to-air, air-to-coolant.
The air, passing sequentially through each heat exchanger is cooled, releasing
condensate. Before leaving the dryer it passes through a separator, which is located
inside the dryer casing. Dew point values when using a +3 refrigerated dehumidifier.

Benefits:

e No loss of compressed air during drying;
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e Compact dimensions, compared to adsorption dehumidifiers, sometimes
complete with compressor and air receiver, on a single frame.
e A simple and energy efficient method of dehumidification.

Disadvantages:

o Low degree of compressed air drying (ISO 8573 class 4);
o Dehumidified air can only be used in heated rooms, or only in the
summertime.
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Cold regeneration adsorption dryer

A dehumidifier whose operation is based on the capture of moisture as it passes
through an adsorbent inside the columns.

Principle of operation: The dehumidifier consists of two columns containing
adsorbent (silica gel, molecular sieve) and valve trim, which serves for air flow
distribution between the columns, the valves are controlled by the controller.
Compressed humid air enters one of the columns, passing through the adsorbent, the
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moisture settles on its surface, after saturation of one of the columns with moisture,
the flow is distributed to the second column. The main flow of compressed
dehumidified air goes to the consumer, and its certain part goes for regeneration of
the first column, which was previously in operation. The part of the dried air that blows
through the column is the regeneration loss, depending on the required compressed
air dew point values, the loss can reach 20% at dew point -70C0 or 15% at dew point-
40C0. The percentage of regeneration losses is based on the dryer capacity. The purge
gas is discharged through a silencer. The controller is responsible for regeneration
cycles and switching. When using an adsorption dryer, a cyclone separator and line
filters must be used to clean the incoming compressed air from oil vapor and
particulate matter. The cleaner the compressed air entering the dryer, the longer the
adsorbent will last.

Benefits:

e BbiCOKas cTeneHb ocywleHUsa cxaTtoro sosgyxa (1;2;3 knacc no NCO 8573);
e [1pOCTOTa KOHCTPYKUWN;
e bonbLion pecypc, Npy NpPaBUIbHON 3KCNJyaTaL .

Disadvantages:

e Low energy efficiency, as there are losses of compressed air for regeneration,
which results in the use of increased compressor capacity;
e Large overall dimensions;



e Requires mainline filters to be installed upstream of the dryer inlet.
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Hot regeneration adsorption dryer

The principle of operation and construction of this dryer is the same as that of a cold
regeneration adsorption dryer, the main difference is the method of regeneration.
Compressed humid air also passes through one of the columns giving moisture to the
adsorbent. Further the compressed dehumidified air goes to the consumer, and its
some part, about 5-8% passes through the heater and blows through the previously
working column. Due to the fact that in this type of dehumidifier heater is used, the air
heated to 130-150C0 effectively dehumidifies the adsorbent, thanks to this it was
possible to achieve such low rates of losses.

Benefits:

High degree of compressed air drying (ISO class 1;2;3);

Simplicity of design;

Long service life, if used properly;

High energy efficiency compared to cold regeneration dehumidifiers.
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Disadvantages:

Large overall dimensions;

Requires mainline filters to be installed upstream of the dryer inlet;

Higher purchase cost, compared to cold regeneration adsorption dehumidifiers;
Additional electrical energy consumption for heating the heating element.

Hot regeneration adsorption dryer without drying losses

The principle of operation and design features are the same as for the hot
regeneration dryer, but only in the absence of losses. The regeneration process takes
place with heated atmospheric air, which is blown to high temperatures by a blower.

Benefits:

High energy efficiency, no losses at all

High degree of compressed air drying (ISO class 1;2;3);

Long service life, if used properly;

High energy efficiency compared to cold regeneration dehumidifiers.

Disadvantages:

o Large overall dimensions;

o Requires mainline filters to be installed upstream of the dryer inlet.

o Higher purchase cost, cor
dehumidifiers;

o Additional electrical energ

and powering the blower.
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Membrane dryer

A type of dryer in which moisture is removed from compressed air by separating water
molecules from air molecules. The dehumidifier consists of a membrane unit, end
covers, inlet and outlet connections, with the possibility of connecting a condensate
drain. The membrane unit is a unit with a large number of very small polymer tubes
with an inner diameter designed to allow air molecules to pass through and water
molecules to be trapped outside the inner surface of the tubes. After dehumidifying
the air, a portion of the air is used to purge the outer surface of the tubes of water
molecules. Compressed air losses for purging are in the order of 10% of the capacity.

Benefits:

e Small overall dimensions;

e Simple construction and high reliability as there are no moving parts;
e Easy to install and connect, no power supply required;

e High degree of compressed air drying, reaching dew point -40CO .

Disadvantages:

e Low capacity from 500-2500l/min;
e High demands on the degree of purification of the incoming air.
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Capacitive equipment

Tanks are metal containers for collecting, storing air or gas under pressure and its
further delivery to the consumer. They are used to equalize pressure and consumption
pulsations when screw and reciprocating compressors are operating.

The main parameters of tank equipment (receivers/air collectors) are the volume
required to store the compressed medium, pressure and temperature performance. All
tank equipment is equipped with a pressure gauge to monitor the pressure inside and
a safety valve to release excessive pressure.

Core Functions:

e Accumulation of compressed air or gas;

e Smoothing of compressed air or gas pulsations during compressor operation;

e Condensate collection. (in this case compressor and receiver should be installed
remotely from each other, it is necessary for the air passing through the
pneumatic network to cool down, releasing condensate).

Note:

* Excerpt from "Rules of device and safe operation of pressure vessels", M, 1996
Approved by the resolution of Gosgortechnadzor of Russia from 18.04.95. Page 85
6.2.2. Registration in the bodies of Gosgortechnadzor of Russia are not subject to:
vessels of the 1st group, operating at a wall temperature not exceeding 200 ° C,
which, the product of pressure in MPa (kgf / cm2) per capacity in m3 (liters) does not
exceed 0.05 (500), as well as vessels of the 2nd, 3rd, 4th groups *, operating at the
o > in MPa (kgf / cm2) per capacity in
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