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1stChapter
AirRefrigerationCycle

Inanairrefrigerationcycle,theairisusedasarefrigerant. Thebasicelementsofanaircycle
refrigerationsystemarethecompressor, thecoolerorheat  exchanger,theexpanderandthe
refrigerator.

Unitsof Refrigeration

ThepracticalunitofrefrigerationisOnetonne(1000kg)oficefromand0in24hours.

expressedintermsof”tonneofrefrigeration’(brieflywrittenasTR).Atonneofrefrigerationis
defined as the amount of refrigeration effect produced by the uniform melting of one tonne
(1000kg) of ice from and at °C in 24 hour.

Sincethelatentheatoficeis335kJ/kg,thereforeoneoneofrefrigeration= 1 TR=
1000x335 kJ/ in 24 hours= (1000x335)/ (24x60) =232.6 kJ/min
Inactualpractice,onetonneofrefrigerationisequivalentto210kJ/minor3.5Kw(3.5kJ/s)

Coefficientofperformance

The coefficient of performance (C.0.P) is the is the ratio of heat extracted in the refrigerator
totheworkdoneontherefrigerant.Itisalsoknownastheoreticalcoefficientofperformance.
Mathematically,

TheoreticalC.OP.=Q/W

whereQ=Amountofheatextractedintherefrigerator(oftheamountofrefrigerationproduced, or
the capacity of a refrigerator and

W=Amountof workdone.
*Forperunitmass,C.0.P=q/w

Find the C.0.P. of a refrigeration system if the work input is 80kJ/kg and refrigeration effect
produced is 160 kJ/kg of refrigerant flowing

Solution.Given: w=80kJ/kg:q=160kJ/kg
C.0.P.=q/w=160/80=2




Aircyclerefrigerationisoneoftheearliestmethodsusedforcooling. Thekeyfeaturesof  this
method is that, the refrigerant air remain gaseous state throughout the refrigeration
cycle.Basedontheoperation,theairrefrigerationsystemcanbeclassifiedinto

1. Openairrefrigerationcycle
2. Closedrefrigerationcycle

Openairrefrigerationcycle

Inanopenrefrigeration system, theairisdirectlypassedoverthespaceis tobecooled, and
allowed to circulate through the cooler. The pressure of open refrigeration cycle is
limited to the atmospheric pressure.A simple diagram of the open-air Refrigeration
system is given below.

Advantagesandapplication

= |teliminatestheneedof aheatexchanger.
= Itisusedinaircraftbecauseithelpstoachievecabinpressurizationandair
conditioning at once

Disadvantages

One of the disadvantages of this system is that its large size. The air supplied to the
refrigeration system is at atmospheric pressure, so the volume of air handled by the
systemislarge.Thusthesizeofcompressorandexpanderalsoshouldbelarge.Another
disadvantage of the open cycle system is that the moisture is regularly carried away by
thecirculatingair,thisleadstotheformationoffrostattheendof theexpansionprocess and
clogs the line, and hence a use of dryer is preferable to the open air refrigeration system.

Closedrefrigerationsystem/Denseairrefrigerationcycle

In closed or dense air refrigeration cycle, air refrigerant is contained within pipes and
componentpartofthesystematalltime.Thecirculatedairdoesnothavetodirectcontact with
the space to be cooled. The air is used to cool another fluid (brine), and this fluid is
circulatedintothespacetobecooled.Sothedisadvantageslistedinopenairrefrigeration
canbeeliminated.Theadvantagesofclosedairrefrigerationsystemare

Advantages

» Thesuctiontothecompressormaybeathighpressure,thereforethevolumeofairhandledby the
compressor and expander is low when compared to an open system. Hence the size of
compressor and expander is small compared to the open air system.

» Thechanceoffreezingofmoisterandchokethevalveiseliminated.

» |In this system, higher coefficient of performancecan be achieved by reducing operating
pressure ratio.




BellColemanCycle

Bell Coleman Cyclealsoknownasa Reversed BraytonCycleor

theJoulecycle.TheBellColemanCycleisarefrigerationcycle where the
working fluid is air which is compressed and expanded but do not change
state. In this cycle, the process of compression and expansion

ofgasisisentropicandheatabsorptionandrejectionofheattakesplaceat
constant pressure i.e isobaric process

Working of Bell-Coleman cycle

1. Isentropic compression process

2. Constant pressure cooling process

3. Isentropic expansion process

4. Constant pressure expansion process
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P-VandT-Sdiagramofbellcolemanrefrigerator.HereP1,
V1, T1, Sirepresents the pressure, volume,
temperature, entropy of air respectively at point 1.
And so on. It represents the corresponding condition
of air when it passed through the component.

Isentropic Compression: The Cold air from the

refrigerator is brought into the compressor and
compressedisentropically.Duringthisprocedure,the
pressure increments from P1 to P2. The specific
volume decreases from v1 to v2 and the temperature
increments from T1 to T2. During this procedure




Entropy‘s’stayssteady(s1=s2).Noheatisabsorbed
orrejectedbytheair.
2-3 Constant Pressure Cooling Process: The warm air from

thecompressoristhenpassedintothecoolerwhereitis
cooled at constant pressure, reducing the temperature
from T3 to T2. Thespecific Volumereduces from v2 to
V3.

Heatrejectedbytheair:Qr=Cp(T2—T3)

3-4 Isentropic Expansion: Air from the cooler is presently
broughtintotheexpanderandisextendedisentropically.The
pressure of the air stays steady during this process. Specific
volume changes from v3 to v4 and the temperature decreses
from T3 to T4. No heat transfer takes place.

4-1 ConstantPressureexpansionprocess:Thecold

air from the expander isthen passed into

the refrigeratorand extended at a constant
pressure.Thetemperatureoftheairincreases from
T4 to T1. The specific volume of the air changes
from v4 to v1.
Heatabsorbedbytheair:Qa=Cp(T1—T4)




Workdoneduringthecycleperkgofair=Heatrejected—Heat
absorbed

=Cp(T2—T3)—Cp(T1-T4)
C.0O.Pduringthecycleperkgofair=Heatabsorbed/work done

=Cp(T1-T4)/Cp(T2—T3)—Cp(T1-T4)

EquationofCoefficientofperformance(COP)ofBellColema

n cycle:
Heatabsorbedduringcycleperkgofairqs=Cp(T+-T,) Heat

rejected during cycle per kg of air qz2.3= Cp(T2-T;)

Thentheworkdoneper kgofairduringthecycleis=Heatrejected-Heatabsorbed
=Cp(Tz-T3)-Cp(T1 -T4)

Coefficientofperformance;
Heat absorbed Co(Ty — Ty)

C.0.P.= =
Work done Cp(Ty = T5) — Cp(Ty — Ty)
_ (Ty — Ty)
(T; =T3) = (T1 = To)
T, - 1)
2
C.0.P.=

T, T i}
Tyt — 1)~ T — 1) W

Forisentropiccompressionprocess1-2
¥—=1

T2 _ (ﬁ) ' (i)
T, \P, ‘




Forisentropic expansionprocess3-4
T3 (Pg)
T, \P,

Since,P2=P3andP1=P4, thereforefromequation(ii)and(iii) Substitute
equation (iv) in (i)

¥=1
¥

(iii)

C.0.P.= d =
o I_TS_T:T_ Ta_l

C.0.P.= T
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2"9Chapter
SimpleVapourCompressionRefrigerationSystem

A vapour compression refrigeration system is an improved type of air refrigeration system in
which a suitable working substance, termed as refrigerant, is used. It condenses andevaporates
at temperatures and pressures close to the atmospheric conditions. Therefrigerants, usually,
used for this purpose are ammonia (NHs), carbon dioxide (CO,) and sulphur dioxide (50,).

The refrigerant used, does. not leave the system, but is circulated throughout the system
alternately condensing and evaporating. In evaporating, the refrigerant absorbs its latent heat
from the brine (salt water) which is used for circulating it around the cold chamber. While
condensing, it gives out its latent heat to the circulating water of the cooler. The vapour
compression refrigeration system is, therefore a latent heat pump, as it pumps its latent heat
from the brine and delivers it to the cooler.

The vapour compression refrigeration system is now-a-days used for all purpose refrigeration. It
is generally used for all industrial purposes from a small domestic refrigerator to a big air
conditioning plant.

Following are the advantages and disadvantages of the vapour compression refrigeration
system over air refrigeration system:

Advantages

1. Ithassmallersizeforthegivencapacityofrefrigeration.
2. Ithaslessrunningcost.

3. ltcanbeemployedoveralargerangeoftemperatures.
4. Thecoefficientofperformanceisquitehigh.

Disadvantages
1. Theinitialcostishigh.

1. The prevention of leakage of the refrigerant is the major problem in vapour compression
system.




MechanismofaSimpleVapourCompressionRefrigerationSystem
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Asimplevapourcompressionrefrigerationsystemconsistsofthefollowingfiveessentialparts:

Compressor: The low pressure and temperature vapour refrigerant from evaporator is
drawn into the compressor through the inlet or suction valve A, where it is compressedto
a high pressure and temperature. This high pressure and temperature vapour refrigerant
is discharged into the condenser through the delivery valve B.

Condenser:Thecondenser orcooler consists ofcoils of pipein which thehigh pressure and
temperature vapour refrigerant is cooled and condensed. the refrigerant, while, passing
through the condenser, gives up its latent heat to the surrounding condensing medium

which is normally air or water.

Receiver: The condensed liquid refrigerant from the condenser is stored in a vessel
known as receiver from where it is supplied to the evaporator through the expansion

valve or refrigerant control valve.

Expansion valve: It is also called throttle valve or refrigerant control valve. The function
of the expansion valve is to allow the liquid refrigerant under high pressure and
temperature to pass at a controlled rate after reducing its pressure and temperature.
Some of the liquid refrigerant evaporates as it passes through the expansion valve, but
the greater portion is vaporised in the evaporator at the low pressure and temperature.




o Evaporator: An evaporator consists of coils of pipein which theliquid-vapour refrigerant
at low pressure and temperature is evaporated and changed into vapour refrigerant at
low pressure and temperature. In evaporating, the liquid vapour refrigerant absorbs its
latent heat of vaporisation from the medium (air, water or brine) which is to be cooled.

In any compression, refrigeration system, there are two different pressure conditions. One is
called the high pressure side and other is known as low pressure side. The high pressure side
includes the discharge line ( i.e. piping from delivery valve B to the condenser), condenser,
receiver and expansion valve. The low pressure side includes the evaporator, piping from the
expansion valve to the evaporator and the suction line (i.e. piping from the evaporator to the
suction valve A).
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1. Themostconvenientchartforstudyingthebehaviourofarefrigerantisthe p-hchart,inwhich the
vertical ordinates represent pressure and horizontal ordinates represent enthalpy (i.e. total heat).

2. A typical chart is shown above. in which a few important lines of the complete chart are
drawn. The saturated liquid line and the saturated vapour line merge into one another at the
critical point. A saturated liquid is one which has a temperature equal to the saturation
temperature corresponding to its pressure.

3. The space to the left of the saturated liquid line will, therefore, be sub-cooled liquid region.
Thespacebetweentheliquidandthevapourlinesiscalledwetvapourregionandtotherightof the
saturated vapour line is a superheated vapour region.

Consider the chart below which is typical of the refrigerant R22, a common refrigerant in small
refrigeration systems.
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A closer analysis of the chart shows that there are distinct regions separated by three
“boundary lines”. The region on the left is sub cooled liquid. This is the refrigerant liquid
at a temperature lower than the equivalent boiling point for the pressure noted.

The region inside the “dome” is a liquid-vapor mixture. If the liquid is at the boiling point,
but just hasn't begun to boil, it is defined as saturated liquid. Adding any heat to this
liquid will vaporizeaportionof it. Adding moreheattotheliquid-vapormixtureeventually
evaporates all of the liquid. At some precise point (G), the vapor is fully saturated.Adding
any more heat to the vapor will cause it to rise in temperature further; this is referred to
as superheated vapor which are above the corresponding saturated vapor point

Similarly, sub cooled liquid can be generally warm. It just means that the liquid is cooler
than the saturation line at that pressure.

Consider the refrigerant to be initially at point A. To reach this point after leaving the
evaporator at G, the refrigerant is heated slightly and crosses the compressor suction
valve to point A. Thecompressor elevatestherefrigerant'spressuretoapoint atwhich it can
push the discharge valve open and flow into the condenser. The refrigerant vapor leaves
the compressor at point B, de-superheats to point C, and then begins to condense. After
the vapor is completely condensed at point D, it is sub cooled a bit further (E), at which
time it is still at a much higher pressure than the evaporator.

Controlling the flow to the evaporator and throttling to the pressure of the evaporator is
performed by the expansion device, a capillary tube or a throttling valve in small
refrigeration systems. This pressure reduction step vaporizes a portion of the
liquidwhich cools (called flash gas) the remaining liquid going to point F. The "average”
mixtureof vaporandliquidcrossingthevalvedoesn'tchangeinenergycontent.Itsimply
separatesinto liquid andvapor at thereducedtemperature andpressureaccording to its
precise thermodynamic properties. The liquid at point F is then ready to pick up heat in
the evaporator and form vapor at point G where the cycle repeats itself.




TypesofVapourCompressionCycles

Thevapourcompressioncycleessentiallyconsistsofcompression,condensation, throttlingand
evaporation.

1. Cyclewithdrysaturatedvapouraftercompression,

1. Cyclewithwetvapouraftercompression,

3. Cyclewithsuperheatedvapouraftercompression,

4. Cyclewithsuperheatedvapourbeforecompression,and

5. Cyclewithundercoolingorsubcoolingofrefrigerant.

1. TheoreticalVapourCompressionCyclewithDrySaturatedVapourafterCompression

A vapour compression cycle with dry saturated vapour after compression is shown on T-s andp-
h diagrams in Fig. (a) and (b) respectively. At point 1, let T4, ps, and s;, be the temperature,

pressure and entropy of the vapour refrigerant respectively. The four processes of the cycle are
as follows:

1. Compression process: The vapour refrigerant at low pressure p1, and temperature T1, is
compressed isentropically to dry saturated vapour as shown by the vertical line 1-2 on T-s

diagram andbythecurve1-2onp-hdiagram.Thepressureandtemperature risesfromps,top,and Ty,
to T,, respectively.
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hy, by = h, h, h,
Enthalpy ———»
(b) p-h diagram.

(@) T-s diagram.

Theworkdoneduringisentropiccompressionperkgof refrigerantisgivenbyW ==h, -

hiWhereh;=EnthaplyofvapourrefrigerantattemperatureatT;(atsuctionofthecompressor)




h,=EnthaplyofvapourrefrigerantattemperatureatT,(atdischargeofthecompressor)

2. Condensing process: The high pressure and temperature vapour refrigerant from the
compressor is passed through the condenser where it is completely condensed at constant
pressure p,and temperature T,, as shown by the horizontal line 2-3 on T-s and p-h diagrams. The
vapour refrigerant is changed into liquid refrigerant. The refrigerant, while passing through the
condenser. gives its latent heat to the surrounding condensing medium.

3. Expansion process: The liquid refrigerant at pressure p;=p,, and temperature T;= T,is
expanded by throttling process through the expansion valve to a low pressure p,= p;, and
temperatureT,=T,,as shown bythecurve3-4onT-s diagram andbytheverticalline3-4onph
diagram.Someoftheliquidrefrigerantevaporatesasitpassesthroughtheexpansionvalve,but the
greater portion is vaporised in the evaporator. During the throttling process, no heat is absorbed
or rejected by the liquid refrigerant.

4. Vaparising process:The liquid-vapour mixture of the refrigerant at pressure ps,=p;, and
temperature T4, = Ty, is evaporated and changed into vapour refrigerant at constant pressure
and temperature, as shown by the horizontal line 4-1 on T-s and p-h diagrams. During
evaporation, the liquid-vapour refrigerant absorbs its latent heat of vaporisation from
themedium (air, water or brine) which is to be cooled. This heat which is absorbed by
therefrigerant is called refrigerating effect (Rg) and it is briefly written as R. The process of
vaporisation continues upto point 1 which is the starting point and thus the cycle is completed.

Re=hi-hs=hy-hg

Where hi;=SensibleheatattemperatureT;

C.0.P=Refrigearting effect/Workdone=(h;-h4)/((hz-h4)




Problems:

entering the compressor per minute, if the rate

: of ammonia ci - .
heat and specific volume at 2 bar are 1325 kl/kg and as;ﬂg;;ligfprzeésﬁi}i kg/min. The latent
s vely.

Theoretical Vapour Compression Cycle with Wet
Vapour after Compression
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(a) T-s diagram. (b) p-h diagram.

Theoretical vapour compression cycle with wet vapour after compression.

A vapour compression cycle with wet vapour after compression is shown on T-s and p-h
diagrams. In this cycle, the enthalpy at point 2 is found out with the help of dryness fraction at
this point. The dryness fraction at points 1 and 2 may be obtained by equating entropies at
points 1 and 2.

Thecoefficientofperformance(C.0.P.)=Refrigeartingeffect/Workdone=(h4-h4)/ ((h;-h;)

Find the theoretical C.O.P. for a CO, machine working between tl_le

remperature range of 25°C and — 5°C. The dryness fraction of CO, gas during the SUCHon sirore
is 0.6, Following properties of CO, are given :




Temperature Liquid Vapour Latent heat
°C Enthalpy Entropy Enthalpy Entropy kJ/kg
kJ/kg kitkg K kl/kg ki/kg K
25 164.77 0.5978 282.23 0.9918 117.46
-5 7257 0.2862 321.33 1.2146 248.76

Solution. Given : T, = T, = 25°C =25 + 273 =298 K ; T, = T, = =5°C = -5 + 273
268 K: x, =06 by = hy, = 16477 kl/kg ; hy, = h,, =72.57 klkg ; s, =0.5978 K/kg K;

s, = 02862 ki/kg K ; hy = 28223 ki/kg ; h = 321.33 ki/kg ; sy = 0.9918 ki/kg K ;
sy = 12146 KI/kg K ; I, = 117.46 kI/kg ; hy,, = 248.76 kl/kg
let us find the dryness fraction at point 2, i.e. x,. We know that the entropy at
point 1, ' I
1 <
PRRPEES L =0.2862+————0'6>;é‘;8 ® 08431 .0
Similarly, entropy at point 2, ], ' -
X5 ftfg: X4 x| 17.46
8y, = Sfﬂ +————=0.5978+—
T, 298
= 0.5978 + 0.3941 x, . (iD
i

} —— Pressure —>»
‘*‘ —‘—-—‘}\
]
™
r ! Lz
= <
|
-, ———
|
R
e

—— Temperature (K) —»

Py = hyg
5y Entropy ——» Enthalpy ——»
T-5 diagram. p-h diagram,
Since the entropy at point | (s)) is equal o entropy at point 2 (s,), therefore equating
cquations (1) and (if),
(0.8431 = 0,5978 + 0.3941 x, or X, = (0,622

enthalpy at point 1,

by, = hyy +x by, = T2.57 + 0.6 x 248.76 = 221.83 kJ/kg




enthalpy at point 2, hy = hy, +x, hy, = 164,77 + 0,622 x 117,46 = 237.83 KJ/kg

TheoreticalC.0.P.=Refrigeratingeffect/Workdone=(h;-h4)/ ((h,-h1)=(hs-hs3) / ((h-hy)

=(221.83-164.77)/(237.83-221.83)=3.57

Theoretical Vapour Compression Cycle with
Superheated Vapour after Compression
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(a) T-s diagram. (h) p-h diagram.

Theoretical vapour compression cycle with superheated vapour after compression.

AvapourcompressioncyclewithsuperheatedvapouraftercompressionisshownonT-sand

p-h diagrams respectively. In this cycle, the enthalpy at point 2 is found out with the help of

degree of superheat. The degree of superheat may is found out by equating the entropies at
points 1 and 2.

The coefficient of performance( C.0.P.) = Refrigerating effect / Workdone= (h-h,)/ ((hz-hs)= (h;-
hr3)/ ((hz-hy)

Problem:

A vapour compression refrigerator uses methyl chloride (R-40) and Operaty,
between temperature limits of — 10°C and 45°C. At entry to the compressor; the refrigeran isd
saturated and after compression it acquires a temperature of 60°C. Find the C.O.p, of the
refrigerator. The relevant properties of methyl chloride are as follows :

Saturation Enthalpy in kJ/kg Entropy in kJ/kg K
temperature in °C Liquid Vapour Liquid Vapour
-10 454 460.7 0.183 1.637
45 133.0 483.6 0.485 1.587
Eehwit-WHRSOHfee




Given: T, =T,=-10°C=-10+273=263K; T,y =T7,=45°C =45 +273=
318K : T,=60°C=60+273 =333 K *h, =454 kKI/kg ; hy = 133 kl/kg ; h, = 460.7 kl/kg;
hy = 483.6 kJ/kg ; *s;, = 0.183 kl/kg K~ *s;; = 0.485 kl/kg K ; s, = 5, = 1.637 kl/kg K;

sy = 1.587 kl/kg K
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(a) T-s diagram. (b) p-h diagram.
Let ¢, = Specific heat at constant pressure for superheated vapour.
We know that entropy at point 2,
s, = 8y +23¢,log [T
1.637 = 1.587 +23 ¢, log | —
n o8 (318)
= 1.587 + 2.3 ¢, x 0.02 = 1.587 + 0,046 ¢
e, = 1.09 "
r
and enthalpy at point 2, h, = hy + c, x Degree of superheat = hy + ¢, (T,-T))

. C.O.P. of the refrigerator

483.6 + 1.09 (333 — 318) = 500 kl/kg

hy "hf3 3 460.7-133 ~ 834

h—h  500-460.7




Theoretical Vapour Compression Cycle with
Superheated Vapour before Compression
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(a) T-s diagram. (b) p-h diagram.

Theoretical vapour compression cycle with superheated vapour before compression.

A vapour compression cycle with superheated vapour before compression is shown on T-s and
p-h diagrams respectively. In this cycle, the evaporation starts at point 4 and continues upto
point 1, when it is dry saturated. The vapour is now superheated before entering the

compressor upto the point 1.

The coefficient of performance( C.0.P.) = Refrigerating effect / Workdone= (hs-h4)/ ((h2-hq)= (hs-

hiz)/ ((hz-hy)

Problems:
Pressure, bar | Saturation temperature, °C Liquid heat, kJ/kg Latent heat, kJ/kg
5.3 15.5 56.15 144.9
2.1 -14.0 25.12 158.7

Given : p; =53 bar; p, = 2.1 bar ; T, =37°C =37+ 273 = 310K : T, ’ﬁTl' =
S°C:ic,=063KI/kg K; Ty = 15.5°C = 155+ 273 = 2885 K ; Ty = 14°C= - 14 + 273 =

259K 1 hyy = hy = 56.15 ki/kg : hyy = 25.12 kl/kg ; hy,y = 144.9 ki/kg hy,» = 158.7 kl/kg
The 7-s and p-h diagrams are shown in Fig. 4.17 (a) and (b) respectively.
We know that enthalpy of vapour at point 1,
hy = hy+c, (T, = Ty) = (hyr + b)) + 6, (T, = Ty
= (25.12 + 158.7) + 0.63 x 5 = 186.97 k/kg
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(a) T-s diagram. (b) p-h diagram.

enthalpy of vapour at point 2,
h, = hy + G, (T,-Ty) = (h,.:' + lz,}ﬂ_z') +c, (T = T)
= (56.15 + 144.9) + 0.63 (310 — 288.5) = 214.6 kl/kg

. Coefficient of performance of the plant,
h—hps  186.97-56.15  130.82
hy—h — 214.6-186.97  27.63

C.O.P = =4.735

Theoretical Vapour Compression Cycle with Under-
cooling or Subcooling of Refrigerant

Sal. vapour

Sat. liquid line
Cond.
3 Cond. ,
1 ) D] aascom e
g Und 3 \ "
nder / /
5 \ cooling 1\ § gg(;l“(:‘rg “‘ Comp.
T 4" Evap. I 4 Evap. /’
Entropy ————m —— Enthalpy ——»
(a) T-5 diagram, , (b)Y p-h diagram

Therefrigerant,aftercondensationprocess2’-3’ iscooledbelowthesaturationtemperature
(T5’,)beforeexpansionbythrottlingthisprocessiscalledundercoolingorsubcoolingofthe




refrigerant and is generally done along the liquid line.The effect of the undercooling is to
increase the value of coefficient of performance under the same set of conditions.

The process of undercooling is done by circulating more quantity of cooling water through the
condenser or by using water colder than the main circulating water. The refrigerating effect is
increased by adopting both the superheating and undercooling process which is shown by
dotted lines in Fig (a).

The coefficient of performance( C.0.P.) = Refrigerating effect / Workdone= (h;-h,)/ ((h;-h4)= (h;-
hi3)/ ((hy-hy)

Thevalueofhf;=hf;’xDegreeofundercooling

Problem:

A vapour compression refrigerator uses R-12 as refrigerant and the liquid evaporates in the
evaporator at -15°C. The temperature of this refrigerantat the delivery from the compressor is
15°C when the vapour is condensed at 10°C. Find the co-efficient of performance if (i) there is
no undercooling and 9ii) the liquid is cooled by 5°C before expansion by throttling.

Take specific heat at constant pressure for the superheated vapour as 0.64 kJ/kgK and that for
liquid as 0.94 kJ/kgK. The other properties of refrigerant are as follows:

Temperare in °C Enthalpy in &J/ kg _q”_‘:&'_ﬂi""’" inkl ke K ]
Ltqueid Vapour _l'_":l.',‘i Vapour
-13 22.3 18088 | 00904 0.7051
+/0 454 191.76 (. /./"51’ l_).ﬁ’zf

Given:T,=T,=-15°C=-15+273=258 K;T,=15°C=15+273=288K ; Ty
=10°C =10 + 273 = 283 K ; ¢, =0.64 KJkg K ; ¢, = 0.94 kifkg K @ hy = 22.3 kl/kg ;
hyy =45.4 kifkg : hy = 180.88 kl/kg ; hy = 191.76 kl/kg ; 5, = 0.0904 kifkg K ; *5,, = 0.1750
ki’kg K :s, =0.7051 kI/kg K ; sy = 0.6921 ki/kg K

(i) Coefficient of performance if there is no undercooling

Let x, = Dryness fraction of the refrigerant at point 1.
We know that entropy at point 1,
$) = Syt Xy S =S + X (5 = 5p) e L8 = T )
= 0.0904 + x, (0.7051 — 0.0904) = 0.0904 + 0.6147 x, s




and entropy at point 2,

I

5, = 5y + 2.3 ¢, log (l’—]

’

Il

283
0.6921 + 2.3 x 0.64 x 0.0077 = 0.7034 e (H)
Since the entropy at point 1 is equal to entropy at point 2, therefore equating equations (i)
and (i1).

288
0.6921 + 2.3 x 0.64 log| —

0.0904 + 0.6147 x, = 0.7034 or x, =0.997
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Entropy —» Enthalpy
(a) T-s diagram. Y (b) p-h diagram.
the enthalpy at point 1,
h, = hf| +.%) h/,,-u = h/, ¥iX) (hgl - ”/1)

= 223 +0.997 (180.88 — 22.3) = 180.4 klJ/kg
L s h‘:l = h,)

enthalpy at point 2, hy, = hy +ec, (T,-Ty)
= 191.76 + 0.64 (288 — 283) = 194.96 kl/kg
h=h,y  180.4—454
COP = = =9.27

h,—h, ~ 194.96-180.4




(it) Coefficient of performance when there is an

1 288 | (ea——— ..]}__ 2 T
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Entropy ——»

undercooling of 5°C

|

h, )
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'
hy,

P
J raf—
I
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I
|
I
|
L
|

—— Enthalpy ———m»

enthalpy of liquid refrigerant at point 3,

hyy = hy — ¢, x Degree of undercooling
= 454 - 0.94 x 5 = 40.7 kl/kg

Iy =hey 1804 -407

C.OP = = - =9.59
) hy—h,  19496-1804 .
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VapourAbsorptionRefrigerationSystem

The vapour absorption refrigeration system is one of the oldest methods of producing
refrigerating effect. This system uses heat energy instead of mechanical energy as in vapour
compression system to change the conditions of the refrigerant required for the operation of
the refrigeration cycle. It is used in both the domestic and large industrial refrigerating plants.

In the vapour absorption system, the compressor is replaced by an absorber, a pump, a
generator, andapressurereducing valve.Therefrigerant usedinavapour absorptionsystemis
ammonia.

SimpleVapourAbsorptionSystem:

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

Coolin
waierg Heat
rejected (Qg)
High pressure ammonia vapour 6 7
6{ Cond:
Heat Supplied (Qg) ondenser
Generator 4~ Liquid
K ammonia
4 Weak .
solution
Steam »
o 7y Pressure reducin Receiver
3 heating coll Vike 9
Heat
5 absorbed
- (@) Expansion 7
'6’('-'; Pump Yalve
U I 2 Absorber 1 Low pressure
g Evaporalor [——=—
Strong mmm\ ammonia vapour 8
solution * ¥ Heat

Coo]jng re}ecled (OA)
water

Simple vapour absorption system.

e In this system, the low pressure ammonia vapour leaving the evaporator enters the
absorber where it is absorbed by the cold water in the absorber. The water has theability
to absorb large quantities of ammonia vapour and the solution, thus formed, is known as
aqua-ammonia absorption of ammonia vapour in water lowers the pressure in the
absorber which draws moreammonia vapour from the evaporator and thus raises
thetemperatureofsolution.Someformofwatercoolingarrangementisemployedinthe
absorber to remove the heat of solution.This is necessary in order to increase the
absorption capacity of water because at higher temperature water absorbs
lessammonia vapour.




e The strong solution formed in the absorber is pumped to the generator by the liquid
pump. The pump increases the pressure of the solution upto 10 bar. Then the strong
solution of ammonia in the generator is heated by some external source.

e During the heating process, the ammonia vapour is driven off the solution at high
pressureand leaves the hot weak solution which flows back to the absorber at low
pressure after passing through pressure reducing valve.

e Thehighpressureammoniavapourfromthegeneratoriscondensedinthecondenserto a high
pressure liquid ammonia.

e This liquid ammonia is passed to the extension valve through the receiver and then to
the evaporator.

Thiscompletesthesimplevapourabsorptioncycle.

PracticalVapourAbsorptionSystem:
The simple absorption system is not very economical in order to make the system more

practical, it is fitted with an analyser, a rectifier and two heat exchangers. These accessories
help to improve the performance and working of the plant.

1. Analyser:

e When ammonia is vaporised in the generator, some water is also vaporised and will flow
intothecondenseralongwiththeammoniavapoursinthesimplesystem.|fthese

B e wimns s



unwanted water particles are not removed before entering into the condenser, they will
enter ime the expansion valve where they freeze and choke the pipeline.

e |nordertoremovetheseunwantedparticlesflowingtothecondenser,ananalyseris
used. The analyser may be built as an integral en of the generator or made as aseparate
piece of equipment. It consists of a series of trays mounted above the generator.

e Thestrongsolutionfromtheabsorberandtheaquafromtherectifierareintroducedat
thetopoftheanalyserandflowdownwardoverthetraysandintothegenerator.

2. Rectifier:

e In case the water vapours are not completely removed in the analyser, a closed type
vapour cooler called rectifier also known as dehydrator) is used. It is generally water
cooled may be of the double pipe, shell and coil or shell and cube type .

e Its function is to cool further the ammonia vapours leaving the analyser so that the
remaining water vapours are condensed.

e  Thus,onlydryoranhydrousammoniavapoursflowtothecondenser.

e Thecondensatefromtherectifiertothetopoftheanalyserbyadripreturnpipe

3.Heatexchangers:

¢ The heat exchanger provided between the pump and the generator is used to cool the

weak hot solution returning from the generator to the absorber. The heat removed from the

weak solution raises the temperature of the strong solution leaving the pump and going to
analyser and generator.

e This operation reduces the heat supplied to the generator and the amount of cooling

required for the absorber. Thus the economy of the plant increases.

e The heat exchanger provided between the condenser and the evaporator is also called

liquid sub-cooler. In this heat exchanger, the liquid refrigerant leaving the condenser is sub-

cooled by the low temperature ammonia vapour from the evaporator .

e Thissub-cooledliquidispassedtotheexpansionvalveandthentotheevaporator.

¢ In this system, the net refrigerating effect is the heat absorbed by the refrigerant in the

evaporator. The total energy supplied to the system is the sum of work done by the pump

and the heat supplied in the generator. Therefore, the

Coefficientofperformanceofthesystem= HeatabsorbedinevaporatorC.0O.P.

Workdonebypump+Heatsuppliedingenerator




CoefficientofPerformanceofanldealVapourAbsorptionRefrigerationSystem

Anidealvapourabsorptionrefrigerationsystem,

(a) theheat(Qg)isgiventotherefrigerantinthegenerator,

(b) theheat(Qc)isdischargedtotheatmosphereorcoolingwaterfromthecondenserand absorber,
(c) theheat(Qg)isabsorbedbytherefrigerantintheevaporator,and
d)theheat(Qp)isaddedtotherefrigerantduetopumpwork.

Neglectingtheheatduetopumpwork(Qp),accordingtoFirstLawofThermodynamics, Qc

LetTs=Temperatureatwhichheat(Qg)isgiventothegenerator,

Tc = Temperature at which heat (Qc) is discharged to atmosphere or cooling water from the
condenser and absorber, and

Te=Temperatureatwhichheat(Qg)isabsorbedintheevaporator.

Since the vapour absorption system is considered as a perfectly reversible system, thereforethe
initial entropy of the system must be equal to the entropy of the system after the change in its
condition.
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Temperature at which heat (Q,,) is given to the generator,
Temperature at which heat (Q,.) is discharged to atmosphere or
cooling water from the condenser and absorber, and

Temperature at which heat (Q,.) is absorbed in the evaporator.

Since the vapour absorption system can be considered as a perfectly reversible system,
therefore the initial entropy of the system must be equal to the entropy of the system after the

change in its condition.
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Maximum coefficient of performance of the system is given by
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Advantages of Vapour Absorption Refrigeration System over Vapour
CompressionRefrigeration System Following are the advantages of vapour absorption system
overvapour compression systems

1. In the vapour absorption system, the only moving part of the entire system is a pumpwhich
has a small motor. Thus, the operation of this system is essentially quiet and is subjected to
little wear. The vapour compression system of the same capacity has more wear, tear and
noise due tomoving parts of the compressor.

2. The vapour absorption system uses heat energy to change the condition of the refrigerant
from the evaporator The vapour compression system uses mechanical energy to change the
condition of the refrigerant from the evaporator.

3. The vapour absorption systems are usually designed use steam, either at high pressure or
low pressure. The exhaust steam from furnaces and solar energy may also be used. Thus this
system can be used where the electric power is difficult to obtain or is very expensive.

4, The vapour absorption systems can operate at reduced evaporator pressure and
temperature by increasing the steam pressure to the generator, with little decrease in capacity
But the capacity of vapour compression system drops rapidly with lowered evaporator pressure.

5. The load variations do not affect the performance of a vapour absorption system. The load
variations are met by controlling the quantity of aqua circulated and the quantity of steam
supplied to the generator. The performance of a vapour compression system at partial loads is
poor.

6. In the vapour absorption system, the liquid refrigerant leaving the evaporator has no bad
effectonthesystemexceptthatofreducingtherefrigeratingeffect.Inthe vapourcompression
system, it is essential to superheat the vapour refrigerant leaving the evaporator so that no
liquid may enter the compressor.

7. The vapour absorption systems can be built in capacities well above 1000 tonnes of
refrigeration cach, which is the largest size for single compressor units.

8. The space requirements and automatic control requirements favour the absorption system
more and more as the desired evaporator temperature drops.




Problems-1

In an absorption type refrigerator, the heat is supplied to NHsgenerator by
condensingsteamat2barand90%dry.Thetemperatureinthe refrigeratoristobemaintainedat-5°
C.FindthemaximumC.O.P.possible.

Iftherefrigerationloadis20tonnes andactual C.0.P.is70%ofthemaximumC.0.P., find the mass of
steam required per hour. Take temperature of the atmosphere as 30° C.

Solution.

Given: p=2bar; x=90% =0.9;T=-5° C=- 5+ 273=268K:Q=20TR Actual C.0.P. = 70%
of maximum C.O.P. ; Tc=30° C=30+273=303K

MaximumC.O.P.

Fromsteamtables, thesaturationtemperatureofsteamatapressureof2barisTg=120.2°C
=120.2+ 273=393.2K

maximum C.O.P.

: e 5
T Tq =Tc 268 393.2 _»()3} 1756
To— T T 303 - 268 393.2

Massofsteamrequiresperhour

=70%ofmaximumC.0O.P. =0.7x1.756=1.229
Actualheatsupplied=Refrigerationload/ActualC.0.P.=(20x210)/1.229=3417.4kJ/min From
steam tables, the latent heat of steam at 2 bar is hi=2201.6 kJ/kg .
Massofsteamrequiredperhour=Actualheatsupplied/h¢=3417.4/2201.6=1.552kg/min

=1.552x60 =93.12kg/h

Problems-2

In a vapour absorption refrigeration system, heating, cooling and
refrigeration take place at the temperatures of 100° C, 20° C and — 5° C respectively. Find the
maximum C.O.P. of the system.

Solution. Given : T, =100°C=100+273 =373 K. T.=20°C =20+ 273 =293 K ;

T, =-5°C=-5+273=268K

E




maximum C.O.P. of the system

z. T o T 268 ( 373 - 293
- — sai)
= AT T 293-268 )\ 3713 ) =%
e WD C e




5th Chapter
REFRIGERANTS

The refrigerant is a heat carrying medium which during the cycle in the refrigeration system
absorbs heat from a low temperature system and rejects the heat to a higher temperature
system.

m

RefrigerantClassification

Refrigerants are working substances or heat- carrying medium in refrigeration system, during a
refrigerationcycleheatisabsorbedfromalowtemperaturesystemandrejectstheheattoa high
temperaturesystem.

Refrigerantscanbeclassifiedasfollows:
(1) Onthebasisofworkingprinciple:

(A) Primaryrefrigerantsand(B)Secondaryrefrigerants

(A) Primaryrefrigerants

The refrigerant which directly participate in the refrigeration system and cools the products or
substances are called Primary refrigerants. These refrigerants undergo change of phase during
heat absorption or heat rejection in the evaporator and condenser.

(B) Secondaryrefrigerants

This refrigerant does not directly participate in the refrigeration cycle, but is used only as a
medium for cooling. This refrigerant first cooled by primary refrigerants and then cools the
substance which is to be maintained at lower temperatures.
ExamplesareH,0,Brineandcalciumchloridesolutions.

Qualitiesofsecondaryrefrigerants:
Remainliquidstateunderallworkingconditions
Noncorrosivewhenincontactwithmetal

Highspecificheatand
Undergonochangewhenincontactwithrefrigerantsorothergases.

(1) Onthebasisofnatureoftherefrigerants:

(A) NaturalRefrigerantsand(B)Artificialorsyntheticrefrigerants

(Ill) Onthebasisofsafety:
(A) Safetyrefrigerantsand(B)Flammablerefrigerants

(IV) On the basis of chemical composition
(A)Halocarbonrefrigerants, (B)Hydrocarbonrefrigerants,
(C)Inorganic refrigerants and (D) Azetropic refrigerants




l— Refrigerant number Chemical name Chemical formula
R-11 Trichloro-monofluoro-methane CCLF
R-12 Dichloro-difluoro-methane CELF,
R-13 Monochloro-trifluoro-methane CCIF,
R-14 Carbontetrafluoride CF,
R-21 Dichloro-monofluoro-methane CHCI,F
R-22 Monochloro-difluoro-methane CHCIF,
R-30 Methylene chloride CH,CI,
R-40 Methyl chloride CH,CI
R-100 Ethyl chloride ng_«Cl
R-113 Trichloro-trifluoro-ethane CCLFCCIF, or C,CLiF,
| R-114 Dichloro-tetrafluoro-ethane CCIF,CCIF, or C,CLF,
R-115 Monochloro-pentafluoro-ethane CCIF,CF, or C,CIF;
R-123 Dichloro-trifluoro-ethane CF,CHCl,
| R-124 Monochloro-tetrafluoro-ethane CF,CHCIF
‘ R-134 a Tetrafluoro-ethane CF,CH,F
R-152 a Difluoro-ethane CH,CHF,

1. R-11, Trichloro-monofluoro-methane (CCIsF) -The R-11 ia a synthetic chemical product which
can be used as a refrigerant. It is stable, non-flammable and non-toxic. It is considered to be a
low-pressure refrigerant. Due to its low operating pressure, this refrigerant is used in large
centrifugal compressor system of 200 TR and above..

2. R-12, Dichloro-difluoro-methane (CCl:F2)- The R-12 is a colourless, odourless liquid with
boiling point of - 29°C at atmospheric pressure. It is non-toxic, non-corrosive, non-irritating and
non-flammable. Itazze iw Dell 152 which is an advantage in small refrigerating mastices. The
izoztu ziza will permit the use of less sensitive and more positive opening and naring teams
operates at a low but positive head and back pressure and a winners BV refrigerant is used in
many different types of industrial concer refrigerators, freezers, water coolers, room and windon
osoite on rice is found in reciprocating and rotary compressors. but is use is a compresi
commercial air-conditioning is increasing

3. R-13,Monochloro-trifluoro-methane(CCIF3)-TheR-13hasaboilingtemperatureof-
81.4°C at atmospheric pressure and a critical temperature of + 28.8°C. This refrigerant is used
for the low-temperature side of cascade systems. It is suitable with reciprocating compressors.

4. R-14, Carbontetrafluoride (CFs) The R-14 has a boiling temperature of - 128°C at
atmosphericpressureandcriticaltemperatureof -45.5°C. It servesasanultra-lowtemperature
refrigerant for use in cascade systems.

5. R-21,Dichloro-monofluoro-methane(CHCI.F)-TheR-21hasaboilingtemperatureof
+9° Catatmosphericpressure.ltisusedincentrifugalcompressorsystems.

6. R-22, Monochloro-difluoro-methane (CHCIF2)- The R-22 is a man-made refrigerant
developed for refrigeration installations that need a low evaporating temperature. It is used with
reciprocating and centrifugal compressors.




7.
R-L?-I a, »Tvqu_ﬂuuru-e(hanc (CF,CH,F). The R-134a is considered to be the most
preferred substitute for refrigerant R-12. Its boiling point is — 26.15° C w

SIS ; LTI hich is quite close to the
boiling point of R-12 which is — 29° C g atmospheric pressure.

Azeotrope Refrigerants

Refrigerant number Azeotropic mixing refrigerants Chemical formula

R-500 73.8% R-12 and 26.2% R-152 CCI,F,/CH,CHF,
R-502 48.8% R-22 and 51.2% R-115 CHCIF,/ CCIF.CF,
R-503 40.1% R-23 and 59.9% R-13 CHF,/CCIF,
R-504 48.2% R-32 and 51.8% R-115 CH,F,/CCIF,CF,

MethaneSeries:

CHFC---mmmmmmmmmmemee R22 Monochloredifluoromethane

HFC R32 Difluoromethane

EthaneSeries:

CHFCommmmmmmmmmmmcmeees R123(CHCL2-CF3) Dichlorotrifluroethane

HFC e eeeeeeeemeeeeeens R125(CHF2-CF3) Pentafluoroethane

] . R134a(CH2F-CF3) Tetrafluoroethane

3] O R143a(CH3-CF3) Trifluroehane

] o R152a(CH3-CHF2) Difluroethane

PropaneSeries:

5 | G R245fa(C3H3F3) Pentafluoropropane

HC R290(C3H8)  ------emmmmeeeee Propane

ButaneSeries:

HC R600a ---- (C4H10) -----mmmmm-m- Isobutane

Zeotropic Blends:

HFC R407A[R125/143a/134a(44/52/4)]

HFC R407C[R32/125/134a(23/25/52)]

HFC R410A[R32/125(50/50)]

AzeotropicBlends:

HFC R507A[R125/143a(50/50)]

Inorganicrefrigerants:

(NH3) R717 Ammonia

(H20) R718 Water

(CO2) R744 Carbondioxide.




PropertiesofRefrigerants

An ideal refrigerant should give a good coefficient of performance and also safe to use while
operating between the pressures. There is no ideal refrigerant which can be used under all
operating conditions. The characteristics of some refrigerants make them suitable for use with
reciprocating compressor and other refrigerants are best suited to centrifugal compressor or
rotarycompressor. Thereforeinordertoselectacorrectrefrigerant,it isnecessarythat itshould satisfy
those properties which make it ideal to use for the particular application.
Thepropertiesofrefrigerantsareessentialindeterminingitsuseforaparticular

application.

Desirable Properties of an Ideal Refrigerant

We have discusscq above that there is no ideal refrigerant, A refrigerant is said to be ideal
if it has all of the following properties :

]. Low boiling and freezing point,

2. High critical pressure and temperature,

3. High latent heat of vaporisation,

4. Low specific heat of liquid, and high specific heat of vapour,
5. Low specific volume of vapour,

6. High thermal conductivity,

7. Non-corrosive to metal,

8. Non-flammable and non-explosive,

9. Non-toxic,

10. Low cost,

—t
—

. Easily and regularly available,

[—
e

)

Easy to Liquify at moderate pressure and, temperature,

Therearethreegroupsof properties,

(). Thermodynamicpropertiesofrefrigerants,
(. Chemicalpropertiesofrefrigerantsand
(). Physicalpropertiesofrefrigerants

() Thermodynamicpropertiesofrefrigerants:
1. Boilingpointtemperature:

e Lowboilingtemperatureatatmosphericpressureisdesirable. |t
increases the capacity of plant

1. Freezingpointtemperature:
¢ Thefreezingpointshouldbelowtopreventtherefrigerantwhichwillleadsto
choking of valves etc.




3. Evaporatorandcondenserpressures:

¢ Theevaporativepressureandcondenserpressureshouldbepositivei.e.,above the
atmospheric pressure in order to avoid air leakage into the system.
4. Criticaltemperatureandpressure:

o Criticaltemperatureforarefrigerantshouldbehightoprevent
excessive power consumption

e Criticalpressureshouldbelowsoastogivelowpressure
5. Latentheatofvaporisation:

¢ Latentheatofvaporizationshouldbelargetominimizethequantityofrefrigerant Used.
6. Coefficientofperformance:

e HighCOPisdesirabletoreducetherunningcost
7. Specificvolume:

e Lowspecificvolumereducesthesizeofthecompressor
8. Powerrequirement:

e Powerrequireshouldbelowaspossible

¢ Increasesthesystemcoefficientofperformance.
(1) Chemicalpropertiesofrefrigerants:

¢ Nonflammableandnon-explosive

¢ Non-poisonous,non-toxicandnoeffectingfoodstuffs

¢ Shouldnothaveanydisagreeableodor

¢ Shouldnothaveanycorrosionactiononthepartsofthesystem
(Il1) Physicalpropertiesofrefrigerants:
1. Stabilityandinertness:

¢ Anidealrefrigerantshouldnotdecomposeatanytemperatureofrefrigeration
system.

¢ |tshouldnotformhigherboilingpointliquidsorsolidsubstancethrough
polymerization
2. Corrosiveproperty:

¢ Anidealrefrigerantshouldnotcorrodewithmetals
3. Viscosity:

e Lowviscosityisdesirableforbetterheattransferandlowpumping
Power
4, Leakagetendency:

e Leakagetendencyof arefrigerantshouldbelowto preventlossof
Refrigerant
5. Dielectricstrength:

¢ Dielectricstrengthforarefrigerantisdesirabletopreventelectric
motor directly exposed to the refrigerant
6. Thermalconductivity:

¢ Highthermalconductivityofarefrigerantisdesirablebecauseit
reduces the flow rate of refrigerant for a given capacity
7. Cost:

e Thecostoftherefrigerantshouldbelow

e |tvarydependinguponthecapacityofrefrigeratingsystem




The characteristics of some refrigerants make them suitable for use with reciprocating
compressor and other refrigerants are best suited to rotary or centrifugalcompressor.Therefore
inordertoselectacorrectrefrigerant,itisnecessarythatitshouldsatisfythoseproperties which
makeitidealtobeusedfortheparticularapplication.Highflammablerefrigerantshavebigger risk,
the refrigerant R-410A, Non-Flammable refrigerant and R-32.

DesignationSystemforRefrigerants:

TherefrigerantsareinternationallydesignatedasR'followedbycertainnumberssuchas

R-11, R-12. R-114etc. Arefrigerantfollowedbya two-digit numberindicatesthat arefrigerant is
derived from methane base while three-digit number respresents ethane base. The first digit on
the right is the number of fluorine (F) atoms in the refrigerant. The second digit from the right is
one more than the number of hydrogen (H) atoms present. The third digit from the right is one
less than the number of carbon (C) atoms, but when this digit is zero, it is omitted. The general
chemicalformulafor the refrigerant, eitherfor methaneor ethanebase, is givenasC,H,Cl,Fqin
which n+p+q=2m + 2

where

m = Number of carbon atoms.

n=Numberofhydrogenatoms,

p=Numberofchlorineatoms,and g=

Number of fluorine atoms.

thenumberoftherefrigerantisgivenbyR(m-1)(n+1)(q).
Letusconsiderthefollowingrefrigerantstofinditschemicalformulaandthenumber.

1. Dichloro-difluoro-methane

InthisrefrigerantNumberofchlorineatoms, p =

2

Number of fluorine atoms, g=2

andnumberofhydrogenatoms.

n=0

n+p+q=2m-+2

0+2+2=2m+2

or




m=1

Numberofcarbonatoms=1Thusthechemicalformulafordichloro-difluoro-methanebecomes CCl2F2,
and the number of refrigerant becomes R (1-1) (0+1)(2) or R-012 i.e R-12

2. Dichloro-tetrafluoro-ethane

Inthis refrigerant

Numberofchlorineatoms, p=2

Number of fluorine atoms, q=4
andnumberofhydrogenatoms,n=0 We
know that n + p + q =2m+2 0+2+4=2m
+2

or

m=2

Numberofcarbonatoms2

Thusthechemicalformulafordichloro-tetrafluoroethanebecomesC,Cl,,F4, andthenumber of

refrigerant becomes R(2-1) (0+1) (4) or R-114.

3. Dichlore-trifluoro-ethane

Inthis refrigerant
Numberofchlorineatoms, p=2

Number of fluorine atoms, q=3
andnumberofhydrogenatoms,n=1 We
know that n + p + @ =2m+2 1+2+3=2m
+2

or

m=2

Numberofcarbonatoms2




Thusthechemicalformulafordichlorotriflouro-ethanebecomesCHCI,CF;,andthenumberof
refrigerant becomes R(2-1)(1+1)(3) or R-123

SubstitutesforChloro-fluoro-Carbon(CFC)Refrigerants:

Themostcommonlyusedhalo-carbonororganicrefrigerantsarethechloro-fluoroderivativesof
methane(CH4)andethane(C;Hs ). Thefullyhalogenatedrefrigerantswith chlorine(Cl)atom in their
molecules are referred to as chloro-fluoro-carbon (CFC) refrigerants. The refrigerants such as R
-11, R-12, R-13, R-113, R-114 and R-115 are CFC refrigerants

.The refrigerants which contain hydrogen (H) atoms in their molecule along with chlorine (Cl)
and fluorine (F) atoms are referred to as hydro-chloro-fluoro-carbon (HCFC) refrigerants. The
refrigerants such as R-22, R-123 are HCFC refrigerants.

The refrigerants which contain no chlorine atom in their molecules are referred to as hydro
fluoro carbon (HFC) refrigerants. The refrigerants such as R-134a, R-152a are HFC refrigerants.
The refrigerants which contain no chlorine and fluorine atoms in their molecule are referred to
as hydrocarbon (HC) refrigerants. The refrigerants suchas R-290, R-600a are HC refrigerants.

The fluorine (F) atom in the molecule of the refrigerants makes them physiologically more
favourable. The chlorine (Cl) atom in the molecule of the refrigerants is considered to be
responsibleforthe depletion of ozone layer in the upper atmosphere which allows harmfulultra-
violet rays from the sun to penetrate through the atmosphere and reach the earth's surface
causing skin cancer.

Atpresent, thefollowingsubstitutesareavailable
1. TheHCFCrefrigerantR-123a(CF;CHCL,)inplaceofR-11(CCL;F)
1. TheHFCrefrigerantR-134a(CF;CH,F)andR-152a(CH;CHF;)inplaceofR12

3 The HFC refrigerant R-143a (CH;CF3) and R-125 (CHF,CF;) in place of R-502 (a mixture of R-
22 and R-115)

4 TheHCrefrigerantspropaneR--290(C;,Hg)andisobuteneR-600a(C4Ho) in
place of R-12

Applicationsofrefrigeration

cold storage: The storages which are used for short-term storage purposes are known
as cold storages.

e Theperiodofshorttermcoldstoragesrangesfromonetotwodaysortoaweek.

e Themaximum period of long term coldstoragesrangesfromseven totendays for some
sensitive products.

e Most of the foods for short-term storages are stored at a temperature slightly above the
freezing point and the relative humidity and air motion should be controlled to prevent
excessive loss of moisture from fruits and vegetables.

¢ When different types of food products are stored , then it is called mixed storage to
minimise the chances of damaging the more sensitive products.

¢ The condition of the products at the time of entering the storage is one of the important
factors for determining storage life of a refrigerated products.




dairy refrigeration: Pasteurization method is used on large scale to protect milkagainst

bacterial infection.

The milk used for the preparation of milk products like cheese, butter and ice
cream is pasteurized.
Refrigerationisthemostimportantutilityrequiredfordairyplantsforlowtemperaturestorageof
differentfoodanddairyproducts.Itisalsoveryessentialfor
coldchainofhandlingofmilkandotherperishablefoodproducts.

ammonia based vapour compression refrigeration systems are the
mostpreferred mode for cooling in milk processing plants. Ammonia based
systems are low pressure systems with very less sophistication. They have good
heat transfer properties, low cost and high efficiency.

Iceplant:

The function of an ice plant or ice factory is to make or form ice in large quantity and
in large size .An ice plant which is a huge commercial factory, it uses separate ice
making or ice freezing circuit. The cold is produced in one circuit and it is transferred
to the water cans by another circuit.

Ammonia: It is the primary refrigerant which takes heat from brine. This ammonia
changes phase while moving in the circuit and Brine: It is the secondary refrigerant
which takes heat from the water and produces ice.
Therearethreemaincircuitsofworkingmediuminiceplant:

Refrigeration circuit: Ammonia as working medium which actually produces the cold
by changes its phase at different location
Coolingwatercircuit:Coolingwaterasworkingmediumtoremovetheheatofcondenser
Brinecircuit:Brinesolutionasworkingmediumwhichtransfersthecoldfrom ammonia to
water filled cans where ice is to be formed.

watercooler:
TherearetwotypesofWaterCoolerasfollows:
1. Storagetypewatercooler.
2. Instantaneoustypewatercooler.

1. Storage type water cooler: In this type of water cooler, the basic cycle is vapour
compression cycle consisting of compressor, condenser, fan with motor, expansion
device, filter or strainer, thermostatic switch and evaporator coil.

Temperatureiscontrolbythermostaticswitchasperourdesiredtemperature.

Compressor compresses the Refrigerant R12 vapour to high temperature high
pressure vapour is then condensed in condenser by fan motor unit. High pressure
high temperature vapour converted into High pressure high temperature liquid in
condenser.

Liquid refrigerant passes through strainer or filter which removes moisture and
impurities

The liquid refrigerant is throttled through expansion device (generally capillary tube).
In throttling pressure and temperature of liquid drops down. This low-pressure low
temperaturerefrigerantthenextractsheatofwaterfromtheevaporator.Bytaking




heatfromwaterrefrigerantevaporatesandthisvapourrefrigerantsuckedby compressor
and process continues.

N

. Instantaneoustypewatercooler:

e This storage type cooler has evaporated coils solders on the wall of storage tank.
The tank is either of stainless steel or galvanized steel.

e The Evaporator in instantaneous type consist of two separate coils made of either
copper or stainless steel. Copper pipe carries R12 while stainless steel pipe carries
water. The two pipe or coils are bound together by soldering.

e Thermostatic filler bulb is clamped on the water coil just at outlet end in case of

instantaneous type, while in storage type it is emerged in the water in the tank.

Frostfreerefrigerator:

Afrost-freefreezerhasthreebasicparts:

e Atimer
e Aheatingcoil
e Atemperaturesensor

o After every six hoursorso, thetimerturns on the heating coil. The heatingcoilis wrapped
among the freezer coils. The heater melts the ice frosted on it and after a certain level of
heat, the temperature sensor senses the rise in temperature above 32 degrees F (0
degrees C) and turns off the heater.

e Because of the frost-free refrigeration, it is much easier to see the food packaging and
keeps the food fresh for up to 14 days with minimal effort and more comfort.

o thepowerconsumptionwillnotincrease.

» Heating the coils every six hours takes energy, and it also cycles the food in the freezer
through temperature changes. the food lasts longer and the freezer uses less power.
Due to constant air circulation in frost-free refrigerators, the probability of experiencing
bad odours in the fridge remains less.

e The frost-free freezeroffers uniform cooling any time, delivers a more precise
temperature control to help reduce internal fluctuations.
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AIRCONDITIONINGSYSTEMS

Air conditioningis the process of removing heat and moisture from the interior of an
occupied space to improve the comfort of occupants. Air conditioning can be used in both
domestic and commercial environments. This process is most commonly used to achieve a
more comfortable interior environment, typically for humans

Factorsaffectingcomfortairconditioning:

FollowingaretheFactorsaffectingComfortAirconditioning:

1.
2,
3.
4,

Temperature
Humidity
Purityofair
Motionofair.

L. Temperature of air, In air conditioning, the control of temperature means th
maintenance of any desired temperature within an enclosed space even though the temperature 0
the outside air is above or below the desired room temperature. This I$ accomplished either by th
addition or removal of heat from the enclosed space as and when demanded. It may be noted tha
a human being fecls comfortable when the air is at 21°C with 56% relative hurmidity.

2. Humidity of air, The control of humidity of air means the decreasing or increasing o
moisture contents of air during summer or winter respectively in order (o produce comfortable and
healthy conditions. The control of humidity is not only necessary for human comfort but it also
increases the efficiency of the workers, In general, for summer air conditioning, the relative

humidity should not be less than 60% whereas for winter air conditioning it should not be more
than 40%.

3 Puriy of air, 1t is an important factor for the comfort of a human body. It has been
noticed that people do not feel comfortable when breathing contaminated air, even if it is within
acc;ptable temperature and humidity ranges. It is thus obvious that proper filtration, cleaning and
purification of air is essential to keep it free from dust and other impurities.

4. Motion of air. The motion or circulation of air is another important factor which should
be controlled, in order to keep constant temperature throughout the conditioned space. It is,

therefqre. necessary that there should be equi-distribution of air throughout the space to be air
conditioned.




Equipments Used in an Air Conditioning System
Following are the main equipments or parts used in an air conditioning system :
L. Circulation fan. The main function of this fan is to move air to and from the room,

2. Air conditioning unit. It is a unit which consists of cooling and de!mumld!fylng pr‘oce.sses
for summer air conditioning or heating and humidification processes for winter air conditioning,

3. Supply duct. 1t directs the conditioned air from the circulating fan to the space to be ajr

conditioned at proper point.

4. Supply outlets. These are grills which distribute the conditioned air evenly in the room,

5. Return outlets. These are the openings in a room surface which allow the room air tg
enter the return duct.

6. Filters. The main function of the filters is to remove dust, dirt and other harmful bacteria
from the air.

Classification of Air Conditioning Systems
The air conditioning systems may be broadly classified as follows.:
1. According to the purpose :

(@) Comfort air conditioning system, and

(b) Industrial air conditioning system.

2. According to season of the year

(a) Winter air conditioning system,

(b) Summer air conditioning system, and

(c) Year-round air conditioning system.

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




WinterAirConditioningSystem:

In winter AC System, the inlet is heated by the heater, and in
winterseasonduetolesspresentintheair,wealsoneedtoaddthe
moisture particle to the air, generally, a humidification
system is added to maintain the moisture quantity.

WorkingofWinterAirConditioningSystem:

Inwinterairconditioning,theairisheatedandisaccompaniedby
humidification.
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Winter air conditioning system




1. Theoutsideairflowsthroughadamperand
mixesupwiththe recirculated air which is obtained from
the conditioned space.

1. Themixtureherepasses throughafiltertoremovedirt,
dust, and other impurities.

3. The air now passes through a preheat coil to prevent
possible
freezingofwaterduetowhichdrybulbtemperatureincreasesto
a very high value and the relative humidity drops to a low
value.

4, Thisairis beingpumped into thehumidifier.

So, humidification of air (addition of moisture) is done and
then theairismadetopassthroughareheat
coiltobringtheairtothe designed dry bulb temperature.

5. Nowtheconditionedairissupplied
totheconditionedspaceby mea fan. From the conditioned
space, a part of the used air is exhausted to the
atmosphere by the exhaust fans or ventilators.

Theremainingpartoftheairknownasrecirculatedairisagain
conditioned

6. Initially,therelativehumidityis60%inthewinterseason,soto
reduce it, a process of reheating is done where it is reduced
to 20%.

Soitisagainhumidifiedduetowhichitreachesapointof80%or
100% RH where the DBT is very low.

So in order to get the desired dry bulb temperature, again
the Editwith WDS Offca




processofreheatingisdonewherethedesiredpercentage40%
RH is also obtained.




/. Adamperisusedinordertocontroltheareaandhaveanintak
e of the required amount of air.

SummerAirConditioningSystem:

Initially,duringsummer,thedrybulbtemperatureishighandthe
relative humidity of air is low.

Relativehumidityshouldnotbelessthané60%accordingtothe
comfort conditions for summer air conditioning.
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Summer air conditioning system




WorkingofSummerair conditioningsystem:

1. The outside air(atmospheric air) flows through the air
filter to
removeimpuritiesordustparticlespresentintheair. Theairnow
passes through a cooling coil.

2. Thecoilhasatemperaturemuchbelowtherequireddrybulb
temperature of the air and very high relative humidity in
the conditioned space.

Sothecooledairispumpedintoadehumidifier,whereitlosesits
moisture in the conditioned space.

3. Afterthat,theairis madetopassthrough aheatingcoil
which heats the air slightly.

ThisisdonetobringtheairtothedesignedDBTandrelative
humidity(RH).

4. Nowtheconditionedairissuppliedtotheconditionedspaceb
y a fan.

Fromtheconditionedspace,apartoftheused airisexhaustedto
the atmosphere by the exhaust fans or ventilators.

Theremainingpartoftheusedair isagainconditioned.

5. The outside air is sucked and it is made to mix with the
recirculated
airtomakeupforthelossofconditionedairthrough exhaust
fans or ventilation from the conditioned space.




