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Abstract— The air conditioning units currently used in road The AC energy use even outweighs the energy losslliog
transport vehicles are predominantly of the vapour compression  resistance, aerodynamic drag, or driveline losses This
refrigeration (VCR) type. In such a unit, the compressor requires power draw is equivalent to a vehicle driving steathte
an input of energy in the form of work. In order to obtain down the road at 56 kph [1]. The fuel economy ehicle

refrigeration, possibility of triple fluid vapour absorption . .
refrigeration (VAR) systems utilizing waste heat from the engine drops substantially when the AC compressor loadided to

exhaust gas has been investigated. This work presents an the engine. The effect is larger with higher fuebmomy
experimental study of a triple fluid vapour absorption Vehicles. Engineers can reduce the amount of fuel
refrigeration system using the exhaust of an internal combustion ~ consumption and emissions necessary to cool aleetyca
engine as energy source. From the study, it has been concluded  system and vehicle design that uses vapour absorptpe
that engine exhaust gas can be used as a power source for @ refrigeration system. Internal combustion engines a
vapour absorption system. When load on the engine increases,  qteniial energy sources for absorption refrigeratiystems,
power availability in the generator increases and cooling capacity . S .
of the system increases but COP of the system reduces as about_one third of the energy availability iea tombustion
process is wasted through the exhaust gas. Thaspfube
Index Terms— Absorption refrigeration system, triple fluid  exhaust gas in an absorption refrigeration systmircrease
system, engine exhaust. the overall system efficiency. Absorption refrigéra system
differs from vapor compression refrigeration systéue to
. INTRODUCTION utilization of thermal energy source instead ot#le energy.
Energy efficiency has been a major topic of disicusson In the absorption refrigeration system two workfhids are
natural resources preservation and costs redu®ased on used: a refrigerant and an absorbent. Among th¢ appied
estimates of energy resources reduction at medingriang  working fluids are the pair ammonia refrigerant—tava
terms, it is vital to develop more efficient proses from absorbent (Ng-H,0) and water refrigerant—lithium bromide
energy and exergy standpoints. Environment preserva absorbent (KO-LiBr). From launch of absorption
must also be considered through energy optimizatiodies. refrigeration system, the pair ammonia— water tzagely
The Montreal Protocol, signed in 1987 by 46 coestiand been used. Both fluids are highly stable at a vaigerating
revised in 1990 to protect the ozone layer streshes temperature and pressure range. The system ammnaier
substitution of CFC refrigerants by alternativeriggrants has as a disadvantage the requirement of extraauengs. A
and other types of refrigeration systems whichfaeadly to  limitation of the pair water—lithium bromide is tifficulty
the environment. In recent years, air-conditiortiag shifted to operate at temperatures lower th&rC0 Besides, lithium
from being a luxury option, reserved for up-masabons, to  bromide crystallizes at moderate concentration, anhdigh
basic equipment requested as standard. What's mseneell  concentration, the solution is corrosive to soméateeand is
as the comfort provided, air-conditioning contrigsitto of high cost. Triple fluid refrigeration system asammonia
safety. These systems improve passenger securijdwing as refrigerant; hence no problem of crystallizatiowl it has
windows to remain closed, improve driver alertn@sth  no extra components or moving parts. Objectivehisf work
temperature choice, and increase visibility by dstimg and is to study the feasibility of using the internaintbustion
de-fogging windows during inclement weather. Fuegngine exhaust gas as energy source for a trigié Viapour
combustion necessary to power current mobile aibsorption refrigeration system. Experiments haesnb
conditioners can result in increased vehicle extemsssions  conducted on a household refrigerator operatingthis
that affect local air quality and carbon dioxideddfthat is a  principle and variation of evaporator temperatuith wime
greenhouse gas. Refrigerants in use today arg@sohouse and variation of temperature with load on the eagivere
gases that account for approximately 0.1 percerglatfal studied.
greenhouse gas emissions from all human activitias, to
system leaks as well as losses during service aimdhécle II. LITERATURE REVIEW
end-of-life disposal. Vehicle air conditioning Icadre the

o . . . Absorption refrigeration was discovered by Nairnlin77,
most significant auxiliary loads present in vehscleday.

though the first commercial refrigerator was onlyiltband
developed in 1823 by Ferdinand Carré, who alscsgoéral
. . patents between 1859 and 1862 from introductionaof
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conditioning [2]. Horuz [3]
investigation into the effect on the performancetia IC
engine of introducing the VAR system into the extaystem
and also the provision of appropriate off-road/siumning
cooling systems, in order to take account of tliicéon in
exhaust gas flow in slow running traffic or staton
situations or when the vehicle is parked and cgoilinstill
required. Built-in eutectic plates could providenfmrary
cooling under such conditions. Such plates could
recharged by redirecting the cooling effect frore tinain
body to the eutectic plate during off-load period$
continuous full-load travel. Longer stopover pesass, for
example, in a depot may also be accommodated asiegtic
plates. In the absorption refrigeration system tmarking
fluids are used: a refrigerant and an absorbentomgrthe
most applied working fluids are the pair ammonfagerant—
water absorbent (NHH,O) and water refrigerant—lithium
bromide absorbent @@-LiBr). A limitation of the pair
water—lithium bromide is the difficulty to operatat
temperatures lower than® @C. Besides, lithium bromide
crystallizes at moderate concentration, and,
concentration, the solution is corrosive to soméataeand is
of high cost [4]. Alam [5] studied the possibil@foperating a
triple fluid vapour absorption system using engiéaust
power. From the analysis it was concluded thatethisra
possibility of operating a triple fluid system ugiengine
exhaust power. Vicatos et al. [6] designed a c
air-conditioning system based on an absorptiongefation
cycle using energy from exhaust gas of an intevaadbustion
engine. The theoretical design was verified by i tinat is
tested under both laboratory and road-test conmditio
Manzela et al. [7] conducted an experimental staflan
ammonia—water absorption refrigeration system ushey
exhaust of an internal combustion engine as ensogyce.
The exhaust gas energy availability and the impddhe
absorption refrigeration system on engine perfogaan
exhaust emissions, and power economy were evaluabed
calculated exhaust gas energy availability sugdeste
cooling capacity can be highly improved for a dathkd
system. Exhaust hydrocarbon emissions were highenithe
refrigeration system was installed in the enginkagst, but

ath hig

Absoption System using Engine Exhaust Gas

conducted experimentaldecrease and create cooling. The system remagmnatant

total pressure and eliminates the use of expansitves.

CONDENSER

l

Y e e, mmm High concentration water
— | Low ration wates
Ammonia gas
Liquid Ammonia
W Hydrogen gas

I Hydrogen-ammonia gas mixture
T Flow Directions
EVAPORATOR .
4— SEPARATOR
— 2

da
ABSORBER —»

=
_%_*— GENERATOR
_k 1

Fig. 1.Schematic Diagram of a Basic Three Fluid
Absorption System

Schematic diagram of a three fluid absorption gefration

system that uses ammonia and hydrogen is showigid.F

Beginning with point 1 the seven stations havefttlewing

aﬁharacteristics: at (1) the application of heatoraes the

strong ammonia-water solution up into the bubblmpuAt
(2) the solution and gas passes into the sepandtere the
water vapor condenses to liquid and passes thrasgparate
series of tubes back to the absorber. Superheatetbaia
vapor now rises to the condenser, leaving a smadiuat of
weak ammonia-water solution pooled in the separatof3)
the ammonia is traveling through the condensegasihg
heat to the surroundings and condensing backituid Istate.
At (4) liquid ammonia meets with hydrogen and entére
evaporator. Here, the partial pressures of thedgetr and
ammonia lower the saturation temperature of theidiq
ammonia, causing the ammonia to evaporate. Thigrestpn
lowers the temperature of the hydrogen-ammonia urext
allowing it to absorb heat from the refrigeratomgartment,

carbon monoxide emissions were reduced, while mrbéﬂvhiCh provides cooling. At (4a) the hydrogen-ammaoni

dioxide concentration remained practically unaliere
AlQdah [8] also conducted an experimental studyaof
aqua-ammonia absorption system used for automeliile
conditioning system, using the exhaust waste héaano
internal combustion diesel engine as energy soufte.
energy availability that can be used in the gewerahd the

effect of the system on engine performance, exhaut
emissions, auto air conditioning performance aneél fu

mixture exits the evaporator into the absorber gaaeous
state. In the absorber the gaseous ammonia anedemr
meet with liquid water. The ammonia is less dersmnt
hydrogen, causing it to sink and consequently actate

under the hydrogen. This increases its partial quresand
induces a phase change back to liquid. Ammoniaveater

e capable of forming a solution together as anen@n
soluble in water. Hydrogen is incapable of mixingda

economy were evaluated. The engine exhaust gas v@dinues to circulate back to the top of the evajm as a

confrmed as a potential power source for absompti
automobile air conditioner system.
Ill. TRIPLE FLUID VAPOUR ABSORPTION
REFRIGERATION SYSTEM

In a triple fluid refrigeration system, there is need of a
pump and it is run entirely by heat. It uses adthivid, to
regulate the partial pressure of the refrigeramd, therefore,
its saturation temperature. A low partial pressafethe
refrigerant allows the refrigerant’s saturation p&mature to

Joure gaseous substance. The ammonia and watdpeaduit

the absorber and travel to the generator. It thegins the
cycle again.

IV. EXPERIMENTAL SET UP

The experimental set up consists of a 10 HP siagieder
diesel engine and a 170cc triple fluid refrigemat®ystem
with air cooled condenser. The exhaust from thenents
passed over the generator of the refrigerationesyst
Generator temperature, condenser temperature, &tapo
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temperature and temperature of exhaust gas atimtb¢xit of
generator were measured using thermocouples.

Fig. 2. Photograph of Experimental Set Up

Variations of temperatures at various points ofigefator
were plotted against time at different engine loaohsl
specific fuel consumption of the engine was compéefore
and after installing the refrigeration system.

V. RESULTS AND DISCUSSIONS

The experiments were conducted from no load tolaad
conditions on the engine.
temperature, condenser temperature and
temperature were plotted against time for thesalitions.
Variation of evaporator temperature with time iswh in Fig
3.
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Fig. 3. Variation of Evaporator Temperature for
Different Loads
From this graph, refrigerator shows lowest tempeeatvhen
the engine is at no load. Initially, rapid redaatiin
evaporator temperature is shown by % load conditAn
higher loads, rate of reduction of evaporator tewoee
decreases as time passes. Since at high loadsnerser
temperature is high, heat transfer takes from coseleto

evaporator. This is due to the lack of coolinghat¢ondenser.
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Fig. 4. Variation of Condenser Temperature for Varbus
Loads

Variation of condenser temperature and generator
temperature with time is shown in Fig 4 and Fig 5
respectively. Condenser temperature and generator
temperature is high for higher loads. This is qui@sonable
because the input heat in the generator is higbase of
higher load.
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Fig. 5. Variation of Generator Temperature for Different
Engine Loads
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Fig. 6. Variation of Cooling Capacity for Different Engine
Loads
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Variation of cooling capacity with time is plottéat different Fuel consumption of the engine was measured with an
engine loads in Fig 6. It shows that cooling poimereases at without the refrigeration system. Fig 9 shows thathe

a faster rate for higher loads. That implies tha¢mengine is installation of VAR system does not significantlfjeat the
running at a lower load, it may take some more torechieve fuel consumption of the engine.

the required level of cooling. Cooling capacityhigh for
higher loads because input energy at the geneistoigh
when the engine is running at higher load. The céffe
performance of a refrigeration system is measurgerims of
COP. Higher COP implies the system uses the ingaitimore
efficiently that is, with minimum loss. Variatiorf €OP is
shown in Fig 7. Even though cooling capacity ishhfgr
higher engine loads, COP is very low at high lodtlss
because cooling capacity or heat transfer in trepesator
does not increase as much as the heat input igeherator
increase. Since generator temperature increasgtatdads,
loss of heat also increases. Hence all the availaktess
energy at inlet does not produce useful effect.t ihavhy
COP decreases at higher loads. noload 1/410ad 1/210ad 3/4l0ad
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VI. CONCLUSIONS
06 It can be seen that three fluid refrigeration systis a
o 05 =10 l0ac potential alternative for the present air-condiitngnsystem
9 04 - used in automobiles. Engine exhaust gas can be ased
~B-onefourth load power source for a vapour absorption air-conditigni
03 halfload system. A distinctive advantage of this systemhi when
0.2 load on the engine increases, power availabilitythe
0 == three fourth load generator increases and cooling capacity of theesys
‘ increases. There is a scope for further researtttigtield by
CH . . . using an air-conditioning system of higher capaeitygl by
0 00 40 60 80 100 providing effective cooling for condenser.
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