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Air Conditioning Using Exhaust of Vehicle
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Abstract— A number of irreversible processes in the engine
limit its capability to achieve a highly balanced efficiency. By
doing so, the heated gases produced from the combustion
process can be easily channeled through the exhaust valve
and manifold. The large amount of energy from the stream of
exhausted gases could potentially be used for waste heat
energy recovery to generate power. Various methods to
harness the waste heat to produce power effectively had
ended up in vain. This project implements a thermoelectric
waste heat energy recovery system for internal combustion
engine automobiles, including gasoline vehicles and hybrid
electric vehicles. The key is to directly convert the surface
heat energy from automotive waste heat to electrical energy
using a thermoelectric generator (TEG), which is then
regulated by a DC-DC Cuk converter to charge a battery
using maximum power point tracking. Hence, the electrical
power stored in the battery can be maximized. The
experimental results demonstrate that the proposed system
can work well under different working conditions, and is
promising for automobile industry.
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I. INTRODUCTION

Extracting the waste heat energy developed by an internal
combustion engine and harnessing it into useful energy is
touted to be the next big breakthrough in automobile
advancement. It not only presents a potential source of
reducing the harmful emissions, but also acts as a reservoir of
subsidiary energy which can be used to support the alternator
and the car battery. Thermoelectric generation of electrical
energy can be derived using various methods like the use of
a thermoelectric module, heat pipes etc. Hence, we have used
3 thermoelectric modules made of semiconducting material
(Bismuth-Telluride) to generate useful electricity from the
waste heat surrounding the pathway of the exhaust gases. The
hot sides of these modules are in contact with the surface of
the exhaust pipe and the cold side will be attached to a
precision manufactured aluminum heat sink, thereby
providing the necessary optimal temperature difference. This
entire apparatus will be tightly mounted between the exhaust
manifold and catalytic converter, before the muffler, using
metal clamps (mild steel). We have thereafter incorporated
the energy derived from this model into charging a battery
which subsequently runs a Peltier module in order to regulate
the cabin temperature of the car.

The principles of thermoelectric cooling and thermoelectric
generator are:

1) Peltier effect

2) Seebeck effect

Il. LITERATURE REVIEW

A. Related literature was reviewed and is discussed below.

Baskaret al. did an experiment to study and analyse the
feasibility of retrofitting the waste heat recovery system to a

two-stroke petrol engine. The experimental performance testing
has shown that the overall efficiency of two stroke petrol
engine installed with and without the waste heat recovery
system is 29.67% and 29.2% respectively when the power
extraction was 90W. Jadhao et al. They reported that the power
improvement is recorded from 7.5% to 9.4% when the hot-side

temperature of the TEG is heated from1009¢C to 2500C. Also,

when the hot-side temperature of the TEG is fixed at 250 Oc,
the power improvement as much as 4.8% to 17.9% can be
achieved.

Dr. Steven O’Halloran, University of
Portland[2012] documents a laboratory experiment to
determine the efficiency of a commercial thermoelectric
generator. Thermoelectric devices make use of the Seebeck
effect to convert a difference in temperature into electricity.
Thermoelectric devices are used or proposed for a number of
different current applications including waste heat recovery.
In the experiment, a LabVIEW data acquisition system
measures real-time efficiency of the thermoelectric device
under different testing conditions. The experiment is well-
suited for an undergraduate thermal sciences lab or a
demonstration for a thermodynamics lecture course.

I1l. METHODOLOGY

The Exhaust Waste Heat to Electricity (EWHE) technology
illustrated conceptually in Figure 1 is designed to effectively
recover waste heat in industrial exhaust gases above 800°F
and convert it into power. It consists of a proprietary Pressure-
Balanced Intake (PBI) design, with Heat Recovery Fluid
Heater (HRFH) that recovers available energy in the exhaust
gases to heat a thermal fluid, and a thermal fluid driven
Organic Rankine Cycle Engine (ORCE) for generating
electricity. The unique design of the intake furnace exhaust to
HRFH connection maintains close-to-ambient pressure at the
HRFH inlet thereby isolating the furnace from any pressure
changes that may be caused by the downstream heat recovery
equipment. This allows the furnace to operate at optimum
pressures, which is critical in many industrial furnaces to
maintain product quality, productivity, furnace life, efficiency,
and emissions. The technology is applicable to furnaces with
stacks that exhaust outside the building as well as to furnaces
exhausting directly in the building. The technology is
especially attractive for furnaces with demanding pressure
controls and can be retrofit without any furnace downtime.

The proprietary PBI component that isolates the
furnace from any pressure changes caused by the heat recovery
equipment is designed to capture not only all of the heat in the
furnace exhaust gases but, in the case of stack-less furnaces,
additional heat from the surrounding hot furnace surfaces. The
results of modelling for the host furnace show an overall 84%
recovery of heat in the exhaust gases to heat the thermal fluid.
This is a very positive result considering the host furnace is a
stack-less furnace exhausting directly into the building, is
pulse-fired, and has very demanding furnace pressure control
requirements.
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IV. DESIGN CALCULATION

A. Specification of Petrol Engine

Type Two stroke
Cooling System Air cooled
Bore/Stroke 50 X 50 mm
Compression Ratio 98.2 cc
Piston Displacement 6.6:1
0.98 kg-m at
Maximum Torque 5500RPM

B. Calculation for voltage generated

From the equation of Seebeck effect,
V=a (Th - Tc)

Where,
V — Voltage Generated in Volts o — Seebeck coefficient in
uV/K

Th-temperature of hot surface (silencer) in Kelvin T
c-temperature of cold surface (atmosphere) in Kelvin o of
Bismuth Telluride - 287uV/K

Tc=303k

A few temperatures of the hot silencer is taken into
consideration and the corresponding voltages that are
expected to be generated according to the Seebeck equation
is calculated as follows,

V=0 (Th-Tc)

1) Case1:
Th= 403k
V= (287 *10°6)* (403-303)
. (287 *10°)*(100)
J.0.0287 V
2) Case 2:
Th= 453k
= (287 *10°%)* (453-303) = (287 *10)*(150)
=0.04305 V

These voltages are meager in value .This can be
boosted up using the booster circuit. The experimental results
obtained are tabulated as follows:

Voltage generated and boosted for different temperatures

Temperature Vgltage Voltage_ after
without boosting

difference ot boosting (volt)
(k) (volt)
80 0.02296 1.44
100 0.02870 2.53
120 0.03444 3.21
140 0.04018 3.85
150 0.04305 4.43
160 0.04592 4,94
180 0.05166 5.37
200 0.05740 6.10

V. CONCLUSION

In this paper we have successfully fabricated an exhaust gas
heat recovery power generator. Thus the eco-friendly power
generation method can be implemented for domestic and
commercial use at an affordable cost. The efficiency of the
engine will not be affected because only the surface heat of
the silencer is drawn out. The main objective of this paper is
to recover the surface exhaust heat to avoid the accidents

(Burn-outs) caused by the overheated silencers, and to
convert the recovered heat to useful electric energy. This
objective has been successfully accomplished in this paper.
The output could be increased by connecting a number of
TEGs in series, so that the voltage gets added up leading to
increased power. The energy produced from this system
could be used to power any auxiliary devices in an
automobile directly or it could be stored in a battery and then
used later.
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