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UNIT-I1I

AIR COMPRESSORS AND REFRIGERATIONS
INTRODUCTION:

It is a mechanical component (machine) to compress the air with raise its pressure. The air
compressor sucks air from the atmosphere and compresses it then further delivers with a high
pressure to a storage vessel. From the storage vessel, it may be transmit by the channel (pipeline)
to a place where the supply of compressed air is required. Afterward the compression of air
requires some work to be done on it; therefore a compressor must be driven by some prime

Mmover.

RECIPROCATING AIR COMPRESSOR:

Reciprocating Air Compressor is a positive displacement air compressor in which air is
sucked in a chamber and compressed with the help of a reciprocating piston. It is called as
positive displacement compressor because air is first sucked in a chamber and then
compression is achieved by decreasing area of the chamber. The area is decreased by a piston

which does reciprocating motion.

WORKING PRINCIPLE:
In reciprocating air compressor, as the piston moves towards the BDC, the air is sucked into

the cylinder from the atmosphere and when it moves towards the TDC, the compression of
the air starts and keeps on going and pressure increases. When the pressure increases upto its
design limit it pushes the discharge valve to open and the compressed air is delivered to the

storage tank.
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MAIN PARTS:

Air filter Discharge valve

Y\ %

suction valve —3° ' I
Storage Tank >
/

(M pP— -
[ r ©2018mechanicalbooster.com

Piston

Connecting rod ————

Crankshaft

Main Parts of Reciprocating Air Compressor

1. Piston: It does reciprocating motion in the cylinder and responsible for the compression of the
air.

2. Cylinder: It is a chamber in which air is compressed.

3. Connection Rod: It connects the piston and crankshaft.

4. Crankshaft: It is connected to the shaft of electric motor. And transfers its rotary motion to the
piston.

5. Suction valve: The air is sucked through suction valve when piston moves to BDC.

6. Discharge valve: The compressed air is discharged through the discharge valve to the storage

tank.
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WORKING

Suction of Air

L 1

Working of Reciprocating Air Compressor

ROTARY AIR COMPRESSOR:
Rotary compressors are the another type of famous screw compressors.It uses two Asymmetrical

rotors that are also called helical screws to compress the air.

The rotors have a very special shape and they turn in opposite directions with very little
clearance between them.The rotors are covered by cooling jackets. Two shafts on the rotors are
placed that transfer their motion with the help of timing gears that are attached at the starting

point of the shafts/compressor

WORKING PRINCIPLE

Air sucked in at one end and gets trapped between the rotors and get pushed to other side of the
rotors .The air is pushed by the rotors that are rotating in opposite direction and compression is
done when it gets trapped in clearance between the two rotors.Then it pushed towards pressure

side.
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ADVANTAGES OF COMPRESSED AIR:

Pneumatics faces increasing competition from
mechanical, hydraulic and electrical appliances on all
fronts. But pneumatic devices have fundamental

advantages over the other tech-nologies:

Easily transported

Air is available everywhere, and there is plenty of it.

Since outlet air escapes into the open, there is no need
for return lines. Electrical and hydraulic systems need

a return line to the source.

Compressed air can be transported over great
distances in pipelines. This allows the installation of
central generation stations that can supply points of
consumption via ring mains with a constant working
pressure. The energy stored in compressed air can be
widely distributed in this way.

Easily stored

It is easy to store compressed air in purpose-built
tanks. If there is a storage tank integrated in a
pneumatic network, the compressor only needs to

work when the pressure drops below a critical level.

And because there is always a cushion of pressure, a
work cycle can be completed even if the power

network fails.

Transportable compressed air bottles can also be used
at locations where there is no pipe system (e.g., under

water).

Clean and dry
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Compressed air does not cause soiling or leave drops
of oil if the lines are defective. Cleanliness in fitting
and operation are extremely important factors in many
sectors of industry, e.g., food, leather, textiles, and

packing.

Lightweight

Pneumatic devices are usually much lighter than
comparable equipment and machinery with electrical
power units. This makes a big difference with manual
and percussion tools (pneumatic screwdrivers and

hammers).

Safe to use

Compressed air works perfectly even when there are
great temperature fluctuations and the temperatures
are extreme. It can also be used where there are very
high temperatures, e.g., for operating forge presses

and blast furnace doors.

Pneumatic devices and lines that are untight are no
risk to the safety and serviceability of the system.
Pneumatic systems and components in general wear
very little. They therefore have a long working life
and a low failure rate.

Accident-proof

Pneumatic elements are very safe with regard to fire,
explosion and electrical hazards. Even in areas where

there is a risk of fire, explosion and extreme weather
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conditions, pneumatic elements can be used without
large and expensive safety apparatus. In damp-rooms
or outdoors too, there is no danger with pneumatic

equipment.

Rational and economical

Pneumatics is 40 - 50 times more economical than
muscle power. This is a major point, particularly in

mechanisation and automation.

Pneumatic components are cheaper than the

equivalent hydraulic components.

There is no need for regular medium changes, as with
hydraulic equipment, for instance. This reduces costs
and the servicing requirement, and increases operating

times.

Simple

The design and operation of pneumatic equipment is
very simple. For this reason it is very robust and not
susceptible to malfunctioning.

Pneumatic components are easy to install and can be
re-used later without difficulty. Installation times are
short because of the simple design. The fitters require

no expensive special training.

Straight-line movements can be executed without

extra mechanical parts such as levers, cams, eccentric
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disks, screw spindles and the like..

Overload-proof

Compressed air equipment and pneumatic working
parts can be loaded until they stop without being
damaged. This is why they are considered to be

overload-proof.

In contrast to electrical systems, the output of a
pneumatic network can be overloaded without risk of
danger. If the pressure drops too much, the work
cannot be done, but there will be no damage to the

network or its working elements.

Fast work medium

j The very high flow speeds allow rapid completion of
. R y hig p p p
work cycles. This provides short cut-in times and fast

conversion of energy into work.

Compressed air can achieve flow speeds of over 20
m/s. Hydraulic applications only manage 5m/s. The
pneumatic cylinders reach linear piston speeds of 15

m/s.

Maximum control speeds in signal processing lie
between 30 and 70 m/s at operating pressures of
between 6 and 8bar. With pressures of less than 1bar it
is even possible to obtain signal speeds of 200 to 300

m/s.
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Fully adjustable

3

T

@ : Travel speeds and exerted force are fully and easily

<

T

adjustable. Both with linear and rotary movement,

—
T

force, torque and speeds can be fully adjusted without
difficulty by using throttles.

APPLICATION OF AIR COMPRESSOR:

It is used for operating pneumatic drills, riveters, road drills, paint spraying, in starting and
supercharging of internal combustion engines, in gas turbine plants, jet engines and air motors,

etc. It is also employ in the operation of lifts, rams, pumps etc.

CLASSIFICATION OF AIR COMPRESSORS:

Compressors can be classified according to the pressure delivered:

1. Low-pressure air compressors (LPACSs), which have a discharge pressure of 150 psi or less
2. Medium-pressure compressors which have a discharge pressure of 151 psi to 1,000 psi

3. High-pressure air compressors (HPACs), which have a discharge pressure above 1,000 psi

They can also be classified according to the design and principle of operation:

1. Single-Stage Reciprocating Compressor
2. Two-Stage Reciprocating Compressor
3. Compound Compressor

4. Rotary-screw compressor
5. Rotary Vane Compressor

6. Scroll Compressor

7. Turbo compressor

8. Centrifugal compressor
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IMPORTANT DEFINITIONS:

1. Inlet pressure: It is the absolute pressure of air at the inlet of a compressor.
2. Discharge pressure: It is the absolute pressure of air at the outlet of a compressor.

3. Compression ratio (or pressure ratio): It is the ratio of discharge pressure to the inlet pressure.
Since the discharge pressure is always more than the inlet pressure, therefore the value of

compression ratio is more than unity.

4. Compressor capacity: It is the volume of air delivered by the compressor, and is expressed in

m3/min or m3/s.

5. Free air delivery: It is the actual volume delivered by a compressor when reduced to the
normal temperature and pressure condition. The capacity of a compressor is generally given in

terms of free air delivery.

6.Swept volume: It is the volume of air sucked by the compressor during its suction stroke.

Mathematically the swept volume or displacement of a single acting air compressor is given by
Vs=(I/4) XD2 X L
Where D = Diameter of cylinder bore, and L = L.ength of piston stroke.

7. Mean effective pressure. As a matter-of fact, air pressure on the compressor piston keeps on
changing with the movement of the_piston in the cylinder. The mean effective pressure of the
compressor is found out mathematically by dividing the work done per cycle to the stroke

volume.

WORKING OF SINGLE STAGE RECIPROCATING AIR COMPRESSOR:
COMPONENTS:
It consists of a cylinder, piston, inlet and discharge valves etc.

Working: when the piston moves downwards (suction stroke), the pressure inside the cylinder
falls below the atmospheric pressure. Due to this pressure difference, the inlet valve gets opened
and air is sucked into the cylinder, at inlet pressure until the piston completes the suction stroke.
Then the piston moves upwards (delivery stroke), the pressure inside the cylinder goes on
increasing till it reaches the discharge pressure. At this stage, the discharge valve gets opened
and air is delivered to the container. At the end of delivery stroke, a small quantity of air, at high
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the clearance space expands till its pressure falls below the atmospheric pressure. At this stage,
the inlet valve gets opened as a result of which fresh air is sucked into the cylinder, and the cycle

IS repeated.

It may be noted that in a single acting reciprocating air compressor, the suction, compression

and delivery of air takes place in two strokes of the piston or one revolution of the crankshaft.

WORKDONE BY A SINGLE STAGE RECIPROCATING AIR
COMPRESSOR:

We have already discussed in the above section, the air is first sucked, compressed and then
delivered. So there are three different operations of the compressor.

Thus we can see that there is three ways to obtain the work done as follows:

1. Work is done on the piston during the suction of the air. 2. Work is done by the piston during
compression as well as delivery of the air. 3. Work done by a reciprocating air compressor is

mathematically equal to the work done by the compressor-during suction.
Here we shall discuss the following two important cases of work done:
1. When there is no clearance volume in the cylinder, and

2. When there is some clearance volume.

WORK DONE BY A. SINGLE STAGE RECIPROCATING AIR
COMPRESSOR WITHOUT CLEARANCE VOLUME:

Consider a single stage reciprocating air compressor without clearance volume delivering air
from one side of the piston only. Let P1 = Initial pressure of air (before compression), V1 =
Initial volume of air (before compression), T1 = Initial temperature of air (before compression),
P2, V2, T2 = Corresponding values for the final conditions (i.e. at the delivery point), r =
Pressure ratio (i.e. P2/ P1).

Above diagrams shows the P-V and T-S of a single acting single stage reciprocating air
compressor without clearance volume. When return stroke take place, the air is compressed by

its major part (i.e. compression stroke BC) at constant temperature. The compression continues

till, the pressure (P2) in the cylinder is sufficient to force open the delivery valve at C. After that
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remaining part of compressions stroke, the compressed air is delivered till the piston head
reaches the cylinder end. After that, the air is sucked from the atmosphere during the suction
stroke AB at pressure P1.

Thus the compression of air may be isothermal, polytropic or isentropic; so we can obtain the
work done under these compressions:

1. Work done during isothermal compression:
W=23mRTllogr

2 Work done during polytropic compression
(PVn = Constant)

W =(n/n-1) XmR (T2-T1)

3. Work done during isentropic compression:
W=mCp (T2-T1)

POWER REQUIRED DRIVING A SINGLE-STAGE RECIPROCATING AIR
COMPRESSOR:

The power required to drive the compressor may be obtained from the usual relation,

P = (W X Nw)/60 watts

If N is the speed of the compressor in.r.p.m., then number of working strokes per minute,
Nw =N ... (For single acting'compressor)  =2N ... (For double acting compressor)
MULTISTAGE COMPRESSION:

In the above section, we have discussed the compression of air in single stage. In other words,
air is sucked, compressed in the cylinder and then delivered at a higher pressure. But sometimes,
the air is required at a high pressure.

In such cases, either we employ a large pressure ratio (in single cylinder) or compress the air in
two or more cylinders in series. It has been experienced that if we employ single stage
compression for producing high pressure air (say 8 to 10 bar)

It suffers the following drawbacks:
1. The size of the cylinder will be too large.

2. Due to compression, there is a rise in temperature of the air. It is difficult to reject heat from
the air in the small time available during compression.
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3. Sometimes, the temperature of air, at the end of compression, is too high. It may heat up the

cylinder head or burn the lubricating oil.

In order to overcome the above mentioned difficulties, two or more cylinders are provided in
series with inter cooling arrangement between them. Such an arrangement is known as
multistage compassion.

ADVANTAGES OF MULTISTAGE COMPRESSION:

1. The work done per kg of air is reduced in multistage compression with intercooler as

compared to single stage compression for the same delivery pressure.
2. It improves the volumetric efficiency for the given pressure ratio.

3. The sizes of the two cylinders (i.e. high pressure and low pressure) may be adjusted to suit the

volume and pressure of the air.

4. It reduces the leakage loss considerably.

5. It gives more uniform torque, and hence a smaller size flywheel is required.
6. It provides effective lubrication because of lower temperature range.

7. It reduces the cost of compressor.

TWO STAGE RECIPROCATING AIR COMPRESSOR WITH
INTERCOOLER:

First of all, the fresh air is sucked from the atmosphere in the low pressure (L.P.) cylinder during
its suction stroke at intake:pressure P1 and temperature T1. The air, after compression in the L.P.
cylinder (i.e. first stage) from 1 to 2, is delivered to the intercooler at pressure P2 and

temperature T2.

Now the air is cooled in the intercooler from 2 to 3 at constant pressure P2 and from temperature
T2 to T3. After that, the air is sucked in the high pressure (H.P.) cylinder during its suction

stroke.

Finally, the air, after further compression in the H.P. cylinder (i.e. second stage) from 3 to 4, is

delivered by the compressor at pressure P3 and temperature T4.
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ASSUMPTIONS IN TWO-STAGE COMPRESSION WITH
INTERCOOLER:

1. The effect of clearance is neglected. 2. There is no pressure drop in the intercooler. 3. The
compression in both the cylinders (i.e. L.P. and H.P.) is polytropic (i.e. PVn = C). 4. The suction

and delivery of air take place at constant pressure.

INTERCOOLING OF AIR IN A TWO-STAGE RECIPROCATING AIR
COMPRESSOR:

Efficiency of the intercooler plays an important role in the working of a two-stage reciprocating

air compress. Following two types of inter cooling are important from the subject point of view:
1. Complete or perfect inter cooling:

When the temperature of the air leaving the intercooler (i.e. T3) is equal to the original
atmospheric air temperature (i.e. T1) then the inter cooling is known as complete or perfect inter

cooling. In this case, the point 3 lies on the isothermal curve as shown in below figures:
2. Incomplete or imperfect inter cooling:

When the temperature of the air leaves the intercooler (i.e. T3) is more than the original
atmospheric air temperature (i.e. T1), then the inter cooling is known as incomplete or imperfect
inter cooling. In this case, the point 3 lies on-the right side of the isothermal curve as shown in

below figure:

ISOTHERMAL EFFICIENCY (OR COMPRESSOR EFFICIENCY) OF
RECIPROCATING AIR COMPRESSOR:

It is the ratio of work or power required to compress the air isothermally to the actual work
required to compress the air for the same pressure ratio.

nc = Isothermal workdone / Indicated workdone
={[(23Log(P2/P1) )/(n/n-1)[(P2/PL)~(n-1/n)-11]1}
VOLUMETRIC EFFICIENCY:

It is the ratio of the volume of free air delivery per stroke to the swept volume of the piston. The
volumetric efficiency of a reciprocating air compressor is different when it is with or without
clearance volume.
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REFRIGERATION

REFRIGERATION:

It is a process of removing heat from a low-temperature reservoir and transferring it to a
high-temperature  reservoir. The work of heat transfer is traditionally driven
by mechanical means, but can also be driven by heat, magnetism, electricity, laser, or other
means. Refrigeration has many applications, including, but not Ilimited to:
household refrigerators, industrial freezers, cryogenics, and air conditioning. Heat pumps may
use the heat output of the refrigeration process, and also may be designed to be reversible, but
are otherwise similar to air conditioning units. Refrigeration has had a large impact on industry,

lifestyle, agriculture, and settlement patterns.

The process of keeping an item below room temperature by storing the item in a system
or substance designed to cool or freeze. The most common form of refrigeration is provided by
systems (i.e. refrigerators) that use a refrigerant chemical to remove heat from items stored

inside the system

TYPES OF REFRIGERATION:

THE FOUR TYPES OF REFRIGERATION SYSTEMS

e Mechanical-Compression Refrigeration Systems. The most widely used refrigeration cycle
method is mechanical compression. ...

« Absorption Refrigeration. Heat is also transferred in absorption refrigeration systems by
compressing and expanding refrigerant. ...

« Evaporative Cooling. ...
e Thermoelectric Refrigeration
CONCEPT OF REFRIGERATON:

REFRIGERATION EFFECT

It is the amount of heat that each pound of refrigerant retains from the refrigerated space to

deliver helpful cooling. ... This effect is known as Refrigeration.

www.FirstRanker.com



» FirstRanker.com

A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

WHAT IS COP VALUE

The efficiency of refrigeration systems and heat pumps is denoted by its Coefficient Of
Performance (COP). ... For a heat pump a COP value of 4 means that the addition of 1 kW of

electric energy is needed to have a release of 4 kW of heat at the condenser
EFFICIENCY

Coefficient of Performance, COP. The COP is a measure of the amount of power input to a
system compared to the amount of power output by that system:[2] The COP is therefore a

measurement of efficiency; the higher the number, the more efficient
THE COEFFICIENT OF PERFORMANCE OR COP:

(sometimes CP or CoP) of a heat pump, refrigerator or air conditioning system is a ratio
of useful heating or cooling provided to work required.Higher COPs equate to lower
operating costs. The COP usually exceeds 1, especially in heat pumps, because, instead of just
converting work to heat (which, if 100% efficient, would be a COP_hp of 1), it pumps
additional heat from a heat source to where the heat is required. For complete systems, COP
calculations should include energy consumption of all power consuming auxiliaries. COP is
highly dependent on operating conditions, especially absolute temperature and relative
temperature between sink and system, and is often graphed or averaged against expected

conditions

PRINCIPLE OF REFRIGERATION:

This is another basic principle of refrigeration. The evaporator transfers heat into
the refrigerant; the refrigerant transfers this heat to the condenser; the condenser transfers the
heat to a cooling medium

Condenser may be o
water-cooled or QMpPpressar

air-cooled. apor - ::I “Aapor

Ewvaporator Condenser %

Cold %ﬂ:ﬂ 4 'l.l'l.l'a_l'l'l'l
air ar
Fan

Expansion

Liquid + “apor Liquid
“alve

TYPICAL SINGLE-STAGE
YAPOR COMPRESSION REFRIGERATION
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1. High Temp/Pressure Vapor

2. High Temp/Pressure Saturation Point
3. Medium Temp-High Pressure Liquid
4. Low Temp-Low Pressure Liquid

5. Low Temp/Pressure Saturation Point
6. Low Temp/Pressure Vapor
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