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RESUMO 

CARMO JR, J. W.; ALMEIDA, A.G.S. Air conditioning system for mass transit vehicle based 

on an absorption refrigeration system using combustion exhaust gases. Perspectivas Online: 

Exatas & Engenharia, v. 10, n. 30, p. 15- 29, 2020. 

Este artigo examina o calor disponível em 

motores a diesel de combustão interna para 

ativação de sistemas de ar condicionado 

automotivos com ciclo de refrigeração por 

absorção usando par amônia-água. Em 

primeiro lugar, foi realizado um estudo 

exergético dos ciclos do motor e da 

absorção em conjunto, para avaliar a 

viabilidade técnica da utilização deste 

sistema para veículos de climatização de 

transportes públicos. A modelagem e 

simulação foram desenvolvidas por meio de 

algoritmos na plataforma Engineering 

Equation Solver, levando em consideração 

balanço de massa, primeira e segunda leis 

da Termodinâmica, identificando rejeitos e 

perdas no sistema térmico. A simulação do 

motor de combustão interna é modelada 

para a flexibilidade do biodiesel, para 

fornecer uma análise de energia e exergia 

em função do tipo de combustível utilizado 

no motor. Foi possível analisar os efeitos 

que as variações nos gases de escapamento 

do motor podem causar no ciclo de 

refrigeração e determinar o estado 

termodinâmico no ciclo de refrigeração, o 

comportamento do coeficiente de 

desempenho, potência refrigerada e exergia 

distribuída em função da variação da 

temperatura de condensação e evaporação, 

e as condições dos gases no gerador.
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ABSTRACT 

CARMO JR, J. W.; ALMEIDA, A.G.S. Air conditioning system for mass transit vehicle based 

on an absorption refrigeration system using combustion exhaust gases. Perspectivas Online: 

Exatas & Engenharia, v. 10, n. 30, p. 15-29, 2020. 

This paper examines the available heat of 

internal combustion diesel engines for 

activating automotive air conditioning 

systems with an absorption refrigeration 

cycle using ammonia-water pair. Firstly, an 

exergetic study was carried out of both the 

engine and absorption cycles working 

together, to assess the technical feasibility 

of using this system for air-conditioning 

vehicles for public transport. The modeling 

and simulation were developed through 

algorithms on the Engineering Equation 

Solver platform, taking into account mass 

balance, the first and second laws of 

Thermodynamics, identifying tailings and 

losses in the thermal system. The simulation 

of the internal combustion engine is 

modeled for the flexibility of biodiesel, to 

provide an energy and exergy analysis 

depending on the type of fuel used in the 

engine. It was possible to analyze the effects 

that variations in the engine exhaust gases 

can cause in the refrigeration cycle and to 

determine the thermodynamic state in the 

refrigeration cycle, the behavior of the 

coefficient of performance, refrigerated 

power and exergy distributed in function of 

the variation in the condensation and 

evaporation temperature, and the conditions 

of gases in the generator. 
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1. INTRODUCTION 

Currently, all technological research and development should be in line with energy 

efficiency requirements and environmental preservation. Absorption refrigeration systems 

emerge in this scenario and there are several features that make them a good option, especially 

where there is an available thermal energy source. 

In a motor vehicle driven by a reciprocating internal combustion engine, traditional 

vehicular air conditioning system based on a refrigeration cycle by vapor compression increases 

the fuel consumption by at least 15% and causes a reduction in power provided by engine 

(KAYNAKLI and HORUZ, 2003). 

In an internal combustion engine, a maximum of 40% of the chemical energy of the fuel 

is converted into useful mechanical energy (KOEHLER et al, 1997), approximately 30% to 

32% is released as exhaust gases at temperatures above 400°C, and approximately 30% to 28% 

is dissipated by the cooling system, with cooling water being routed to the radiator at around 

100°C. In total, more than 50% of the energy released by the fuel is lost (HORUZ, 1999). 

A refrigeration system by absorption depends on a high temperature source to provide 

a vaporization of the coolant and the decoupling from the absorbent solution. Studies have 

shown that it is possible to use heat sources with temperatures of 100°C to 200°C for use in 

absorption systems, with COP close to 1 (TALOM et al, 2009). Some absorption refrigeration 

systems, such as those using ammonia water pair, can work with evaporation temperatures 

below -50°C (MANZELA et al, 2010). 

Part of the energy which is typically released as heat to the environment could be used 

for a vehicular air conditioning system by absorption. 

Most public transport buses in large Brazilian cities offer little thermal comfort to users 

and drivers/conductors. Internal temperature conditions are usually regulated with natural 

ventilation through sliding side windows and tilting windows on the roof.  Overcrowding and 

long standstills in traffic jam, combined with severe climatic conditions such as high ambient 

temperature and high relative humidity, culminating with high rainfall, affect the comfort of the 

occupants of the vehicle, as they often require the closing of natural ventilation. When an air 

conditioning system is used, these are based on compression refrigeration systems, which 

reduce the mechanical power available for transmission and increase fuel consumption, 

contributing to the increase in atmospheric emissions. 

The objective of this work was to develop a model and simulation of a thermal system, 

with the aid of software Engineering Equation Solver (EES) (KLEIN, 2009), to ascertain the 

availability of thermal waste of an internal combustion engine to power an absorption 

refrigeration system through a generator, according to the coupling shown in Figure 1. A 

simulation was developed of a Diesel cycle internal combustion engine operating with mixtures 

of mineral diesel and biodiesel at any proportion. The simulation enables the analysis of the 

energy and exergy depending on the composition of the fuel used. It also identifies the locations 

of the thermal waste in the engine, the quantities and the qualities of the wasted energy. This 

makes it possible to check and select the exergy availability of combustion engine to feed an 

air conditioning system for a mass transit vehicle using an absorption refrigeration system. 
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Figure 1. Coupling system. 

 

Many papers report the use of exhaust gases of vehicular combustion engines as a 

thermal energy source for air conditioning systems with refrigeration cycles by absorption Talbi 

and Agnew (2002) present a theoretical verification based on a simulation of a refrigeration. 

system by absorption with fluid pairs of lithium bromide and water, using the exhaust gases 

from an internal combustion engine, Diesel cycle, as thermal energy input. While Manzela et 

al. (2010) studied the use of a refrigeration system by absorbing ammonia-water using the 

exhaust gases of an internal combustion engine as a power source, assessing the availability of 

energy and the impact of refrigeration system by absorption in the engine performance, in the 

exhaust emissions and economy of energy. The results showed the feasibility of using exhaust 

gases as an energy source for feeding the absorption system. These gases have a high energetic 

potential although the refrigeration system used in the tests do not take advantage of this at all. 

It was found that the performance and emissions of the engine were not affected due to the 

adjustment of the engine exhaust gases that feed the refrigeration system. In addition, Sahoo et 

al. (2004) concentrate on the modeling and simulation of vehicular air conditioning systems by 

absorption using as a heat source the thermal waste from internal combustion engines based on 

the Otto cycle, used in small cars running on gasoline and/or ethanol. A thermoeconomic 

analysis of the coupling of thermal availability of an Otto cycle internal combustion engine, 

powered by gasoline, with a refrigeration system by absorption using the ammonia-water pair 

was carried out. The absorption system was considered capable of cooling the passenger 

compartment of a passenger car, with a simulation of system energy balance, using first and 

second Thermodynamics laws, achieving efficiency and few energy losses in all components 

and in the overall system. An economic assessment of the investment payback period based on 

the economy in terms of fuel consumption achieved was also reported.  

Dimensions of cars are incompatible with the size of existing refrigeration systems by 

absorption. Given the available technology, implementing a vehicular air conditioning system 

by absorption which meets the removal needs of the thermal load of passenger vehicles is 

unfeasible. On the other hand, vehicles with Diesel combustion engines are more robust and 

bigger as they are generally used for loads and mass passenger transport. The high torque 
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provided by diesel engines, combined with their large sizes, makes the installation of a 

refrigeration system by absorption for air conditioning more feasible. 

Rêgo et al. (2014) carried out an experimental analysis of a refrigeration system by 

absorption where the exhaust system of an internal combustion engine of a car was connected 

to the generator element of the system. The performance of the refrigeration system was 

evaluated based on the supplied heat. The refrigeration system performed better when the 

amount of heat input is controlled based on the temperature of the generator of the absorption 

cycle. It was concluded that by dynamically controlling the amount of heat input, the range of 

uses of the absorption refrigeration system powered by the heat of the exhaust gases can be 

expanded. 

Abu-Ein et al. (2009) presents an exergetic analysis of a refrigeration system by 

absorbing water-ammonia 10 kW, whose energy source is solar. They obtained the coefficient 

of performance (COP), exergetic coefficient of performance (ECOP) and the loss of exergy 

(dE) in each of system components for varying operating conditions. The minimum and 

maximum values of COP and ECOP were found when the temperature in the generator reaches 

110°C and 200°C respectively. Approximately 40% of the loss of exergy in the system was 

found in the generator. The maximum losses of exergy in the absorption system occurred when 

the temperature in the generator was 130 °C, for all evaporator temperatures. 

Zhou et al. (2011) developed a computational simulation of a refrigeration system by 

absorption of water-lithium bromide, powered by the heat from the exhaust gases and the water 

from the engine cooling system. The refrigeration power provided by this system is used to cool 

or heat the passenger compartment, as an air conditioner, as well as to help the vehicle's own 

cooling system. They reported a reduction in fuel consumption, even using compact heat 

transfer surfaces. 

Xu et al. (2013) analyzed a solution to a problem reported by other studies, namely the 

influence of the variation in the emission of exhaust gases from a combustion engine over 

absorption systems: the use of a absorption-compression hybrid refrigeration system, fed by 

exhaust gases and the power generated by the combustion engine. 

2. MATERIALS AND METHODS 

A thermodynamic model of the internal combustion engine based on the Diesel cycle 

was developed using a mixture of mineral diesel with bio-diesel and a chiller based in an 

absorption refrigeration cycle using ammonia-water pair with a rectifier in the generator output. 

The aim of this was to integrate the cycles to form an air conditioning system taking advantage 

of the thermal waste of the combustion engine. The simulation model was developed on the 

(EES) platform (KLEIN, 2009), taking into account the mass balance, and the first and second 

laws of Thermodynamics. 

2.1. Energy and Exergy analysis of Diesel cycle internal combustion engine 

Equation (1) shows the combustion modeling based on the stoichiometric burning of 

biofuel, as a mixture in any proportion of Biodiesel plus fossil diesel, where the biodiesel is 

generated by residual fat oil. 

For the purposes of simplification, the  concept of equivalent fuel, named  x yC H  for fossil 

diesel and n m wC H O  for biodieselC, H and O are the carbon, hydrogen and oxygen atoms, 
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respectively, and “x”, “y”, “n”, “m” and “w” are the number of atoms present in the general 

case of the balanced equation for combustion of biodiesel fuel. 

𝑃𝑑 .C𝑥𝐻𝑦 + 𝑃𝑏 .C𝑛𝐻𝑚𝑂𝑤 + a.(𝑂2 + 3,76𝑁2) → z.(b.CO2 + d.O2 + c.CO + g.H2𝑂 + i.N2 + e.NO + f.NO2)  (1) 

 

The proportion of biofuel mixture is given by Pd for fossil diesel and Pb for biodiesel, 

the coefficients “b”, “d”, “c”, “g”, “i”, “e” and “f” represent the fractions of the combustion 

products, while that “a” and “z”represent the coefficients to be determined.  

The emissions of exhaust gases to be obtained with the aid of a portable gas analyzer 

which can evaluate the concentrations of CO, CO2, NO, NO2 and O2 installing a probe in the 

engine exhaust and keeping a constant speed.  

Some considerations were made to proceed with the energy and exergy analysis of the 

internal combustion engine: 

• Engine operates at steady state 

• Combustion products are treated as an ideal gas mixture 

• To calculate the exergy the effects of motion and gravity are despised. 

Equations (2) to (11) represent the algorithm used in the simulation to develop the 

energy analysis of the Diesel cycle internal combustion engine. Tesfa et al. (2013) determine 

the lower calorific value of a biofuel, just indicating the proportion of biodiesel in the mixture, 

and Alptekin et al. (2008) determine the density in a similar way, making possible the 

determination of the energy of the fuel.  

To determine the radiation heat in the engine block is complex as this radiation is 

random and comes from any physical part of the engine, so the area used for calculating the 

energy dispersion around the engine was a surface of a cube using the Stefan-Boltzmann 

constant and the emissivity of the material used in the manufacture of the engine 

Through the functions of the EES platform, it was possible to determine the density and 

specific heat of exhaust gases and with the aid of a coupled probe in the vehicle exhaust its 

volumetric flow rate and temperature was measure so as to determine its energy and exergy. 

 LHVfuel = −0.041 ∙ P𝑏 + 42.32 (2) 

 𝑑fuel = 0.0004 ∙ P𝑏 + 0.8424 (3) 

 𝑚fuel = 𝑑fuel ∙ Vfuel (4) 

 
𝑭𝒍𝒐𝒘𝒇𝒖𝒆𝒍 =  

𝒎𝒇𝒖𝒆𝒍

𝒕
 

(5) 

 Enfuel = Flowfuel.LHVfuel (6) 

 𝑯water = �̇�water.cpwater. ∆𝑻 (7) 

 𝑯rad = σ.A.𝝐. (𝑻surface
𝟒 − 𝑻air

𝟒 ) (8) 
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 Hgases = dgases.Flowgases.cpgases. (Tgases − Tenv) (9) 

 Enfuel = Hwater + Hrad + Hgases + Powerengine (10) 

 Rengine = (Powerengine Enfuel⁄ ). 100  (11) 

Analyzing the part referring to the combustion engine in Figure 1 and applying the 

concepts of first thermodynamics law and energy conservation, the engine power and its energy 

efficiency can be determined.  

Equations (12) to (17) represent the algorithm used in the simulation to develop the 

exergetic analysis of the internal combustion engine of the Diesel cycle. Almeida et al. (2012) 

show how to determine the exergy of a liquid or solid fuel, where the ratio of the chemical 

exergy of a fuel with its lower calorific value is equal to a φ factor. Note that the value of this 

factor will always be greater than or equal to 1.0401. 

Almeida et al. (2102) show how to obtain the total exergy of the gases, which is the sum 

of the thermo-mechanical and the chemical exergy. Only the useful working potential heat of 

these gases is of interest here. 

 φ = 1.0401 + 0.1728 h/c + 0.0432 o/c + 0.2169 s/c (1 − 2.0628 h/c)   (12) 

 Enfuel = Hwater + Hrad + Hgases + Powerengine (13) 

 Rengine = (Powerengine Enfuel⁄ ). 100  (14) 

 Exrad = Hrad ∗ (1 − T0 T⁄ ) (15) 

 Extotal = Exterm + Exch = [(h − h0) − T0(s − s0) + V2 2⁄ + gz] + Exch (16) 

 Exter = cp(T − T0) − T0(cp ln T T0⁄ − R ln P P0⁄ ) (17) 

The irreversibility of the system, calculated as the destruction of exergy and the 

exergetic efficiency can be demonstrated in equations (18) and (19), respectively. 

 Exdest = Exfuel − Exwater − Exrad − Extotal − Powerengine (18) 

 Efex = (Powerengine Ex⁄ ). 100 (19) 

2.2. Energy and Exergy Analysis of refrigeration cycle by absorption 

Equations (20) to (66) represent the modeling of each control volume of the refrigeration 

cycle by absorption shown in Figure 1, based on the law of continuity and the 1st and 2nd law 

of thermodynamics. 

The following assumptions were adopted for the modeling: 

• All processes are internally reversible 

• The volume controls operate on a permanent basis 

• The kinetic and potential energy effects are despised 
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• There is no heat loss in the pipes 

• Load losses are considered negligible in relation to the system as a whole 

• No pressure changes occur except by the restriction device and the pump 

• The restriction devices are adiabatic. 
 

CONDENSER  

�̇�1 = �̇�2 (20) 

�̇�1. 𝑋1 = �̇�2. 𝑋2 (21) 

𝐻𝐶 = �̇�1(ℎ1 − ℎ2) (22) 

Ex𝐶 = −(1 − 𝑇 𝑇0⁄ ). 𝐻𝐶  (23) 

𝐼𝐶 = (�̇�1.ex1) − (�̇�2.ex2) + ((1
− 𝑇0 𝑇⁄ ). 𝐻𝐶) 

(24) 

 

CONDENSER 

 

�̇�2 = �̇�3 (25) 

�̇�2. 𝑋2 = �̇�3. 𝑋3   (26) 

ℎ2 = ℎ3       (27) 

𝐼𝑉1 = (�̇�2.ex2) − (�̇�3.ex3) (28) 

 

EXPANSION VALVE 1 

 

�̇�2 = �̇�3 (25) 

�̇�2. 𝑋2 = �̇�3. 𝑋3 (26) 

ℎ2 = ℎ3 (27) 

𝐼𝑉1 = (�̇�2.ex2) − (�̇�3.ex3) (28) 

 

EVAPORATOR 

 

�̇�3 = �̇�4  (29) 

�̇�3. 𝑋3 = �̇�4. 𝑋4  (30) 

𝐻𝐸 = �̇�3(ℎ4 − ℎ3)    (31) 

Ex𝐸 = −(1 − 𝑇0 𝑇⁄ ). 𝐻𝐸  (32) 

 

ABSORBER 

 

𝑇𝐴 = 𝑇4 + 𝑇5 + 𝑇10/3 (34) 

�̇�5 = �̇�4 + �̇�10 (35) 

�̇�5. 𝑋5 = �̇�4. 𝑋4 + �̇�10. 𝑋10  (36) 

𝐻𝐴 = (�̇�5. ℎ5) − (�̇�4. ℎ4) − (�̇�10. ℎ10) (37) 

Ex𝐴 = −(1 − 𝑇0 𝑇⁄ ). 𝐻𝐴  (38) 

𝐼𝐴 = (�̇�4.ex4) + (�̇�10.ex10) − (�̇�5.ex5)
+ ((1 − 𝑇0 𝑇⁄ ). 𝐻𝐴) 

(39) 

 

PUMP 

 

�̇�5 = �̇�6 (40) 

�̇�5. 𝑋5 = �̇�6. 𝑋6 (41) 

𝑊𝑃 = 𝑣5. (𝑃6 − 𝑃5 𝐸𝑓𝑖𝑐⁄ ). �̇�5  (42) 

ℎ6 = ℎ5 + (𝑊𝑃 �̇�5⁄ )  (43) 

Ex𝑃 = 𝑊𝑃 (44) 

𝐼𝑃 = (�̇�5.ex5) − (�̇�6.ex6) + (𝑊𝑃)  (45) 
 

RECTIFIER  

�̇�6 = �̇�13 (46) 

�̇�11 = �̇�1 + �̇�12 (47) 

�̇�6. 𝑋6 = �̇�13. 𝑋13 (48) 

�̇�11. 𝑋11 = �̇�1.X1 + �̇�12. 𝑋12 (49) 

(�̇�13. ℎ13) − (�̇�6. ℎ6)
= (�̇�1. ℎ1) + (�̇�12. ℎ12)
− (�̇�11. ℎ11) 

(50) 

𝐼𝑅 = (�̇�11.ex11) + (�̇�6.ex6) − (�̇�1.ex1)
− (�̇�13.ex13)
− (�̇�12.ex12) 

(51) 

 

HEAT EXCHANGER 

 

�̇�13 = �̇�7 (52) 

�̇�8 = �̇�9 (53) 

�̇�13. 𝑋13 = �̇�7. 𝑋7 (54) 

�̇�8. 𝑋8 = �̇�9. 𝑋9 (55) 

(�̇�9. ℎ9) − (�̇�8. ℎ8)
= (�̇�7. ℎ7) − (�̇�13. ℎ13) 

(56) 

𝐼HE = (�̇�8.ex8) + (�̇�13.ex13) − (�̇�7.ex7)
− (�̇�9. 𝑋9) 

(57) 

 

GENERATOR 

 

�̇�7 + �̇�12 = �̇�11 + �̇�8  (58) 

�̇�7. 𝑋7 + �̇�12. 𝑋12 = �̇�11. 𝑋11 + �̇�8. 𝑋8  (59) 

𝐻𝐺 = (�̇�1. ℎ1) + (�̇�13. ℎ13) + (�̇�8. ℎ8)
− (�̇�7. ℎ7) − (�̇�6. ℎ6) 

(60) 

Ex𝐺 = −(1 − 𝑇0 𝑇𝐺⁄ ). 𝐻𝐺   (61) 

𝐼𝐺 = (�̇�7.ex7) + (�̇�12.ex12) −
(�̇�11.ex11) − (�̇�8.ex8) + ((1 − 𝑇0 𝑇⁄ ). 𝐻𝐺)  

(62) 

EXPANSION VALVE 2  

�̇�9 = �̇�10  (63) 

�̇�9. 𝑋9 = �̇�10. 𝑋10  (64) 

ℎ9 = ℎ10 (65) 

𝐼𝑉2 = (�̇�9.ex9) − (�̇�10.ex10)  (66) 
 

 

The coefficient of performance (COP) of a refrigeration system is measured in terms of 

the removed heat, the heat supplied and the work cycle. 
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The exergetic efficiency provides the performance of refrigeration system by absorption 

based on the second law of thermodynamics in terms of exergy transferred from the evaporator 

and generator.   

3. RESULTS AND DISCUSSION 

3.1 Analysis of thermal system coupling 

Figure 2 and 5 shows the graphic interface of the thermodynamic model, the Diesel 

cycle combustion engine and the absorption refrigeration cycle, developed with the aid of EES. 

The simulation was powered with data collected from a public transport vehicle in operation, 

presenting the operational conditions of these vehicles.  

 
Figure 2. Graphic interface of the EES – Combustion engine 

 

From Figure 2 and Table 1, the data regarding the water-cooling system, the irradiated 

heat of the engine block and the exhaust gas exergy rates can be seen. The highest available 

exergy rate was found in the exhaust gases with 89.37%. This is divided into two parts: chemical 

exergy (65.25%) and thermophysics (24.12%). As there will be no new chemical reaction with 

the exhaust gases to be used as a source of heat in the refrigeration system, only the thermal 

part of the gases, the thermophysical exergy, which still becomes a greater percentage than the 

exergy from the cooling system and the irradiated heat of the engine block. Therefore, it would 

be interesting to increase the useful thermal potential of the exhaust gases and try to obtain a 

reduction in the percentage of chemical exergy which in this case will be released into the 

environment. 

Figures 3 and 4 present an analysis of the biofuel composition variation with the exergy 

available from the exhaust gases. It can be observed that the increase in biodiesel in the 

composition of the fuel provides a slight variation in the thermophysical exergy, and 

consequently a slight variation in the chemical exergy of gases exhaust. According to Lapuerta 

et al. (2008), with biodiesel there is an increase of up to 14% in specific consumption compared 

to that for diesel fuel leading to higher rates of gas emissions with high temperatures. The 
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presence of oxygen associated chemically to the biodiesel molecule has the effect of reducing 

the concentration of pollutants in the exhaust gases due to the better burning of the fuel in the 

engine. These emissions with pure biodiesel and their blends with diesel oil have been reported 

in studies conducted by the American Environmental Protection Agency (2002). According to 

this organization, the emissions of carbon monoxide (CO) show an exponential reduction with 

an increasing percentage of biodiesel. On the other hand, most of the studies analyzed show a 

rapid increase in NOx emissions with the use of biodiesel, although this is dependent on the 

operating conditions and engine type. This therefore demonstrates that it is not possible to 

increase the thermal availability without increasing the chemical availability of exhaust gases. 

Table 1. Analysis of exergetic availability 

Source Available Symbol Exergy Available [kW] [%] 

Water cooling 
Exwater 3.607 9.91 

Engine block Exrad 0.2622 0.72 

Exhaust gases 
Extfgases 8.785 24.12 

Exchgases 23.76 65.25 

Total  36.41 100.00 

 

 
Figure 3. Composition x Thermophysical 

Exergy 

Figure 4. Composition x Chemical Exerny 

of gases 

 

From this analysis it can be seen that the increase in biodiesel in the fuel composition is 

advantageous for the absorption refrigeration cycle because it provides a greater useful potential 

of energy through the exhaust gases. However, from the analysis in Table 2 the increase in 

biodiesel in the fuel composition causes a considerable reduction in its energy and useful 

potential. In turn this reduces the power and performance of the engine, and consequently 

discharges a larger portion of energy to the environment through the exhaust gases. According 

to Çetinkaya et al. (2005), the reduction in power with the use of biodiesel is explained by the 

lower calorific value of the biofuel. 

It is necessary to select a fixed value for the biofuel composition that is most convenient, 

in the other words, favoring both the absorption cycle and the combustion engine. The biofuel 

used in this simulation was biodiesel (B5), 5% biodiesel which is the type most commercially 

used in Brazil. Through the simulation, this combination provided 8.875kW of thermal source 

for the refrigeration cycle by absorption. 
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Figure 5 shows the refrigeration system by absorption, modeled in the system, powered 

the generator by the thermophysical exergy of the diesel engine exhaust gases. This part of the 

simulation shows the thermodynamic state of each point, the behavior of COP, refrigeration 

power and exergy destroyed as a function of temperature and heat variation from the engine 

gases. 

Table 2. Analysis of the increase biodiesel in composition 

Composition 
𝑬𝒏𝒇𝒖𝒆𝒍     

[kW] 

𝑷𝒐𝒘𝒆𝒓𝒆𝒏𝒈𝒊𝒏𝒆 

[kW] 

𝑬𝒇𝒆𝒏𝒈𝒊𝒏𝒆        

[%] 

𝑬𝒙𝒕𝒐𝒕𝒂𝒍𝒈𝒂𝒔𝒆𝒔 

[kW] 

B0 99.03 48.19 48.66 32.37 

B5 98.78 47.93 48.53 32.54 

B50 96.47 45.58 47.24 33.85 

B100 93.68 42.76 45.64 34.96 

 

 

 
Figure 5. Graphic interface of the EES – Absorption cycle 

 

3.2 Analysis of the influence of exhaust gases in the irreversibility of combustion 

engine 

Figure 6 shows an analysis of the Diesel cycle combustion engine irreversibility in 

relation to the exhaust gases temperature. This result was obtained for fixed values of biofuel 

composition and exhaust gases flow for biodiesel (B5) and a flow of 0.056 (m³/s), respectively. 

The increase in the temperature of exhaust gases leads to a significant increase in engine 

irreversibility, causing an undesirable effect. 
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Figure 7 presents an analysis of the Diesel cycle combustion engine irreversibility in 

relation to exhaust gases flow. This result was obtained for static values of the biofuel 

composition and the temperature of exhaust gases, the biodiesel (B5) and a temperature of 325 

(° C), respectively. The increase in the exhaust gases flow causes a significant reduction in 

engine irreversibility, providing a desirable result when working at full load. 

 

Figure 6. Exhaust gases temperature x 

combustion engine irreversibility  

Figure 7. Flow of exahaust gases x 

combustion engine irreversibility  

 

3.3 Analysis of influence of exhaust gases in irreversibility of absorption cycle 

In order to define a temperature in the generator as "optimal", a comprehensive 

assessment is necessary, taking into account several variables and parameters of projects, as 

discussed in Fernández-Seara and Vázquez (2001). Table 3 shows an analysis of the 

irreversibility of all components of absorption cycle and in relation to the exhaust gas conditions 

of combustion engine, which work as a thermal source for the refrigeration system at the 

generator input. The results show significant irreversibility in both the generator and TCS heat 

exchanger. 

Table 3. Irreversibility of components 

Components Irreversibility [KW] [%] 

Generator 16.410 48.15 

Heat Exchanger 4.864 14.27 

Rectifier 3.889 11.41 

Evaporator 3.809 11.18 

Absorber 2.795 8.20 

Valve 1 1.444 4.24 

Pump 0.441 1.30 

Valve 2 0.353 1.00 

Condenser 0.079 0.23 

Total 34.084 100.00 
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Figures 8 and 9 shows an analysis of the irreversibility of the most relevant components 

concerning the variation in temperature and flow of feed gases, respectively. The same 

conditions as fixed values presented for analysis of Figures 6 and 7 are adopted. 

The graph of Figure 8 shows a similar behavior to that in Figure 9, where both the rise 

in temperature and gas flow cause an increase in the rate of irreversibility of the generator and 

a reduction in the rate of heat exchanger irreversibility (TCS). 

According to Aman et al. (2014), the irreversibilities occurring in the generator are 

mainly due to heat transfer associated with a large temperature difference in the absorber and 

mass transfer with a high gradient of concentration and losses in blends in the generator. In 

addition, as the ammonia leaving the generator is overheated, a higher temperature is required 

under the same pressure, which leads to greater thermodynamic losses in the generator. 

 

Figure 8. Exhaust gases temperature x 

Irreversibility  

Figure 9. Flow of exahaust ga ses x 

irreversibility  

 

4. CONCLUSIONS 

This study presented the energy and exergy analysis of a refrigeration system by 

absorption using the exhaust gases of a combustion engine as source of energy so as to propose 

an air conditioning system for a public transport vehicle. 

Through a simulation developed on the EES platform, it was possible to make an 

analysis of waste heat of a diesel cycle combustion engine fed with any proportion of biofuel. 

It was observed that the flexibility of the biofuel used does not imply a drastic change in the 

values of the energy and exergy system, allowing the use of energy lost to exhaust to feed a 

refrigeration cycle. 

This study showed main critical points of a thermal system using the thermophysical 

exergy from a diesel combustion engine exhaust gases as a thermal energy source to power a 

refrigeration cycle by absorption, like the integration of exhaust gases with the generator. 

Our analysis demonstrated that this integration is viable and the main efforts to improve 

refrigeration systems by absorption should focus on developing efficient components, namely 

the generator, which was responsible for the greatest losses of exergy in the whole system. 
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As suggestions for further work, we would like to study of the best and most appropriate 

simplifications and design parameters based on measurements on a real refrigeration cycle by 

absorption, to feed and check the results in the simulation, in addition to measurements in a 

Diesel cycle engine in an urban public transport vehicle to verify the results of the thermal 

system developed in the simulation. 
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