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ABSTRACT 

 

This study shows the availability and possibility to recover the waste heat from cooling system of internal combustion engine. The amount 

of cooling able to be achieved by a cooling system is dictated essentially by the area of the radiator core and the amount of air flowing 
around it. Larger face areas provide greater cooling ability. However, they possess poor aerodynamics and are heavier. The most efficient 

designs will minimize drag and weight whilst achieving the required cooling. Evaporative cooling system will give a best solution for 

achieving the best cooling with minimum mass of cooling system, since Latent heat of vaporization greatly reduces the quantity of cooling 
water required, so total mass flow rate of cooling water will reduce, hence area required to cooling is greatly reduces.This paper presents a 

feasibility study of implementing evaporative cooling system in water cooled C.I. Engine and through which to accomplish pumpless 
thermal management of engine cooling system. Presently pump work to be pay out in engine cooling system to positively carry away heat 

from engine parts to provide the best heat state of engine and ensure its normal performance. The scope of this review will be establishing 

a pumpless cooling system working by waste heat recovered from cooling system itself. Such a system would ultimately reduce the overall 
energy requirement and also the impact on global warming. Up to date technological advancements have created these systems viable and 

value effective.  
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INTRODUCTION  

 

Recent trend concerning the most effective ways 

in that of exploitation the deploy able sources of 

energy in to useful work in order to reduce the rate of 

consumption of fossil fuel as well as pollution [1]. 

Out of all the available power sources, internal 

combustion engines are the major consumer of fossil 

fuel around the globe [2]. Out of the entire heat 

equipped to the engine by the fuel, roughly, thirty to 

four-hundredth is reborn into useful mechanical 

work; the remaining heat is expelled to the 

surrounding through exhaust gases and engine 

cooling system, leading to entropy rise and heavy 

environmental pollution, So it is imperative that 

serious and concrete effort ought to be launched for 

preserving this energy [3, 4]. The recovery and 

utilization of waste heat not solely conserves fuel 

however additionally reduces the amount of waste 

heat and greenhouse gases damped to environment 

[5].  

Recovery of waste heat has a direct effect on the 

combustion process efficiency. This is reflected by 

reduction in the utility consumption, process cost and 

the environmental pollution levels [6, 7]. Waste heat 

recovery reduces the fuel consumption, which leads 

to reduction in the flue gas produced, this results in 

reduction in equipment sizes and auxiliary energy 

consumption [8]. In automobile engines significant 

amount of heat is released to the environment. The 

amount of such loss, recoverable at least partly or 

greatly depends on the engine load [9]. Among 

various advanced concepts, Exhaust Energy 

Recovery for Internal Combustion (IC) engines has 

been proved to not just bring measurable advantages 

for improving fuel consumption but also increase 
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engine power output (power density) or downsizing, 

further reducing CO2 and other harmful exhaust 

emissions correspondingly which was predicted that 

if 6% of the heat contained in the exhaust gases were 

converted to electric power, 10% reduction of fuel 

consumption can be achieved [10]. 

 

II. Waste Heat Availability From Engine Cooling 

System: 

Waste heat is heat, that is generated during 

a method by approach of fuel combustion 

or chemical reaction, then dumped into 

the surroundings even supposing it might still be 

reused for a few useful and economic purpose. Waste 

heat losses arise both from equipment inefficiencies 

and from thermodynamic limitations on equipment 

and processes. For example, consider internal 

combustion engine approximately 60 to 70% energy 

losses as a waste heat to environment through engine 

cooling system (30%) and exhaust gas (30 to 40%). 

Cooling medium leaving the engine can have 

temperatures as high as 80-120°C. Consequently, 

Efforts can be made to design more energy efficient 

reverberatory engine with better heat transfer and 

higher thermal efficiency. Fig. 2.1 shows total energy 

distributions from internal combustion engine  

 

 

 
 

Fig. 2.1: Total Fuel Energy Distribution in I. C. Engine 

 

Today’s modern life is greatly depends on 

automobile engine. The majority of vehicles are still 

powered by either spark ignition (SI) or compression 

ignition (CI) engines. CI engines also known as 

diesel engines have a wide field of applications and 

as energy converters they are characterized by their 

high efficiency. Small air-cooled diesel engines of up 

to 35 kW output are used for irrigation purpose, 

small agricultural tractors and construction machines 

whereas large farms employ tractors of up to 150 kW 

output. Water-cooled engines are preferred for higher 

power ranges. Earth moving machinery uses engines 

with an output of up to 520 kW or even higher, up to 

740 kW. Marine and locomotive applications usually 

employ engines with an output range of 150 kW or 

more. Trucks and road engines usually use high 

speed diesel engines with 220 kW output or more. 

Diesel engines are used in small electrical power 

generating units or as standby units for medium 

capacity power stations. 

 The quantity of waste heat contained in a 

coolant is a function of both the temperature and the 

mass flow rate of the coolant:  

 

Q= m x Cp x ∆T 

 

Where, “Q” is the heat loss (kJ/min); “m” is the 

coolant mass flow rate (kg/min); “Cp “is the specific 

heat of coolant (kJ/kg K); and ∆T is temperature 

gradient in K. Since the specific heat will vary only 

from 4.211 kJ/kg.K at 275 K to 4.256 kJ/kg. K at 

400K, it is generally treated as constant throughout 

the coolant operating range. The ideal coolant flow 

speed depends on the system but should see an 

average speed of 1.8 m/s to 2.4 m/s and never exceed 

3.0 m/s.If evaporative cooling system is adopted, 

then waste heat contained in a coolant is function of 

latent heat of vapourization of water and mass flow 

rate of coolant.  

 

Q= m x L  

 

Where, “Q” is the heat loss (kJ/min); “m” is the 

coolant mass flow rate (kg/min); and  “L“ is the 

latent heat of vaporization of coolant (kJ/kg ). 

 In order to enable heat transfer and recovery, it 

is necessary that the waste heat source temperature is 

higher than the heat sink temperature. Moreover, the 

magnitude of the temperature difference between the 

heat source and sink is an important determinant of 
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waste heat’s utility or “quality”. The source and sink 

temperature difference influences the rate at which 

heat is transferred per unit surface area of recovery 

system, and the maximum theoretical efficiency of 

converting thermal from the heat source to another 

form of energy (i.e., mechanical or electrical). 

Finally, the temperature range has important function 

for the selection of waste heat recovery system 

designs. 

 

III Waste Heat Recovery System For Engine Cooling 

System: 

 Thermoelectric generation: 

The cooling system contains a block with 

thermo electric materials that generates a direct 

current, thus providing for at least some of the 

electric power requirements. In which two different 

semiconductors are subjected to a heat source and 

heat sink. A voltage is created between two 

conductors. It is based on the Seeback effect. Thermo 

Electric Generator is a technology for directly 

converting thermal energy into electrical energy. It 

has no moving parts, is compact, quiet, highly 

reliable and environmentally friendly. Because of 

these merits, it is presently becoming a noticeable 

research direction. The mathematical model of a 

thermoelectric generator device using the radiator of 

vehicles as heat source, and preliminary analysis of 

the impact of relevant factors on the output power 

and efficiency of thermo electric generator has done. 

The results of analysis shows that the output power 

and efficiency increase significantly by changing the 

convection heat transfer coefficient of the high-

temperature-side than that of low-temperature-side. 

Pilot program is made to investigate the applicability 

of thermoelectric generators to the recovery of 

medium-temperature waste heat from a low-power 

stationary diesel engine. Experimental investigation 

to the optimum operating conditions to achieve 

maximum power outputs from the waste heat 

recovery system.  

 

Mechanical Turbo-compounding: 

A compressor and turbine on a single shaft, It is 

used to boost the inlet air (or mixture) density. 

Energy available in the steam produced by engine 

cooling system is used to drive the turbocharger 

turbine which drives the turbocharger compressor 

which raises the inlet fluid density prior to entry to 

each engine cylinder like exhaust gas turbo charger.  

The problem with current turbochargers is that 

they do not extract all the possible energy available 

but the concept of using a steam turbine to recover 

energy comes from cooling system will extract 

additional waste energy. Rather than using the 

turbine to power a compressor, the turbine could be 

connected to a generator. Alternatively, a series of 

turbines could be connected to a series of generators. 

 

Organic Rankine Cycle: 

A special case of low temperature energy 

generation systems uses certain organic fluids instead 

of water in so-called Organic Rankine Cycle (ORC). 

This technique has the advantage compared with 

turbo-compounding that does not have so an 

important impact on the engine pumping losses and 

with respect to thermoelectric materials that provides 

higher efficiency in the use of the residual thermal 

energy sources. Waste heat recovery from Rankine 

cycle operated at low temperature difference using 

unconventional fluids (refrigerants, CO2, binary 

mixtures) is shown in fig. At very low heat source 

temperature the trans-critical CO2 cycle 

  

IV Pumpless Thermal Management Of Engine 

Cooling System: 

It is the combined technology of Thermo Siphon 

cooling and Evaporative cooling system for 

establishing a cooling system works by waste heat 

recovered from the cooling system itself. In this 

system natural circulation of cooling water is boosted 

up by evaporative cooling system. There is another 

advantage of this system is latent heat of 

vaporization greatly reduces the quantity of cooling 

water required, so required mass flow rate of cooling 

water and total mass of cooling system reduce so 

pump work will decrease and hence engine 

efficiency will increases.  

Evaporative cooling can be achieved through the 

spray cooling or thin flow of cooling system design, 

hot spot like valve heads can be targeted for 

evaporative cooling and then hot water and steam 

from engine is separated by density difference in 

separator, followed by hot water will be sent to 

radiator for cooling as usual and steam will be 

condensed by cold water from radiator through non 

return valve. By condensing steam vacuum will be 

created, this vacuum due to condensation will guide 

the cool water to flow in to engine. Vacuum will be a 

driving force to circulate the cooling water instead of 

pump. 

The parameters like Mass flow rate of  cooling 

water required to maintain safe surface temperature, 

Power required to that mass flow rate, Condensation 

rate of steam to produce that required vacuum power, 

Rate of steam production controlled by spray cooling 

are to be carefully calculated for the proper 

functioning of cooling system. 
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Fig. 4.1: Pumpless cooling system 

 

Conclusion: 

It has been identified that there are large 

potentials of energy savings through the use of waste 

heat recovery technologies. Waste heat recovery 

defines capturing and reusing the waste heat from 

internal combustion engine for heating, generating 

mechanical or electrical work and refrigeration 

system. It would also help to recognize the 

improvement in performance and emissions of the 

engine. If these technologies were adopted by the 

automotive manufacturers then it will be result in 

efficient engine performance and low emission. The 

waste heat recovery from exhaust gas and conversion 

in to mechanical power is possible with the help of 

Rankine, Stirling and Brayton thermodynamic 

cycles, vapor absorption. For waste heat recovery 

thermoelectric generator is use low heat, which has 

low efficiency. It is helpful for the same amount of 

increases in thermal efficiency and reduction in 

emission 
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