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Abstract— Efficiency of diesel engine is about 35-40 % 

remaining energy go waste. Maximum energy wastes in 

exhaust. In diesel engine 30-32% energy go waste in 

exhaust. So it is important to recover energy from exhaust. 

Approximately 15% of all the electricity produced in the 

whole world is employed for refrigeration and air 

conditioning system.  During recent years research aimed at 

the development of technologies that can offer reductions in 

energy consumption, peak electrical demand and energy 

costs without lowering the desired level of comfort 

conditions has intensified. By reason that absorption 

refrigeration technologies have the advantage that the peaks 

of requirements with the availability of the waste heat. A 15 

kW internal combustion engine was analyzed 

experimentally to determine whether it was capable of 

driving the experimental refrigeration system via its exhaust 

heat. This required a study of heat distribution of the diesel 

engine under various load conditions. As far as the 

integrated system is concerned, the experiments were 

focused on the heat distribution of the diesel engine and 

effect on the performance of the absorption refrigeration 

system. At full load condition, performance of refrigeration 

system is higher because of higher exhaust gas temperature. 

If more heat recovered from the exhaust gas of the IC engine 

then more heat transferred to the generator and hence this 

caused an increase on the cooling capacity of the 

experimental refrigeration system. This is due to the fact 

that, in the refrigeration system, the cooling capacity is 

directly proportional to the heat input to the generator. 
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I. INTRODUCTION 

It is well known that energy shortage and environmental 

pollution have become global issues of common concern. As 

the most widely used source of primary power for 

machinery critical to the transportation, construction and 

agricultural sectors, engine has consumed more than 60% of 

fossil oil. On the other hand, the amount of CO2 gas released 

from engine, just for transportation applications, makes up 

25% of all human activity related CO2 emissions. Thus, 

energy conservation on engine is one of best ways to deal 

with these problems since it can improve the energy 

utilization efficiency of engine and reduces emissions [1]. 

Given the importance of increasing energy 

conversion efficiency for reducing both the fuel 

consumption and CO2 gas emissions of engine, scientists 

and engineers have done lots of successful research aimed to 

improve engine thermal efficiency, including supercharge, 

lean mixture combustion, etc. However, in all the energy 

saving technologies studied, engine exhaust heat recovery 

(EHR) is considered to be one of the most effective means 

and it has become a research hotspot recently [1].  

A. Diesel engines 

Improvement of fuel economy and reduction of exhaust gas 

and particulate emissions are key development items for 

automotive internal combustion engines. Diesel engines are 

typically more efficient than gasoline engines and therefore 

preferred for professional use like mail or food delivery 

operations where fuel economy is an important cost factor. 

A diesel engine is an internal combustion engine 

which operates using the diesel cycle. Diesel engines have 

the highest thermal efficiency of any internal or external 

combustion engine, because of their compression ratio. 

Diesel engines are manufactured in two stroke and four 

stroke versions. The diesel internal combustion engine 

differs from the gasoline powered Otto cycle by using a 

higher compression of the air to ignite the fuel rather than 

using a spark plug for this reason it is known as compression 

ignition and the petrol engine is referred as spark ignition 

engine. In the diesel engine, only air is introduced into the 

combustion chamber. The air is then compressed with a 

compression ratio typically between 15 and 22 resulting into 

a 40 bar pressure compared to 14 bar in the gasoline engine. 

This high compression heats the air to 550 °C. At about this 

moment (the exact moment is determined by the fuel 

injection timing of the fuel system), fuel is injected directly 

into the compressed air in the combustion chamber. 

B. Refrigeration 

The production of cold has applications in a considerable 

number of fields of human life, for example the food 

processing field, the air-conditioning sector, and the 

conservation of pharmaceutical products, etc. The 

conventional refrigeration cycles driven by traditional vapor 

compression in general contribute significantly in an 

opposite way to the concept of sustainable development. 

Two major problems have yet to be addressed: 

1) The global increasing consumption of limited primary 

energy:  

The traditional refrigeration cycles are driven by electricity 

or heat, which strongly increases the consumption of 

electricity and fossil energy. The International Institute of 

Refrigeration in Paris (IIF/ IIR) has estimated that 

approximately 15% of all the electricity produced in the 

whole world is employed for refrigeration and air-

conditioning processes of various kinds, and the energy 

consumption for Air-conditioning systems has recently been 

estimated to 45% of the whole households and commercial 

buildings. Moreover, peak electricity demand during 

summer is being re-enforced by the propagation of air 

conditioning appliances. 

2) The refrigerants used cause serious environmental 

problems:  

The traditional commercial, non-natural working fluids, like 

the chlorofluorocarbon (CFCs), the hydro 
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chlorofluorocarbon (HCFCs) and the hydrofluocarbon 

(HFCs) result in both ozone depletion and/or global 

warming. Since the protocol of Montreal in 1987, 

international agreements have been signed to reduce the 

emissions of these refrigerants. European Commission 

Regulation 2037/2000, which has been implemented on 1 

October 2000, treats the whole spectrum of control and 

phase-out schedule of all the ozone depleting substances. It 

is indicated that till 2015 all HCFCs will be banned for 

servicing and maintaining existing systems. 

C. Electrolux Refrigeration system 

A single-pressure absorption refrigerator uses three 

substances: ammonia, hydrogen gas, and water. At standard 

atmospheric conditions, ammonia is a gas with a boiling 

point of -33°C. The system is pressurized to the point where 

the ammonia is liquid. The cycle is closed, with all 

hydrogen, water and ammonia collected and endlessly 

reused. 

The cooling cycle starts with liquefied ammonia 

entering the evaporator at room temperature. The evaporated 

ammonia is mixed with hydrogen. The partial pressure of 

the hydrogen is used to regulate the total pressure, which in 

turn regulates the vapor pressure and thus the boiling 

point of the ammonia. As the ammonia boils in the 

evaporator, it pulls heat from the refrigerators interior and 

provides the cooling required. 

The next three steps exist to separate the gaseous 

ammonia and the hydrogen: 

1) In the absorber, the mixture of gases enters the bottom 

of an uphill series of tubes, into which water is added at the 

top. The ammonia dissolves in the water, producing a 

mixture of liquid ammonia solution and hydrogen. The 

gaseous hydrogen collects at the top of the absorber, while 

the liquid ammonia solution flows to the bottom. 

2) The next step separates the ammonia and water. In the 

generator, heat is applied to the solution to distill the 

ammonia from the water. Some water vapor and bubbles 

remain mixed with the ammonia. This water is dried out in 

the final separation step, by passing it through the separator, 

an uphill series of twisted pipes with minor obstacles to pop 

the bubbles, allowing the collected water to drain back to the 

generator. 

3) Finally, the pure ammonia gas enters the condenser. In 

this heat exchanger, the hot ammonia gas is cooled to room 

temperature and hence condenses to a liquid, allowing the 

cycle to restart. 

 
Fig. I: Electrolux Refrigeration system 

II. RESULT AND DISCUSSION 

A. Heat Balance sheet of Engine 

Show in fig. 1:  major part of energy go to waste in exhaust 

gas. Heat balance sheet of engine at full load is show in 

fig4.1. At full load condition, 30.24 % thermal efficiency 

achieved and nearly 38 % energy go to waste.  

 
Fig. 2: Sankey Diagram Of 4-Cylinders Diesel Engine 

B. Heat loss in exhaust gas 

The experimental results were analysed and the data has 

been summarized in graphical form. From the experimental 

data the heat loss in exhaust gas has been determined and 

has plotted as function of brake power.  

Fig.2.2 shows graph for variation of load with 

respect to Heat loss for naturally aspirated engine. For all 

the cases tested, Heat loss is found to increase with increase 

in the Load. It can be seen that as the load increases, heat 

loss increases to the maximum at full load (15 kw). 

 
Fig. 3:  Variation In Heat Loss By Exhaust Gas With Brake 

Power 

C. Heat recover  

Fig.3 shows graph for variation of Energy recover with 

respect to brake power, with naturally aspirated engine. For 

all the cases tested, Energy recover is found to increase with 

increase in the brake power. It can be seen that as the load 

increases, Energy recover increases to the maximum at full 

load (15 Kw) for all the cases tested. 

 

Fig. 4: Variation in heat recovery with brake power 

0.00

5.00

10.00

15.00

20.00

0 3 6 9 12 15

E
n

er
g

y
 (

K
W

) 

Brake power 

Brake power VS Heat lost by 

Exhaust gases (KW) 

Hea

t

lo…

0.00

200.00

400.00

600.00

0 3 6 9 12 15

E
n

er
g

y
 (

W
) 

Brake power 

Brake power VS heat 

recover 

heat

reco

ver

http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Partial_pressure
http://en.wikipedia.org/wiki/Vapor_pressure
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Solution
http://en.wikipedia.org/wiki/Distillation
http://en.wikipedia.org/wiki/Heat_exchanger


Experimental Investigation of Heat Recovery from Engine Exhaust Gas Used In Electrolux Refrigeration System 

 (IJSRD/Vol. 2/Issue 03/2014/481) 

 

 All rights reserved by www.ijsrd.com 1894 

D. COP of refrigerator  

Fig.2.4 shows graph for variation of COP with respect to 

Exhaust gas temperature, with naturally aspirated engine. 

For all the cases tested, COP is found to increase with 

increase in exhaust gas temperature. It can be seen that as 

the exhaust gas temperature increases, COP of refrigerator 

increases to the maximum at full load (15 Kw) for all the 

cases tested. 

 
Fig. 5: Variation In COP With Exhaust Gas Temperature 

III. CONCLUSION 

 The absorption refrigeration system is a feasible 

alternative to the traditional vapour compression 

system for automotive case. The absorption 

refrigeration systems use an eco-friendly 

refrigerants and consume very little power for 

operation when compared to traditional vapour 

compression systems. The reduction in power is 

achieved because the system can be operated using 

the waste heat rejected from exhaust gas and 

because no compressor is required. 

 From experiment, it is concluded that about 2 to 3 

% of heat is recovered using Electrolux 

refrigeration system.  

 As the load on the engine is increased, amount of 

heat utilisation is increased. This is because the 

temperature of exhaust gas is increased with 

increase in load. 
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