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INTRODUCTION

Air compressors account for significant amount of
lectricity used in Indian industries. Air compressors are
used in a variety of industries to supply process
requirements, to operate pneumatic tools and equipment
and to meet instrumentation needs.

Only 10 - 30% of energy
reaches the point of end-
use, and balance 70 - 90%
of energy of the power of
the prime mover being
converted to unusable
heat energy and to a
lesser extent lost in form

ction, misuse and

Figure 3.1 Saakey Disgram for Compressd Al Sysem
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COMPRESSOR TYPES

Compressors are broadly class da

Positive displacement compressor and
Dynamic compressor.

‘ Positive displacement compressors

[ Compressors |

‘6'.%‘:» ‘m-::l:v;m increase the pressure of the gas by
I I I reducing the volume. Positive
[aww] [Ross]  [Recemeang] =) displacement compressors are further
[ J ] _E 1 classified as reciprocating and rotary
wa o o] [cote compressors.
[ Dynamic compressors increase the air
‘5&) o] (oo S velocity, which is then converted to

increased pressure at the outlet.

Figure 3.2 Compressor Chart Dynamic compressors are basically
centrifugal compressors and are further
classified as radial and axial flow
types.
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POSITIVE DISPLACEMENT COMPRESSORS

Reciprocating Compressors : Reciprocating compressors are the mo
dely used type for air compression. They are characterized by a
flow output that remains nearly constant over a range of discharge
pressures. Also, the compressor capacity is directly proportional to

the speed. The output, however, is a pulsating one.

Reciprocating compressors are available in
many configurations, the four most widely
used of which are horizontal, vertical,
horizontal balance opposed and tandem.
Vertical type reciprocating compressors are
used the capacity range of 50 - 150 cfm.
Horizontal balance opposed compressors are
used in the capacity range of 200 - 5000 cfm
in multi-stage design and upto 10,000 c¢fm in

Figure 3.3 Reciprocating Compressor 5 5
- single stage designs.
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Reciprocating compressors are also available in variety of type %ﬂ»}
Lubricated and non-lubricated 2
single or multiple cylinder
Water or air-caoled.
Single or multi stage




ROTARY COMPRESSORS

Rotary compressors have rotors in place of pistons and give a
continuous, pulsation free discharge air. They are directly coupled to
the prime mover and require lower starting torque as compared to
reciprocating machine. They operate at high speed and generally
provide higher throughput than reciprocating compressors. Also they
require smaller foundations, vibrate less, and have a lower number o
parts - which means less failure rate.

Among rotary compressor, the Roots blower (also called
s lobe compressor) and Screw compressors are among
he most widely used. The roots blower is essentially a
ow-pressure blower and is limited to a discharge
pressure of 1 bar in single-stage design and up to 2.2 bar
n two stage design.

) The most common rotary air compressor is the single
stage helical or spiral lube oil flooded screw air
ompressor. These compressors consist of two rotors,
within a casing where the roters compress the air
Figure 3.4 Screw Compressors internally. There are no valves. These units are basically
oil cooled {with air cooled or water cooled oil coolers)

vhere the oil seals the internal clearances.

DYNAMIC COMPRESSORS

Dynamic compressors are mainly centrifugal compressors and operate
n similar principles to centrifugal pump. These compressors have
appreciably different characteristics as com- pared to reciprocating
machines. A small change in comp¥Fession ratio produces a marked
change in compressor output and eff ency. Centrifugal machines are
better suited for applications requiring very high capacities, typically
above 12,000 cfm.

The centrifugal air compressor depends on transfer
of energy from a rotating impeller to the air. The
otor accomplishes th by chan g the momentum
and pressure of the air. This momentum is converted
o useful pressure by slowing the air down in a
stationary diffuser.

The centrifugal air compressor is an oil free

compressor by design. The oil-lubricated run- ning
2 ear is separated from the air by shaft seals and
tmospheric vents. The centrifugal is a continuous
duty compressor, with few moving parts, and is
particularly suited to high volume applications,
especially where oil free air is require

Figure 3.5 Axial Compressor

ENERAL SELECTION CRITERIA FOR COMPRESSORS

Type of Compressor Capacity (m¥/h) Pressure (bar)
From To From To

Roots blower compressor

single stage 100 30000 0.1 1

Reciprocating

— Single / Two stage 100 12000 0.8 12

— Multi stage 100 12000 12.0 700

Screw

— Single stage 100 2400 0.8 13

— Two stage 100 2200 0.8 24

Centrifugal 600 300000 0.1 450




“_OMPRESSOR PERFORMANCE

Capacity of a Compressor Capacity of a compressor is the full rated
»lume of flow of gas compressed and delivered at conditions of tot
emperature, total pressure, and composition prevailing at the
»mpressor inlet. It sometimes means actual flow rate, rather than
ted volume of flow.
his also termed as Free Air Delivery (FAD) i.e. a
snditions at any specific location. Because the altitude, barometer,
and temperature may vary at different localities and at different time
it follows that this term does not mean air under or standard
conditions.
Compressor Efficiency Defin ns :
veral different measures of compressor efficiency are commonly
used: volumetric efficiency, adiabatic efficiency, isothermal efficiency
and mechanical efficiency.
Adiabatic and isothermal efficiencies are computed as the isothermal -
r adiabatic power divided by the actual power consumption. The 5‘3-
gure obtained indicates the overall ef ency of compressor and
irive motor.

OMPRESSOR PERFORMANCE +

IsothermatPover
Actual measured input power

= PixQxlogr367

= Absolute intake pressure kg/ cm’

= Absolute delivery pressure kg cn’

Q Free air delivered m'hr.

Isothermal Effciency

Tsothermal power(kW)
P

“The calculation of isothemal powwer does not include power needed o overcome friction
and generally Miciency that is lower than por

ing compressors based on reported values of effciency.

N Freeai deivered (m'/min) 100
Comp Jmin)

Volumetric Efficiency
Compressor Displacement = [xDx LxSxzxn

Cylinder bore, metre
Cylinder stroke, metre
Compressor speed rpm.

1 for single acting and

2 for double acting cylinders
n = No.of cylinders

D
L
s
x

For 1

vide idenical duty.

COMPRESSED AIR SYSTEM COMPONENTS

smpressed air systems consist of following major components: Intake air filte
nter-stage coolers, after coolers, air dryers, moisture drain traps, receivers,
ping network, filters, regulators and lubricators (see Figure 3.6).

Intake Air Filters: Prevent dust from entering
compressor; Dust causes sticking valves, scoured
cylinders, excessive wear etc.

Inter-stage Coolers: Reduce the temperature of the air
before it enters the next stage to reduce the work of
compression and increase efficiency. They are normally
water- cooled

After Coolers: The objective is to remove the moisture in
the by reducing the temperature in a water-cooled
heat exchanger.

Air-dryers: The remaining traces of moisture after after-
cooler are removed using air dryers, as air for instrument
and pneumatic equipment has to be relatively free of any
moisture. The moisture is removed by using adsorbents
like silica gel factivated carbon, or refrigerant dryers, or
heat of compression dryers.

loisture Drain Traps: Moisture drain traps are used for removal of moisture in
the com- pressed air. These traps resemble steam traps. Various types of traps
1sed are manual drain cocks, timer based / automatic drain valves etc.
Receivers: Air receivers are provided as storage and smoothening pulsating
butput - reducing pressure variations from the compressor




FICIENT OPERATION OF COMPRESSED AIR SYSTEM

Location of Compressors :

The location of air compressors and the quality of a drawn by the
compressors will have a significant influence on the amount of energ)
ynsumed. Compressor performance as a breathing machine improve

th cool, clean, dry air at intake.

bol air intake :
As a thumb rule, "Every 4°C rise in let air temperature results
her energy consumption by 1 % to achieve equivalent output”.
ence, cool air intake leads to a more efficient compression {see Tab
2).
t is preferable to draw cool ambient air—
from outside, as the temperature of air
Relative Air Delivery (%) (SR Il inside the compressor room will be a
1020 s few degrees higher than the ambient
temperature. While extending air intake

Inlet Temperature (*C)

211 98.1 to the outside of building, care should 53'
266 %3 be taken to minimize excess pressure

22 w1 drop in the suction line, by selecting a

7 928 vigger diameter duct with minimum

P o umber of bends.

DUST FREE AIR INTAKE

ist in the suction air causes excessive wear of mo g parts and
sults in malfunctioning of the valves due to abrasion. Suitable air
filters should be provided at the suction side. Air filters should have
igh dust separation capacity, low-pressure drops and robust design
oid frequent cleaning and replacement. See Table 3.3 for effect of
essure drop across air filter on power consumption.
r filters should be selected based oh the compressor type and
stalled as close to the com- pressor as possible. As a thumb rule "Fo
/ery 250 mm WC pressure drop increase across at the suction path
le to choked filters etc, the compressor power consumption
creases by about 2 percent for the same output"

e Drop Acras ar ncrease in Power ience, it is advisable to clean inlet air
Tiler (WO Consumption (%) ilters at regular intervals to minimize
0 0 pressure drops. Manometers or
0 m differential pressure gauges across
o 3_, ilters may be provided for monitoring
P - pres- sure drops so as to plan filter-
leaning schedules.
500 70

DRY AIR INTAKE

Atmospheric air always contains some amount of water vapour,
pending on the relative humidity, being high in wet weather. The
oisture level will also be high if air is drawn from a damp area for

example locating compressor close to cooling tower, or dryer exhaust
to be avoided {see Table 3.4)

e moisture carrying capacity of air increases with a rise in temperature an
reases with increase in pressure.

Elevation : The altitude of a place has a

direct impact on the volumetric efficiency

of the compressor. The effect of altitude
% Relative | Kg of water vapour per hour for every 1000 on volumetric efficiency is given in the
Humidity ‘mmin. of air at 30°C Table 3.5.

50 27.60 It is evident that compressors located at
0 500 higher altitudes consume more power to
achieve a particular delivery pressure
than those at sea level, as the
ompression ratio is higher.

100 68.22

ing Water Circuit Most of the industrial compressars are water-cooled, wherein the heat
npression is removed by circulating cold water to cylinder heads, inter-coolers and after-
slers, The result- ing warm water is caoled in a cooling tower and circulated back to

ompressors - pressed air system performance depends upon the effectiveness of inter-
olers, after coolers, which in turn are dependent on cooling water flow and temperature.




EFFICACY OF INTER AND AFTER COOLERS

Efficacy is an indicator of heat exchange performance how wel
tercoolers and after coolers are performing.

nter-coolers are provided between successive stages of a multi-stage compress
reduce the work of compression (power requirements) - by reducing the
pecific volume thraugh cool- ing the air - apart from moisture separation.

deally, the temperature of the inlet air a
ach stage of a multi-stage machine
should be the same as it was at the first
stag This referred to as "perfect
cooling” or isothermal compression. The
cooling may be imperfect due to reasons
described in earlier sections. Hence in
actual practice, the inlet air temperatures
oo gt e B at subsequent stages are higher than the
normal levels resulting in higher power
consumption, as a larger volume is
andled for the same duty (See Table 3.6). .3
can be seen from the Table 3.6 that an increase of 5.55C in the inlet air temperature to tf
ond stage results in a 2 % increase in the specific energy consumption. Use of water at
rtemperature reduces specific power consumption. However, very low cooling water
nperature could result in condensation of maisture in the air, which if not remaved would
lead to cylinder damage.

=)

COMPRESSOR CAPACITY ASSESSMENT

Due to ageing of the compressors and inherent inefficiencies in the
nternal components, the free air delivered may be less than the
design value, despite good maintenance practices. Sometimes, other
1ctors such as poor maintenance, fouled heat exchanger and effects
of altitude also tend to reduce free air delivery. In order to meet the
air demand, the inefficient compressor may have to run for more time
hus consuming more power than actually required.

he power wastage depends on the percentage deviation of FAD
pacity. For example, a worn out compressor valve can reduce the
y by as much as 20 percent. A perio assessment
f the FAD capacity of each compressor has to be carried out to check
ts actual capacity. If the deviations are more than 10 %, corrective
neasures should be taken to rectify the same.

he ideal method of compressor capa y assessment is through a
ozzle test wherein a calibrated nozzle is used as a load, to vent out
he generated compressed air. Flow is assessed, based on the air
mperature, stab n pressure, orifice constant. etc.

OMPRESSOR CAPACITY ASSESSMENT -

Simple method of Capacity Assessment in Shop floo

solate the compressor along with its individual receiver being taker
r test from main com- pressed air system by tightly closing the
solation valve or blanking it, thus closing the receiver outlet.

Open water drain valve and drain

Calculate the capaciy 3 per the formulae give bekom. out water fully and empty the
e P ot e receiver and the pipe line. Make
e T sure that water trap line is tightly
el i pomidri v dr oo closed once again to start the test.
e s resives, Start the compressor and activate
PR whrcoprartv g dcim SO the stopwatch. Note the time taken

to attain the normal operational
pressure P2 (in the receiver) from

e FAD i 1o be comecid by a fctor (2734 4)/ 273+ 1)

initial pressure P1.




EXAMPLE
EXAMPLE

An instrument air compressor capacity test gave the following results (assume the final com-
pressed air temperature s same as the ambient temperature) - Comment?

Piston displacement : 16.88 m¥minute
Theoretical compressor capacity ;1475 m¥minute @ 7 kg/em®
Compressor rated rpm 750 : Motor rated rpm : 1445
Receiver Volume. :179m’

Additional hold up volume,

i.e., pipe / water cooler, etc., is D 04974m*

Total volume i 779404974 =8287m’
Tnitial pressure Py © 05 kglem®

Final pressure Py © 703 kg/em®
Atmospheric pressure Py © 1026 kgflem®A

Time taken to build up pressure ¢ 4021 minutes

(P, ~ P, )xTotal Volume
Atm. Pressure x Pumpup time
. (1.03-05)x8.287

. 1.026x4.021
Capacity shortfall with respect to 14.75 m*/minute rating is 1.63 mminute ie., 11.05%,
which indicates compressor performance needs to be investigated further.

Compressor output m/minute

=13.12 m/minute

CHECKLIST FOR ENERGY EFFICIENCY IN COMPRESSED AIR SYSTEM

Ensure air intake to compressor is not warm and hum by locatin
compressors in well ventilated area or by drawing cold air from
utside. Every 4°C rise in air inlet temperature will increase power
consumption by 1 percent.

Clean air-inlet filters regularly. Compressor efficiency will be
educed by 2 percent for every 250 mm WC pressure drop across the
Iter.

Keep compressor valves in good condi n by removing and
nspecting once every six months. Worn-out valves can reduce
compressor efficiency by as much as 50 percent.

nstall manometers across the filter and monitor the pressure drop
as a guide to replacement of element.

Minimize low-load compressor operation; if air demand less than
0 percent of compressor capacity, consider change over to a smalle
compressor or reduce compressor speed approp tely {by reducing

notor pulley size) in case of belt driven compressors.

HECKLIST FOR ENERGY EFFICIENCY IN COMPRESSED AIR SYSTEM

Consider the use of regenerative air dryers, which uses the heat of
compressed air to remove moisture.

ouled inter-coolers reduce compressor efficiency and cause more
sater condensa n in air receivers and distribution lines resulting in
ncreased corrosion. Pe dic cleaning of inter- coolers must be
ensured.

-
Compressor free air de ery test (FAD) must be done periodically to
check the present operating capacity against its design capacity and
corrective steps must be taken if required.

f more than one compressor is feeding to a common header,
compressors must be operated in such a way that only one small
ompressor should handle the load va tions whereas other
compressors will operate at full load.

The possibility of heat recovery from hot compressed air to generat
ot air or water for process application must be economically
nalyzed in case of large compressors.




ECKLIST FOR ENERGY EFFICIENCY IN COMPRESSED AIR SYSTEM

Consideration should be given to two-stage or mul tage compressor
as it consumes less power for the Ssame air output than a single stage
compressor.

If pressure requirements for processes are widely different (e.g. 3
bar to 7 bar), it is advisable to have two separate compressed air
systems.

Provide extra receivers at points of high cyclic-air demand which
permits operation without extra compressor capacity.

Retrofit with variable speed drives in big compressors, say over 100
kW, to eliminate the "unloaded' running condition altogether.

Keep the minimum possible range between load and unload pressure »

settings.

Automatic timer controlled drain traps wastes compressed
time the valve opens. So frequency of drainage should be opt

Check air compressor logs regularly for abnormal readings,
especially motor current cool- ingwater flow and temperature, inter-
stage and discharge pressures and temperatures and
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