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ABSTRACT - Energy from an exhaust of an internal combustion engine is used to power an absorption refrigeration systemto air-
condition an ordinary passenger vehicle. Feasibility study has been done to find out the energy available from exhaust gas of a
vehicle. Cooling load for the automobile has been estimated. In this paper theoretical evaluation ofLiBr-Water based absorption
refrigeration system is presented. Mathematical modeling of system using EES software is done, Alsoeffects on COP of system with

change in different parameters has been studied.
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INTRODUCTION

In  vapour  absorption  refrigeration  system,
aphysiochemical process replaces themechanical process
of the vapour compression system by using energy in
the form of heat rather than mechanical ork. Themain
advantage of this system lies in possibility of utilizing
energy from exhaust a sofvehicle and alsousinganeco-
friendly refrigerant such as water. The vapour
absorption system has many favorable characteristics;
typically a much smaller electrical input is required to
drive the solution pump as compared to the power
requirement of the compressor in the vapour
compression system. Also,fewermovingpartsmeanlower
noise level, higher reliability and improved durabilityin
vapourabsorptionsystem.

METHODOLOGY

In vapour absorption refrigeration system as shown in FIG1,
the compressor is replaced by an absorber, a pump, a generator
anda pressure reducing valve. These components in the system
perform thes ame function as that of compressor in VCR
system. The vapour refrigerated from evaporator is drawn into
the absorber where it is absorbed by the weak solution of
refrigerant forming astrong solution. This strong solution is

pumped to the generator where it is heated utilizing exhaust
heat of wvehicle. During the heating process the vapour
refrigerant is driven off by the solution and enters into the
condenser where it is liquefied. The liquid defrigerant then
flows into thee vaporator and the cycle is completed.

MEASURED EXHAUST USEFUL HEAT AND
HEAT LOAD CALCULATION

To generate base line data, the engine is allowed to run at
different throttle position (one-fourth and half) considering
engine speed as running parameter. The mass flow rate of air,
mass flow rate of fuel and temperature of exhaust gas is
measured as given in Table

1 For measuring the required data plenum chamber (1 m3)
with circular orifice of 32 mm diameter, inclined tube
manometer, burette for petrol measurement and thermocouple
for exhaust temperature measurement installed on engine. The
determination of actual load becomes very difficult in vehicle
air conditioning because of the variation of the load in the
climatic conditions when the vehicle is exposed during the
course of long journey. The cooling load of a typical
automobile is also considered at steady state conditions. The
cooling capacity is affected by outdoor infiltration into vehicle
and heat gain through panels, roofs, floors etc. The cooling
load considered in this analysis is given in Table 2. The table
shows that heat load inside the traveler is 2 kW. Therefore, 2
KW air conditioning unitis sufficient to fulfill the cooling.
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Throttle Eng.
position  Speed
opening (rpm)

3500
3000
1/4 2500
2000
1500
3500
3000
Half 2500
2000

1500

Air
Pr.
(mm
of
H>0)

7.4
7.9
7.2
5.6
4.9
14.8
15.9
12.3
9.4

6.8

Heat load inside the vehicle is calculated as follows:

We have considered passengers in the traveler and calculated the following:-

* Radiation Load
Qrad = 2. S*1*I1ag*cos0

* Ambient Load
Qamb = 2. S¥U*(Ts - Tj)

« Ventilation Load
Quven = Myen™ (& - €5)

Time Exh.
for cons. Temp.
of 25cc o
of (C)
fuel(sec)
40 622
57 605
48 566
42 623
41 502
34 669
29 615
24 648
32 595
39 508
TABLE [1]

Mass

fuel

(kg/s
x 107

46
32
38
44
45
57
63
71
57

47
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Mass
of
air

(kg/s
x10

!
64
67
64
56
52
91
94
83
73

62

March 2018

Exh.
useful
energy.

(KW)

3.98
3.91
3.50
3.49
3.05
6.02
5.74
5.47
451

3.61
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» Metabolic Load
Qmeta = 2, M*A

* Overall Heat Load
QAC = (Qrad + Qamb + Qven + Qmeta)

Heat Load Amount of Heat( KJ/hr)

Radiation Load 85.83

Ambient Load 422.83

Ventilation Load 59.54

Metabolic Load 1356.23

Total 1924.43(KJ/hr) or 1.9 Kw
TABLE [2]

MODELLING OF ABSORPTION SYSTEM
Followingassumptionhasbeenmadetomodelthesystem.

1. Generator and condenser as well as evaporator and absorber are under same pressure.
2. There are no pressure changes except.through the flowrestrictors and.the pump.

3. Refrigerant vapor leaving the evaporator is saturated pure water.

4. Liquid refrigerant leaving the condenser is saturated.

5. Strong solution leaving the generator is boiling.

6. Weak solution leaving the absorber is saturated.

7. No liquid carryover from evaporator.

8. Flow restrictors are adiabatic.

9. Pump is isentropic.
10. No jacket heat losses

Q(ﬁ\h 16

 J

Qivar

FIG [2]
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« 1st point is saturated water vapor;

+ 2nd point is superheated water vapor;

+ 3rd point is saturated liquid water;

* 4th point is vapor-liquid water state;

« 5th point is saturated liquid solution;

« 6th point is sub-cooled liquid solution (at Pjoy);
* 7th point is sub-cooled liquid solution (at Phigp);
« 8th point is saturated liquid solution;

« 9th point is sub-cooled liquid solution;

« 10th point is vapor-liquid solution state.

2 KW Aqueous Lithium Bromide Absorption System

Assumptions Taken:-

Condenser Temperature = 38°C

Evaporator Temperature = 72 C

Absorber Temperature =37 C

Generator Temperature =85~ C

Pressure values taken from p-h chart of water as refrigerant for condensing temperature 350 C and evaporating temperature 7° C
Pe=1KPa

Pc =5.696 KPa

1. For Evaporator
Process Cycle 4-1
Heat load on Evaporator Qg =
2KW Qg = mg (hy —hy)
For Defined System
MR=Mp =My = 0.000844 Kg/SeC

2. For Generator
Process Cycle 7-2
Mass Balancing Of Weak and Strong Solution

my =mjy + mg
M7X7 = MgXg

m7 = 0.0101 Kg/Sec
mg = 0.00928 Kg/Sec
m, = 0.000844 Kg/Sec

Qg = 0.0909*mg*h, + mg*hg — 1.0909*mg*hy
Qg = 2.725 KW

For Defined System
mg = mg = myg = 0.00928 Kg/Sec
m7 = mg = mg = 0.01010 Kg/Sec
my, = m3z = my = my = 0.000844 Kg/Sec

3. For Condenser
Process Cycle 2-3
Heat Rejected by Condenser Q. = my*(h, — h3)

Q¢ = 2113 KW

4. For Absorber
Process Cycle 1-5
Heat Rejected by Absorber Qz = m1h; + myghg - mshg
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Qa =2.567 KW
5. For Solution Heat Exchanger
Process Cycle 6,9 -7, 8
Heat transfer Qspex = ms*(h7 — hg)

QSHEX =0.416 KW

SYSTEM ANALYSIS

System analysis is based on certain fixed parameters which are shown in TableNo.3by using this fixed parameters COP, Mass flow
rate of refrigerant, mass flow rate of strong solution, mass flow rate of weak solution, heat transfer in generator, condenser and
absorber are found out using EES software and the effect of generator temperature, evaporator temperature, condenser temperature
and absorber temperature on system COP is analysed using EES software.
INPUT PARAMETERS

= Generator Temperature (°C) 85°C

= Evaporator Temperature(°C) 7°C

= Condenser Temperature(°C) 35°C

= Absorber Temperature(°C) 37°C

= Load (h) 1720(h)

Table No.3

EES PROGRAMM

i £25 Commercal Veraon: FATSTSRPROIECT MEPORTEE: CO\UTIONESP VoY

Beg File FEdit Search Options Calculaste Tables Plots Windows Help Fxamples
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CONCLUSION

As per the calculations of heat load and heat availability obtained from a vehicle a 2kW system is feasible to provide air conditioning
in a vehicle. From system analysis it is seen that COP of system increases with increase in generator temperature and evaporator
temperature but it reduces with increase in condenser and absorber temperature. There is optimum value of generator temperature

above which COP reduces also COP increases with increase in mass flow rate of water (m,,).

REFERENCE:
[1] ThamiHoruz. An alternative road transport refrigeration, journal of engineering and environmental sciences, 22(1998), 2011-222.

[2] Harish Tiwari, Dr.G.V.Parishwad. Adsorption Refrgeratiion system for cabin cooling.of trucks, international journal of emerging
technology and advanced engineering, Oct(2012) Vol 2, issue 10.

[3] Satha Aphornratana, Thanarath Sriveerakul. Experimental studies of a single effect absorption refrigerator using aqueous lithium-
bromide: Effect of operating condition to system performance, Science Direct, 30Aug(2007), 658-669.

[4] ASHRAE Fundamental Handbook (SI): 2001, Atlanta, USA.
[5] ASHRAE Handbook of fundamentals, 1997.

[6] K.K.DattaGupta, D.N.Basu and S.Chakravati. Optimization study of a solar-operated lithium bromide-water cooling system with
flat 7.Mohammad Ali FAyazbakhsh and Majid Bahrami. Comprehensive Modeling of vehicle air‘conditioning loads using heat
balance method, SAE international,04/08/2013,2013-01-1507

[8] Shah Alam. A proposed model for utilizing exhaust heat to run automobile air conditioner, joint international conference on
“sustainable energy and environment (SEE 2006)” 21-23 Nov(2006), E-011(P)

[9]Florides, G.A., Kalogirou, S.A., Tassou, S.A., Wrobel, L.C. Design and construction of a LiBr—water absorption machine, Energy
Conversion and Management 44 (2003) 2483-2508.

[10] K.Balaji, R.Senthil Kumar. Study of vapor absorption system using waste heat in sugar industry, IOSR Journal of
Engineering,Aug(2012),2250-3021.

[11] G Vicatos. A car air-conditioning system based on an absorption refrigeration cycle using energy from exhaust gas of an internal
combustion engine., university of Cape Town.

[12] Guozhen Xie. Improvement of the performance for an absorption system with lithium bromide — water as Refrigerant by
increasing Absorption Pressure, ICEBO(2006). HVAC Technologies for Energgy Efficiency, Vol. IV 10-4.

Auvailable online: https://edupediapublications.org/journals/index.php/I1JR/ Page |437




