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Abstract— The rapid growth of automotive industry in India 

is facing challenges of degradation in the quality of 
surrounding environment. To improve the current status of 

exhaust emissions from automobiles Government of India 

decided to implement Bharat Stage VI (BS-VI) norms from 

April 2020 in 15 major cities. Due to skipping of BS-V, 

Indian original equipment manufacturers (OEMs) are now 

facing a big challenge of confirming these norms. 

Sustainable mobility is the only solution for this which 

includes improvements in existing engine technology and 

fuels. This report explains in brief about various means of 

sustainable mobility namely usage of alternate fuels, 

advanced combustion methods, engine downsizing, onboard 

diagnostics, use of after-treatment devices, electric and 
hybrid vehicles. Hydrogen which is the best fuel among all 

fuels, but not a better option because of safety issues. Hence 

to meet BS-VI emission limits advanced combustion 

methods, downsizing of engine and application of after-

treatment devices could be the possible options that engine 

manufacturers have. This report briefly explains key 

features of BS-VI and possible options to satisfy BS-VI 

limits. Finally, the current status of efforts taken by Indian 

OEMs to meet those norms is mentioned. 
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I. INTRODUCTION 

As per World health organization (WHO) India has greatest 

number of most polluted cities (30 in top 100) in terms of 

particulate matter (PM). Air pollution is fifth cause of death 

India. Currently in capital city Delhi vehicles are 

contributing around 59%, 50% and 18% of overall 

emissions of CO, HC and NOx respectively. To address this 

serious issue on 19th Feb 2016 Ministry of road transport 
and highway, India issued notification of bharat stage VI 

(BS-VI) which will be implemented from 1st April 2020. In 

BS-VI modified mass emission standards and type approval 

requirement, compulsory usage of OBD in all kinds of 

vehicle, improved durability levels and requirements of fuel 

compatible with BS-VI are some noteworthy points. 

In about seven months, India will fully adopt the 

stricter BS6 emission norms – a transition that can be 

termed as the biggest technological leap the country’s auto 

industry has taken towards clean air. The shift, by skipping 

BS5, has not only happened in record time – around three 
and a half years – but also under great pressure, as both the 

oil companies and the auto industry worked relentlessly to 

prepare in time for the challenging deadline of April 2020. 

However, not all automakers have managed to 

make this transition fast enough, resulting in many models 

and powertrains being phased out. It has also entailed a 

significant cost, one that will inevitably be passed on to the 

consumer. Naturally, the talk surrounding the shift has 

raised many questions and left many car buyers flummoxed. 

But we’ll break it down and tell what you need to know. In 

an automobile where usually internal combustion engine is 
used the power is generated by igniting air and fuel in a 

combustion chamber. This energy is not utilized completely 

it is wasted in the form of heat and exhaust gases, if this 

excess heat is not removed from the engine it results in the 

overheating of the engine which affects a lot on the engine 

performance as well as on the engine life. Usually small 

capacity engine uses air to cool the engine in this case fins 

are provided on the engine. But in case of high-performance 

engine, air is not enough for cooling, so a liquid cooling 

system has to be used which uses a radiator, cooling fan, a 

pump and a thermostat. In this liquid cooling system, liquid 

is used for reducing the temperature of engine this liquid 
usually being (specialized coolants) but here we are 

designing a Liquid cooling system for a FSAE race car 

where we have to follow certain rules and regulation which 

includes compulsory use of distilled water as coolant, so we 

need to design our radiator accordingly also as we are 

talking about a race car the design of the radiator is of the 

main concern as it has to be compact, light in weight and as 

the engine is going to be used at its maximum capacity the 

cooling system should be very efficient. These automotive 

radiators are mostly made up of thin aluminum fins and 

flattened aluminum tubes. The coolant flows from engine to 
inlet port of the radiator then it is circulated in radiator tube 

and undergoes heat transfer by conducting heat from fin to 

air flowing through radiator and then it goes back to engine 

through outlet port of the radiator. 

 
Fig. 1: Block Diagram of Engine Cooling System 

II. LITERATURE REVIEW 

Rafal Krakowski  [1] The original cooling system operating 

at elevated pressure coolant was developed, built and tested. 

With an average overpressure 0.3 MPa in the cooling 

system, due to evaporation of cooling water, the water 
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temperature at the outlet of the cylinder head, was achieved 

at 120°C. A result of research the cooling system operation, 

which was increased pressure of the coolant, in terms of the 
possibility of obtaining an elevated coolant temperature and 

the effects of the working conditions of the system on this 

temperature level was verified. It was found that tested 

cooling system operated correctly, maintaining a sufficiently 

high pressure and temperature. The pressure was basic 

control system parameter and the temperature was output 

parameter. When the pressure limit was exceeded, cooling 

intensity was increased, and the reduction of the pressure the 

cooling intensity was reduced. It was observed, that it was 

possible to maintain the pressure in the system and thus 

temperature of the liquid at the assumed level for a longer 

period of time. Cooling intensity was changing by adjusting 
flow water pump, coolant flow switching between small and 

large cooling system and fan starting mounted on the 

radiators. 

Marco Antonio Iskandar [2] The results described 

in the specialized technical literature, as well as experience 

in the MWM International Motores and tests made in the 

context of this work, allow us to predict that the use of a 

cooling system with electronically controlled engine, tends 

to reduce both energy consumption, the temperature of the 

cylinder wall and the temperature fluctuations in order to 

reduce the thermal stresses and stabilizing the temperature 
of the oil film that reduces friction in the sliding 

components. The improvement in fuel economy is also 

obtained by reducing the power supplied to engine 

accessories. Moreover, experimental results found in 

literature and observed in tests already conducted, show that 

NOx can be reduced by controlling the temperature of 

engine coolant, and which additionally show a reduction of 

CO and HC. More investigation about this control system is 

in course and will be reported later. 

Nayan Mirgal [3] BS-VI will definitely going to 

bring drastic change in automotive market in India. We will 

get more fuel efficient and very low emission producing 
vehicles in near future. Downsizing and down speeding will 

yield smaller and powerful engines. Diesel vehicles will get 

more expensive as they required more after treatment to stay 

clean. This will attract OEMs towards alternative fuels and 

hybrid technologies. Indian driving speeds are less than 

European driving speeds, hence it is difficult to achieve 

temperature which is necessary to operate particulate filter. 

Hence domestic tire-I and tire-II suppliers have great 

opportunity to innovate new engine technology and 

emission control technology suitable to Indian driving 

conditions. To achieve emission limits specified in BS-VI 
ample amount of engine electronics will required. This will 

enhance business of domestic and MNC automotive 

electronic suppliers. Vendors and engineering solution 

providing companies for Eco testing, fuel system testing and 

emission testing are also going to benefit a lot. Through all 

these efforts people can ensure significant reduction in air 

pollution from automobiles. This will bring remarkable 

improvement in air quality in highly populated cities as 

automobiles are main source of air pollution in cities 

John Chastain [4] The introduction of advanced 

thermal management system concepts in spark ignition 
engines can improve the cooling system component power 

consumption. A traditional waxbased thermostat, 

mechanical water pump, and mechanical/electrical radiator 

fan were replaced with computer controlled components 
whose operation is not directly dependent on the crankshaft 

motion. These servomotor driven cooling components can 

quickly respond to the vehicle’s operating conditions and 

provide an opportunity for pre-emptive cooling based on 

anticipated engine load by decoupling the mechanical 

cooling components. This shaft decoupling dramatically 

reduced the cooling system power consumption. To 

maintain a homogeneous temperature profile, an opportunity 

exists to redesign the engine block and use a coolant rail 

(Chastain and Wagner, 2006). Specifically, the prescribed 

delivery of coolant to each cylinder can eliminate the 

observed temperature differences across the engine block 
due to slower pump speeds. Finally, future work should 

address the design of better control strategies to unify the 

operation and accuracy of the smart cooling system 

III. COMPONENTS OF ECS 

A. Radiator 

 
Radiators are heat exchangers used to transfer thermal 

energy from one medium to another for the purpose of 

cooling and heating. The majority of radiators are 

constructed to function in automobiles, buildings, and 

electronics. The radiator is always a source of heat to its 

environment, although this may be for either the purpose of 
heating this environment, or for cooling the fluid or coolant 

supplied to it, as for engine cooling. Despite the name, most 

radiators transfer the bulk of their heat via convection 

instead of thermal radiation. Radiators are commonly used 

to heat buildings. In central heating system , hot water or 

sometimes steam is generated in a central boiler and 

circulated by pumps through radiators within the building, 

where this heat is transferred to the surroundings. 

Radiators are used for cooling internal combustion 

engines, mainly in automobiles but also in piston-engined 

aircraft, railway locomotives, motorcycles, stationary 

generating plants and other places where such engines are 
used. To cool down the engine, a coolant is passed through 
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the engine block, where it absorbs heat from the engine. The 

hot coolant is then fed into the inlet tank of the radiator 

(located either on the top of the radiator, or along one side), 
from which it is distributed across the radiator core through 

tubes to another tank on the opposite end of the radiator. As 

the coolant passes through the radiator tubes on its way to 

the opposite tank, it transfers much of its heat to the tubes 

which, in turn, transfer the heat to the fins that are lodged 

between each row of tubes. The fins then release the heat to 

the ambient air. Fins are used to greatly increase the contact 

surface of the tubes to the air, thus increasing the exchange 

efficiency. The cooled coolant is fed back to the engine, and 

the cycle repeats. Normally, the radiator does not reduce the 

temperature of the coolant back to ambient air temperature, 

but it is still sufficiently cooled to keep the engine from 
overheating 

B. Radiator in Cooling System 

The schematic of radiator in cooling system is shown 

in.Radiator in cooling system.The radiator is located in front 

of the engine. It has a top and bottom tanks to accommodate 
coolant water. The cooling fins in the form of tube are 

arranged vertically in between these two tanks. When the 

engine attains above normal temperature the thermostat 

allows the coolant water into the radiator top tank. Then 

coolant water flows to the bottom tank of the radiator via 

cooling fins. The heat presents in the coolant water transfer 

to the atmosphere by conduction and convection methods by 

the fin materials and cooling fan air respectively. Thus the 

radiator is acts as a heat exchanger of the cooling system in 

I.C.engine. The radiator transfers the heat from the fluid 

inside to the air outside, thereby cooling the fluid, which in 

turn cools the engine. Radiators are also often used to cool 
automatic transmission fluids, air conditioner refrigerant, 

intake air, and sometimes to cool motor oil or power 

steering fluid Radiators first used downward vertical flow, 

driven solely by a thermosyphon effect. Coolant is heated in 

the engine, becomes less dense, and so rises. As the radiator 

cools the fluid, the coolant becomes denser and falls. This 

effect is sufficient for low- power stationary engines, but 

inadequate for all but the earliest automobiles. All 

automobiles for many years have used centrifugal pumps to 

circulate the engine coolant because natural circulation has 

very low flow rates. 

 

C. Intercooler 

 
An intercooler is a mechanical device used to cool a gas 

after compression process. Compression process increases 

the internal energy of the gas which in turn raises its 

temperature and reduces the density. In other words 

intercooler is a device used in compression process, 

typically a heat exchanger that removes waste heat in a gas 

compressor.[1] They are used in many applications, 

including air compressors, air conditioners, refrigeration, 
and gas turbines, and automotive engines. Here they are 

widely known as an air-to-air or air-to-liquid cooler for 

forced induction (turbocharged or supercharged) internal 

combustion engines to improve their volumetric efficiency, 

which they do by increasing intake air density through 

nearly constant pressure cooling. Intercoolers are used to 

remove the waste heat from the first stage of two-stage air 

compressors. Two-stage air compressors are manufactured 

because of their inherent efficiency. The cooling action of 

the intercooler is principally responsible for this higher 

efficiency, bringing it closer to Carnot efficiency. Removing 
the heat-of-compression from the discharge of the first stage 

has the effect of densifying the air charge. This, in turn, 

allows the second stage to produce more work from its fixed 

compression ratio. Adding an intercooler to the setup 

requires additional investment. Intercoolers can vary 

dramatically in size, shape and design, depending on the 

performance and space requirements of the entire 

supercharger system. Common spatial designs are front 

mounted intercoolers (FMIC), top mounted intercoolers 

(TMIC) and hybrid mout. 

D. Coolant Tank 

 
A coolant tank acts as a regulating component to the excess 
coolant that's produced from the heat in your engine. As the 
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warmth rises, coolant expands and overflows into the 

coolant reservoir and is then sucked back into the radiator as 

your car cools down after shut-off. A coolant is a substance, 
typically liquid or gas that is used to reduce or regulate the 

temperature of a system. An ideal coolant has high thermal 

capacity, low viscosity, is low-cost, non-toxic, chemically 

inert and neither causes nor promotes corrosion of the 

cooling system. Some applications also require the coolant 

to be an electrical insulator. While the term "coolant" is 

commonly used in automotive and HVAC applications, in 

industrial processing heat transfer fluid is one technical term 

more often used in high temperature as well as low 

temperature manufacturing applications. The term also 

covers cutting fluids. Industrial cutting fluid has broadly 

classified as water- soluble coolant and neat cutting fluid. 
Water-soluble coolant is oil in water emulsion. It has 

varying oil content from nil oil (synthetic coolant). This 

coolant can either keep its phase and stay liquid or gaseous, 

or can undergo a phase transition, with the latent heat adding 

to the cooling efficiency. The latter, when used to achieve 

below- ambient temperature, is more commonly known as 

refrigerant. 

E. CRFMI 

 
Integrated assembly of high efficient compact radiator, low 

noise fan motor, intercooler with plastic tank and compact 

condenser. 

F. Condenser 

 
In systems involving heat transfer, a condenser is a device or 

unit used to condense a gaseous substance into a liquid state 

through cooling. In so doing, the latent heat is released by 

the substance and transferred to the surrounding 

environment. Condensers are used for efficient heat 

rejection in many industrial systems. Condensers can be 

made according to numerous designs, and come in many 

sizes ranging from rather small (hand-held) to very large 

(industrial-scale units used in plant processes. The air-
conditioning condenser is a radiator positioned between the 

car's grille and the engine-cooling radiator in which the 

gaseous refrigerant sheds heat and returns to a liquid state. 

The liquid refrigerant flows to the evaporator inside the 

dashboard, where it cools the cabin. A condenser's function 

is to allow high pressure and temperature refrigerant vapor 

to condense and eject heat. There are three main types: air-

cooled, evaporative, and water-cooled condensers Air-

cooled chillers have condensers that use ambient air to cool 

hot refrigerant the refrigerant and cooling water do not come 

in direct contact with each other, rather they flow in separate 

passageways within the heat exchanger which are in close 
contact for efficient heat transfer 

G. Fins 

 
A fin is a thin component or appendage attached to a larger 

body or structure. Fins typically function as foils that 

produce lift or thrust, or provide the ability to steer or 

stabilize motion while traveling in water, air, or other fluids. 

Fins are also used to increase surface areas for heat transfer 

purposes, or simply as ornamentation Fins first evolved on 

fish as a means of locomotion.  Fish fins are used to 

generate thrust and control the subsequent motion. Fish, and 

other aquatic animals such as cetaceans, actively propel and 
steer themselves with pectoral and tail fins. As they swim, 

they use other fins, such as dorsal and anal fins, to achieve 

stability and refine their maneuvering Fins are most 

commonly used in heat exchanging devices such as radiators 

in cars, computer CPU heatsinks, and heat exchangers in 

power plants. They are also used in newer technology such 

as hydrogen fuel cells. The fins conduct the heat from the 

tubes and transfer it to the air flowing through the radiator. 

The tubes sometimes have a type of fin inserted into them 

called a turbulator, which increases the turbulence of the 

fluid flowing through the tubes. The thin fins of a radiator 

improves the surface area of the device, thereby improving 
the heat conduction of coolants within. While the car is 

moving, the air is directed through the radiator, which in 

turn cools the liquid within. Cooling fins' are projections 

that increase the surface area from which heat can be 

radiated away from a device. The fins project outwards 

making the area for emitting heat back into, say, an 
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electronic circuit's container, smaller than the area emitting 

heat to the outside environment  

IV. CONCLUSION 

BS-VI will definitely going to bring drastic change in 

automotive market in India.  

We will get more fuel efficient and very low 

emission producing vehicles in near future. Downsizing and 

down speeding will yield smaller and powerful engines. 

Diesel vehicles will get more expensive as they required 

more after treatment to stay clean. This will attract OEMs 

towards alternative fuels and hybrid technologies.   
Indian driving speeds are less than European 

driving speeds, hence it is difficult to achieve temperature 

which is necessary to operate particulate filter. Hence 

domestic tire-I and tire-II suppliers have great opportunity to 

innovate new engine technology and emission control 

technology suitable to Indian driving conditions.  

To achieve emission limits specified in BS-VI 

ample amount of engine electronics will required. This will 

enhance business of domestic and MNC automotive 

electronic suppliers. Vendors and engineering solution 

providing companies for Eco testing, fuel system testing and 
emission testing are also going to benefit a lot.  

Through all these efforts people can ensure 

significant reduction in air pollution from automobiles. This 

will bring remarkable improvement in air quality in highly 

populated cities as automobiles are main source of air 

pollution in cities. 
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