UNIT — I: Air Refrigeration

Introduction to Refrigeration :

Refrigeration may be defined as the process ofeagty and maintaining a temperature
below that of the surroundings, the aim being tol ome product or space to the required
temperature.

One of the most important applications of refrigiera has been the preservation of
perishable food products by storing them at lowgeratures. Refrigeration systems are also used
extensively for providing thermal comfort to humagings by means of air conditioning.

Air Conditioning refers to the treatment of air s to simultaneously control its
temperature, moisture content, cleanliness, odoar @rculation, as required by occupants, a
process, or products in the space.

The subject of refrigeration and air conditioningsrevolved out of human need for food
and comfort, and its history dates back to censurléne history of refrigeration is very interesting
since every aspect of it, the availability of rgérants the prime moverand the developments in
compressorand the methods of refrigeration all are a pait. of

Necessity:

Refrigeration deals with cooling of bodies or flslitb temperatures lower than those of
surroundings. This involves absorption of heat dower temperature and rejection to higher
temperature of the surroundings.

In olden days, the main purpose of refrigeratiors W@ produce ice, which was used for
cooling beverages, food preservation and refrigeransport etc.

Now-a-days refrigeration and air conditioning fisd many applications that they have
become very essential for mankind, and withoutigefation and air conditioning the basic fabric
of the society will be adversely affected.

Refrigeration and air conditioning are generallyated in a single subject due to the fact
that one of the most important applications ofigefration is in cooling and dehumidification as
required for summer air conditioning

Of course, refrigeration is required for many aggions other than air conditioning, and air
conditioning also involves processes other thanimgaand dehumidification. The temperature

(o]
range of interest in refrigeration extends dowralbout —100C. At lower temperatures cryogenic
systemsare more economical.

Now-a-days refrigeration has become an essentiabp&ood chain- from post harvest heat
removal to processing, distribution and storage.

Refrigeration has become essential for many cheraigh processing industries to improve
the standard, quality, precision and efficiency rehny manufacturing processes. Ever-new
applications of refrigeration arise all the timen® special applications require small capacities
but are technically intriguing and challenging.

Air-conditioning is one of the major application$ @frigeration. Air-conditioning has
made the living conditions more comfortable, hygieand healthy in offices, work places and
homes. Air-conditioning involves cooling and dehdification in summer months; this is
essentially done by refrigeration.

It also involves heating and humidification in calidnates, which is conventionally done
by a boiler unless a heat punspused. The major applications of refrigeration ba grouped into
following four maijor equally important areas.




1. Food processing, preservation and distribution
2. Chemical and process industries

3. Special Applications

4. Comfort air-conditioning

Applications
1. Sorage of Raw Fruits and Vegetables. It is well-known that some bacteria are respomsfbr

degradation of food, and enzymatic processing caipsming of the fruits and vegetables. The
growth of bacteria and the rate of enzymatic preegsare reduced at low temperature. This helps
in reducing the spoilage and improving the shéf &f the food. Table 3.1 shows useful storage life
of some plant and animal tissues at various tenyor@s it is possible to preserve various food
products for much longer periods under frozen cioors.

Food Product Average useful storage life (days)
(0] (o] (0]

0C 22 C 38C
Meat 6-10 1 <1
Fish 2-7 1 <1
Poultry 5-18 1 <1
Dry meats and fislp> 1000 | > 350 & <1000> 100 & < 350
Fruits 2-180| 1-20 1-7
Dry fruits > 1000 | > 350 & <100p> 100 & < 350
Leafy vegetables | 3-20 1-7 1-3
Root crops 90 - 30p7 - 50 2-20
Dry seeds > 1000 > 350 & <1006 100 & < 350

Fish: In India, iced fish is still transported by rail camoad, and retail stores store it for short
periods by this method. Freezing of fish aboardshi¢ right after catch results in better quality
than freezing it after the ship docks. In some shipis frozen along with seawater since it takes
months before the ships return to dock. Long-terrasg@rvation of fish requires cleaning,

processing and freezing.

Meat and poultry: These items also require refrigeration right raffiaughter during processing,
(0]
packaging. Short-term storage is done &.Q.ong-term storage requires freezing and stoedge
[0}
25C.

Dairy Products: The important dairy products are milk, butter, tbuhilk and ice cream. To
maintain good quality, the milk is cooled in bulklkncoolers immediately after being taken from

[0}
cow. Bulk milk cooler is a large refrigerated tatilat cools it between 10 to 15 Then it is
0
transported to dairy farms, where it is pasteuriZasteurization involves heating it to €3and
0]
holding it at this temperature for 20 seconds. €h#er, it is cooled to 3t0&.

Beverages: Production of beer, wine and concentrated frudgs require refrigeration. The taste of
many drinks can be improved by serving them coldyoadding ice to them. To preserve the taste
and flavor of juice, the water is driven out ofbly boiling it at low temperature under reduced

0]
pressure. The concentrate is frozen and transpatteg0C.




(0]
Candy: Use of chocolate in candy or its coating with cHat®requires setting at 5-10 otherwise
it becomes sticky. Further, it is recommended ithia¢ stored at low temperature for best taste.

Processing and distribution of frozen food: Many vegetables, meat, fish and poultry are frapen
sustain the taste, which nearly duplicates théhefresh product.

Applications of refrigeration in chemical and preséndustries

The industries like petroleum refineries, petrocloatnplants and paper pulp industries etc.
require very large cooling capacities. The requeetmof each industry-process wise and
equipment-wise is different hence refrigerationtsiys has to be customized and optimized for
individual application. The main applications ofrigeration in chemical and process industries
involve the following categories.

(0]
1. Separation of gases. In petrochemical plant, temperatures as low a®-€1%vith refrigeration
capacities as high as 10,000 Tons of RefrigerafiiR) are used for separation of gases by
fractional distillation.

2. Condensation of Gases. some gases that are produced synthetically, ardetsed to liquid
state by cooling, so that these can be easily dtanel transported in liquid state. For example, in

0
synthetic ammonia plant, ammonia is condensed @tte110C before filling in the cylinders,
storage and shipment. This low temperature requafeigieration.

3. Dehumidification of Air: Low humidity air is required in many pharmaceuticadustries. It is
also required for air liquefaction plants. Thisako required to prevent static electricity and
prevents short circuits in places where high vasagre used. The air is cooled below its dew point
temperature, so that some water vapour condensesduhe air gets dehumidified.

4. Solidification of Solute: One of the processes of separation of a substangmllutant or
impurity from liquid mixture is by its solldlflcamn at low temperature. Lubrlcatlng oil is de-waxed

in petroleum industry by cooling it below —25 Wax solidifies at about 2(5

5. Storage as liquid at low pressure: Liquid occupies less space than gases. Most akfhigerants

are stored at high pressure. This pressure is lystiair saturation pressure at atmospheric
temperature. For some gases, saturation pressuverattemperature is very high hence these are
stored at relatively low pressure and low tempeeatbor example natural gas is stored at 0.7 bar

gauge pressure and —fGD Heat gain by the cylinder walls leads to boilafgsome gas, which is
compressed, cooled and expanded back to 0.7 bgegau

6. Removal of Heat of Reaction: In many chemical reactions, efficiency is betfethe reaction
occurs below room temperature. This requires refation. If these reactions are exothermic in
nature, then more refrigeration capacities areirequProduction of viscose rayon, cellular acetate
and synthetic rubber are some of the examples. érgation is also one of the examples of this.

7. Cooling for preservation: Many compounds decompose at room temperaturigesetevaporate
at a very fast rate. Certain drugs, explosives raatdral rubber can be stored for long periods at
lower temperatures.

8. Recovery of Solvents. In many chemical processes solvents are usedhwlsaally evaporate
after reaction. These can be recovered by condensattlow temperature by refrigeration system.
Some of the examples are acetone in film manufactumd carbon tetrachloride in textile
production.

Special applications of refrigeration




In this category we consider applications othernthéhemical uses. These are in
manufacturing processes, applications in medi@asstruction units etc.

1. Cold Treatment of Metals: The dimensions of precision parts and gauge bloaksoe stabilized
(0]
by soaking the product at temperature around -€90he hardness and wear resistance of

(o]
carburized steel can be increased by this pro&&sping the cutting tool at —100 for 15 minutes
can also increase the life of cutting tool. In deegwing process the ductility of metal increases a
low temperature. Mercury patterns frozen by refidgjen can be used for precision casting.

2. Medical: Blood plasma and antibiotics are manufactured égze-drying process where water is
made to sublime at low pressure and low temperaithiss does not affect the tissues of blood.
(0]

Centrifuges refrigerated at —10) are used in the manufacture of drugs. Localreéageration by
liquid nitrogen can be used as anesthesia also.

3. Ice Skating Rinks: Due to the advent of artificial refrigerationosts like ice hockey and skating
do not have to depend upon freezing weather. Toasde played in indoor stadium where water
is frozen into ice on the floor. Refrigerant orr@icarrying pipes are embedded below the floor,
which cools and freezes the water to ice over It f

4. Construction: Setting of concrete is an exothermic processidftieat of setting is not removed
the concrete will expand and produce cracks insthécture. Concrete may be cooled by cooling
sand, gravel and water before mixing them or bipgschilled water through the pipes embedded
in the concrete. Another application is to freehe tvet soil by refrigeration to facilitate its
excavation.

5. Desalination of Water: In some countries fresh water is scarce and seawstesalinated to
obtain fresh water. Solar energy is used in sorsescéor desalination. An alternative is to freeze
the seawater. The ice thus formed will be relayiviegte of salt. The ice can be separated and
thawed to obtain fresh water.

6. Ice Manufacture: This was the classical application of refrigeratitoe was manufactured in
plants by dipping water containers in chilled brare it used to take about 36 hours to freeze all
the water in cans into ice. The ice thus formed wat@sed in ice warehouses. Now that small
freezers and icemakeege available. Hotels and restaurants make their e, in a hygienic
manner. Household refrigerators also have theitia¢cd make ice in small quantities. The use of
ice warehouses is dwindling because of this reaSoastal areas still have ice plants where it is
used for transport of iced fish.

Refrigeration systems are also required in renaoié rural areas for a wide variety of
applications such as storage of milk, vegetablestsf foodgrains etc., and also for storage of
vaccines etc. in health centers. One typical prabMth many of the rural and remote areas is the
continuous availability of electricity. Since spaisenot constraint, and most of these areas in
tropical countries are blessed with alternate gneagirces such as solar energy, biomass etc., it is
preferable to use these clean and renewable esetgges in these areas.

Thermal energy driven absorption systems have hesead in some instances. Vapour
compression systems that run on photovoltaic (P&)s chave also been developed for small
applications. Figure 3.5 shows the schematic ofarsétV cell driven vapour compression
refrigeration system for vaccine storage.

Methods of Refrigeration:

Refrigeration is defined as “the process of coolnfigpodies or fluids to temperatures lower than
those available in the surroundings at a partictiae and place”. It should be kept in mind that
refrigeration is not same as “cooling”, even thobgitth the terms imply a decrease in temperature.




In general, cooling is a heat transfer process dawemperature gradient, it can be a natural,
spontaneous process or an artificial process.

However, refrigeration is not a spontaneous prqcassit requires expenditure of exergy (or
availability). Thus cooling of a hot cup of coffee a spontaneous cooling process (not a
refrigeration process), while converting a glassvater from room temperature to say, a block of
ice, is a refrigeration process (non-spontanedédl) refrigeration processes involve cooling, but

all cooling processes need not involve refrigerdtio

Refrigeration is a much more difficult process thating, this is in accordance with the second
laws of thermodynamics. This also explains the faat people knew ‘how to heat’, much earlier
than they learned ‘how to refrigerate’. All praeliaefrigeration processes involve reducing the
temperature of a system from its initial value e required temperature that is lower than the
surroundings, and then maintaining the systemeatajuired low temperature.

The second part is necessary due to the reasoortbatthe temperature of a system is reduced, a
potential for heat transfer is created betweensttstem and surroundings, and in the absence of a
“perfect insulation” heat transfer from the surrdings to the system takes place resulting in
increase in system temperature. In addition, tiséesy itself may generate heat (e.g. due to human
beings, appliances etc.), which needs to be ertlacbntinuously. Thus in practice refrigeration
systems have to first reduce the system temperatdéhen extract heat from the system at such a
rate that the temperature of the system remainsToworetically refrigeration can be achieved by
several methods. All these methods involve produtamperatures low enough for heat transfer to
take place from the system being refrigerated ¢csiistem that is producing refrigeration.

Methods of producing low temperatures

1. Ice Refrigeration
Ice was the only refrigeration means availablenfi@ny years. The usual ice refrigerator consists of
an insulated cabinet equipped with a tray at tipe fiar holding an ice blocks. Shelves for food are
located below the ice compartment. Air surroundimgse blocks gets cooled and descends down
since it becomes denser. Warmer air at lower lsvedplaced by the cold dense air flows up.
Cold air flows downward from the ice compartmend aools the food on the shelves below. Air
returns from the bottom of the cabinet up, thesi@ed back of the cabinet which is warmer, flows
over the ice, and again flows down over the sheivdx cooled.

2. Evaporative Refrigeration

3. Refrigeration By expansion of Air

4. Refrigeration By Throttling of the gas
5. Vapour Refrigeration systems

6. Vapour Absorption system

7. Steam jet Refrigeration systems

8. Refrigeration by using liquid gasses

9. Dry Ice Refrigeration
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Example 3.2. An aircraft refrigeration plant has to handle a cabin load of 30 tonnes. The
atmospheric temperature is 17°C. The atmospheric air is compressed to a pressure of 0.95 bar ﬁ
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 and
supplied to the cabin. The air leaves the cabin at a temperature of 27°C. The isentropic
efficiencies of both compressor and turbine are 0.9. Calculate the mass of air circulated per |
minute and the C.O.P. For air, ¢, = 1.004 kJ/kg K and cp/ c, =14

Solution. Given : 0 = 30 TR ; T, = 17°C = 17 + 273 = 290 K s p, = 0.95 bar ;
T, =30°C=30+273=303K; p,=py=475bar; T,=67°C = 67 + 273 = 340 K ;
p5=p5r=1bar;T6=27°C=27+273=300K;1]C=11T=0.9;cp= 1.004 kJ/kg K ;
c,/c,=y=14

The T-s diagram for the simple air refrigeration cycle with the given conditions is shown in
Fig. 3.4.

Temperature

itk - '
P g
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T, = Temperature of the air after isentropic compression in the
et compressor,

Ty = Actual temperature of the air leaving the compressor,

T, = Temperature of the air leaving the turbine after isentropic
expansion, and
Ty = Actual temperature of the air leaving the turbine.
e know that for isentropic compression process 2-3,
Pl 14-1

3

i} ps | Y 475Y 14

= - W LT — 0.286 —

& (Pz] [0.95) = (S5 = 1.38¢

| T, = T, x 1.584 = 303 x 1.584 = 480 K
= <entropic efficiency of the compressor,
Isentropic increase in temperature 13 —T;

Mc =  Actual increase in temperature Ty —T;
480 -303 177
0.9 = 7,303 = Ty -303
Ty 303 = 177/0.9 = 196.7 or Ty = 303 + 196.7 = 499.7 K

Now for the isentropic expansion process 4-5,
| y-1 14-1

T — ol o
4 [_84_) ! = (ﬂ_s_) 14 — (4.75)0.286 = 1.561
Ps 1

T, = T,/ 1561 = 340/1.561=2178K

ad isentropic efficiency of the turbine,

]

Actual increase in temperature T, -1y
Mr = Isentropic increase in temperature T T, -Ts
340-Ty  340-Ty ’
09 = 320-2178 = 1222
' T, = 340 -09 x 1222=230K
- Mﬂss of air i 3 :
er circulated per minute
¢ know that mass of air circulated per minute,
2100 210x30 : )
= 89.64 kg/min Ans.

Cop m, = ¢ (Tg—Ts) ~ 1.004(300-230)
Wiel  GOR = m,c,(Ty —T,) = 89.64 x1.004 (499.7 - 303)
ple 3.3, An aircraft moving with speed of 1000 km/h uses simple gas refrigeration
mperature are 0.35 bar and -10°C

Ar-cortis . ; 3
. Pty I-conditioning. The ambient pressure and te i ‘
4.5. The heat exchanger effectiveness is 0.95. The

der are 0.8 each. The cabin pressure and
eratures and pressures at all points of the

¢ -0 find the volume flow rate through compressor inlet and expander outlet for 100 TR
Y3 kifkg K ; R = 0.287 kifkg K and ¢, €, = 1.4 for air. ol

=0.356 Ans.
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Solution. Given : V = 1000 km /

h=2778m/s:p
=038 s Ps = ps'

=035 bar; T} =-10°C = _

nd Air Conditioning

10 4 0

R e v s
e A et e

=263 K ; p,/p, =450

=095 M= Ny

= 1.06 bar ; T = 25°C = 95

R =0287 kl /kg

; Y
K=2871/keKic /e <y |

=298K; Q=100TR:c,= 1005 KI/kg K p

i o

PR
__ — Temperature

————— Entropy

\

Fig. 3.5 |
Temperatures and pressures at all points of the cycle :

The T-s diagram for the simple gas refrigeration cycle with the given conditions is shownin
Fig. 3.5.

|
Let T,and p, = Stagnation temperature and pressure of the ambient it |
entering the compressor, |
T, and p, = Temperature and pressure of the air leaving lhf:‘
- compressor after isentropic compression, }
Ty = Actual temperature of the air leaving the compressor,
T, = Temperature of the air leaving the heat exchanger
entering the expander,
P4 = Pressure of the ajr leaving the heat exchanger or entefl’
the expander = P3 = py,
T = Temperature of the aj i r aft
: e air le der aff
1sentropic eXpansion, T e
Ty = Actual
_ s tal temperature of the g, leaving the expander
2
We know that e gl Y = (277.8)2
: = 263 + 384 = 301_4 K Ans X 1'005
' and P2 [Iz_)’_l _ (3014 ‘lﬁﬁl :
. = |24 )
Py T, 263 } =(1.146)*s = 1 611 . -
¢ P2 = Py X 1611 =35
Since py/ p, = 4.5 (Given), therefore e

0.564 bar Ans."
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¥e know that for isentropic compression process 2-3,

y-1
L

s
T2

EX 14-1
= (45) 14 = (4.5)°%6=1537
(27 -
T, = T, x 1537 =301.4 x 1.537 = 463.3 K

e also know that isentropic efficiency of the compressor,

Isentropic temperature rise T3 - T,

e = TActual temperature rise Ty — T
463.3-301.4 161.9
] 038 = 73014 ~ Ty 3014
B4 Ty -301.4 = 161.9/0.8 = 202.4

. Ty = 301.4 + 202.4 = 503.8 K Ans.
I_,___#:{:‘ﬂ’ecﬁveness of the heat exchanger (1),

) Ty-T,  5038-T,  5038-T,
B =g P = 5088-3014 2024

T, = 503.8 - 0.95 x 202.4 = 311.5 K Ans.
and Py = Py = 2.54 bar Ans.
Now isentropic efficiency of the expander,

Actual temperature rise I, -%
N = Tsentropic temperature rise T3 — T
315-Ty  311.5-Ty
8 =

3115-243 = 685
Ty = 311.5 - 0.8 x 68.5 = 256.7 K Auns.

Velume flow rate
Let v, = Volume flow rate through the compressor inlet, and

_ Volume flow rate through the expander outlet.

We know that mass flow rate of air,

I

Vs’

2100 210%100 _
m, = o (Te-Ty) = 1005 (298 256.7) = 06 ke/min
@ Py, = mRT,
m,RT,  506x287x301.4 , ;
” = = 776 m¥/min Ans.
V2 P 0.564%10°
... (R is taken in J/kg K and p, is taken in N/m?)
pyvy = m,RTy
m,RTy:  506x 287 x 256.7 :
vy = = = 351.7 m*min Ans.

ps 1.06 x10°
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Example 3.4. The cock pit of a jet plane flying at a speed of 1200 km/h is to beo c‘a';::led-by_!j
a simple air cooling system. The cock pit is to be maintained at 25°C and the p:,ressure in ; e c{}ock
pit is 1 bar. The ambient air pressure and temperature are 0.85 bar and 30°C. The other data

available is as follows :

Cock-pit cooling load = 10 TR ; Main compressor pressure ratio = 4; Ra{n 8}_5_’3600
= 90% ; Temperature of air leaving the heat exchanger and entering the cooling mrb!.ne = 60°G}
Pressure drop in the heat exchanger = 0.5 bar ; Pressure loss between the cooler turbine and cock

pit = 0.2 bar. ; o
Assuming the isentropic efficiencies of main compressor and cooler turbine as 80%, find

the quantity of air passed through the cooling turbine and C.O.P. of the system. Take Y = 1.4 and_
c,=1 kJ/kg K. _ :
Solution. Given : V = 1200 km/ h=3333m/s; T,=25°C
bar;pl=0.85bar;T,=30°C=30+273=303 K:0=10TR ; p;
T4=6O°C=60+273=333 K ;pa=(p31-0,5) bar ; ps = Ps’ = Ps
T]C=T]T=80%=0.8 sy=145¢,=1 kl/kg K
The T-s diagram for the simple air cooling s

ciency

_254+273=208K;pe=1
[P2r=4;ﬂR=90%=0.9;
+02=1+02=12bar;

ystem with the given conditions is shown in

Fig. 3.6.
o
a
o
a
£
@
Entropy —>
Fig. 3.6
Let T, = Stagnation temperature of the ambient air entering the
main compressor = 15,
p, = Pressure of air after isentropic ramming, and
p, = Stagnation pressure of air entering the main compresso®

2 2

We know that T, =Ty= T1+-—L— =303+&3'3-)——

2000 ¢, 2000x1

= 303 +55.5=3585K
- . . 14 -
P, L 358.5 Y141
d e — —_— —, —_— = 35 —
an o) ) {TIT [ 303 ] (1.183) 1.8

p, = p, x 1.8 =0.85 x 1.8 = 1.53 bar
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We know that ram efficiency,

Actual pressyre rise

Mg i e
Sentropic pressure rise P2 - py
0.9 " pz’ i 0-85 pz’ = 0.85

1.53-085 =~ ges

o Py =09 x 068 + 0.85 = 1.46 ba
Now for the isentropic process 2’— 3, :

]:_l
‘?i‘ - _‘?i. ’ i 1—5—:1- i 40,286_1486
TZ' Pz’ o (4) 1.4 "( ) ST

T, = Ty x 1.486 = 358.5 x 1.486 = 532.7 K

and isentropic efficiency of the compressor,

Il

Isentropic temperature rise 73 — Ty

€= " Actual temperature rise Ty — Ty
532.7-3585 174.2
08 = "5, 3585 = Tp-3385
Ty = %Hss.s =576 K

Since the pressure ratio of the main compressor (p3/ py) is 4, therefore pressure of air
leaving the main compressor,
Py = py =4py=4x146=15.84 bar
Pressure drop in the heat exchanger
="' 0.9 bar

- Pressure of air after passing through the heat exchanger or at entrance to the cooling
trbine, ' '

p; = py —0.5=5.84-0.5=75.34 bar |
Also there is a pressure loss of 0.2 bar between the cooling turbine and the cock pit.
“refore pressure of air leaving the cooling turbine,
p. = py =pgt+02=1 + 0.2 = 1.2 bar
5

Now for the isentropic process 4-5,
y-1 14-1

7:1 P4 -T = _5._'34_.) _1'4 = (4.45)0.236 =1.53
Al _
I. = T,/ 153=333/153=2176K

5 p— .

e know that isentropic efficiency of ‘the cooling lurbm.e, |
. Actual temperature rise ) T, ~Ty
‘M1 = [gentropic temperature rise T, -T,
333=Ty "~ 333-Ts
333-217.6 ~ 1154
333 - 0.8 x 1154 = 240.7 K

0.8
Tsf =
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Example 3.6. A simple evaporative air mﬁ'igergt.‘ion system ois us:j _50; gzrﬂe Iff?r:; ;‘;:"fz
20 tonnes of refrigeration load. The ambient air cond:rfons are 20°Ca - .om ;essor i r
is rammed isentropically to a pressure of 1 bar. The air {eavzng g mamdcrheﬁ in the evaporzw
3.5 bar is first cooled in the heat exchanger having effectiveness of 0.6 an : —od Hhrouah t::
where its temperature is reduced by 5°C. The air from .‘hf evaporasor “;p s ; rafur
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 rhatqf
cooling turbine is 75% ,determine :

1. Mass of air bled off the main compressor; 2. Power required for the refrigerating systa%
and 3. C.O.P. of the refrigerating system. ‘ ok

ik
Solution. Given: 0 =20 TR ; T, = 20°C = 20 + 273 =293 K ;p, =09 bar ; p, = 1 bar;

p3:p3f=3_Sba_r;T]H=0_6;T6=25°C=25+273=298K;P6= I.OSbaI;T]C=80%=O.8;
Ny =75% = 0.75

The T-s diagram for the simple evaporative air refrigeration system with the given
conditions is shown in Fig. 3.10.

TS’

[ - —— e e e - -

Temperature

— ——— Entopy ——

Fig. 3.10 m
Let T,

Temperature of air entering the main compressor,

T, = Tem i i i ion i mail
S 3 perature of air after 1sentropic compression in the :
Ty = Actual temperature of ajr leaving the main compressor, and
. T, = Temperature of ajr entering the evaporator.
e know that for ap isentropic ramming process 1-2,
¥Y-1
)

1=2 14-1 :
A2 TRAY (2 e '
T 3 “1 09 = (L.11)%2% = 1 o3

(Takjng = 1.4}
T2=Tlx1.03=293x1.03:301.31( '1”_'
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Now for the isentropic compression process 2.

-1 %
T. el ' 141
=20 Py Ve 3.5 s
T, P, ol e = (3.5)0286 = 1 43 :

T3 = T, 14323018 x 143 < 431 6

We know that efficiency of the compressor,

e i Isentropic increase in temperature B3 -7,
c = ———_

Actual increase in temperature Ty — )
431.6 - 301.
08 = B 01.8 129.8

Iy-3018 = 73, -301.8

- Ty = 301.8 + 129.8/0.8 = 464 K
Effectiveness of the heat exchanger My)

Tie—T, 464 — T, =
Qi Tl .
Ty -Ty 464-301.8 ~ 1622 R

T, = 464 - 0.6 x 162.2 = 366.7 K =93.7°C

Since the temperature of air in the evaporator is reduced by 5
of air leaving the evaporator and entering the cooling turbine, ,
Ty = T,-5=93.7-5=88.7°C=361.7K
Now for the isentropic expansion process 4'— 5,

o _(pa) T _(35) = (3.33)0286 =] 4]
T; Ps 1.05

- T, = Ty/1.41 =361.7/1.41 = 2565 K
Efficiency of the cooling turbine,

°C, therefore the temperature

Actual increase in temperature Ty =T
L Isentropic increase in temperature ~ Ty — 7T,
36L.7-T¢  361.7-Ty
0.75 A1 7 _A%F &

= 361.7-256.5 = 105.2
T Ty = 361.7-0.75 x 105.2 = 282.8 K
Mass of gy bled off the main compressor

We know that mass of air bled off the main compresszolrbx s

210 i
m, = o, _Qz;.l) - {OO8 280 = o s /il A,
*Power required for the refrigerating system
We know that power required for the refrigerating system,

r"'TP -
o m,c,(Ty —Ty) _ 276x1(464 -301.8) s S,
= 60 60

3, C .
R of the refrigerating system
¢ know that C.0.P, of the refrigerating system
2100 210x20

L S = 0.094 Ans.
= Px60 - 746x60 = 0004 AN
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