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2 | Ammonia, air, carbon dioxide, sulphur
3 | Branch of study of moist air or humidity

Refrigeration js a process of removing heat from a low-temperatyre reservoirand | 2
transferring it to a high-temperatyre reservoir,

dioxide, water (any two) 2

Space by itself &

Itis relating to or involving the branch of physics that deals with the production
and effects of very low temperatures.

Part-B

The Carnot refrigerator works on the reversed Carnot cycle. A reversed Carnot

cyele using air as working medium js shown on p-v

and t-s diagrams, The
processes involved during the cycle are:

- ! TETe i el 3
f : “ Eis 026\2 | f 7 diagrams

L. Isentropic compression process- Air is comprcsse@@@m jcally as shown by
curve 1-2 on diagrams. No heat is WZ:D

. . () & o v
Alr is now compressed mothcrmall@] =T}3)
and the heat rejected per kg of air during the process is given by /)7

absorbed or rejected by tf

2. Isothermal compression process-

923= area 2—3H3'*2'=T3(sr6'3)=Tz(Sz‘33)

3. Isentropic EXpansion process- Air is now expanded is entropically as shown by
curve 3-4,

4. Isothermal expansion process- Air js expanded isothermally and heat absorbed

by air (or heat extracted from cold body

) during this process per kg of air is given
by

qa-1=area 4—| —2'-3 ’:T4(S| “6'4):T4(.S'2“S3):T] (5‘2_5'3)
Therefore, work done during cycle per kg of air

=heat rejected-heat absorbed=(qg_3)—(q4_|):Tg(srs;)—T, (.Ygﬁi'}):(Tz—ﬂ )(.5‘2—.3‘3

oyt
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C.0.Pr=(Heat absorbed)/(Work done)
~qa-1/(q2-3~q4 =T, ($2=53)(Tr~T, Ns2-83)=T\(T>~T, )

No cost of refrigerant
Easily available

A~ W oo —

Leakage is tolerable I mark
Main compressor can be used as the system compressor therefore no extra | for each
compressor is required point

5. Ai¥is non toxic and non inflammable

6. The air is light weight per tonnage of refrigeratjon

7. Chilled air js directly used for cooling, there by eliminating the cost of
Separate evaporator

8. Since the pressure is low, piping design and fabrication is simple

Hec;maceﬁmg Lompressor

ety
U
8

[ J
The compression of air is done by first drawing a volume of air i11l(Qs®-li|1der

through suction valves during suction stroke by the piston & then compressifg &

discharging it on the return: stroke of the piston through delivery valves. This

simple working is used in every Reciprocating Air Compressor. You will casily

understand compressor engineering from below description. In single  stage

reciprocating air compressor, the entjre tompression s carried out in a single

cylinder. If the com dression is affected in one end of the piston & cylinder then it
Y f P )

is known as single actin

The function of the COMPressor is (o raise the pressure ol gaseous refrigerant
coming from the Cvaporator. By raising the pressure, the boiling point of the
refrigerant increases, This high pressure and high-temperature refrigerant while
passing through the condenser changes the phase and condenses in high pressure
and temperature liquid refrigerant. The room air is at the lower temperature than
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the refrigerant passing through the condenser. hence

vapor refrigerant converted to liquid refrigerant,

condensation takes place and

Thus heat is thrown o the air at
this point in the refrigerator. Now resultant liguid refrigerant which is at high
pressure and temperature passes through the capillary tube

which is made up of
copper material and has the very small diameter angd longer length. As the high-
pressure liquid refrigerant passes through the capillary tube, due to throttling
effect, temperature and pressure of the refrigerant decrease. Majority of the cooling

is produced at this point in a refrigerator. This low temperature and low-pressure

refrigerant now pass through the evaporator where refrigerant in liquid phase takes
heat from foods and stuff At this point. the boiling point of liquid refrigerant s
very low (because of low pressure) in terms of -20 degree C. Thus anything above
this temperature makes refrigerant to boil. This low-pressure vapor again
circulated to compressor and cycele continuously as long as the compressor is in
running condition.
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The process in which the air is cooled sensibly and at the same time the mGi3tyre is
removed from it is called as cooling and dehumidification process. Cooliﬂé:g
dehumidification process is obtained when the air at the given dry bulb and dew
point (DP) temperature is cooled below the dew point temperature.

Let us understand the cooling and dehumidification process in more details. When
the air comes in contact with the cooling coil that is maintained at the temperature
below its dew point temperature, its DB temperature starts reducing. The process
of cooling continues and at some point it reaches the value of dew point
temperature of the air. At this point the water vapor within the air starts getting

ion process is most widely used air conditioning
application. It is used in all types of window, split, packaged and central air




r than the dew point temperature of the room air
€ atmospheric air by the coo| refrigerant passing through it. When the room ajr
passes over this coil its DB temperature reduces and at the same time moisture is
also removed since the air is cooled below its DP temperature. The dew formed on
the cooling coil is removed out by small tubing. In the central ajr conditioning
i water. When the
room air passes over this coil, it gets cooled and dehumidified. In the general the
cooling and dehumidification process is obtained by passing the ajr over coil
through which the cool refrigerant, chilled water or cooled gas is passed.

S7TEAM v s,‘{»lM Gut
\AEANIG COrt AT
" TEMPERATURE

B

—* (|-8) =

Y o ONE 4y 0F
A?ég — _ARAT éJg_

Balancing the enthalpies, (OO\Z
Bx Cpux tg;+(1 -B)Copm X t4;=1 x Cpm X 15
y YD

Cpm ( B x tart(1-B)x 1= Cpm X tz5x | O

Bltys-tar) =t 3-14 /)?

By-pass factor, B= laz~Lgd/ (t43-ty;) For heating coil

B= a3/ (tar-tg3) For cooling coil

Front Pane]

The front panel is the one that is seen by the user from inside the room where it is
installed and has a user interfaced control be it electronically or mechanically.

Older unit usually are of mechanical contro] type with rotary knobs to control the
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provided at the panel in th
fresh air from the outside.

Indoor Side Components

The indoor Parts of a window ajr conditioner include:

* Cooling Coil wjt a air filter mounged on it. The cooling coil is where the
heat exchange happen between the refrigerant in the System and the ajr i
the room,

* Fan Blower js 5 centrifugal €vaporator blower to discharge the cool air to
the room.

*  Capillary Type is used as an €Xpansion device, [t can be noisy during
operation if installed too near the evaporator,

*  Operation Pape s used to control the temperature ang speed of the
blower fan, A thermostat is used to sense the return air temperature and
anothel@e to monitor the temperature of the coil. Type of control can be
mechani afg;f;ctronic type.

* Filter Drier is usc.’d\;??move the moisture from the refrigerant.

* Drain Paj s used to contay @ ater that condensate from the cooling
coil and s discharged out 1o the uéo&by gravity,

Outdoor Side Components; The outdoor side péﬁ?' lude:

* Compressor s used to compress the refrigerant,

Propeller Fap js used in air-copled condenser to help move the air
molecules over the surface of the condensing coi.

*  Fan Motor s located here, It has a double shaft wiicre the indoor blower
and outdoor propeller fan are connected together.,

Part-C

€ntropy at point 2, sz=sg’+IndeT

1.637=1.587+0.046 G

Cp=1.09

Enthalpy at point2, h2=h2v+cp(T3-T2:)




COP=h1-hf3/h2-h1=460.7-133/500-460.7=8.34

I. preservation of medicines, 2.ice production , 3.photographic material
processing ,  4.Processing of chemical products, 5.computer functioning ,
6.treatment of air for blast furnace, ~ 7.preservation of blood and human tissues,
8.cooling of concrete for dams, 9.comfort air conditioning, 10.production of
rocket fuels, 11.temperature control machining

OR

In this system, air is taken into the compressor from atmosphere and compressed.
The hot compressed air is cooled in heat exchanger upto the atmospheric
temperature (in ideal conditions). The cooled air is then expanded in an expander.
The temperature of the air coming out from the expander is below the atmospheric
temperature due to isentropic expansion. The low temperature air coming out from
the expander enters into the evaporator and absorbs the heat. The cycle is repeated
again. The working of airrefrigeration cycle is represented on p-v and T-s
diagrams.
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Process 1-2 represents the suction of air into the compressor. Prc@ 2-3
represents the isentropic compression of air by the compressor. Process 3-5
represents the discharge of high pressure air from the compressor into the heat
exchanger. The reduction in volume of air from v3 to v5 is due to the cooling of air
in the heat exchanger. Process 5-6 represents the isentropic expansion of air in the
expander. Process 6-2 represents the absorption of heat from the evaporator at
constant pressure.

heat removed from the fruits in 10 hrs,Q;=mcy(T>-T}) =500x1.256(293-268)
=15700k]J

total latent heat of freezing Q= mxh=500x105 =52500k.J
total heat removed in 10 hrs=Q,;+Q,= 15700+52500=68200kJ

total heat removed in one minute=68200/60=113.7kJ/min

Each one
mark

(Any
seven)

4 fig

4 exp

Ql-2
Q2-2
Total
heat 1




total heat removed in one minute=68200/60=! 13.7kJ/min

Refrigeration capacity =113.7/2] 0=0.541TR

Va Vapour absorption Vapour compression
Requires heat energy Mechanical energy requires
Relatively high COp
No compressor . no electric power, Motor driven compressor, high
low maintenance maintenance
Not affected load variation Poor performance at partial loads 8
Less refrigerant leakage More chance of refrigerant leakage
Charging is difficult Charing is simple
Low pressure, so [ess chance to burst Liquid traces in suction line may
the pipes damage the compressor
Capacity of system drops at lower
porator temperature
b

Ice plant basically contains of three main circuits,

[ Refrigeration ircuit ( Working fluid. Ammonia, Primary refrigerant) O/]?

2. Cooling Water Circuit (Cooling water)

3. Brine Circuit (Brine solution)

In Refrigeration Circuit. compressor increases the boiling point of Jow pressure

vaporrefrigerant i.e. Ammonia to high pressure boiling point ammonie (so that it

can be easily condensed al room temperature) and sends iy Lo condenser via

discharge line,

Here, room lemperature water coming out from the cooling water circuit/cooling

tower condenses the high pressure vapor and converts it to high pressure liquid

aimmonic.

High pressure | iquid ammonia is stored in reservoir or receiver and forwarded to

throttle valve or flow control valve where. high pressure refrigerant is converted

to low pressure liquid refrigeram (to decrease the boiling point) so that at low
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pressure condition in evaporator, it can be easily vaporized from the heat of stuffs

to be cooled. This process is called throttling.

cooling process.

brine solution is also a refrige
transfer between water and evaporaﬁo@l called secondary refrigerant. On the
other hand. Ammonia is primary r@ﬁ'igeranr@i?undergoes phase change during

Priary Cartut

relarant W A

Trgitie walve

-®-nx-mona'—

| 1 Evaporalo

£
Insdatod JirGe R

Now, low pressyre liquid ammonia passes through evaporator (a heat exchanger)

where it is C-onvenfpzb to the low pressure vapor by heat obtained from brine
solution. Brine solution €irculates itself from brine tank to evaporator and cools the
[ ]

water kept in ice can below §Iegree centigrade to make it in ice form. Here,
rahg Jut as it does change the phase during heat

i i
Ammonia —'_!' \P
o] B Aakaiier v - P,
Vapours L B O
| Rectifier Condenser O
T Liquid '0?
© ammonia
e Generator __Hydmien -
! Evaporator
2= ; Absorber 5
i W i .
F £ ‘Weak
- “solution -
Gas i Ammonia
burner and hydrogen
I ]
= ; TR
=3 o~ SN

Heat exchanger 1

{Fig. 1)

The ammonia liquid leaving the condenser enters the evaporator and evaporates
into the hvdrogen at the low temperature corresponding to its low partial pressure.

Ve

| Strong solution

Fig-4

Exp-4




10

admitted water from the separator. The water absorbs the ammonia and the
hydrogen returns to the cevaporator. In the absorber the ammonia therefore passes
from the ammonia circuit into water circuit as ammonia in water solution. This
strong solution passes to the generator where it is heated and the vapor given off
rises to the Separator. The water with the vapor is separated out and a weak
solution of ammonia s passed back to the absorber, thus completing the water
circuit. The ammonja vapor rises from the Separator to the condenser where it is
condensed and then returned to the evaporator.

The actual plant includes refinements and practical modifications (which are not
included here). The following points are worth noting:

The complete cycle is carried out entirely by gravity flow of the refrigerant,

The hydrogen gas circulates only from the absorber to the evaporator and back.
With this type of machine efficiency is not important since the energy input is
small.

It has not been used for industrial applications as the C.O.P. of the system is very
low. @@\

[ ]
I) The refrigerant should ha\@ bojling point and low freezing point.

2) It must have low specific heat and h@ nt heat. Because high specific heat
decreases the refrigerating effect per kg of ref@r nt and high latent heat at low
temperature increases the refrigerating effect per @efrigerant.

O

3) The pressures required to be maintained in the evaporator 4n condenser should
be low enough to reduce the material cost and must be positiv ayoid leakage of

air into the system. OO

4) It must have high critical pressure and lemperature to avoid large power /)?
requirements,

5) It should have low specific volume to reduce the size of the compressor.

6) It must have high thermal conductivity to reduce the area of heat transfer in
evaporator and condenser,

7) It should be non-flammable, non-explosive, non-toxic and non-corrosive,

8) It should not have any bad effects on the stored material or food, when any leak
develops in the system.

9) It must have high miscibility with lubricating oil and it should not have reacting
properly with lubricating oil in the temperature range of the system.

10) It should give high COP in the working temperature range. This is necessary to




11

reduce the running cost of the system.

IT) It must be readily available and it must be cheap also.

Relative humidity, ® = P,/Pp,

0.3=P,/0.02642

[. Vapour pressure,Py =0.3x0.02624 = 0.007926 bar

2. humidity ratio, W=O.622P\,/(Pb—Pv) =0.622x0.007926/(].0]308-0.007926)
=0.0049 kg/kg of dry air

3.Vapour density, p, = W(Pu-P,)/ RoxT,

=0.0049(1.01308-0.007926) 0°/287(273+22)

= 0.00582 kg/m® of dry ajr

4. Enthalpy, h= L0224+ W(hyg,+2.3td,)
LA 022x22+0.0049(2492.6+2.3x3.3)

= lﬁ[}! ki’kg of dry air

®
In heating and humidiﬁcatl‘@@yc ometric process of the air, the dry bulb
temperature as wel| as the hurhigds

humidification process is carried out

mixing air and the steam. (‘
When the ordinary air is passed over the spray of whter @;?ined at temperature
higher than the dry bulb temperature of the air, the mois e

Y of the air increases, The heating and
ing the air over spray of water, which
is maintained at temperature higher than Y, bulb temperature of ajr or by

rticles from the
Spray tend to get €vaporated and get absorbed i the air due tm?h}gh the moisture
content of the air increase. At the same time, since the temperature of @ oisture
is greater than the dry bulb temperature of the ajr. there is overall incre \/yzits




12

VIIL a

>
P

Water Vapor (kgfkg of dry alr) ———

metric chart
ks |

%

'\?acuk Humidhy, ..;_,._

water Yapour Pressure, e =f(@) ——

Dry-builb

\’ Manoj PJ Associate professer(MECH] 222

Using Chart
DBT

WBT

DPT

RH

h

25

15

34

42

35

20.6

20

52
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Air temper
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ature :This is the temperature of the 3

usually given in degrees Celsius (Cx

Radiant temperature:

Radiant temperature has a greater influence than ajr
gain heat to the environment,

Examples of radjant heat sources inc

walls: cookers: dryers; hot surfaces and machinery, n

Air \L’lticii}'

:This describes the speed of air moving

help cool them if the ajr is cooler than the environme

Air velocity
air in indoo

ir surrounding the body. It is

'hermal radiation is the heat that radiates from ga warm

object. Radiant heat may be present if there are heat sources in an environment.

cmperature on how we lose or

lude: the sun: fire: electric fires; ovens: kiln

10lten metals ete.

across the employee and may
nt.

is an important factor in thermal comfort for example: still or stagnant
r environments that are artificially heated may cause people to feel
stuffy. It may also lead 1o a build-up in odour

moving air in warm or humid conditions can
convection \-vér

@%&ny change in air tem perature
1

physical activity ¢ ﬁmcreases air movement. so

to account for a person'ﬂy@) of physical activity

small air

movements in codl&)\ré?old environm

draught as people are particularly ivE to these movements
Humidity:If water is heated and it evapofé& the surrounding environment, the

resulting am

ount of water in the air will provide®hyn

increase heat loss through
air velocity may be corrected

€nts may be perceived as a

igdity.

Relative humidity is the ratio between the actual amoun@\?ter vapour in the air
48

and the ma
temperature,

Relative humidity between 40% and 70%

comfort. In

conditions outdoors may influence the

Ximum amount of water vapour that

workplaces which are not air conditi

the ai

j@hold at that air
@

does not have a major impact on H@]al

oned. or where the weather

indoor thermal environment. relatjve

humidity may be higher than 70%, Humidity in indoor environments can vary

greatly. and
laundry etc)

High humid
evaporation
because less

When non-b

sweat cannot evaporate. If an employee is wearing this type of PP

may be dependent on whether there are drying processes (paper mills.

where steam is given off.

ity environments have a lot of vapour |
of sweat from the skin. In hot environ

n the air, which prevents the
ments, humidity is important

sweat evaporates when humidity is high (80%+). The evaporation of
sweat is the main method of heat reduction.

reathable vapour-impermeable personal protective equipment (PPE) is
worn, the humidity inside the garment increases as the wearer sweats because the

E (eg asbestos or
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chemical protection syits ete) the humidity within the PPE will be high.

Fhe cascade refrigeration system s o freeszing svstem tha uses two Kinds of
relrigerants having  different boiling  points. which tun through their own
independent freezing caele and are Joined by a hear exchanger. The schematic
view and the P-h diagram of this system are shown below .

-3
006 separatu Coraliriame =
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S PN "y
{ ......... ] 2 i .

3 55 Fig-4
b 6y i
= ; )]
a4 1 5 g =
e » . -
23 = g Exp-3
£ Refriporant &
gE avavorator Condensir gt
- B
le =
& oy
= 0%
& £E
: :
ol
58
- g
Hllls .‘i,
& £y
B g Fvamorator j
= A
o i VNN e
&

This sestem iy cmployved tgyobtain temperatures of =40 10 -§0MC o tltra-fow
lemperatures @@L r than them

AL such ultra-low wmperad cemmon - single-relriseram W -slage
compression system limits the low-1or 6“1_ characteristics ol the re elrigerant w
a considerably poor level. aking th msignificantiy inefficient. The
efticiency is improved by wmhunm_ two ki L{"t{d:h gerans having diflerent

temperature characteristics. O\Z
i

o

2
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Note:Mark points I and 2 on psychrometric chart —draw horizontal and vertical
lines to find point 3

From chart: h;=76.8 kJ/kg. h, = 53.6 kl/kg hy =62 kl.kg
Sp.Vol at 1, V5= 0.895

Mass of infiltration air = V/V = 360/0.895 = 402 kg/hr

Sensible heat load of infiltration = m(hs-hy) = 402 (62-53.8) =3295 kJ/hr
Latent heat load of infiltration = m(h;-hs) = 402(76.8-62) = 5950 kJ/hr
Sensible heat gain from occupants, servicing persons and food

=210x30+210x3+12.5x30

=7305 kl/hr
Latent heat gai\kf m occupants, servicing persons and food
iy. = 168x30+270x3+20x30
02@\/ =6450 kJ/hr
No Total heat gain i Q\)v ensible heat Latent heat kJ/hr
Vo,
1 From solar radiation 6700 \@O -
2 From other sources 20000 \Z\J}
3 From equipment 8500 200
4 From people and food | 7305 6450 O/]?
5 From infiltration 3245 5950
Total 45800 14400

1. Total heat load = 45800+14400 =60200 kl/hr
7. Room sensible heat factor, SHF = SH/SH+LH) =45800/60200 =0.76

Marking-
2

Mass of
air-1

Total SH
-4

Total LH
-4

Total
load- |

SHF-3




