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PART - A
Define saturation temperature.

Saturation temperature means boiling point. The saturation
temperature is the temperature for a corresponding saturation
pressure at which a liquid boils in to its vapour phase. The
liquid can be said to be saturated with thermal energy.

State the purpose of refrigeration.

The main purpose of refrigeration is to manufacture ice and
similar products. It is also widely used for the cooling of
storage chambers in which perishable foods, drinks and
medicines are stored. The refrigeration has also wide
applications in submarine ships, air craft and rockets.

List the major components used in refrigeration system

Compressor
Condenser
Receiver
Expansion device
Evaporator

g et

State Dalton’s law of partial pressure.

It states that “The total pressure exerted by the mixture of air
and water vapour is equal to the sum of the pressures, which
each constituent would exert, if it occupied the same space by
itself.” In other words, the total pressure exerted by air water
vapour mixture is equal to the barometric pressure.

Define air conditioning.
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The air conditioning is that branch of engineering science which
deals with the study of conditioning of air. i.e supplying and
maintaining desirable internal atmospheric conditions for

human comfort, irrespective of external conditions.

I (1)

II (2)

PART -B
1. Define
(i) Sensible heat (ii)  Latent heat (iii)
Enthalpy

Sensible heat :- When a substance is heating or cooling, the
amount of heat added or subtracted is called sensible heat.
Latent heat :- The heat which brings about a change of state
with no change in temperature is called latent heat.

Enthalpy :- The sum of internal energy (U) and the product of
pressure and volume (pv) is termed as enthalpy.

H=U+pv

Explain air refrigerator working on reversed Carnot cycle
with p-v and T-s diagram

A reversed Carnot cycle using air has working medium is
shown on p-v and T-s diagrams. At point 1, let pl,v1,T1 be the
pressure, volume, and temperature of air respectively

2+ 232,

2@of 20



II (3)

The four process of cycle are as follows

2

Isentropic compression process :- The air is compressed
isentropically as shown by the curve 1-2 on p-vand T-s
diagrams. During this process , the pressure of air
increases from pl to p2, sp

ecific volume decreases from v1 to v2 and temperature
increases from T1 to T2.During isentropic compression
no heat is absorbed or rejected by the air.

. Isothermal compression process :- The air is now

compressed isothermally as shown by the curve 2-3 on
p-v and T-s diagram. During this process the pressure of
air increases from p2 to p3 and specific volume '
decreases from v2 to v3. Heat rejected by the air during
isothermal compression per kg of air

Q=T3 (s2-53)=T2(s2 —s3)

Isentropic expansion process :- The air is now expanded
isentropically as shown by the curve 3-4. The pressure
of air decreases from p3 to p4, specific volume increases
from v3 to v4 and temperature decreases from T3 to T4,
During isentropic expansion no heat is absorbed or
rejected.

Isothermal expansion process :- The air is now
expanded isothermally as shown by the curve 4-1. The
pressure of air decreases from p4 to p1 and specific
volume increases from v4 to v1.Heat absorbed by the air
during isothermal expansion per kg of air

Q=T4 (s1-s4)=T4 (s2-3)=T1 (s2 — 53)

List the advantages of vapour absorption refrigeration
system over vapour compression refrigeration system.

1.

In the vapour absorption system, the only moving part is
a pump. Thus the operation is quiet and is subjected to
little wear
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1 (4)

Explain the working of flooded type evatmrator.

. The vapour absorption system uses heat energy to

change the condition of the refrigerant from the
evaporator.

- The vapour absorption system are usually designed to

use steam, either at high pressure or low pressure. Thus
the system can be used where the electric power is
difficult to obtain or is very expensive.

- The system can operate at reduced evaporator pressure

and temperature by increasing the steam pressure to the
generator with little decrease in capacity.

. The load variation do not affect the performance of the

system.

. The system can be built in capacities well above 1000

tonnes of refrigeration each, which is the largest size for
single compressor unit.
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Define

(i)Sensible heating

(ii)Cooling and Dehumidification

(iii)Sensible heat Factor

The heating of air without any change in its specific humidity is
known as sensible heating. Let air at temperature td1 passes
over a heating coil of temperature td3 as shown in figure. It may
be noted that the temperature of air léaving the heating coil td2

will be less than td3. The procéss of sensible heating is shown
by a horizontal line 1-2 as shown.
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Sensible heat factor
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11(6)

¥ (7

List the applications of cryogenic refrigeration.

A e AT R T

Liquefaction of gases
Separation of gases
Food preservation
Cryo
surgery
Cell preservation
Recycling of materials (PVC Rubbers)
Magnetic separation

Cryogenic heat treatment of materials

10. Rocket propulsion

11. Space simulation chambers

List the factors affecting human comfort.

3.

Sl AR

Effective temperature

Heat production and regulation in human body
Heat and moisture losses from the human body
Moisture content of air

Quality and quantity of air

Air motion

Hot and cold surfaces

Alr stratification
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I (a) PART -C
Explain the working of air refrigerator based on Bell
Coleman cycle with the help of flow diagram »p-v ]
and T-s diagrams #
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111 (b)

List the advantages and disadvantages of air refrigeration

system
Advantages

1. The air is easily available and there is no cost of the
refrigerant.

2. The air is non-toxic and non-inflammable
The leakage of air is small amounts is tolerable.

4. Since the main compressor is employed for the
compressed air source, therefore there is no problem of
space for extra compressor.

5. The air is light in weight per tonne of refrigeration.

Since the pressure in the whole system is quite low,
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IV (a)

IV (b)

therefore the piping, ducting etc. are quite simple to
design, fabricate and maintain.
Disadvantages

1. It has low coefficient of performance.

2. The rate of air circulation is relatively large.

Differentiate heat engine, refrigerator and heat pum p-

Heat Engine :- In a heat engine , the heat supplied to the engine

is converted in to useful work If Q2 is the heat supplied and Q1
is heat rejected, then the net workdone by the engine is given by

Lach cavrion 2 wiaxi.
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Vi(a)

W=Q2-0Q1

Refrigerator :- It is a reversed heat engine which either cool or
maintain the temperature of a body (T1) lower than the
atmospheric temperature (Ta). This is done by extracting the
heat (Q1) from a cold body and delivering it to a hot body (Q2).

Heat pump :- A heat pump which extracts heat (Q1) from a
cold body and delivers it to a hot body. Thus there is no
difference between the cycle of operation of a heat pump and a
refrigerator. A refrigerator used for cooling in summer can be
used as a heat pump for heating in winter.

Explain the working of simple vapour absorption system
with a flow diagram

The simple vapour absorption system consists of an absorber, a
pump, a generator and a pressure reducing valve to replace the
compressor of vapour compression system. The other
components of the system are condenser, receiver, expansion
valve and evaporator as in the vapour compression system.

In this system the low pressure ammonia vapour leaving the
evaporator enters the absorber where it is absorbed by the cold
water in the absorber. The water has ability to absorb very large
quantities of ammonia vapour and the solution, thus formed is
known as aqua-ammonia. The absorption of ammonia vapour
from the evaporator and thus raises the temperature of the
solution. Some form of cooling arrangement (usually water
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solution evolved there. The strong solution thus formed in the
absorber is pumped to the generator by the liquid pump. The
pump increases the pressure of the solution up to 10bar.

The strong solution of ammonia in the generator is heated by
some external source such as gas or steam. During the heating
process the ammonia vapour is driven off the solution at high
pressure leaving behind the hot weak ammonia solution in the
generator which flows back to the absorber. The high pressure
ammonia vapour from the generator is condensed in the
condenser to a high pressure liquid ammonia. This liquid
ammonia is passed to the expansion valve through the receiver
and to the evaporator. This completes the simple vapour
absorption cycle.

V(%> | Explain the working of air cooled condenser.

The air cooled condensers is one in which the removal of heat is
done by air. It consist of steel or copper tubing through which
the refrigerant flows. The condensers with single row of tubing
provides the most efficient heat transfer. This is because the air
temperature rises as it passes through each row of tubing. The
temperature difference between the air and the vapour
refrigerant decreases in each row of tubing and therefore each
row becomes less effective. However single row condensers
requires more space than multi row condensers,

Vi («)| Explain with sketch the working of centrifugal compressor.
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VI(a)

VI(b)

List the desirable properties of refrigerants.

Low boiling and freezing point

High critical pressure and temperature
High latent heat of vaporization

Low specific heat of liquid and high specific heat of
vapour.

Low specific volume of vapour

High thermal conductivity.

Non- corrosive to metal.
Non-flammable and non-explosive

. Non-toxic

10. Low cost

11. Easily available

12. High coefficient of performance.
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Vi Explain the construction and use of a psychrometer.

There are many types of psychrometers but the sling
Vi)
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Vi

thermometer and a wet bulb thermometer mounted side by side
in a protective case can be easily rotated. The dry bulb
thermometer is directly exposed to air and measure the actual
temperature of air. The bulb of the wet bulb thermometer is
covered by a wick thoroughly wetted by distilled water. The
temperature measured by this wick covered bulb of a
thermometer is the temperature of liquid water in the wick and
is called wet bulb temperature.

The sling psychrometer is rotated in the air for approximately
one minute after which the readings from both the
thermometers are taken. This process is repeated several times
to assure that the lower possible wet bulb temperature is
recorded.

Draw a typical psychrometric chart and explain various
lines in the chart.
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VIII(a)

The different types of lines in psychrometric chart are follows.
1.Dry bulb temperature lines :- These lines are vertical
(parallel to the ordinate and uniformly spaced as
shown).Generally the temperature range of these lines on
psychrometric chart is from -607 to 4501,

2.Specific humidity lines :- The specific humidity (moisture
content) lines are horizontal i.e parallel to the abscissa and are
also uniformly spaced. Generally moisture content range is
from 0 to 30 g/Kg of dry air.

3.Dew point temperature lines :- These lines are horizontal

i.e. parallel to the abscissa and non-uniformly spaced as shown.

At any point on the saturation curve the dry bulb and dew point
temperature are equal.

4.Wet bulb temperature lines :- These lines are inclined
straight lines and non-uniformly spaced . At any point on the
saturation curve , the dry bulb and wet bulb temperatures are
equal.

S.Enthalpy(total heat) lines :- These lines are inclined straight
lines and uniformly spaced as shown. These lines are parallel to
the wet bulb temperature lines and are drawn up to the
saturation curve.

6.Specific volume lines :- These lines are obliquely inclined
straight lines and uniformly spaced. These lines are drawn up to
the saturation curve.

7.Vapour pressure lines :- These are horizontal and uniformly
spaced. Generally these lines are not drawn in the main chart.
But a scale showing on the extreme left side of the chart as
shown.

8.Relative humidity lines :- These lines are curved lines and
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curve represents 100% relative humidity.

\/{1j\ k2| Explain cascade refrigeration system.

Vitith)

Cascade refrigeration system consists of two
compression refrigeration system in series which use

performance.

with a line diagram.

follow the saturation curve. Generally these lines are drawn
with values 10%, 20%,30% etc. and up to 100%. The saturation

Or more vapour

refrigerants with progressively lower boiling temperatures. A
two stage cascade system using two refrigerants is shown in fig.
In this system a cascade condenser serves as an evaporator for
high temperature cascade system and a condenser for the low
temperature cascade system. The only useful refrigerating effect
is produced in the evaporator of the low temperature cascade
system. The principal advantage of the cascade system is that it
permits the use of two refrigerants. The high temperature
cascade system uses a refrigerant with high boiling temperature
such as R12 or R-22. The low temperature cascade system uses
a refrigerant with low boiling temperature such as R-13 R-13
BL These low boiling temperature refrigerants have extremely
high pressure which ensures a smaller compressor displacement
in the low pressure cascade system and a higher coefficient of

[ X (@ | Illustrate the working of summer air conditioning system

\7
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X (a)
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IX(b)
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List the equipments used in air conditioning system.

Following are the main equipments used in an air conditioning

system

SN LA L B, s

Circulation fan

Air conditioning unit
Supply duct

Supply outlets
Return outlets
Filters.
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X (b)
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Ay
Classify air conditioning system on the basis of major

function, season of the year and equipment

arrangement

The air condition systems may be broadly classified as follows

1.According to the purpose
(a) Comfort air conditioning system
(b) Industrial ajr conditioning system

2.According to season of the year
(a) Winter air conditioning system
(b) Summer air conditioning system
(¢) Year-round air conditioning system

3.According to the arrangement of equipment
(a) Unitary air conditioning system
(b) Central air conditioning system.
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