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Abstract

The article offers a detailed breakdown of the process of selecting a compressed air station
according to the needs of production, specifics of the environment, as well as the level of air purity and
dryness requirements. Formulas for calculating the compressor power required by the consumer are given.
The importance of taking into account pressure losses in the pneumatic network and the correct choice of
the type of dryer and compressed air receiver is indicated, as it lowers the stress upon the compressor
station and reduces the energy usage by up to 25%. Correspondence tables for the degree of air
purification from contaminants in accordance with (ISO 8573-1:2010) directive are shown in this article.
Recommendations on choosing the length and diameter of pneumatic lines in order to reduce pressure loss
in the compressed-air network are given.diameter of pneumatic lines in order to reduce pressure loss in the
compressed-air network are given.
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Kompressor stansiyasinin v sixilmis havanin tomizlonmasi
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Xiilasa

Magqaladas, istehsalin ehtiyaclarindan, straf miihitin xiisusiyystlorindon, habelo havanin qurudulmasi
vo tomizlonmasi doracasing olan talablorden asili olaraq, kompressor stansiyasinin segilmasi prosesinin
otrafl1 tohlili verilmisdir. Istehlak¢iya lazim olan kompressor giiciiniin hesablanmasi diisturlar1 verilmisdir.
Pnevmosetds tozyiq itkilorinin nazors alinmasinin va sixilmis havanin quruducu va resiver tipinin diizgiin
secilmosinin vacibliyi gostarilir ki, bu da kompressor stansiyasinin yiikiinii azaltmaga v enerji xarclarini
25% -0 endirmoys imkan verir. ISO 8573-1: 2010 direktivino asason, havanin qarisiglardan tomizlonmo
doracosinin uygunluq codvallori verilmisdir. Sixilmis hava gsobokosindo tozyiq itkisini azaltmaq mogsadilo
pnevmolinlorin diametri vo uzunlugunun segilmasi ilo bagl tovsiyalor verilmisdir.

Acar sozlor:  ¢arpaz kiilok, krab iisulu, asagr qanad tisulu, program tominati, yan yiiklor, tayyara.
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AHHOTAIUA

B crarbe mpuBOomuTCS TOAPOOHEIN pa3dop Tmporecca moadopa KOMIPECCOPHOW CTaHIUKA B
3aBUCHMOCTH OT MOTPEOHOCTEH MPOU3BOACTBA, OCOOCHHOCTEH OKpYKalolIel Cpeibl, a TaKkKe TPeOOBaHHMA
K CTENEHH OCYIIEHUs M OYUCTKM Bo3ayxa. [lanel ¢opmynbl pacyera HEOOXOOMMOH MOTPEOUTENIO
MOILIHOCTH Kommpeccopa. (O0o3HauaeTcss BaXXHOCTb YdeTa IIOTEPb JABJICHUS B ITHEBMOCETH M
MPaBUIBHOTO BBIOOpA THIIA OCYIIMTENSI M PECHBEpa CKATOIO BO3JyXa, YTO TO3BOJISIET CHU3UTh HATPY3KY
Ha KOMIIPECCOPHYIO CTAHIIMIO U YMEHBIIUTH SHepro3aTparsl 10 25%. [IpuBeaeHbl TaOnUIBl COOTBETCTBHSA
CTETICHH OYWCTKH BO3/IyXa OT mpuMeced B coorBercTBuu c nupektuBoit 1SO 8573-1:2010. dansr
PEKOMEHJIAIIMKA TI0 BBIOOPY JMaMeTpa W TPOTSHKEHHOCTH IMHEBMOJHMHUM C TENbI0 CHHXKCHUS TOTEPH
JIABJICHHS B CETH CKATOTO BO3AyXa.

KuarodeBsle ciioBa: colcamulii 8030VX, KOMAPECCOp, KOMUPECCOPHAs CMmanyus, dHepeocOepedicenue,
odasieHue, nPouU3800CME0, OHUCHIKA CHCAMO20 8030YXd, pecusep, OCYuWUmenb.
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Introduction

Well-known global manufacturers of
compressor equipment today offer a number
of oil-free and oil-free piston compressors,
industrial high-pressure compressors, modern
screw compressors on the Azerbaijani market
(Fig. 1, 2).

Air compressors are used in workshops
and in construction, in medicine, on offshore
platforms, in the light and food industries, as
well as in leading enterprises of the defense
complex and in the space industry of the
country.

The compressor allows you to convert
electrical energy into pneumatic energy.
Power replacement is a factor in improving
safety and cost-effectiveness of use: “Losses
of electricity in the electrical networks of the
Azerbaijan Energy System in 3 times higher
than in industrialized countries. Reserves for
reducing electricity losses are estimated at the
level of 1.5 billion kWh per year.

A systematic approach to the problem of
energy efficiency is required” [1].

In harsh conditions, clean-room areas or
on the high seas — compressed air systems
ensure maximum efficiency all over the world
and in any environment. Compressor systems
are known for being extremely reliable, with
low maintenance and energy consumption
levels.

The complexity of supplying an
industrial plant with compressed air isn’t
limited to a choice of a compressor. For the
adequate operation of pneumatic devices,
equipment and tools, it is necessary to use
compressed air without contaminants. To
address this matter, air preparation systems are
used.

Figure 1 — Screw Compressor BOGE S 110-4 L
(Germany)

In this article, we will go over the
questions of putting together compressed air
stations and offer recommendations on the
capacity of the compressor, the needed
volume of the receiver, as well as filters and
dryers.

Problem statement

A compressed air station is a “chain” of
equipment for the production, storage and
preparation (purification and drying) of
compressed air in accordance with the
requirements of the technological process.

Figure 2 — Screw Compressor ALMIG COMBI 18
(Germany)
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The main criteria determining the
completeness of the compressed air station are
the maximum operating pressure, the purity
(quality) of compressed air, and the
volumetric air output [2, 3].

In addition, you should pay attention to
the temperature inside the room of the
compressed air station and how dusty it is
(compressors, without special preparation,
operate at ambient air temperatures from +5°C
to +40 ... +45°C). Check the state of the
pneumatic systems of the facility (clogged
pipelines, leakage) and the intended mode of
operation of the equipment (single/double
shift, around-the-clock, etc.) [4].

Choosing the Compressor

The required output of the compressor
should be calculated by summing up the total
consumption of the equipment, the possible
amount of leakage (5-30%), and also the
supposed increase in compressed air usage,
accounting for the future expansion of your
production. Calculated output should not
exceed 90% capacity of the compressor
station.

Maximum operating pressure:
compressor equipment for 7, 8, 10, and 13 bar
is available on the screw compressor market.
For most industrial plants, a compressor with a
maximum pressure of 8 bar would suffice,
since a significant part of equipment operates
at a pressure of 6 bar [5]. But experts, in most
cases, suggest picking the 10 bar option. The
main reason is that there is a pressure drop
along the pass of compressed air from the
compressor to the equipment. The longer the
pipe line and the more local obstructions along
its way (stop valves, angles, tees, fittings,
etc.), the greater the pressure drop.

The formula for calculating the pressure
loss in the pneumatic network:

1.6 - [*Y’— R
’ . 60

A, =

o

d - p,

where V - total volumetric flow; L - pipe
length to accommodate flow rate; d - internal
diameter of the pipe; Pe - compressor switch-
off pressure.

If we compare two sections of pipe of
the same length but with different diameters,
for example, 1/2" and 3/4", then a "half-inch"
pipe will have a bigger pressure drop [6, 7].
The pressure drop also occurs in equipment
for drying/purification of compressed air:
when passing through the 0.2 bar dryer and
when passing through each of the 0.1 - 0.15
bar filters and, as the filter element becomes
dirty, this value will increase.

Below is the calculation formula for
minimum nominal pipe width:

J E ~
of . 3.8 W%y
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where V - total volumetric flow rate; L - pipe
length to accommodate flow rate; Ap -
intended pressure drop; Pwax - swich-off
pressure of compressor [8].

Preparation of compressed air

To produce one cubic meter of
compressed air with an overpressure of 10 bar,
a compressor has to suck in eleven cubic
meters of ambient air. Together with this air, it
also sucks in all the impurities it contains, just
like a large vacuum cleaner: dust, fumes, oil
vapor, chemicals, etc. Added to this is the
natural air humidity. Despite high-quality
intake filters, all these components of the
intake air are found in the compressed air. The
substances that were distributed over eleven
cubic meters of ambient air before
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compression are now concentrated in a single
cubic meter of compressed air.

To ensure trouble free operation, dirt,
water and oil must therefore be separated from
the compressed air.

Humidity
Compressed air contains moisture
depending on the ambient conditions.

Depending on the application, this moisture
must be extracted from the compressed air.
There are the following possibilities: Cyclone
separator: removes free water droplets from
the compressed air, Refrigeration dryer: pos-
sible dew point up to max. +3 °C, Adsorption
dryer: possible dew point down to -70 °C.
Which drying is required in individual
cases depends on the consumers operated.
Symptoms of incorrectly designed drying are
moisture in the compressed air network, icing
in winter or increased component wear due to
corrosion. To drain moisture from the
compressed air system and dispose of it
properly, it is recommended to use:
Condensate drain, Oil-Water separators.

IS0 8573-1:2010

Solid impurities/oil

In addition to moisture, the
compressed air is also contaminated with
particles and oil. To remove these
components, it is recommended to use filters
such as: Coarse filter,  Microfilter,
Submicrofilter, Activated carbon filter,
Activated carbon adsorber.

By combining different preparation
methods, the purity classes prescribed or
recommended for the respective applications
can be achieved (Table 1).

Choosing the Air Dryer

Refrigerated compressed air dryers use a
small refrigerator to cool down the
compressed air to about 3 degrees Celsius
(Figures 3, 4, 5).

At this low temperature, condensate will
form which is removed by a condensate trap.
When all the water is removed, the air is re-
heated to room-temperature. Your air is now
dry and will not form any water as long as it
stays above 3 degrees Celsius (Table 2).

Table 1 — Compressed air quallty classes according to 1SO 8573-1:2010

o Tatal ofl content {(liquid & gasenus)

| Class [
0
1 < 20.000 [ = 400 [s10 |<-70°C
2 400.000 E 6.000 <100 |= 'JU (.,
3 90.000 [<1.000 20°C
4 10.000 }, +3°C
5 < IUOU 000 <+7°C
6 Mass concentration C 0« <5 |<+10°C
7 (mg/m?) 5<C. <10 | Rasidual
" C <10 humichty
9 d cw
X = p/m

Maximum number of particles per m? of the given
size in ym measured according 1o 1S0 B573-4

Maximum prassure dew paint
measured according to IS0 B573-3 at

better than Class 1 and 10 be :mms,' parately

< 0.01 mg/m’
= 0,1 mg/m
1 mg/m
< 5mg/m’
cw=<05
05<ew=5
S<ow=10
ow=10 >Hmgim

Maximum total ol content measured
according to iSO 85732 and ISO

Referance conditions: 1 bar absolute, 20°C, 0% operating pressure 85735
th Reference conditions for resdual Reterance condivons: 1 bar absolute,
humidity: 1 bar absolute, 20°C, 0%  20°C. 0% r h

th
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Table 2 — Correction factors for ALM-RD dryers

Inlet Temp. (°C) 30 35 40
F1 1.29 1 0.92
Ambient Temp. (°C) 20 25 30
F2 1.05 1 0.28
Pressure (bar) - 6 7
F3 0.80 094 1

Example for choosing the correct dryer:

If a compressor delivers 200 m*hr at 8
bars, the dryer inlet temperature is 45°C and
ambient temperature is 35°C, then please
choose your dryer as follows:

200 m*hr/0.93/0.78 / 1.04 = 265 m* hr

Desiccant compressed air dryers:

Desiccant air dryers use desiccant to
remove the water from the compressed air.
Basically, the water will ‘stick’ to the surface
of the desiccant, resulting in dryer air. Every
once in a while, the desiccant is regenerated.
This is done automatically by the dryer. It
blows dry, hot air through the desiccant to
remove the water. The desiccant is now ready
to do its job again. Desiccant compressed air
dryers can reach much lower dew-points, up to
-70 degrees Celsius. A properly selected dryer
prevents water from entering the compressed
air line, otherwise it may lead to costly repairs
of pneumatic equipment.

Choosing the compressed air receiver

Air receivers are vessels, which are used
to store compressed air, eliminate pressure
pulsations and accumulate condensate (due to
the cooling of compressed air and the process
of the flow hitting against the walls of the
receiver). The main purpose of the air receiver
is to store compressed air. In order to meet the
needs of a particular compressor system, the
volume of the receiver must be properly
calculated. Accurate selection of the receiver

45 50 60 - -
078 065 045 - -
35 40 50 - -
093 0.84 07 - -
8 10 12 14 16
1.04 1.1 1.16 122 1.25
will not only reduce the frequency of

load/unload cycles of the compressor, which
lowers compressor’s maintenance costs, but
will also save energy costs by decreasing
unload setpoint [9].
Below is a formula for calculating the
volume of a compressed air receiver:
_ ve,ff~ PR
Vg 4-A P2,

where Vet - volumetric flow rate of the
biggest compressor; Pr - pressure in situ; Zs -
operating cycle frequency of the compressor
per hour (load / no-load); Ap - switching
pressure differential [10].

Conclusion

A systematic approach to the design of a
compressed air station and the accurate
selection of a compressed air preparation
system, make it possible to ensure the stable
operation of the enterprise, protect high-tech
equipment from breakdowns and meet high
production standards. Timely maintenance,
correct settings of the compressed air station
and regular checking of pipelines for leaks,
can reduce energy costs by up to 30%, which
undoubtedly has a positive effect on the
environment.
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