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(i) REFRIGERATION AND AIR CONDITIONING Aeltye Engineering ollese )

Course Code: 201MEBEO6
COURSE OUTCOMES

At the end of the Course, Student will be able to:
CO 1 : Explain the principles and applications of refrigeration systems.
CO 2 : Describe vapour compression refrigeration system and identify methods for performance improvement.

CO _3: Explain the working principles of air, vapour absorption, thermoelectric and steam-jet refrigeration

systems.
CO 4 : Analyze air-conditioning processes using the principles of psychrometry.

CO 5 : Evaluate cooling and heating loads in an air-conditioning system.
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(i) Contents

Introduction to Refrigeration:

v"Necessity and application of Refrigeration,

v'Unit of Refrigeration, C.O.P.

v'Reversed Carnot cycle, Bell Coleman cycle with its numerical problem,

v'Open and Dense air system,

v'Air Refrigeration System, Refrigeration system used in air crafts and its problem.

Refrigerants:

v'Classification of Refrigerants,
v'Desirable Properties of Refrigerants, Nomenclature,

v'Ozone layer Depletion, Global Warming
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v'Refrigerator is a device or system used to maintain the low T below the

atmospheric T, within required space.
v'Refrigeration is the process of achieving and maintaining a T below that of the

surroundings Or Refrigeration systems are also used extensively for providing
thermal comfort to human beings by means of air conditioning Or
Refrigeration may be defined as the process of achieving and maintaining a T @ Work Input

Heat Rejected

below that of the surroundings, the aim being to cool some product or space to
the required T.

v'Refrigerant is a cooling agent that absorbs heat and leaves cool air behind
when passed through a compressor and evaporator Or A refrigerant iIs a
working fluid used in the refrigeration cycle of air conditioning systems Or A
refrigerant is a substance used in a heat cycle to transfer heat from one area,
and remove it to another.

Air Conditioning refers to the treatment of air so as to simultaneously control of

Heat Absorbed

Low Temperature Reservoir

> Temperature (Heating/cooling) v" In olden days refrigeration was achieved by natural means such as

Moisture content (Humidification/dehumidification)  the use of ice or evaporative cooling. In earlier times, ice was either:
1. Transported from colder regions,
2. Harvested in winter and stored in ice houses for summer use

Circulation (Air Distribution) 3. Made during night by cooling of water by radiation to stratosphere
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“ NECESSITY OF R&AC:

v" In cold chain food preservation

v Ice plant

v' Heating & Ventilated air conditioning system

v Development of certain scientific equipment and their operation under control environment in
order to get the exact result

v" Production of clothes in moistened environment minimum wastage of threads

v" Photographic material show excellent prints in conditioned environment

DIFFERENT METHODS OF (R&AC) PRINCIPLE INVOLVED:

Dissolution of certain salts in water(Brine)
Change of phase

Throttling process

Vapor Compression Refrigeration Systems
Vapor Absorption Refrigeration Systems
Solar energy based refrigeration system
Gas Cycle Refrigeration

Steam Jet Refrigeration System
Thermoelectric Refrigeration Systems
\ortex tube systems
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APPLICATIONS OF REFRIGERATION Aditya Engineering College (A)
1) Industrial Applications:

a) Processing of food products.

b) Processing of farm crops.

c) Processing of textiles, printing work, photographic materials
d) Cooling of concrete for dams.

e) Treatment of air for blast furnace.

f) Cold treatment of metals

g) Processing of tobacco, petroleum and other chemical products.
2) Preservation of Perishable Goods:

a) Manufacturing of ice.
b) Freezing or chilling, storage and transportation of food stuffs including Beverages, Meat, Poultry Products,
Dairy Products, Fish, fruits, Vegetables, Fruit Juices, etc.

c) Preservation of photographic films, Archeological documents
3) Providing comfortable environment:

a) Industrial air-conditioning.

b) Comfort aer-é:/QCndltlonlng of hospltals reS|dences hotels, restaurants, theatres, offices, etc.
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LA Latent heat is the amount | Scnsihlé heat |s the energy
Heat: is the form of energy that is transferred between systems or [N R e

] ) . . ] absorbed or released temperature of a substance
ObJECtS with different T (flowmg from the hlgh T SyStem to the low T during a phase transition at with no phase change

system). Also referred to as heat energy or thermal energy. Two forms EEERSNENRENNEEITTE

of heat are relevant in air conditioning: Sensible heat, Latent heat LELLEEEREREREEREEEE LELEL LT
Sensible heat (h:): When an object is heated, its T rises as heat is Defined for a system Defined for a system
added. The increase in heat is called sensible heat. Similarly, when with phase transition without phase transition
heat is removed from an object and its T falls, the heat removed is EECEEEEEEELEEELEEEEYE CELELELELELLEEELELT
also called sensible heat. Heat that causes a change in T in an object IS LI UERE EIRES Describes the energy
called sensible heat. in the internal energy of exchange bcleL‘l.\
Latent heat (h¢,): All pure substances in nature are able to change e o A
their state. Solids can become liquids (ice to water) and liquids can
become gases (water to vapor) but changes such as these require the [EEEEEEERSAIER Sclaledilon Sl

addition or removal of heat. The heat that causes these changes is “"N‘"" S LSRN
called latent heat. L —— V)
Latent heat however, does not affect the T of a substance, for _ _ -
. . _— Sensible
example, water remains at 100 °C while boiling. The heat added to o Heat 2izF
keep the water boiling is latent heat. Heat that causes a change of
state with no change in T is called latent heat. % ;? @
Latent Heat
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SR Unit of Refrigeration and COP: Adlitys Engineering College (A

CIRatin ng for Refrigeration indicates the rate of removal heat. The unit of refrigeration is expressed in terms of ton
of refrigeration (TR). One TR is defined as the amount of refrigeration effect (HT rate) produced during
uniform melting of one ton (1000 kg) of ice at 0 °C to the water at the 0 °C in 24 hrs.

» Latent heat of ice is 335 KJ/kg (heat absorbed during melting of one kg ice) 1 TR,

» 1 TR =1000 * 335 in 24 hrs = (1000x335) / (24x60) in one minute = 232.6 kJ/min, Theoretically one TR
taken as 232.6 kJ/min, In actual practice, it is taken as 210 kJ/min. 1 TR approximately equal to 3.5 kW

REFRIGERATING EFFECT: It is defined as the amount of cooling produced by a system. Or It is the amount
of heat removed (KJ) from the application by the refrigerant.
Coefficient of performance (COP): It is customary to define a term called COP as the ratio of the refrigeration
effect to energy Input.
v It is defined as the ratio of the heat extracted in the refrigerator (refrigerating effect) to the work done on the
refrigerant to achieve that refrigerating effect.
» COP = Refrigeration effect / Energy input = Q/W
v" While calculating COP, both refrigeration effect and energy input should be in the same unit.
v Itis the reciprocal of the efficiency of a heat engine therefore the C.O.P is always greater than 1.
» Relative C.O.P. = Actual C.O.P/ Theoretical C.O.P

Find the C.O.P. of the refrigerating system if the work input is 80 KJ/Kg and refrigerating effect produced
Is 160 KJ/Kg or refrigerant flowing.
Given data: Q = 160 KJ/Kg, W = 80 KJ/Kg, C.0.P = Q/W = 160/80 = 2.
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REFRIGERATORS AND HEAT PUMPS

-The objective of a refrigerator is to
remove heat (Q,) from the cold medium.

Warm
environment

-The objective of a heat pump is tO |yeat G,
gesied — sypply heat (Q,,) to a warm medium. engine

output)
W

netin
(required

Hot hody o8

Qy=Qy + Wy

1

Cold body T,

Cold body T,

(Low temp.)

hi<T,

Hot body

I (= G+ We

Wa Heat PU"’\P.@‘_ We
Q, Q

Cold body

m) COP Desired output ~ Cooling effect  Q, Q,
i) . Required input ~ Work input - Wi T,
, Desired output ~ Heating effect ) T.>T
(glel:lrjg (‘()P“l, = — ' P . — - (I/ : 1 a
v Required input ~ Work input W

HREES) |
' Cold
! environment

(a) Refrigerator (&) Heat pump

COPHP - COPR + 1

for fixed values of Q, and Q4

The performance of a heat engine is expressed by its efficiency. We know that the efficiency
or coefficient of performance of an engine,

Workdone _ W _ 0, —0Q,

COP). = - =
T 0 ¢ e Heat supplied Q, 0,
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Bﬁmﬂ“gn the operation, the Air Refrigeration System can be classified into Aditya Engineering College (A)

w2lpen air refrigeration cycle, Closed refrigeration cycle

OPEN AIR REFRIGERATION CYCLE: In an open refrigeration system, the air is directly passed over the space is to be

cooled, and allowed to circulate through the cooler.

v The pressure of open refrigeration cycle is limited to the atmospheric pressure. When cooled air from the turbine enters the
cabin and comes in physical contact with the occupants.

v" It is not much in use because of moisture added to air in the cabin.

ADVANTAGES OF OPEN CYCLE: It eliminates a heat exchanger, makes it compact and light.

It is used in aircraft because it helps to combine the cabin pressurization and air conditioning at one operation.

DISADVANTAGES OF OPEN CYCLE: The air supplied to the refrigeration system is at atmospheric pressure, so the volume

of air handled by the system is large. Thus the size of compressor and expander also should be large.

Causes fog formation at the outlet of turbine because of moisture addition in the cabin. So a drier must be used before the

turbine. But the size and capacity of the drier puts limitation on the use of this method.

CLOSED AIR REFRIGERATION CYCLE or DENSE CYCLE: Air refrigerant is contained within pipes and component part
of the system at all time. When cooled air from the turbine passes through the coil and a fan circulates and recirculates cabin air
over it. The pressure of cooled air in such systems is much higher than in the open system.

v Because of high pressure, volume is less and hence density of air is high. So it is called a dense system.

v" There is no moisture problem too.

ADVANTAGES: Increases pressures in the cycle & reduces volume to be handled both by the compressor as well as by turbine.
The sizes of compressor and turbine are reduced. Thus it makes the system compact and reduces capital cost.

v Reduces compression the ratio. Thus reduces work input. Increases COP. Operating cost reduces.

v" Practically, therefore, It is the closed air refrigeration cycle which is employed in actual practice.
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LADTYAY Merit & Demerit of Air Refrigeration System
Following are the merits and demerits of air refrigeration system.
Merits:
1. Air is easily available and there is no cost of refrigerant.

2. The air is nontoxic and non-inflammable.

3. The leakage of air in small amount is tolerable.

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

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

6. The chilled air is directly used for cooling, thus by eliminating the cost of separate evaporator.

7. Since the pressure in the whole system is quite low, therefore piping, ducting quite simple to design,

fabricate and maintain.

Demerits:
1. It has low coefficient of performance.

2. The rate of air circulation is relatively large.
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;) Air Refrigerator Working On Reversed Carnot Cycle
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vin these type of refrlgerator a reversed Carnot cycle is considered. For a heat engine, the highest possible
efficiency is achieved by the Carnot cycle. Similarly in refrigeration cycle highest possible coefficient of
performance is obtained when the system is working on reversed Carnot cycle.

v'However, it is not possible to make an engine operating on the Carnot cycle, or it is not possible to make a

refrigerating system working on reversed Carnot cycle. This hypothetical heat cycle is used as a standard of
COmparlson R&AC Dr. Pritam Kumar Das 12
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L ADITYAS
1-2. Isentropic compression process
During this stage, air is compressed isentropically. P and T increases, the specific volume of decreases. During
Isentropic compression, there is no heat exchanging (absorb and rejection) takes place by
air.
2-3 Isothermal compression
After isentropic compression air again compress isothermally (constant T). The pressure increases while
specific volume decreases. The heat rejected during isothermal compression per kg of air
O2.3 =T3(S2-S3) = T(S,-S5)
3-4. Isentropic expansion process
The air expands isentropically as shown in above figure. Pressure decreases from P; to P,, specific volume
Increases from v, to v,. The T also decreases. There is no heat transfer by air during this process.
4-1. Isothermal expansion process
The air expands at a constant temperature. The pressure of air decreases while the specific volume of air
Increases. During this process, the heat absorbed by air per kg of air
Qa1 = T4(S1-S4) = Ty(S5-S3) = T1(S5-S5)

COP:
Net work done during reversed Carnot cycle per kg of air is = Heat rejected - heat absorbed.
= O3~ Ugq = To(S2-S3) - T1(Sp-S3) = (To-T1) (S5-Ss) Ty(S,—5S3) T

Coefficient of Performance (COP), = Heat absorbed / Work done = 0,.4/(05.3-041) (1, = T1)(5; —53) T -Ts
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Problem 1 . A machine working on a Carnot cycle operates between 305 K and 260 |
Determine the C.O.F. when it is operated as: 1. a refrigerating machine; 2. a heat pump; and .
a heat engine.
Solution. Given : 7, =305 K; T, =260 K
L. C.O.F. of a refrigerating machine
We know that C.O.P. of a refrigerating machine,

f M 260
ooy J = = .
(CORY = 77 = 355_gg0 = 378 Ans

2. C.O.F. of a heat pump
*We know that C.O.P. of a heat pump,

L 305

(COP), = T -T = 305260 = 6.78 Ans.
3. C.O.P. of a heat engine
**We know that C.O.P. of a heat engine,
b-T -
(COP) = —ZT . Ho =20 = (.147 Ans.
2
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Problem 2 . Two refrigerators A and B operate in series. The refrigerator A absorbs gineering College (A)
energy at the rate of 1kJ/s from a body at temperature 300 K and rejects energy as heat to a body
at temperature T. The refrigerator B absorbs the same quantity of energy which is rejected by t
refrigerator A from the body at temperature T, and rejects energy as heat to a body at temperatiun
1000 K. If both the refrigerators have the same C.O.P, calculate:

1. The temperature T of the body;
2. The C.O.P. of the refrigerators; and 4
3. The rate at which energy is rejected as heat to the body at 1000 K.
Solution. Given: O, =1ki/s; 1'=300K; 7,=7; I,= 1000 K
L. Temperature T of the body
We know that C.O.P. for refrigerator A,

Y § 300
OP),=—1 =
C A T,-T, T—300 ()]

and C.O.P. for refrigerator B,

T T
OP)y = 2 = .
(C )s Ty—7T, 1000-T ..(&)

Since C.O.P. of both the refrigerators is same, therefore equating
equations (i) and (i),

300 T
T=300 1000-T
or 300x 1000 -300T =72-300T

T =~/300%1000 = 547.7 K Ans.
R&AC Dr. Pritam Kumar Das
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f\\\ //,4\.
A 1. C.O.P. of the refrigerators
Since C.O.P. of both the refrigerators is same, therefore substituting the value of 7 in
cquation (i) or equation (i7),

300
- Po — . opo - - . .
(C.OP.),=(C.OP.)y 5477 —300 1.21 Ans

A Rate at which energy is rejected as heat to the body at 1000 K
We know that work done by refrigerator A,

wy=—2 -1 o6
(COP), 121

and heat rejected by refrigerator A,
Q,=0Q,+W,=1+0.826 = 1.826 ki/s
Now workdone by refrigerator B,

Q1826
T (COP); 121
. Heat rejected to the body at 1000 K,

0, =0, + W, = 1.826 + 1.51 = 3.336 ki/s Ans.

WB =1.51Kkl/s voo (02 Q:;:Qz)

R&AC Dr. Pritam Kumar Das 16



Bell-Coleman Cycle
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Theory of Bell-Coleman Cycle & It’s Problem

2-3: Constant pressure cooling process

The warm compressed air is then passed through cooler, where it cooled down
at constant pressure. The heat rejected per kg of air during this process is equal
t0: Qo>3)= Cp(T, - Ts)

3-4: Isentropic expansion

No heat transfer takes place. The air expands isentropically in expander
cylinder. During expansion, the volume increases, Pressure P5 reduces to P,.
Temperature also falls during expansion from T;to T,.

4-1: Constant pressure Expansion

Heat transfer from the refrigerator to air. The temperature increases from T, to
T4. Volume increases to V; due to heat transfer. Heat absorbed by air per kg
during this process is equal t0: J(4.51y= Cp(T1 -T,)

Heat absorbed during cycle per kg of air g,; = Cp(T{-T,)

Heat rejected during cycle per kg of air g, = Cp(T,-T5)

Then the work done per kg of air during the cycle is

= Heat rejected — Heat absorbed = C,(T,-T3) - Cp(T4-T,)

R &AC Dr. P.K. Das Asso. Professor, ME
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#Coefficient of performance; Aditya Engineering College (A)

Cop — Heat absorbed Co(Ty —Ty)
T Workdone  Cp(Ty —Ts) — Cp(Ty — Ta) E _ E or T_E _ E
(T; =T3) = (T1 = Ty)
C.0.P L -
T LU= —
Ta(Gp— 1) 3 -Ts Ta_
C.0.P.= — = 7 T,
2 1
Tf, — DTy — 1) 1 1
For isentropic compression process 1-2 P }r,r;l P F,r;l
= BT )7 -
T: _ (Pg) ¥ 'P.q. -Pl
T, \P,
1
C.0.P.= -
. . . p—1
For isentropic expansion process 3-4 AR
r=1 (’p} -1
Tg PE ¥
7= (7) P, _P:
4 4 r, = Compression orExpansion ratio = —

PP
Since, P2 = P3 and P1 = P4,

R &AC Dr. P.K. Das Asso. Professor, ME 19
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. In a refrigeration plant working on Bell Coleman cycle, air is compressed to 5 bar

from 1 bar. Its initial temperature is 10°C. After compression, the air is cooled up to 20°C in a
cooler before expanding back to a pressure of 1 bar. Determine the theoretical C. O.P. of the

plant and net refrigerating effect. Take cp = 1.005 kJ /kg K and cv = 0.718 kJ/kg K.
Solution. Given: p2=p3=5bar;pl=pd4=1bar; T1=10°C =10+ 273 =283 K; T3=20°C =20 + 273 =293
K; Cp = 1.005 kJ/kg K; Cv=0.718 kl/kg K

The p-v and T-s diagrams for a refrigeration plant working on Bell-Coleman cycle, is shown in Fig. (a) and (b)
respectively.

Let T2 and T4 = Temperature of air at the end of compression and expansion respectively.

' 3 5 We know that isentropic index for compression and expansion process, T "

— — s
T Y=c,/c,= 10050718 = 1.4 o

=
% For isentropic compression process 1-2, 'g 293
1]
2 =~ 5 283
E.: P :(EJ v =(5)02“=1.584 i T
L \np I :
[ M—— 1
4

Entropy —>

Volume. : (b) T-s diagram.
(0) p'v dlagram Dr. P.K. Das Asso. Professor, ME 20
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i 14-1

_7_:3_= P |7 =(§) 4~ (5)°%6 —1 584
P4 1

T,=T,/1.584 =293/1.584 = 185 K
We Imow that *theoretical C.O.P. of the plant,
T, 185
= T,-T, 293-185
We know that net refrigerating effect = ¢,(T,-T) = 1.005 (283 -185) = 98.5 ki/kg
Problem 4: A refrigerator working on Bell-Coleman cycle operates between pressure limits of

1.05 bar and 8.5 bar. Air is drawn from the cold chamber at 10°C, compressed and then it is

cooled to 30°C before entering the expansion cylinder. The expansion and compression follows
the law pv1.3= constant. Determine the theoretical C.O.P. of the system.
Solution. Given : pl =p4 = 1.05 bar; p2: =p3 =8.5bar; T1 =10°C =10+ 273 =283 K ; T3 =30°C =30 + 273
=303 K ;n=1.3.The p-vand T-s diagrams for a refrigerator working on the Bell-Coleman cycle is shown in Fig.

(a) and (b) respectively. Let T2 and T4 = Temperature of air at the end of compression and expansion respectively.
Since the compression and expansion follows the law pv1.3 = C, therefore

R &AC Dr. P.K. Das Asso. Professor, ME 21
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n-1 w 1

T (p ) n 85
o r2 - 0231 _ 8.
T, =T,x162= 283 x 1.62=4585K g
e \ = 1.3-1 g
bk oot 3 Pyl 85) _
Similarly T. ™ (P4 (l 05 = 1.62 st

T,=T,/1.62 =303/1.62 = 187 K
We know that theoretical coefficient of performance,

h-T

Aditya Engineering College (A)

COP. = - -

n_ -1 |
X (B~ T)-15-1)

" (283 -187)

T 13 (14 )
X L(458.5-303) - (283-187)

96
= T2axs505 - Lo As.

R&AC
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Refrigeration System in aircraft:

QIn an aircraft, cooling systems are required to keep the cabin temperatures at a comfortable level. Even though the
outside temperatures are very low at high altitudes, still cooling of cabin is required due to:

v Large internal heat generation due to occupants, equipment etc.
v" Heat generation due to skin friction caused by the fast moving aircraft

v" At high altitudes, the outside pressure will be sub-atmospheric (less than that of the atmosphere). When air at this low
pressure is compressed and supplied to the cabin at pressures close to atmospheric, the temperature increases
significantly.

v For example, when outside air at a pressure of 0.2 bar and temperature of 223 K (at 10000 m altitude) is compressed to
1 bar, its temperature increases to about 353 K. If the cabin is maintained at 0.8 bar, the temperature will be about 332
K. This effect is called as Ram effect. This effect adds heat to the cabin, which needs to be taken out by the cooling
system.

v Solar radiation

O For low speed aircraft flying at low altitudes, cooling system may not be required, however, for high speed aircraft flying
at high altitudes, a cooling system is a must. Why are jets more efficient at high altitude?

v They work better at high altitude firstly because the air is cooler.
v Cool air expands more when heated than warm air. ...

v Low density causes low drag and therefore the aircraft flies much faster at high altitude than on low altitude when it

IS given the same thrust.
R&AC Dr. Pritam Kumar Das
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QEVen though the COP of air cycle refrigeration is very low compared to vapour compression
refrigeration systems, it is still found to be most suitable for aircraft refrigeration systems as:
v" Air is cheap, safe, non-toxic and non-flammable. Leakage of air is not a problem.

v" Cold air can directly be used for cooling thus eliminating the low temperature heat exchanger (open systems)
leading to lower weight

v The aircraft engine already consists of a high speed turbo-compressor, hence separate compressor for cooling
system is not required. This reduces the weight per kW cooling considerably. Typically, less than 50% of an
equivalent vapour compression system

v Design of the complete system is much simpler due to low pressures. Maintenance required is also less.

QAircraft air refrigeration systems are required due to heat transfer from many external and internal heat
sources (like solar radiation and avionics) which increase the cabin air temperature. With the technological
developments in high-speed passenger and jet aircrafts, the air refrigeration systems are proving to be most
efficient, compact and simple. Various types of aircraft air refrigeration systems used these days are:

Simple air cooling system

Simple air evaporative cooling system

Boot strap air cooling system

Boot strap air evaporative cooling system

Reduced ambient air cooling system

Regenerative air cooling system.
R&AC Dr. Pritam Kumar Das
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Simple air cooling system
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NN Simple Air Cooling System:

A simple air cooling system for aircrafts is shown & The main components of this system are the main compressor driven by
a gas turbine, a heat exchanger, a cooling turbine and a cooling air fan. The air required for refrigeration system is bled off
from the main compressor. This high pressure and high temperature air is cooled initially in the heat e)changer where ram air
Is used for cooling. It is further cooled in the cooling turbine by the process of expansion. The work of this turbine is used to
drive the cooling fan which draws cooling air through the heat e)changer. This system is good for ground surface cooling and
for low flight speeds.

1. Ramming process. Let the pressure and temperature of ambient air is p, and T, respectively. The ambient air is rammed
isentropically from P1, T1 to P, and T,. This ideal ramming action is shown by the vertical line 1-2 in in actual practice,
because of internal friction due to irreversibility’s, the temperature of the rammed air is more than T,. Thus the actual
ramming process is shown by the curve 1-2' which is adiabatic but not isentropic due to friction. The pressure and
temperature of the rammed air is now p,’ and T,' respectively. During the ideal or actual ramming process, the total energy or

enthalpy remains constanti.e. h, =h,’,and T, = T,’.
If V is the aircraft velocity or the velocity of air relative to the aircraft in metres per second,
then kinetic energy of outside air relative to aircraft,

Vz
From the energy equation, we know that
V2
h,-h, = 2000
v2
¢y Ty=¢,. I) =

2000 26
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= 5 B A—
2000¢,
T. 2
-2 = 1+ v
T 2000 ¢, T, |
Tz' Vz |
. L o o T =T vei (ol
Z; 2000 ¢, 7 e -

We know that, ¢, —c, = R |

e, |1-=f if s
or r cp =R or c,{l-—|=R cee (0 e, =

... C = S T~
P
v—1
Substituting the value of ¢, in equation (i), we have

-
x

L & .. Yaq-D_, Viq-D

i o isinkJ/kgK) ... (il
T T 2000 YRT, SN, e (=9
It may be noted that when R is in J/kg K, then equation (ii7) may be written as follows:
(OO i
nn T 2YRT,
vigy-1 :
— 1 + 2 e (")

Local sonic or acoustic velocity at the ambient air conditions.

.‘/‘yRT, , where R is in J/kg K. 27
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The equation (iv) may further be written as Aditya Engineering College (A)

T Ty -1
T =T = l+12—><M2
mbere M = Mach number of the flight. It is defined as the ratio of air crafl
velocity (V) to the local sonic velocity (a).
The temperature T, = 7'y is called the sragnation temperature of the ambient air entering the

mwin compressor. The stagnation pressure after isentropic compression (p,) is given by

9 9
P, [Tz\""
Py TIJ

Due to the irreversible compression in the ram, the air reaches point 2’ instead of point 2 at
e same stagnation temperature but at a reduced stagnation pressure p,. The pressure p,» may be
wbtained from the expression of ram efficiency (n),) which is given as

Actual rise in pressure Py — P

L Isentropic rise in pressure P2 — P

2. Compression process. The isentropic compression of air in the main compressor is represented by the line 2°-3.
In actual process, because of internal friction, due to irreversibilities, the actual compression is represented by the
curve 2°-3’. The work done during this compression process is given by,

We =myc, (T3-T2°)
where m, = Mass of air bled from the main compressor for refrigeration purpose.
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{AnfFuAt

3. Cooling process. The compressed air is cooled by the ram air in the heat exchanger. This process is shown by 3’-
4 in Fig. 3.2. In actual practice there is a pressure drop in the heat exchanger. The temperature of air decease from
T, to T, . The heat rejected in the heat exchanger during the cooling process is given by, Qg =m,c, (T3 - T,)

4. Expansion process. The cooled air now expanded isentropically in the cooling turbine by curve 4-5. In actual
process, because of internal friction, due to irreversibilities, the actual expansion of cooling turbine is shown by 4-
5°. The work done by the cooling turbine during the cooling process is given by, Wy =macp (T4 -T5")

5. Refrigeration process. The air from cooling turbine is sent to the cabin and cockpit where it gets heated by the
heat of equipment and occupancy. This process is shown by the curve 5’-6. The refrigerating effect produced is
givenby, RE=m.,(Tg-Ts"), where Tg=Inside T of cabin, T;'=ExitT of cooling turbine

The C.O.P of the air cycle, If O tonnes of refrigeration is the cooling load in the cabin, then the air required for the

Refrigerating effect produced |refrigeration purpose,

Work done 2100

m, = kg / min
m,c, (T —1¢) I, —T¢

a CP (Tﬁ e TS ')
> : = Power required for the refrigeration system,

= ety = LTy
m,( p 43 . - : man(Ty —T?_')

P = kW
60

and C.O.P. of the refrigerating system

2100 2100
R&AC - macp(T3'-T2') - P % 60




Ivample 3.1. An air conditioning system unit of a pressurised aircraft receives its air,

bar and 237 K respectively. The air-conditioning unit consists of a free wheeling compressor
turbine mounted on one shaft. The work produced by the turbine is sufficient to drive

compressor discharge pressure and the cooler exit temperature.

compressor. The compressed air is then cooled in the cooler at constant pressure and t :
expanded in the turbine to the cabin pressure of 1 bar and temperature of 280 K. Calculate th

Given : p, = 1.25 bar ; p, = 0.2 bar; T, =237 K ; p, = 1 bar; T, = 280 K

[Jetanglneoompressor
L | s
<~ | Ambient air s Tl g P B 1.25 bar
= | 1 bar
1® ®ftocabin Byl "~ 2]
| P itine € Tobe-—2 |
A/\w = ol - 5[ 7 | 0.2 bar
— ] 280} -~ - = |
n-lhgcompressor{© B } 37 p-————————- -1
Cooler @
Entropy ———————»

(a) Schematic diagram. (b) T-s diagram,

e (A)

the jet engine compressor at a pressure of 1.25 bar, The ambient pressure and temperature are 0,

30



* Py = Compressor discharge pressure in bar,

Aditya Engineering College (A)

A T, = Temperature of air leaving the jet engine compressor or
entering the free wheeling compressor, and
T, = Temperature of air leaving the free wheeling compressor.
7 1 14-1
= (22-) 4 =(£] = (625 = 1.69
1 2 02

T, = T, % 1.69 = 237 x 1.69 = 400 K .
P h :

14-1
Work done by the free wheeling compressor in compressing the air, 280 (Ps ] 14 1 400 ( Ps )TI l

We = ¢(T;-T) i | 1.25
work done by the turbine is expanding the air, o 400/ (p, )o.zso ) _—
(p‘) =] -1 -l.34(p3) —-1.428
W, = t:“,('I‘4 =T 280( 1.066
'T =W T -T. = T.—T 0.34 (p,)"™ = 0428 or (p,)"# =126
i ¢ ‘Taeh - py = (1.26)"028 = 2,245 bar Ans.
T [&_ =y B_ - 1] Cooler exit temperature
§ O = _Tz Let T, = Cooler exit temperature.
P = P - T = o
T {pd Y 1 T Pyl Y 1 We know that A _ [P =[%] Y (2.245)%%86 =1 26
- k-P_ = ;; - 55 Ps 1
I ’ 4 s 3 T, = T, x 1.26 = 280 x 1.26 = 352.8 K Ans.




M Fxample 3.3, An aircraft refrigeration plant has to handle a cabin load of 30 tonnes. The
ﬁm‘ armospheric temperature is 17°C. The atmospheric air is compressed to a pressure of 0.95 bar
and temperature of 30°C due to ram action. This air is then further compressed in a compressor
to 4.75 bar, cooled in a heat exchanger to 67°C, expanded in a turbine to 1 bar pressure a
supplied to the cabin. The air leaves the cabin at a temperature of 27°C. The isentropi
efficiencies of both compressor and turbine are 0.9. Calculate the mass of air circulated
minute and the C.O.P. For air, ¢, = 1.004 kJ/kg K and ¢,/ c, = 1.4

Solution. Given : Q =30 TR ; T, = 17°C = 17 + 273 = 290 K : p, = 0.95 bar
T,=30°C =30 +273 =303 K ;p, =pys =475 bar ; T, = 67°C = 67 + 273 = 340 K

p5=p5'=lbar:T°=27°C=27+273=300K;ncznrzo.‘);cp:l.OO4kJ/kgK

c,/c,=yY=14

T, = Temperature of the air after isentropic compression in Tl sosns sk o 3 ST
COMpressor, L R . i
Ty = Actual temperature of the air leaving the compressor, \ /
T, = Temperature of the air leaving the turbine after isentropic g
expansion, and g
T = Actual temperature of the air leaving the turbine. é
isentropic compression process 2-3, 5
T, = o
T—3 - (.&l) Y = (4_75] At - (5)0.286 = 1.584
2 P 0.95

T, = T, x 1.584 = 303 x 1.584 = 480 K Entropy >




lselllropic increase in lemperature T3 - Tz Aditya Engineering College (A)
e = Actual increase in temperature Ty -T,
480 —303 177
09'= 5 3 = T30
Ty =303 = 177/0.9 = 196.7 or Ty = 303 + 196.7 = 499.7 K

Now for the isentropic expansion process 4-5,

Y=-i L=

L _ (P ._.[ﬂ)i‘—' = (4.75)°36 = 1.561
I5 Ps 1

L T, = T,/ 1.561 =340/ 1.561 = 2178 K
wd isentropic efficiency of the turbine,

Actual increase in temperature T, - Ty
T = Isentropic increase in temperature T — I«
340-Ty  340-Ty
09 = 330-2178 = 1222
Ty = 340-09 x 122.2 =230 K

kass of air circulated per minute

We know that mass of air circulated per minute,
2100 210x 30
M = cy(Ts—T5) = 1.004(300=230) — °2-0% kg/uun Ams.

O.P
210 Q - 210%30
myc,(Tyy—T,)  89.64x1.004 (499.7 — 303)

R&AC We know that C.O.P.

= 0356
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Simple Air Evaporative Cooling System

Gas turbine  Main comp. T 3
Ram <— <“—— Ambient 3 3
/J air < < air r’i | Y
R < - — 3 |
- - Water vapour ‘
.& Evaporator A, exit Ty | . 4
\ IT | | 1 Ideal ram pressure
B ir to ® ‘ - A
Combustion cabin 3 , Actual ram pressure
chamber * 4 g l Cabin pressure
o ‘ 2
Cooling| |E T,=1,'| ,

turbine f‘l_:’ i £ Ambient pressure

et | :

g s T, ‘ |

Heat / lL T | | e 1

exchanger - s 5
— . ‘ ¢ 5
= W K
Cooling -
air fan i
To atmosnheare Entropy >

It is similar to the simple cooling system except that the addition of an evaporator between the exchanger and
cooling turbine. The evaporator provides an additional cooling effect through evaporation of a refrigerant such as
water. At high altitudes, the evaporative cooling may be obtained by using alcohol or ammonia. The water, alcohol
and ammonia have different refrigerating effects at different altitudes. At 20000 metres height for example, water
boils at 400 C, alcohol at 90 C and ammonia at - 70° C. The various processes are same as in the simple air cooling

system, except that the c;ogcllng process in the evaporator IS [;shown by 4 - 4'. »
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LADTYA
If a Q tonnes of refrigeration is the Cooling load in the cabin then the air required for the refrigeration purpose,

210
my cp(T3'=15") m, = Q ke/min
. . . P= - kW cp(Tb'-TS')
Power required for the refrigerating system, 60
: : 210 210
And C O.P. of the refrigerating system, = ? —S Q
m, cp{T_,. -7,") Px60 O
el
The initial mass of evaporator (m,) required to be carried for the given flight time is given by:/"e = ]’f
g

where Q, = Heat to be removed in evaporation in kJ/min,

and Hg, = Latent heat of vaporisation of evaporator in kJ/kg
If cooling of 45 minutes duration or less is required, it may be advantageous to use evaporative cooling alone.

Problem: Simple evaporative air refrigeration system is used for an aeroplane to take 20 TR load. The ambient air
conditions are 20 °C and 0.9 bar. The ambient air is rammed isentropically to a pressure of 1 bar. The air leaving
the main compressor at pressure 3.5 bar is first cooled in the heat exchanger having effectiveness of 0.6 and then in
the evaporator where its temperature is reduced by 5 °C. The air from the evaporator is passed through the cooling
turbine and then it is supplied to the cabin which is to be maintained at a temperature of 25 °C and at a pressure of
1.05 bar. If the internal efficiency of the compressor is 80 % and that of cooling turbine is 75 %, determine:

1. Mass of air bled off the main compressor;
2. Power required for the refrigerating system; And
3. C.O.P. of the refrigeration system.

R&AC Dr. Pritam Kumar Das 35



g Aditya Engineering College (A)
Iﬁéﬂf"dﬁen Q=20TR; T;=20°C =20+273 = 293K Tg = 25°C = 25+273 = 298 K;;
p,=0.9 bar; = 1 bar P;=p’3=3.5bar; ps=1.05 bar; Ny=0.6; nc=80%=0.8; #=75%=0.75

The T-s diagram for the simple evaporative air refrigeration system with the given conditions is shown below:
T, = Temperature of air entering the main compressor,

T, = Temperature of air after isentropic compression in the main compressor

T'; = Actual temperature of air leaving the main compressor; and

T4 Temperature of air enterlng the evaporator. Effectiveness of the heat exchanger (”H)'

We know that for an isentropic ramming process 1-2,

T § — T 4‘64 Xy T.; 464 - T
T: Py S : 6 = =—L - A
7 =(3)7 =(g5) ™ =(L11)"*° =1.03. 06 = .77, =~ 364—3018 ~ 1622
Therefore Ty = 171.03 = 293=301.8K T, = 464 - 0.6 x 162.2 = 366.7 K = 93.7°C
Now for the isentropic compression process 2-3, Since the T of air in the evaporator is reduced by 5° C, therefore the T of air

-1 141 leaving the evaporator and entering the cooling turbine,

B _ ()7 — ()5 = (35)0286 143
Ty P2 1 Ty =T,-5=937-5=887°C=361.7K

Therefore T3 = T51.43 = 301.81.43 = 431.6 K Now for the isentropic expansion process 4'— 5,
We know that efficiency of the compressor,

. . T T -1 1.4-1
_ Isentropic increase in temperature {3 — 13 Ty ps ) 7 35 Yia |
le = T Actual increase in temperature 1y —1; e - = | — = (3.33)%% = ] 4]
3 pﬁ 105
431.6-301.8 129.8
08 = -—75,_301.8 = 7-'3:301.8 S N ) T..,_ = Ty/141 =361.7/1.41 =2565 K
Dr. Pritam Kumar Das 36
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Efficiency of the cooling turbine,

’4 & /,,/,\.

Actual increase in temperature Ty — 7y’
Isentropic increase in temperature 7./ = 7.

361.7-T  361.7-Ty
361.7-2565 = 1052

To = 361.7-0.75 x 1052 = 2828 K
i Mm of air bled off the main compressor
We know that mass of air bled off the main compressor,
2100 210% 20
Ma = o (T, —Ty)  1(298-2828) — ~'0xe/minAns.

2. Power required for the refrigerating system
We know that power required for the refrigerating system,

m,C,(Ty ~Ty)  276x1(464 —301.8)
60 - 60

Ny =

075 =

P =

A C.O.F. of the refrigerating system
We know that C.O.P. of the refrigerating system

_ 200 210x20
= Px60 - 746x60 _ o Ans

= 746 kW Ans.
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(o) Boot strap air cooling system
r ; 7 Sec. comp. pressura
XG&? iu\mme Mairjzmp. T Ambient
. 5 = o~ i
- o ar - 4— s & Main comp. pressure
Second |
heat exchanger
T ——
Combustion * = ® ldeal ram pressure
chamber * 3
* g | : Actual ram pressure
E [PEN P SR L P — - ’A}/"\Cabin pressure
. ) \ = /(\
i | w 4 1 ..~ il 9 Ambient pressure
First heat : : g
exchanger E_;;f 77_'5 ~~~~~~~~ ‘-\— % 1
’ { _L/’J Cooling turbine 7-;' = ;77,‘:1/"/
Sec. compressor H :
Air to cabin Entropy ———>»

This cooling system has two heat exchangers instead of one and a cooling turbine drives a secondary compressor instead of
cooling fan. The air bled from the main compressor is first cooled by the ram air in the first heat exchanger. This cooled air, after
compression in the secondary compressor, is led to the second heat exchanger where it is again cooled by the ram air before
passing to the cooling turbine. This type of cooling system is mostly used in transport type aircraft . This system is suitable for
high speed aircraft, where in the velocity of the aircraft provides the necessary airflow for the heat exchangers.
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mhe process 1- 2 represents the isentropic ramming of ambient air from pressure p,, "“and temperature T to

pressure p, and temperature T,. The process 1- 2' represents the actual ramming process because of mternal
friction due to irreversibilities.
2. The process 2'- 3 represents the isentropic compression of air in the main compressor and the process 2'- 3'
represents the actual compression of air because of internal friction due to irreversibilities.
3. The process 3'-4 represents the cooling by ram air in the first heat exchanger. The pressure drop in the heat
exchanger is neglected.
4. The process 4 - 5 represents the isentropic compression of cooled air, from first heat exchanger, in the
secondary compressor. The process 4 - 5' represents the actual compression process because of internal friction
due to irreversibilities.
5. The process 5'- 6 represents the cooling by ram air in the second heat exchanger. The pressure drop in the heat
exchanger in neglected.
6. The process 6 - 7 represents the isentropic expansion of cooled air in the cooling turbine upto the cabin
pressure. The process 6 - 7'represents actual expansion of the cooled air in the cooling turbine.
7. The process 7'- 8 represents the heating of air upto the cabin temperature T8.
If Q TR of cooling load in the cabin, then the air required for the refrigeration is N 200
: : m = kg / mir
mycp (3= T2 ") a = ¢ (T —Ty)
P= kW
60

C.O.P. of the refrigerating system, 2100 210
- macp(ri'—T’l’) E PX6O

Power required for the refrigeration system




B

PROBLEM: A boot-strap cooling system of 10 TR capacity is used in an aeroplane. The ambient:aieqEiandR are-202C and
085 bar respectively. The P of air increases from 0.85 bar to 1 bar due to ramming action of air. ""The P of air discharged from

the main compressor is 3 bar. The discharge P of air from the auxiliary compressor is 4 bar. The isentropic efficiency of each
of the compressor is 80%, while that of turbine is 85%. 50% of the enthalpy of air discharged from the main compressor is
removed in the first heat exchanger and 30% of the enthalpy of air discharged from the auxiliary compressor is removed in the
second heat exchanger using rammed air. Assuming ramming action to be isentropic, the required cabin P of 0.9 bar and T of
the air leaving the cabin not more than 20° C, find : 1. Power required to operate the system, and 2. the C.O.P. of the system.

Draw the schematic and T-S diagram of the system. Take =1.4 and cp =1 kJ/kg K o
Data Given: Q=10TR; T, =20°C =20+ 273 =293 K ; P, =0.85 bar ; P, =1 bar ) s 63,
; P3=P3'=P4=3 bar ; pS=p5'=p6 =4 bar;nCl=m C2=80% =08 ;T =85% = ] ;i,j:::::g%/—---—m;
0.85; p7=p7°=p8=0.9 bar; T8 =20 °C = 20+273 =293 K ; y=1.4; cp = 1 kiJ/kg K L) q,' /
@ T. 6.~ / !
y-1 14-1 8 L2t . ! <
L (g YT (1 Vo : TR | et
= | = =|—]" =Q176"™=1047 |§ \ T
T [p,) (0.85) . 2 Ty 5 M- o g
T, = T, x 1.047 = 293 x 1.047 = 306.8 K = 33.8°C
T =1 14-1
7
}3- == (P.%) — 3) 2 e (3)***°:=:1.37 Isentropic increase in temperawre 13 — 7T,
. P2 ! et = 7 Actual increase in temperature Iy — 7T,
T, = T,x 1.37 =306.8 x 1.37 = 420.3 K = 147.3°C
' 420.3 - 306.8 113.5
08 = “5,_3068 = Ty-3068

R&AC Dr. Pritam Kuma T-"

= 306.8 + 113.5/0.8 = 448.7 K = 175.7°C
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Since 50% of the enthalpy of air discharged from the main compressor is removed in the Aditya Engineering College (A)

first heat exchanger (i.e. during the process 3~ 4), therefore temperature of air leaving the first —
heat exchanger, Ner = ;:;_7;
T, = 0.5 x 175.7 = 87.85°C = 360.85 K ¥4
Now for the isentropic process 4-5, 08 = 391.5-360.85 3065
o ) 141 T Te-36085 T Ty —360.85
F’ - (25—) * (%) 4 < (1.33)"*% = 1.085 Ty = 360.85 + 30.65/0.8 = 399,16 K = 126.16°C
4 Py

T, = T, x 1.085 = 360.85 x 1.085 = 391.5 K = 118.5°C

Since 30% of the enthalpy of air discharged from the auxiliary compressor is removed in the
second heat exchanger (i.e. during the process 5— 6), therefore temperature of air leaving the

second heat exchanger,
T, = 0.7x126.16 =883°C =3613 K
1-1 14~-1
5 Py Y 09\ 14 210Q 210% 10 .
g B | SO b [ — - 0.286 = =
T, = (pﬁ) = ( 2 ) = (0.225)°26 = 0.653 Ma = (T -Ty) ~ 1(293-2548) 55 kg / min
T, = T, x 0,653 = 361.3 x 0.653 = 236 K =-37°C 5 mec,(Tyr =T,)  55x1(448.7 - 306.8) —
Actual increase in temperature  Tg — T - 60 - 60 -
T = Isentropic increase in temperature  Tg — T
We know that C.O.P. of the system
0.85 = Moy, Wity 200 210x10 =0.27
3613-236 1253 = M,y -Ty)  55%1(448.7-3068)
Ty = 361.3 -0.85 x 1253 = 2548 K =-18.2°C Prom fwmarbes "
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Boot strap air evaporative cooling system

Sec. comp. pressure

( Gasturbine  Main comp. P ' )
) Ram :'—_ ‘_—. Ambient TS, ----------------- s/ 3 Main comp. pressure
air = W air ;:3 “““““““““““““
l S, . N Epmepmstueages . i /
b heat exchanger Evaporator T : Ideal ram pressure
o o st iy s e p ol o
*l e i\‘]_é [__‘ L_/ 1 I F=r=s h _ Actual ram pressure
be;gg?n — E == ‘/ Cabin pressure
v ] g =T}~ --{{ --------- ' Ambient pressure
5 |
o ;8 ----- o -
i 1 M ¥ 4 B
rst heat
Exit Exit o e =
exchanger et LJ ot T: B s }j_;)
Cooling ]
Sec. compressor turbinneg ‘ﬁ‘;’hﬁ Entropy ——»
If Q TR is the cooling load in the cabin, then the quantity of air required for the refrigeration purpose will be
210Q ——— m,c,, (73, —Ty) C.O.P. of the refrigerating system
m = min ="
a = ¢,(T; ~Ty) *8 P 60 kW 2100 2100
- m,c,(?}' —Tz') - PXxX60
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Prablem: The following data refer to a boot strap air cycle evaporative refrigeration systemvausethfoman-aeraplane
ytake'20 TR load: Ambient air temperature = 15 C, Ambient air pressure = 0.8 bar, Mach number of the flight
= 1.2, Ram efficiency = 90 %, Pressure of air bled off the main compressor = 4bar, secondary compressor = 5 bar,
Ner = 90 %, ne, = 80 %, ny =80 %, T of air leaving the 15t Heat Ex. = 170 C, T of air leaving the 2"d Heat Ex. =
155 C, T of air leaving evaporator = 100 C, Cabin T = 25 C, Cabin P =1 bar. Determine COP, Power.

Solution. Given : O =20TR ;T\ =15°C =15+ 273 =288 K ;p, =08 bar | M = 1.2,
Ne=90%=09;p,=p;’=p,=4bar; p, =ps=ps =ps =5 bar ; NN, = 0% =09 ;
Ney=80%=08;:M,=80%=08;T,=170°C= 170+ 273 =443 K; 7" = 155°C = 155 + 273
=428K; T, =100°C=100+273 =373 K; T, =25°C=25+273 =298 K i p, = p, = p,

NS
= ] bar ‘0@ o
i 'Y—l 2 14 -1 2
T = 1+———2 M* = = (12)" = 1.288 ;5: ________ i
Ty = T,x 1.288 =288 x 1.288 =371 K ] e i
i ol 14 Y L i
Y- =Y pueasseme oogiw 0 SR e e e
2 (22" [T a8y = 2.425 i e
Pi T 288 R v
p, = py X 2.425 = 0.8 x 2.425 = 1.94 bar j§ ] Il A
Actual pressure rise Py — Py £ .
e = Isentropic pressure rise P — Py = ;8 ------ i i
s F————- T
py —0.8 py — 0.8 |
09 = = F i 14-1 Iy e = .
i < L (I T e P B =
pr=09xL14+08=1826barTy = \pr) “limw) ~© e .

T, = Tyx125=371 x1.25=463.8 K




_ Isentropicincreasein temp. 7, — Ty
Actual increase in temp. ~ Ty — Ty

Aditya Engineering College (A)

. . T - T P
4638371 928 N = At tncosase R emp. ——-If _73
09 = Ty 371 = Ty —-371 Isentropic increase in temp. ¢ 47
Tat-;- 371 +92.8/09=474 K e 313-Ty _33-Ty
T 1— 141 o ¥B-~23585 T 1378
Rl - L (-5-) M = (1.25)096 = 1.066
% Ps 4 ' ' Ty = 373-0.8x 137.5=263 K
e RRe RO maC S LIRS Mass of air required to take the cabin load
Ny = L-T, We know that mass of air required to take the cabin load,
Ty -T,
O 2100 2020
08 = ?_ﬁ; - 2 e = o, T-Tp) T 1(298-263) 20 Ke/min
s i Power reguired for the refrigeration system
Ty = 443 +29/0.8 =479 K We know that power required for the refrigeration system,,
Temperature of air leaving the second heat exchanger, mue,(Ty =Ty)  120x1(474 - 371)
Ter = 428K g 50 = 0 = 206 kW
Temperature of air leaving the evaporator, C.O.P. of the system
T, = 373K
% 210 210x20
T -77—' q !:t_;l We know that C.O.P. of the system = = 6?) = 20660 = 0.34
- = (&) = (._) = (5)°2%6 = 1,584
7 P7 1

T1 - T‘/ 1-584 - 373/1584 i 235'5 K Dr. Pritam Kumar Das a4
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~ |

Ram <€— <— Ambient
air o < air
%
t g
Combustion — L 2:;‘;?\
chamber u‘ Second
cooling ’1
Heat turbine
exchanger
&
i = - o
First cooling v
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The various processes are as follows:

1. The process 1-2 represents isentropic ramming of air and process 1- 2' represents actual ramming of air because
of internal friction due to irreversibility’s.

2. The process 2'-3 represents isentropic compression of air in the main compressor and the process 2'-3' represents

actual compression of air because of internal friction due to irreversibility’s.

Entropy

3. The process 3'-4 represents cooling of compressed air by ram air in the heat exchanger.

R&AC
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CADTY AL
4. The process 4-5 represents isentropic expansion of air in the cooling turbine up to the cabin pressure and the
process 4-5' represents actual expansion of air in the cooling turbine.
6. The process 5°-6 represents heating of air up to the cabin temperature T,.

If a Q TR is the cooling load in the cabin, then the quantity of air required for the refrigeration purpose will be

2100 ,
m, = —— kg / min
(“p(76 t— ]5’)

Power required for the refrigeration system, P = m,c, (T; *-T, ¢) / 60 kW
C.O.P. of the refrigerating system =210Q /P * 60

Problem: The reduced ambient air refrigeration system for cooling an aircraft cabin consists of the cooling turbines,
one heat exchanger and one fan. The first cooling turbine is supplied with the ram air at 1.1 bar and 15°C and delivers
after expansion to the heat exchanger at 0.9 bar for cooling the air which is bled off from the main compressor at 3.5
bar. The cooling air from the heat exchanger is drawn by a fan and discharged to the atmosphere. The cooled air from
the heat exchanger is expanded upto 1 bar in the second cooling turbine and discharged into air cabin to be cooled.
The air from the cabin is exhausted at 22°C. The refrigeration capacity required for the cabin is 10 ton. If the
compression index for the main compressor is 1.5 and the expansion index for both the cooling turbines is 1.35.
Determine: (a) The mass flow rate of the cabin air. (b) The cooling capacity of the heat exchanger and the flow rate of
ram air when the compressed air is to be cooled to 60°C in the heat exchanger and temperature rise in the heat
exchanger for the ram air is not to exceed 30 K. (c) The power output from each turbine in kW. (d) The power needed
to drive the fan if the transmission efficiency of the turbine-fan system is 60%. (¢) The COP of the refrigerating system
considering only the power input to the compressor.




Selution. Given : p; = 1.1 bar ; T, = 15°C = 15 + 273 =288 K ; py = 0.9 bar, .
py=p,=35bar;p,=p,=1bar;T(=22°C=22+273=295K;Q0=10TR; Yy, = 1§
.=135:7,=60°C =60 + 273 =333 K ; 1, = 60% = 0.6

7 -l 135~1
2 P m 1.1) 135
o i =|— = (1.22)%2% = 1,053
2 - (8)° (5] -omree
Ty = T,/1.053 =288/ 1.053 =273.5K
4 noto o ase
43 py | 1 35)1s
= | = = | — = (3.18)043 = 1 4
2 (2] ()7 e
T, =T,x147=288x 1.47=4234K
Ta2 1.35-1
¥ T2 S 135
2w (&) < 3_5) = (3.5)0% = 1.385
Is Ps 1
T, = T,/1385=333/1385=2404K ENtropy  ——————-
o 2100 B 21010 — 385 ke / min In order to find the flow rate of ram air (m,), equate the enthalpy lost by compressed air to
Mo = (T, -T,)  1(295-240.4) ~ 707 *& enthalpy gained by ram air. '
. ; We know that enthalpy lost by compressed air
cooling capacity of the heat exchanger = m,c, (T, — T) = 38.5 x 1(423.4 - 333) KJ / min
= m,c,(Ty—T,) =385 x 1 (423.4 - 333) kJ/mir - 3480 Klloin @
= 3480 kl/min Ans. Since it is given that the temperature rise for the ram air is not to exceed 30 K, therefore

y gained by ram air

. ()

= my x 1 x 30 = 30 my kJ/min

Equating equations (7) and (i1},

Dr. Pri my = 116 kg / min Ans.

R&AC
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'?—;"‘?i—“].."."'éﬁ.-ﬁfi:\* We know that output of first cooling turbine

= mc (I.-T,)=116 x | (288 - 273.5) = 1682 kJ/min
1082 D=28 kW
and output of second cooling turbine
= m,c, (T, —Tg) =385 x 1 (333 —240.4) = 3565 kI/min

= 3565/60 =594 kW

Since the transmission efficiency is 60%, therefore combined output of both the cooling

= (28 + 59.4) 0.6 = 52.44 kW Ans

We know that C.O.P. of the refrigerating system
2100 210%10

= oy = 208 - e =04 Ans.
m.c,(T;-T5) 38.5x1(423.4 — 288)

Regenerative Air Cooling System:

v'It is a modification of a simple air cooling system with the addition of a regenerative heat exchanger.

v'The high pressure and high temperature air from the main compressor is first cooled by the ram air in the heat
exchanger. This air is further cooled in the regenerative heat exchanger with a portion of the air bled after
expansion in the cooling turbine.

v'This type of cooling system is used for supersonic aircrafts and rockets. The diagram for the regenerative air
cooling system is shown in Fig. The various processes are as follows:

R&AC Dr. Pritam Kumar Das 48
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The regenerative air cooling system is shown in Fig..

It is a modification of a simple air cooling system with the addition of a

regenerative heat exchanger. The high pressure and high T air from the main compressor is first cooled by the ram air in the
heat exchanger. This air is further cooled in the regenerative heat exchanger with a portion of the air bled after expansion in
the cooling turbine. This type of cooling system is used for supersonic aircrafts and rockets. The diagram for the regenerative
air cooling system is shown in Fig.. The various processes are as follows:

R&AC
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==Fhesprocess 1- 2 represents the isentropic ramming of air and process 1- 2' represents the actual ramming process

w

4.

because of internal friction due to irreversibilities.

The process 2'- 3 represents the isentropic compression of air in the main compressor and the process 2'- 3' represents
the actual compression of air because of internal friction due to irreversibilities.

The process 3'-4 represents the cooling by ram air in the heat exchanger.

The process 4 - 5 represents cooling of air in the regenerative heat exchanger.

5. The process 5 -6 represents the isentropic expansion of cooled air in the cooling turbine upto the cabin pressure and
process 5 - 6' represents actual expansion of the cooled air in the cooling turbine.

6. The process 6'- 7 represents the heating of air upto the cabin temperature T-. 2100 |

If Q TR of cooling load in the cabin, then the air required for the refrigeration is, T T e

Let m; = Total mass of air bled from the main compressor S

Power required for the refrigeration system,

C.O.P. of the refrigerating system,

= Mass of cold air bled from the cooling turbine for regenerative heat exchanger.
For the energy balanced of regenerative heat exchanger, we have | |
Where, T4 = T of air leaving to atmosphere from the for regenerative heat exchanger my (Ty —T¢)

mlﬂp (Tg — Tg IJ 2 (IH -— /,")
P= kw
60

210 Q 210 Q

mc, (Ty - Ty) ~ Px60
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Autegenerative air refrigeration system for an aeroplane is designed to take a load of 20 TR. The T and P

condltlons of the atmosphere are 10 °C and 0.8 bar. The P of the air is increased from 0.8 bar to 1.2 bar due to
ramming action. The P of air leaving the main compressor is 4.5 bar. 60% of the total heat of the air leaving the
main compressor is removed in the heat exchanger and then it is passed through the cooling turbine. The T of the
rammed air which is used for cooling purposes in the heat exchanger is reduced to 60° C by mixing the air
coming out from the cooling turbine. The efficiencies of the compressor and turbine are 90% and 80% resp.. The
P and T required in the cabin are 1 bar and 25 C resp. Assuming T of air leaving to atmosphere from the

regenerative heat exchanger as 100 C. find (i) Mass of the air bled off from the cooling turbine; and (ii) power
required & (i) COP.

Solution. Given: 0=20TR ; p, =08 bar; T, =
=4.5bar ;N =60%=0.6;T,=60°C=60+273=333K; T, =25°C =25+ 273 = 298

:p,‘:
Ki Py =ps = pg’ =
=373 K

-1

! il
:- (o)
Py

g
|

. gheod |

10°C =

10+273=283K;p,=12bar;p

lbar'nc-90%—09 N, = 80% = 0.8 ; T, = 100°C = 100 + 273

(s

1.2
0.8

&_&T 4.5
L " \p, 2

g
I

14-

T,x1123 =283 x1.123 =3178 K

14-1
14

) = (1.5)°2%6 = 1,123

Tle

0.9
Ty

= (3.75)0%86 = 1.46

7, % 1.46 = 317.8 x 1.46 = 464 K

R&AC

0.6

T,

_ Isentropicincrease intemp. T, - T,

"~ Actual increase in temp. Ty —T,
4643178 146.2

T Ty-3178  Iy-3178

= 3178 + 1462/09 =480 K

-1, 480-T,  480-T,

Ty-T, = 480-317.8 = 1622

480 - 0.6 x 162.2 = 382.7K

Iemperature —

Ty
Ty

=1

e S ——

o - ——

_______

3 4.5 bar

Entropy =g

-
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Ps 1 my—m, = 7.7 or m;—0372m =717
T, = T,/1.54=333/154=216 K 717 .
i Actual increase in temp. Ts —7y m = 1_"o37z - 1134 kg/min
Isentropic increase in temp. ~ 75 — T m, = 0372 m, =0.372 x 113.4 = 42.2 kg / min
333 -Ty 333-Ty
08 = 333 216 = ST Note: From equation (if), m,/ m, = 0.372. Therefore we can say that the air bled from the cooling turbine

for regenerative cooling is 37.2% of the total air bled from the main compressor.
Ty = 333-08x%x117=2394K

m, = Mass of air bled from the cooling turbine to be used for
regenerative cooling,
m, = Total mass of air bled from the main compressor, and

m, = Mass of cold air bled from the cooling turbine for
regenerative heat exchanger.

mass of air supplied to the cabin, Power required for maintaining the cabin af the required

= m, - - 2
m, = m, —m, e mep(Ty —T3) _ 1134x1(480 MY v
2100  210x20 i 60 60
= cp(T) —Tg) ~ 1(298-2394) =71.7 kg / min C.O.F. of the system
2100 210x% 20
my (T, - T;) (382.7 - 333) = = =0.23
m = ‘-T‘:; -_- "'(‘373_239 5 =0372m, mc,(Ty—T,)  113.4x1(480-317.8)
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Mach number

* Comparison of Various Air Cooling Systems used for

Aircraft are shown in Fig.

* These curves show the dry air rated turbine discharge

temperature (DART) against the Mach number.

* we see that the simple air cooling system gives maximum

cooling effect on the ground surface and decreasesasthe Subsonic conditions occur for M less than 1, M < 1. the flight M is
nearly equal to 1, M = 1, and the flow is said to be transonic.
Supersonic conditions occur for M greater than 1, 1 <M < 3.

Dr. Pritam Kumar Das 53

* .The boot strap system on the other hand, requires the

speed of aircraft increases.

air plane to be in flight so that the ram air can be used
for cooling in the heat exchangers

f‘“" N\ Comparlson of various air cooling systems used for aircraft «erine colieee ()

Dry Air Rated Temperature (DART) is defined as the
temperature of the air at the exit of the cooling turbine in the
absence of moisture condensation.

For condensation not to occur during expansion in turbine, the
dew point temperature and hence moisture content of the air
should be very low, i.e., the air should be very dry. The aircraft
refrigeration systems are rated based on the mass flow rate of
air at the design DART.

The cooling capacity is Qy= m.Cp(t; — t)

. DART increases monotonically with Mach number (M) for
maximum of the systems except the reduced ambient system

Il. The simple system is adequate at low M

ii. At high M either bootstrap system or regenerative system
should be used

Iv. Reduced ambient temperature system is best suited for very
high M, supersonic aircrafts
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Refrigerants

U Refrigerants are used as working substances in refrigeration system. It Is heat carrying
medium which absorbs heat at low T and P from space or products being cooled and rejects
heat at high T and P to the atmosphere. or It is a medium of HT through phase change during
the process of refrigeration with some exceptions where sensible energy transfer takes place.

A very large number of substances are available, which can be used as refrigerants. But in
fact, there Is always an unique refrigerant available which is most suited for given application
and given system.

The judicious choice of a refrigerant can be made based upon their thermodynamic, physical,
chemical, practical, ecological and economic considerations.

The natural ice and a mixture of ice and salt were the first refrigerants.

d1In 1834, ether, NH;, SO,, methyl chloride and carbon dioxide came into use as refrigerants
In compression cycle refrigeration machines. Most of the early refrigerant materials have
been discarded for safety reasons or for lack of chemical or thermal stability.

1In the present days, many new refrigerants including halo-carbon compounds are used for
air-conditioning and refrigeration applications.

R&AC Dr. Pritam Kumar Das
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“CTéfsT"lflcatlon of Refrigerants: Based upon the working principle, the refrigerants may be
classified in two groups. 1. Primary refrigerants 2. Secondary refrigerants

d Primary refrigerants: (Refrigerants that directly take part in the refrigeration process) are
those refrigerants which directly absorb the heat from the storage space and undergo a
cycle. These are the substances that produce refrigerating effect by absorbing latent heat of
evaporation at low T and P.

1 They directly take part in the refrigeration system and go through the cyclic processes of
condensation and evaporation. e.g. H,O, NH,;, HC, CFCs, R-11, R-12, NH3, R-134a, etc.
 Secondary Refrigerants: are those refrigerants which are first cooled by primary
refrigerant and then they absorb heat from the storage space. There is a sensible HT for
these refrigerants (no phase change). For example:- Brine (high concentration Sodium

Chloride solution - most commonly used), or antifreezes, dry CO,, etc.

d Primary refrigerants are further classified into the following four groups:
v" Halo-carbon or Organic refrigerants,
v" Azeotrope refrigerants
v" Inorganic refrigerants
v Hydro-carbon refrigerants
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Halocarbon Refrigerants

» Halocarbon Refrigerant are all synthetically produced and were developed as the
Freon family of refrigerants.

» They are fluorocarbons of methane and ethane series.

_ Chemical » They contain 1 or more of these halogens (chlorine, bromine, fluorine)
Number Chemical Name : . , , .
Formula # Non toxic, non-flammable, non-explosive, non- corrosive, non-irritant to human

' body and eyes.

R-11 Trlcﬂloro Monofluoro CClF ‘ ody and eyes
Methane » Odourless, colourless

R-12 Dichloro Difluoro Methane CCl,F, » Will not react with food product stored in the refrigerated space.
R-13 MOtnhochlorO Trifluoro CCIF, » Will not react with lubricating oil.

€thane » Has excellent thermodynamic properties
R-22 | Monochloro Difluoro Methane | CHCIF, » Only disadvantage is ozone layer is damaged.
R-113 | Trichloro Difluoro Ethane C,Cl3F; Examples :

CFC's : R11,RI2, R113,R114,R115
HCFC’s : R22, R123
HFC's : R134a, R404a, R407C, R410a
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Azeotropic Refrigerants

vapour and liquid phases retain identical
compositions over a wide range of temperatures.

@ Examples : R-500 : 73.8% Ri2 and 26.2% Ri52
R-502 : 8.8% R22 and 51.2% Ru5
R-503 : 40.1% R23 and 59.9% R13

[norganic refrigerant were exclusively used before the
introduction of halocarbon. These refrigerant are still in
use due to there inherent thermodynamic and physical

® A stable mixture of two or several refrigerants whose properties.

*Carbon Dioxide
*Water
*Ammonia

*Air

*Sulphur dioxide

Hydrocarbons ;
] : : : Chemical
Most of the organic compounds are considered as refrigerant Number Chemical Name Formula
under this group. Most of them possess satisfactory .
thermodynamic-properties but are highly flammable & R-717 Ammonia NH,;
explosive. R170 Ethane C.H, R-729 Air -
R290 , Propane C.H. R-744 Carbon Dioxide CO,
R600, Butane, CH, R-764 Sulphur Dioxide SO,
R600a, Isobutane, CH., R-718 or 118 | Water H,O

R&AC
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A re“friqerant IS said to be ideal if It has all of the

following properties:

Thermodynamic Properties:

» Low specific volume, Boiling & Freezing Point.

» High Latent Heat of Vaporization, Critical P and T.

Physical Properties:

» Stability should high.

» Low viscosity and specific heat of liquid

» High specific heat of vapour, thermal conductivity &
Dielectric strength

Chemical Properties/Safe working Properties:

» Non-corrosive to metal, Non-toxic,

» Non-flammable and non explosive

» Not affect on the quality (color, test etc.) of stored
product

» Miscibility with oil

R&AC Dr. Pritam Kumar Das
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Other Properties:

»Low Cost, Environmentally
friendly

» Easily and regularly available

» Easy to liquidity and moderate P
and T.

» Easy to locate leaks by odour or
suitable indicator

» High COP
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o Desirable Properties of a Refrigerant:

Low Boiling and Freezing Point

If the B.T. of the refrigerant is high at P, The compressor should be operated at high vacuum.

Or It should be as low as possible or else there will be a possibility of blockage of passages during flow of fluid

through evaporator.

Refrigerants should have low freezing point than the normal operating conditions. It should not freeze during

application. Water for example cannot be used below 0 C.

High Critical P and T:

Critical P of the refrigerant should be higher than the condenser P. Otherwise the zone of condensation

decreases and the heat rejection occurs.

Once the evaporated gas iIs compressed, the T of seawater should be low enough (below critical T of the

refrigerant) to be able to condense these gases to liquid form. Thus “Critical T’ of the refrigerant should be high.

Or In order to have a broad range of isothermal energy transfer, the refrigerant should have a critical T above the

condensing T.

High Latent Heat of VVaporization

« Higher latent heat of vaporization of the refrigerant will result in lower mass flow rates according to the Heat
transfer equation. If the mass flow is very small it is difficult to control the flow rates. Therefore ammonia
cannot be used for small refrigeration systems.
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Density: The density of the refrigerant should be as large as possible. In reciprocating compressors, the
pressure rise is accomplished by squeezing the entrapped fluid inside the piston-cylinder assembly. Hence,
density decides the size of the cylinder. Again in centrifugal compressors pressure rise is related to the density
of the vapor. A high value of density results in high pressure rise.

Low specific _heat of liquid: To have the minimum change in entropy during the throttling process, the
specific heat should be minimum. For this, the liquid saturation line should be almost vertical. Or The specific
heat of the liquid should be as small as possible. This ensures that the irreversibilities associated with
throttling are small and there is greater sub-cooling of the liquid. On the other hand, the specific heat of vapor
should be high to have less superheating of the vapor.

Low specific volume: Refrigerants with High vapor density/ Low specific volume will require a smaller
compressors and velocity can be kept small and so the condenser tubes used will also be in smaller diameter.
High thermal conductivity: Thermal conductivity of the refrigerant should be high for faster heat transfer
during condensation and evaporation. Or The conductivity of the refrigerant should be as high as possible so
that the size of the evaporator and condenser is manageable. From this viewpoint, ammonia has a better
conductivity than that of R12 or R22 and is more suitable than the latter. But, ammonia is toxic and this does
not allow its use in home refrigeration systems.

Low viscosity: It should be as small as possible to ensure that the pressure drop in the system is as small as
possible. A low viscosity refrigerant will require less energy for its circulation through the refrigeration
system.

R&AC Dr. Pritam Kumar Das
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»Non-toxic: The refrigerant used in air conditioning, food preservation, etc. should not be
toxic as they will come into contact with human beings. Refrigerants will affect human
health If they are poisonous. Or The refrigerant used in air conditioning, food preservation
etc. should not be toxic as they will come into contact with human beings.

»Non-flammable and non explosive: The refrigerant should be inert and not catch fire when
subjected to high temperatures. From this viewpoint CO, Is the most suitable as it is not
only non-flammable, but also acts as a fire-extinguisher. Ethane, butane, isobutene are
highly undesirable as they catch fire quickly.

»Low _Cost: The quantity of refrigerant used in industries Is very less. The price of the
refrigerants is generally high when compared to other chemicals in the industry.

»Easily and regularly available: Refrigerants should be available near the usage point. It
must be sourced and procured within a short period to enable the user in case of leaks,
maintenance schedules, etc.
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2 Easy to locate leaks by odour or suitable indicator: The refrigerant may leak out of

the system. The problems with a leakage are wearing out of joint or the material used for
the fabrication of the system. A denser refrigerant will have fewer tendencies to leak as
compared to higher density refrigerant. The detection of leaks should be easy to loss of
refrigerant. Leakage can be identified quickly if the refrigerant has a distinct color or
odour.

Mixes with oil: The refrigerant should not be miscible with the oil else the lubricating
strength will be reduced. Or Effect on Oil: The refrigerant should not react with the
lubricating oil else, there is a possibility of loss of lubricating action due to either
thickening or thinning of the oil. It should not be soluble in the oil else there will be
reduction in the viscosity of the lubricating oil

High COP: The COP has a direct bearing on the running cost of the refrigeration
system. Higher the magnitude of COP, lower will be the running cost. Since, the COP of
any refrigeration system is limited by the Carnot COP, for large operating pressures a
multi-stage refrigeration system should be employed. CO, has a very low COP. Hence, it
IS not suitable for use as a refrigerant.
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LADTUAY Designation or Nomenclature of Refrigerant:

VIt is very difficult to remember and express large number of chemical formulas and their
derivatives also. Thus Thomas Migley, and Charles Kettering carried the pioneer work of
synthesizing series of CFCs and introduced simple convenient notation method to
designate refrigerant which was also adopted by ASHRAE.

v'The refrigerants are internationally designated as "R’ followed by certain numbers such
as R-11, R-12, R-114 etc.

A refrigerant followed by a two-digit number indicates that a refrigerant is derived from
methane base while three-digit number represents ethane base. The numbers assigned to
each refrigerant have a special meaning.

The general chemical formula for the refrigerant, either for methane or ethane base, is
given as C,H,ClLF,,

iInwhichn+p+q=2m+2

Where, m = Number of carbon atoms, n = Number of hydrogen atoms, p = Number of
chlorine atoms, and g = Number of fluorine atoms.

As discussed above, the number of the refrigerant is given by R (m-1) (n + 1) (q).

R&AC Dr. Pritam Kumar Das
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Let us consider the following refrigerants to find its chemical formula and the number
Dichloro-difluoro-methane (CCIL,F,):

We see that in this refrigerant Number of chlorine atoms, p = 2 Number of fluorine atoms, g =
2 Number of hydrogen atoms, n =0,

We know that n+p+q=2m + 2,

=0+2+2=2m+2o0rm=1,1e. Number of carbon atoms = 1

Thus the chemical formula for dichloro-difluoro-methane becomes CCI,F, and the number of
refrigerant becomes R (1-1) (0+1) (2) orR-0121.e. R -12.

Dichloro-tetrafluoro-ethane (C,CIl,F,):

We see that in this refrigerant Number of chlorine atoms, p = 2 Number of fluorine atoms, q =
4, Number of hydrogen atoms, n =0

We know that n+p+q=2m+ 2

0+2+4=2m+2 or m=2

I.e. Number of carbon atoms = 2
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Thus the chemical formula for dichloro-tetrafluoro-ethane becomes C,CI,F, and the
number of refrigerant becomes R (2-1) (0+1) (4) or R-114.
The Inorganic refrigerants are designated by adding 700 to the molecular mass of the
compound. For example, the molecular mass of ammonia is 17, therefore it is designated
by R - (700 + 17) or R-717.
Saturated hydrocarbons:
chemical formula : CmHnNFpClq
Refrigerant designated as : R(m-1)(n+1)p [where n+p+g=2m+2]
e.g. CH,FCl - R031 — R31
UnSaturated hydrocarbons:
Refrigerant designated as : R1(m-1)(n+1)p, e.g C,H,— R1150
Inorganic compounds: R (700+molecular weight)
e.g NH3 — R717
CO2 — R744 etc
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{:72) Ozone Depletion

v'It consists of two related events observed since the late
1970s: a steady lowering of about four percent in the total
amount of ozone in Earth's atmosphere (the ozone layer), THE E ARTH'S ATMOSPHERE
and a much larger springtime decrease in stratosphericg
ozone around Earth's polar regions. The latter  ExospHERe
phenomenon is referred to as the ozone hole. |
v'Ozone depletion gradual thinning of Earth’s ozone layer
in the upper atmosphere caused by the release of chemical om0
compounds containing gaseous chlorine or bromine from B
industry and other human activities. The thinning is mostF o TRAICSE
pronounced in the polar regions, especially overfg S
Antarctica. Ozone depletion is a major environmental S
problem because it increases the amount of ultraviolet
(UV) radiation that reaches Earth’s surface, which
Increases the rate of skin cancer, eye cataracts, and genetic
and immune system damage.
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““Ttie Montreal Protocol, ratified in 1987, was the first of several comprehensive international
agreements enacted to halt the production and use of ozone-depleting chemicals. As a result
of continued international cooperation on this issue, the ozone layer is expected to recover
over time.

v" Ultraviolet (UV) radiation is divided into three categories of increasing energy: UV-A, UV-
B and UV-C. UV-A s a low energy form of UV and has only minimal biological effects. UV-
B, a higher energy form, causes the most damage to living organisms and materials. UV-C is
absorbed by the oxygen in the atmosphere and never reaches us.

v The ozone layer acts as a natural filter, absorbing most of the sun's burning ultraviolet (UV)
rays.

Depletion of the Ozone Layer

 An ozone molecule (Oj) is composed of three atoms of oxygen. Ozone in the upper
atmosphere (the stratosphere) is referred to as the “ozone layer” and protects life on Earth by
absorbing most of the ultraviolet (UV) radiation emitted by the sun. Exposure to too much
UV radiation is linked to skin cancer, cataracts, and depression of the immune system, and
may reduce the productivity of certain crops. Accordingly, stratospheric ozone is known as
“good ozone.”
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Qn'contrast, human industry creates “ozone pollution” at the ground level. This “bad ozone”
IS a principal component of smog. The ozone layer is reduced when man-made CFC
molecules (comprised of chlorine, fluorine, and carbon) reach the stratosphere and are
broken apart by short-wave energy from the sun. Free chlorine atoms then break apart
molecules of ozone, creating a hole in the ozone layer.

1 The hole in the ozone layer over the Antarctic in 1998 was “the largest observed since
annual holes first appeared in the late 1970s.

1 CFCs were once used in aerosol sprays and as foam blowing agents. Their manufacture is
now banned by an international treaty, the Montreal Protocol, signed by 160 nations. But
because CFCs have a long atmospheric lifetime (about 50 years), those manufactured in the
1970s continue to damage the ozone layer today.

 The amount of CFCs in the stratosphere is now peaking. The good news Is that scientists
forecast that the ozone layer will return to its earlier, stable size by the middle of the 21st
century—assuming that nations continue to comply with the treaty.

d When the ozone hole was first detected, there was emotional debate in which many U.S.
Industries fiercely resisted a ban on CFCs. It took a few years for scientists to show
conclusively that human activity was causing the damage.
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@Itdid not take long for scientists to invent other chemicals that could replace CFCs for
Industrial and commercial purposes, but would not harm the ozone layer. CFCs used as
propellants were first banned in the United States in 1978.

Effects on Human Health:

Laboratory and epidemiological studies demonstrate that UVB causes non-melanoma skin

cancer and plays a major role in malignant melanoma development. In addition, UVB has been

linked to the development of cataracts, a clouding of the eye’s lens.

Effects on Plants:

Indirect changes caused by UVB (such as changes in plant form, how nutrients are distributed

within the plant, timing of developmental phases and secondary metabolism) may be equally or

sometimes more important than damaging effects of UVB. These changes can have important

Implications for plant competitive balance, herbivory, plant diseases, and biogeochemical

cycles.

Effects on Marine Ecosystems:

UVB radiation has been found to cause damage to early developmental stages of fish, shrimp,

crab, amphibians, and other marine animals. The most severe effects are decreased

reproductive capacity and impaired larval development.
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anﬁl increases in UVB exposure could result in population reductions for smalfiHarifg*organisms’ with
implications for the whole marine food chain.
Effects on Biogeochemical Cycles:
Increases in UVB radiation could affect terrestrial and aquatic biogeochemical cycles, thus altering both sources
and sinks of greenhouse and chemically important trace gases
Effects on Materials:
Synthetic polymers, naturally occurring biopolymers, as well as some other materials of commercial interest are
adversely affected by UVB radiation. Today's materials are somewhat protected from UVB by special additives.
Yet, increases in UVB levels will accelerate their breakdown, limiting the length of time for which they are useful
outdoors.
Ozone layer depletion prevention
Everyone needs to take part and change some habits or with different daily practises. Here are some examples:
« Buying and using recycled products.
« Saving of energy:
« Change your light bulbs to LED
 Use less heat and air conditioning
« Buy energy-efficient products
 Use less hot water, Use the “off” switch
* Reducing fossil fuels emissions by using public transport.
« Plant a tree.
* Spread awareness and encourage others to make a change.
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O Global warming is the long-term rise in the average temperature of the Earth's climate
system. It Is a major aspect of climate change, and has been demonstrated by direct
temperature measurements and by measurements of various effects of the warming. Global
warming and climate change are often used interchangeably.

 But more accurately, global warming is the mainly human-caused increase in global surface
temperatures and its projected continuation, while climate change includes both global
warming and its effects, such as changes in precipitation. While there have been prehistoric
periods of global warming, many observed changes since the mid-20" century have been
unprecedented over decades to millennia.
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https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Climate_system
https://en.wikipedia.org/wiki/Temperature_measurement
https://en.wikipedia.org/wiki/Instrumental_temperature_record

