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Abstract - Heat energy exhausted from an automobile, is expelled into atmosphere without being utilized. This energy can 
be utilized for constructive purposes if it is directed properly. Thermoacoustic engine uses the principal of Stirling Cycle 
which develops a reciprocating motion of the piston with the help of Thermal energy. This reciprocation plays an important 
role in the extraction of Heat Energy and converting them into Electric Energy. The proposed system will be referred as 
Thermoacoustic Convertor. It aims to be a technical permute in the field of automobile engine design as a Thermoacoustic 
Convertor intends to replace the Alternator, both physically and operationally. Basically, the principal used in this theory 
involves the interactions between temperature, fluid density and pressure gradient of the acoustic wave. The components 
used are stacks, resonating tube, cold heat exchanger, connecting rod, piston, dynamo, flywheel, ceramic chamber. Apart 
from the basic electricity generation, this paper also depicts a study of Thermoacoustic Exhaust Cleanser(TEC). The stacks 
are placed in a special arrangement which is designed precisely to reduce NOx, CO and HC which are eliminated as the 
product of combustion in an automobile. This piston-driven Thermoacoustic engine achieves an efficiency of 0.22 to 0.35 
which is comparable to the common IC Engines. An alternator utilizes energy from the crankshaft. Thus, by the installation 
of a Thermoacoustic Convertor, some amount of energy can be saved. 
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I. INTRODUCTION 
 
Thermoacoustic energy is a new form of an energy 
which is a derived from the thermal source. The heat 
energy is first converted into Sound energy. The 
stacks in the closed end of the resonating tube is 
heated by means of a heat source. The stacks 
accumulate the heat and generates an acoustic wave. 
This acoustic wave travels through a resonating tube, 
where the waves undergo successive compression. As 
we know, a sound wave traverses a sinusoidal path 
with successive crests and trough. When the fluid 
particle is in the crest position, it is found to attain 
high temperature and when the particle is in a trough 
position, it attains low temperature. It is this 
temperature difference that drives the acoustic wave 
forward. As the wave moves forward in the 
resonating tube, it assimilates the pressure. The wave 
hits a piston which is kept in the open end of the 
resonating tube. Piston is connected to a flywheel by 
means of a connecting rod. The acoustic pressure, 
pushes the piston from the inner dead center to the 
outer dead center. As a result, the piston reciprocates 
and the flywheel rotates. Hence, from a thermal 
energy we could derive a rotary motion. 
 
II. BASIC PRINCIPLE OF 
THERMOACOUSTIC CONVERTOR 
 
We have utilized the basic principal of stirling engine 
in the critical portion of an automobile engine. As the 
exhaust flows over the nichrome wire and steel wool, 
heat is captured by the conductors. The resonating 
tube is maintained at a low temperature. Due to the 
temperature gradient, heat energy flows along the 
gradient. This heat energy flows in the form of a 

wave due to which a pressure is created. At the other 
end of the resonating tube, we have placed a piston. 
This Acoustic energy wave pressurizes the piston and 
causes the piston to reciprocate. Thus the exhaust 
heat energy is used to heat this thermoacoustic 
convertor, and the rotary motion of the flywheel is 
used to charge the battery system of the automobile.  
 

 
Figure 1: Basic Schematic Diagram of Thermoacoustic 

Convertor 
 
Table 1 
 
III. MERITS OF TAC 
 
a. Alternator of an automobile is completely replaced. 
b. Since, alternator derives energy from the engine 
crankshaft, so there has been significant energy loss 
to the vehicle transportation. A thermoacoustic 
convertor is driven by the waste heat, so there is no 
question about loss in energy of the engine. Instead 
this device recovers the waste heat and utilizes it to 
provide charge to the battery. 
This system uses a dynamo which is coupled with 
flywheel. Thus, the armature of the dynamo is rotated 
and charges the battery. From the battery, energy is 
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provided to all the electrical component of the 
automobile. 
Thermo-acoustic machines may become promising 
thermal machines without any moving components 
for the 21st century, and attracts great interest of 
academic circles and industry. The high-efficiency 
thermo-acoustic engine supplies an alternative to the 
research and development of the new age 
automobiles with added features. Previously, 
automobile were laded with an internal combustion 
engine and an alternator. Our focus is on the 
replacement of the alternator and achieves the 
purpose of an Alternator by using a Thermo acoustic 
engine. 
 
From experiments it has been concluded that 35% of 
thermal energy generated by combustion of petrol 
engine is lost to the environment with most of it 
through the exhaust system. For a 3litres petrol 
engine a range of 20KW to 40 KW heat energy is 
wasted with a maximum power output of 115KW[2] . 
This waste energy is reasonable to feed the electric 
systems of the automobile. 
 
IV. COMPONENTS USED 
 
Robert Sier(2002) has already designed a Thermo-
acoustic engine[3]. It consists of a heat exchanger, 
resonating tube, power piston, flywheel, dynamo. The 
material of the resonating tube is chosen to be 
Stainless steel as a lower thermal conductivity 
(16W/mk) as compared to other materials like 
aluminum, iron or even Pyrex glass. In fact, stainless 
steel is durable and provides maximum efficiency. 
 
Generally, the temperature of the exhaust gas from an 
IC engine is about 700˚C and nearly 145KW power is 
rejected from the exhaust stream. Now in our project 
we have placed the Thermo-acoustic engine in the 
insulated exhaust stream. The stack is heated which 
generates the high amplitude standing waves. These 
waves motivate the piston to reciprocate. The 
reciprocation of the piston is converted into rotation 
of the flywheel. The dynamo is mounted on the 
flywheel, whose shaft is contact with the flywheel 
rim. As the flywheel rotates, the shaft of the dynamo 
rotates and as a result emf is developed which 
charges the battery.Length of the entire engine is 
200mm. 
 

ITEM MATERIAL QUANTITY 

TEE JOINT 
GALVANIZED 

IRON 
1 

NIPPLE 
GALVANIZED 

IRON 
4 

REDUCER 
GALVANIZED 

IRON 
3 

RESONATING CAST IRON 1 

TUBE 
PISTON ALUMINIUM 1 

CONNECTING 
ROD 

FORGED 
STEEL 

1 

FLYWHEEL MILD STEEL 2 
PIN MILD STEEL 1 

SHAFT CAST IRON 1 

BEARING 
STAINLESS 

STEEL 
2 

BELT PU 1 
DYNAMO - 1 

CLAMP MILD STEEL 2 
ANGLE MILD STEEL 4 
FLAT MILD STEEL 6 
BOX SHEET METAL 1 
WIRE NICHROME 2 METER 
WIRE STEEL WOOL 1 BOX 

TUBE PVC RUBBER 
1 AND 

HALF INCH 
Table 2: List of materials required 

 
Advantages:- 

1. No moving parts are involved in the 
dynamic cycle and hence it is reliable and 
has a long life span. 

2. Uses simple methods and components which 
are commercially available in large 
quantities. 

3. Eco-friendly and is another form of 
renewable source of energy. 

4. Reduces the fuel consumption and increases 
the overall efficiency. 

 
An alternator represents two major losses on crank 
power: dynamic mechanical losses and conversion 
losses. By Thermo-acoustic Engine we are ticking 
these two boxes as well. 
 
CONCLUSION 
 
The cost-efficiency relationship is developed based 
on the public expectation and demand of an 
automotive waste heat regenerator.  According to a 
study: 
 

 Current price of petrol in Kolkata is 71.73 
rupees per liter, and that of diesel in Kolkata 
is 60.39 rupees per liter. 

 Average annual distance covered by a car: 
17862km 

 Average fuel consumption of a car: 12.75 
km/liter 

 Average waste heat from exhaust system: 
35% of fuel consumption 

 
Thus by using Thermo-acoustic engine we can 
improve on the fuel consumption of an automobile, 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 7, Issue-4, Apr.-2019, http://iraj.in 

Waste Heat Recovery by Thermoacoustic Engine in Automobile 
 

22 

efficiency, Heat energy wastage and even structure a 
renewable method for using the electrical and 
electronic components in an automobile. 
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