Experimental Set up of Air Conditioning System in Automobile
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ABSTRACT

The refrigeration units currently used in road transport vehicles are predominantly of the vapour compression
refrigeration (VCR) type but this work represents study of air conditioning in automobile based on ammonia
water vapour absor ption system using hot exhaust gases as an energy source. In the study an experimental set
up is designed and fabricated to use low grade heat energy i.e. exhaust gases as input heat to the system.

Keywords: Vapour absorption system, Automobile air-conditioning, hot exhaust gases; etc.

1. INTRODUCTION

This paper relatesto air conditioning system for
useinvehicles. It utilizeshot exhaust energy froman
engineof anautomobilewithout affecting theoperation
of vehicle. Automobile air conditioners use a
refrigerating mechanism to cool the air inside the
vehicle. Theair conditioning systemused usualy ina
vehicleisvapour compress on refrigeration system.
The components of an automobileair conditioning
systeminclude (a) refrigerating compressor driven by
engine (b) condenser located in front of radiator (c)
liquidlinetotherefrigerant control (d) evaporator and
(e) blower duct systemto circulatetheair insidethe
vehicde

The system works by compressing the
refrigerant using acompressor, which increasesthe
pressure and temperature of the refrigerant and it
vaporizes. Therefrigerant isthen passed through the
condenser where latent heat of the refrigerant is
removed and is liquefied. Thisrefrigerant is then
passed through the expansionvavewhereitspressure
reduced reducing the temperature. The chilled
refrigerant isthen passed through the evaporator to

produce cooling effect. The blower blowsthe air
through the evaporator to produce the required
cooling insidethe cabin of vehicle. Therefrigerant
absorbsthe heat of theair and vaporizes, whichis
then passed through the compressor. Hence cooling
effect is produced inside the vehicle. The main
disadvantage of such systemisthat required power
to run the compressor istaken fromtheenginemain
shaft, henceto maintain the same power theengine
hasto produce morework consuming morefuel. The
air conditioning system used in automobileisshown
infigurel.1.
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Fig. 1.1 Air Conditioning System Used in Automobiles
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1.1 Air conditioning System

Inthisexperimenta set up of vapour absorption
refrigeration systemisused to producerefrigerating
effect. Inthevapour absorption refrigeration system,
the compressor isreplaced by an absorber, apump,
a generator and a pressure reducing vave. The
refrigerant, commonly usedinthesystem, isammonia
The power required for pumping isamost negligible
and hence refrigerating effect is obtained from a
Vapour Absorption System without any mechanical
power being doneonit. But therefrigerating effect
produced from aVapour Compression Refrigeration
Systemiscomparatively higher than that produced
from aVapour Absorption Refrigeration System of
same Capacity. The advantages of vapour absorption
system over vapour compression system are many
asthereisno moving part inthe entire system, the
operationisessentialy quiet and essentialy subjected
toavery littlewear, so that the maintenance cost is
very low. The pump motor iscomparatively small as
compared to the motor required for acompression
system of same capacity. The common method used
in air conditioning of automobiles is vapour
compression refrigeration system. Herein present
work vapour absorption refrigeration sysemammonia
asarefrigerant and water asabsorbent isused which
isvery lucrative option of producing refrigerating
effect inautomobilesdueto availability of heat in hot
exhaust coming from engine of automobiles. Asan
IC enginehasan efficiency of about 35-40%, converts
only one-third of theenergy inthefue into useful work
and about 60-65% iswasted to environment. Inwhich
about 28-30% islost by cooling water and lubrication
losses, around 30-32%islost intheform of exhaust
gasesand remainder by radiation, etc. For the purpose
of study thisexperiment usesthed ectrica heating coll
equivalent to exhaust temperature. Theformulae used

_ Heat absorb in evaporator _ Qe
for COP= Work done by pump + Heat supplied in generator (WpQg)

2]

where, Q= Heat absorbed in evaporator, W =Work
done by the pump, Q_ = Heat suppliedingenerator.
The schematic diagram of vapour absorption system
isshown at fig. 1.2 below.

Evaperatar

Fig. 1.2 Schematic Diagram of Vapour Absorption System

1.2 Refrigerants

Therefrigerantishest carrying mediumwhich
during their cycle (i.e. compression, condensation,
expang onand evaporation) intherefrigeration system
absorb heat from a low temperature system and
discard the heat so absorbed to ahigher temperature
system. Thesuitability of arefrigerant for acertain
application is determined by its physical,
thermodynamics, chemical propertiesand various
practical factors. Refrigerantsare classified intotwo
groups viz. Primary refrigerants and Secondary
refrigerants. Primary refrigerantsarefurther classfied
into group like Hal o-carbon refrigerants, Azeotropic
and azeotropic mixture, Inorganic refrigerants,
Hydrocarbonsand derivatives, Organic compounds.
Theinorganicrefrigerantsshall beassigned anumber
inthe 700 series, identification numbersareformed
by adding therel ative mol ecular mass of components
to 700. Someof theinorganic refrigerantsare shown
intable 1.

S-JPSET : ISSN : 2229-7111, Vol. 5, (Special Edition-1)

copyright © samriddhi, 2010-2014



Experimental Set up of Air Conditioning System in Automobile Using Exhaust Energy

Yadav J.P. et. al.

Table :1. Inorganic refrigerants

Refrigerants | Chemical | Chemical Name Boiling Freezing
No, formula Temp. (°C) | Temp. (°C)
R-717 NH; Ammonia -33.3 -78
R-729 - Air - -
R-744 CO; Carbon Dioxide -73.6
R-764 SO, Sulphur Dioxide -10 -
R-118 H,O Water 100 0

2. FABRICATION OFTHE EXPERIMENTA L
SETUP

2.1 Generator

Generator is simply type of heat exchanger in
which heat is transferred from external sources to
vaporise theammoniafromrich aqua-solution. During
the heating process, the ammon ia vapour is driven off
the solution at high pressure leaving behind the hot
weak ammonia solution in the g enerator. This weak
solution flows back to the absorber at low pressure
after passing through the pres sure reducing valve. The
high pressure ammonia vapour from the generator is
condensed inthe condenser to the high pressure liquid
ammonia. This liquid ammonia is passed to the
evaporator through expansion \alve. In this
experimental set up heat is su pplied to the generator
fromelectric heater (equivale nt to exhaust energy).
Specification: Outer diameter ofgenerator = 33 mm,
Inner diameter of generator = 27 mm, Diameter of
hole (1) =11mm, Diameter of hole (2) = 5 mm,
Diameter of hole (3) = 6 mm, D iameter of pressure
nut hole (4) =9 mm, Length of the pipe = 760 mm,
Thickness of pipe =3 mm.

Both end ofthe Gl pipe is clo sed by iron lockers.
On the surface of Gl pipe four holes of different
diameters aredrilled. The hal fsize union, quarter size
union, five-eight union and a pressure nut are
connected to it by gas welding process using brass as
filler metal to prevent the le akage of gasfrom Gl pipe.
Thistube is covered by ahigh temperature insulation
tape before heating coil is wound on it to connect

with electric connection. The heating coilis further
covered to reduce the heat losses.

Fig2.1 iagram of Generator

2.2 Analyser

Whenammonia is vaporizedint he generator, some
water is also vaporized and wil flow into the
condenser along with the ammonia vapours in the
simple system. If these unwant ed water particles are
not removed before entering to the condenser, they
will enter to the expansion valve where they freeze
and choke the pipeline. In order to remove these
unwanted particles flowing to the condenser, an
analyser is used. The analyser may be built as an
integral part of generator or made as a separate piece
ofequipment. It consists ofa series of trays mounted
above generator. The strong solution from the
absorber and the aquafromthe rectifier are introduced
at the top of the analyser and flow downward over
the trays and into the generabr. In this way,
considerable liquid surface area is exposed to the
vapour rising fromthe generat or. The vapour is cooled
and most of the water vapour condensed, so that
mainly ammonia vapour leaves t he top of analyser.
Since the aqua is heated by th e vapour, less external
heat is required in generator.
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Fig 2.2 Diagram of Absorber

2.3 Absorber

Inthe absorber thelow pressureammoniavapour
leaving the evaporator entersand isabsorbed by the
cold water. Thewater hasthe ability to absorb very
largequantitiesof theammoniavapour and thesolution
thus formed, is known as agua-ammonia. The
absorption of ammoniavapour in water lowersthe
pressurein the absorber which inturn drawsmore
ammoniavapour from the evaporator and thusraises
the temperature of solution. Someform of cooling
arrangement (usually water cooling) isemployedin
the absorber to remove the heat of solution evolved
there. This is necessary in order to increase the
absorption capacity of water, because at higher
temperature water absorbs less ammonia water.
Absorber ismadeof galvanisediron sheet and having
cylindrical shape by riveting and brazing.
Specification: Length of absorber = 762mm,
Diameter of low pressure ammoniasuction hole=
11mm, Diameter of discharge strong solution hole=
11mm, Diameter of PRV hole=6mm, Diameter of
filling water hole=10mm

Onacircular Gl pipethesuction and dischargehole
with flare nut and union by means of gaswelding
process are joined and one end of absorber is
connected with discharge of evaporator (low pressure

[74}

ammonia) and another end of absorber isconnected
with suction of pump (strong ammoniasol ution). One
hole of the absorber connectswith pressurereducing
valvefor taking low pressure vapour anmoniaand
another hole connectswith thevalvewhich controls
the pressure of agua-ammoniasolution.

2.4 Heat Exchanger

The heat exchanger provided between the pump
and generator is used to cool the weak solution
returning from the generator to absorber. The heat
removed fromtheweek solution risesthetemperature
of the strong sol ution leaving the pump and going to
analyser and generator. Thisoperation reduced the
heat supplied to thegenerator and theamount if cooling
required or the absorber. Thusthe economy of the
plantincreases. Theheat exchanger provided between
the condenser and the evaporator may also becalled
liquid sub-cooler. Inthisheat exchanger, theliquid
refrigerant leaving condenser issub-cooled by thelow
temperature ammoniavapour from the evaporator.
Thissub-cooled liquidisnow passed totheexpansion
vaveandthentotheevaporator. Inthisexperimenta
set up heat exchanger isnot used.

2.5 Evaporator

Evaporator issimply acooling chamber which
consstsof acoil of pipeinwhichtheliquid vapour at
low pressure and temperature is evaporated and
changeinto vapour refrigerant at low pressure and
temperature. In evaporating, the liquid vapour
refrigerant absorbsitslatent heat of vaporisationfrom
themedium (air, water or brine) whichisto be cooled.
Specification: Diameter of suction hole = 6mm,
Diameter of dischargehole= 11mm.

Therearetwo holesin the evaporator in which one
holeisconnected with suction of absorber for taking
low pressure liquid ammonia and another holeis
connected areceiver dryer. A regulator isprovided
onan evaporator whichregulatestheflow of cold air.
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Fig 2.3 Evaporator and Expansion Device

2.6 Expansion Devices

Itisasocaledthrottlevaveor refrigerant control
vave. Thefunction of theexpansonvalveistoalow
the liquid refrigerant under high pressure and
temperatureto passat acontrol rate after reducing
its pressure and temperature. Some of the liquid
refrigerant evaporates as it passes through the
expansion valve, but thegreater portion isvaporised
intheevaporator at thelow pressureand temperature.
Theexpansion deviceswhich areusedinindustrial
and commercial refrigeration and air conditioning
system are viz. capillary tube, hand operated
expansion valve, automatic or constant pressure
expansion valve, thermogtatic expansionvalve, low
Sdefloat valve, highsidefloat vave.

2.7 Condenser

The condenser or cooler consistsof coilsof pipe
in which high pressure and temperature vapour
refrigerant iscooled and condensed. Therefrigerant,
whilepassing through the condenser, givesupitslatent
hesat to the surrounding condensing mediumwhichis
normally air or water. In condenser super-heated
vapour iscooled to saturation temperature (called de-
superheating) corresponding to the pressure of the
refrigerant then saturated vapour refrigerant (called
condensation). Then the temperature of theliquid
refrigerant isreduced below itssaturation temperature
(i.e. sub-cooled) in order to decreasetherefrigeration
effect.

The heat transfer capacity of acondenser depends
upon material, amount of contact and temperature
difference. The hesat transfer capacity of acondenser
greatly depends upon the temperature difference
between the condensing medium and vapour
refrigerant. Asthetemperaturedifferenceincreases,
the heat transferred rateincreases and therefore the
condenser capacity increases. According to the
condensing medium used the condensers are
dassfiedintothreegroupsviz. Air cooled condensers,
Water cooled condensers and Evaporative
condensers. Specification: Diameter of suctionhole
=6 mm, Diameter of dischargehole=10mm.

Fig 2.4 Condenser and Connecting Pipes

2.8 Connecting Pipes

In vapour compression system generally the
chloro-flurorefrigerantsisused. Thetubingismade
of copper or aluminium. But in this experiment
ammoniaasrefrigerantisused which hasgreet affinity
with steel (reacts with copper) therefore instead
copper tubing steel tubing should be used. In this
experiment duminiumtubeisused.

2.9 Digital Thermometer

Digita thermometer isthedeviceswhich areused
to measurethetemperature. Another devicewhichis
used measure the temperature is thermocouple.
Thermocouples for practical measurement of
temperaturearejunctionsof specificaloyswhich have
apredictable and repeatabl e rel ationship between
temperatureand voltage different arealoysareused
for different temperatureranges. Thermocouplesare
usually standardized against areferencetemperature
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of O°C; practical instruments use el ectronic method
of coldjunction compensation to adjust for varying
temperature at theingtrument terminals.

2.10 Receiver Drier

The receiver-drier is used on the high side of
systemsthat useatherma expansionvave. Thistype
of metering valverequiresliquidrefrigerant. Toensure
that thevavegetsliquid refrigerant, areceiver isused.
The primary function of the receiver-drier is to
separate gasand liquid. The secondary purposeisto
remove moistureand filter out dirt.

Fig 2.5 Reciever Drier

2.11 Pump

Pump convertsthemechanica energy fromamotor
to energy of amoving fluid; someof theenergy goes
into kinetic energy of fluid motion, and someinto
potential energy, represented by afluid pressure or
by liftingthefluid againg gravity toahigher level. When
a strong solution of the refrigerant-absorbent
(ammonia-water) isformed, thissolutionispumped
by the pump at high pressureto the generator. Thus
pump increasesthe pressure of the solutionto about
10 bars.

[76]

Fig 2.6 Pump

2.12 Insulation Tape and Sealant

A hightemperaturebearing tepeisusedtoinsulate
tube. An adhesivetapeiscombination of two materia
asbestos and clothes. It bears approximate 500 to
600°C. An adhesive sedant is used to hold the
asbestosindustria insulating tapeonaGil pipe.
2.13 Heating Coil

Heating coil isused to generate heat. It ismade of
nichrome and molybdenum. It hasa 1500 watt and
250AC/DC voltages. It generates gpproximately 300
- 400°C. Nichromeisanon-magneticaloy of nicke,
chromium, and ofteniron, usualy used asares stance
wire. A common alloy is 80% nickel and 20%
chromium, by mass, but there are many othersto
accommodatevariousapplications. Itisslvery-grey
incolour, iscorroson-resstant, and hasahigh melting
point of about 1400 °C. Typicaly, Nichromeiswound
in coilsto acertain electrical resistance, and current
ispassed through to produce hest.

2.14 Drier or Rectifier

Filter-driersplay apivotd roleinthe operation of
ar conditioningandrefrigeration systems. At theheart
of theunit thedesiccantisheldinitscylindrica metal
container. The word desiccate means to dry out
completely and adesiccant isamateria or substance
that accomplishesthe moistureremoval. Thefilter-
drier isan accessory that performsthe functions of
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filtering out particles and removing and holding
moistureto prevent it from circulating through the
sysem.

Fig 2.7 Rectifier

Theexperimental set upisassembled likeabsorber
one end is connected to the evaporator and other
end to the pump. Further, thereafter the pump is
connected to theinlet of generator through rectifier,
condenser receiver drier inlet and receiver drier to
evaporator. A pressure gauge provided on generator
with the help of pressurenut. APR.V or expansion
device connected between generator and absorber
which hold thewesk solution of theammonia. A sump
provides under the absorber which hold water for
cooling of absorber with help of water pipewhich
turns on the absorber and goesto the sump again. A
valveismounted on the evaporator for charging of
ammoniagases. In our experimental set up al the
components which are driven by electric, are
connected withthehelp of bridgerectifier and eectric
switch. Threedigital thermometersare provided on
condenser, generator and evaporator for measuring
thetemperature. For calculation of COP, first plug
ON the system and leave for ten minutes for
mai ntai ning the temperature of generator with water
pump switch OFF. After that switch ON the water
pump and measurethetemperaturesof experimental

set up at different conditions. The observed readings
of experimental set up aretabled at Table 1.2 ahead
and based on the readings the variation of COP at
different temperature of generator, evaporator and
condenser are shown in figure 3.1, 3.2 and 3.3

respectively.
3. RESULTSAND DISCUSSION

In the experimental set up the high pressure
ammonia vapour enters the condenser, where it
transfersheat to the neighbourhood. Liquid ammonia
leavesthe condenser and passesthrough an expansion
valve, reaching the evaporator pressure. The
refrigerant then enterstheevaporator, whereit receives
heat from the cold source, turning into low pressure
vapour. |nthe sequence, ammoniavapour entersthe
absorber, where aweak solution of water and low
concentration ammoniaabsorbstherefrigerantsand,
at the sametime, transfer hesat to the neighbourhood.
Thissolution hasnow ahigh ammoniaconcentration,
and is pumped to the vapour generator, where it
receives heat from a hot exhaust. Ammoniain the
solution then evaporates, separating from water and
flowing to the condenser to start anew cycle. A weak
water-ammoniasol ution leavesthe vapour generator
and entersthe absorbersto absorb ammoniavapour
from the evaporator. The absorption refrigeration
system instantaneous coefficient of performance
(COP)isgivenby COP=Q,_, /Q,. whereQ ,isthe
rate of absorption system instantaneous cooling
capacity (W) and Q, istherateof instantaneous heat
transfer from the energy source (here hot exhaust
gases of the engine is used) to the absorption
refrigeration system.

Theexperiment considered to beimplemented on
an engineof an automobilefor anays swhilevapour
absorption refrigeration system is retrofitted has
specificationlike TATA MOTORS: Modd: - TATA
INDICA VISTA TURBO, Engine Type- 475IDI
turbo, Capacity (displacement) - 1405cc (85.7cu

77
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inch), Power- 71P5 (52KW, 70HP)@4500rpm,
Torque — 135N-m (100ft-1bf) @2500rpm, No of
Cylinder- 4, Fud Type- Diesd, Fud System- 1DTC,
Wheel Size- 14inch (360mm), Tyres- 175/65 R14
(tubeless), Ground clearance- 165mm (6.5inch), Air-
Fuel Ratio (A/F) - 15:1

Theheat carried away by the exhaust gasat higher
temperature is utilised and a required approx
temperature of 80-85°C isconsidered equivalent to
heat generated through heating coil inthe generator
for separating ammonia from water and this hest
requiredinthegenerator is

COP=

Heat absorbin evaporator

Q=m,, ...C,AT=0003x4.6x 133=1.8354 KW

Theheat required in generator is1.8354 KW where
massflow rate of ammonia(m____)is0.19kg/min
(0.003 kg/s), Specific Heat of ammonia, Cpis4.6kJ/
kg K; and temperature difference between ammonia
& water is133°C.

If the refrigeration of system isof 0.5 ton and the
temperature of generator (T ) = 85°C, temperature
of condenser (T.) = 40°C and temperature of
evaporator (T) = 20°C, then COPis1.841 asgiven
below:

1 TE 16 e

E G

Work done by pump + Heat supplied in generator - TC -T T

= (293/ (313-293)) ((358-313)/358) = 1.841

When several readings are taken in terms of the
temperaturesT_ T and T_of theexperimental set up

the COP of the experimental set up varied asshown
inthetablebelow:

Table 1.2 Temperature and COP of the System

Readings Te, (K) Tc, (K) Te (K) COoP
1% 353 (80°C) 318 (45°C) 297 (24°C) 1.40
2" 356 (83°C) 320 (47°C) 296 (23°C) 1.24
3¢ 358 (85°C) 321 (48°C) 295 (22°C) 1.17
4" 361(88°C) | 322.7(49.7°C) | 293.6(20.6°C) 1.07
3.1 Variation of Cop with Generator Temperature
The optimum value of the generator adopted is " »
80-85°C. The fig. 3.1 shows that as the value of B RN E==
generator temperatureincreasesthen thereislinear " e
fal in the value of the C.O.P of the system. At ¢ I R
temperatures of 353K, 356K, 358K and 361K the  “ ' ~—
C.O.Pvaluesof thesystemare1.40, 1.24, 1.17 and 1
1

1.07 respectively which revealsCOP ¢ =, where

9
COPiscosfficient of performanceand T, isgeneraor
temperature.

352 354 356 258 360 362

Generator Temperature, K
Fig. 3.1 Variation of COPwith Generator Temperature
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3.2 Variation of Copwith Evaporator Temperature

Contrary tofig.3.1thefig. 3.2 showsthevariation
of COP with evaporator temperature. Here as
evaporator temperatureincreased the practica COP
of the system also decreases asshown inthefigure
that at different evaporator temperature 297K, 296K,
295K and 293.6K COPis1.4,1.24,1.17 and 1.07
respectively. Fromtheca culation and grgphitisshown
that practical COP of the systemincreasesand COP
T, where COPis Coefficient of Performanceand T
ISevaporator temperature.

44

y—T17
g, — | ——cop

na

0g
283 29345 204 2845 2085 2055 296 20965 297 2474

Evaporation Temperature, K
Fig. 3.2 Variation of COPwith Evaporation Temperature, K

3.3 Variation of COPwith Condenser (T ) Temperature

In the figure 3.3 below it is evident that as the
condenser temperature increases the C.O.P of the
system decreases. At temperatures 318K, 320K,
321K and 322.7K the COPs are 1.4, 1.24, 1.17
and 1.07 respectively. Henceitisunderstood that COP

1

o T ,where COPis Coefficient of Performanceand

T iscondenser temperature.

J.P. Yadav
15
1.4 1.4
13 \
1.24
COR.2 i
—_1.17
1.1 K\ ~1l07
1 F+ cop

0.9
0.8

317 318 319 320 321 322 323

Condenser Temperature, K
Fig. 3.3 Variation of COPwith Condenser Temperature, K

4. CONCLUSION

Based ontheresult and discussion and observation
thefollowing conclusionsaredrawn:

e Thisisnew techniqueto beusedinautomobileair
conditioning, industrial refrigeration and air
conditioning system especidly infood preservation.

e Thisexperimental set upisbased on utilization of
waste exhaust heat of an automobile.

e COPisfurther increased provided heat lossis
curbed down to minimum and heat exchangersare
fitted.

e Theheat requiredin generator can be saved upto
33% by using hot exhaust gases as an energy
source.

e Either the decrease in the temperature of
evaporator or the increase in temperature of
generator, the COP of the system decrease
respectively.

e Theminimum condenser temperatureto increase
the refrigerating effect of the automobile air
conditioning system.

e Thiskind of arrangement in an automobileasan
air conditioner will utilizethewaste heat of the
enginetoincressethetherma efficiency aswell as
overdl efficiency of theengine.
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Withsmadl modificationretrofitting kit, itispossible
to producerefrigerating effect in the cabin through
thissystem using thewaste exhaust heat from the
engine.

Using heat exchangers, analyser, and pre-heater
the COP of the system further improves. Even by
using two evaporators the effectiveness of the
system can beincreased
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