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ABSTRACT

Waste heat is that heat which is produced in a process by method of fuel burning or chemical reaction, and
afterward dumped into the environment though it could still be reused for some valuable and economic purpose.
This developing technique is for to reduce pollution. This interest has encouraged research and development for re-
use of the usually wasted forms of energy. There are many methods through which waste heat energy can be
recovered and utilized. Stirling engines are mechanical devices working theoretically on the Stirling cycle. We had
manufactured an alpha type sterling engine which operates at high temperature difference. Our ultimate aim is to
develop Low Temperature Difference (LTD) Stirling engine and for that modification in existing design is going on.
To support one component of the model, a regenerative heat exchanger is designed and finds the cooling rate using
a lumped parameter analysis. Finally, the heat exchanger model is experimentally verified.

The Stirling cycle is recast as a dynamic system where control design tools and techniques can be
applied to determine optimal manufacturable parameters for the engine. This Alfa type Stirling engine constructed
by two unused Kirloskar diesel engine as one is for power cylinder and another is for cooled cylinder. Both are
coupled by two ways — one is flexible coupling and another is injector holder to heat exchanger joining by pressure
pipe. This type of engine has a high power to volume ratio but has technical problems due to the usually high
temperature of the hot piston and the durability of its seals. In a Stirling engine, the regenerator is an internal heat
exchanger and temporary heat store placed between the hot and cold spaces such that the working fluid passes
through it first in one direction then the other. To support one component of the model, a regenerative heat
exchanger is described using a lumped parameter, nth-order model generalizable to an arbitrary number of sections
within the regenerator dependent on its physical aspect ratio.

Keywords: Stirling Engine, Regenerative heat exchanger, mechanism, Lumped parameter analysis.

1. INTRODUCTION

Stirling engines provide clean, reliable, mechanical power when provided only with a temperature gradient.
Unlike combustion engines, Stirling engines do not require a distillate fuel like gasoline and can therefore run on
heat from any source such as geothermal, solar, biomass or nuclear energy. The essential quality of heat is not the
amount but rather its “value”. The strategy of how to recover this heat depends in part on the temperature of the
waste heat gases and the economics involved. Large quantity of hot flue gases is generated from Boilers, Ovens and
Furnaces. If some of this waste heat could be recovered, a considerable amount of primary fuel could be saved. The
Stirling cycle operates by shuttling a compressed gas between two chambers separated by a lightweight piston. The
engine cycle is thrust by the transport of heat across a static temperature difference either side of the chamber.
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Stirling Engine is a heat engine operating by cyclic compression and expansion of air or other gas, the working fluid,
at different temperature levels such that there is a net conversion of heat energy to mechanical work.

The design challenge for a Stirling engine regenerator is to provide sufficient heat transfer capacity without
introducing too much additional internal volume or flow resistance. These inherent design conflicts are one of many
factors which limit the efficiency of practical Stirling engine. A typical design is a stack of fine metal wire meshes,
with low porosity to reduce dead space, and with the wire axes perpendicular to the gas flow to reduce conduction in
that direction and to maximize convective heat transfer. Using lumped-mass transient models, different Stirling
engine operating parameters have been evaluated, and Their influence on the behaviour of the engine was
investigated. These lumped parameter models are a valid method to successfully simulate the transient performance
of different thermal machines. Therefore, this paper presents an optimized lumped model that simulates the transient
performance of Stirling engine devices while taking into account the start-up and shutdown periods within the
software simulation environment.

1.1 STIRLING ENGINE 1

The Stirling cycle operates by shuttling a compressed gas between two chambers separated by a lightweight
piston. The engine cycle is driven by the transport of heat across a static temperature difference on either side of
the chamber. One of these chambers is connected to a larger “power piston” which transmits power by moving
out of phase from the smaller piston. A “free piston” Sterling engine is a Sterling engine in which the two
pistons are connected through dynamics as opposed to a kinematic linkage seen in more traditional kinematic
Sterling engines. Free piston Sterling engines offer low noise, low maintenance operation at scales and power
outputs that rival more traditional internal combustion engines.
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2. REGENERATIVE HEAT EXCHANGER 2

A regenerative heat exchanger is a type of heat exchanger where heat from the hot fluid is intermittently stored in a
thermal storage medium before it is transferred to the cold fluid. This acts both as a thermal barrier between the hot
and cold ends of the machine, and also as a “thermal store” for the cycle. Physically a regenerator usually consist of
mesh material (household pot scrubbers have even been used in some engine), and heat is transferred as the working
gas is forced through the regenerator mesh. When the working gas is displaced from the hot end of the machine (via
regenerator) to the cold end of the machine, heat is deposited in the regenerator, and the temperature of the working
gas is slowered. When the reverse displacement is occurs, heat is “withdrawn” from the regenerator again. And the
temperature of the working gas is raised.

To accomplish this hot fluid is brought into contact with the heat storage medium, and then the fluid is
displaced with the cold fluid, which absorbs the heat. In regenerative heat exchangers, the fluid on either side of the
heat exchanger can be the same fluid. The fluid may go through an external processing step, and then it is flowed
back through the heat exchanger in the opposite direction for further processing. Usually the application will use this
process cyclically or repetitively.
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Fig-2: Four phases of stirling engine

2.1 WORKING

Stirling engine s feature a completely closed system in which the working gas (usually air but sometimes
helium or Hydrogen) is alternately heated and cooled by shifting the gas to different temperature locations within the
system. Stirling, one cylinder is kept hot while the other is kept cool. In this illustration, the lower-left cylinder is
heated by burn fuel. The other cylinder is kept cool by air circulating through a heat sink. Figure 3 illustrates the
four phases of the Stirling cycle, which are somewhat analogous to the compression, power, exhaust, and intake
strokes of the Otto cycle. In this illustration, it is assumed that the two pistons are mechanically linked to hold a
fixed phase lag between the hot terminal and the cold end of the engine.

2.2 AN ALPHA STIRLING ENGINE

An alpha Stirling contains two power pistons in separate cylinders, one hot and one cold. The hot cylinder is situated
inside the high temperature heat exchanger and the cold cylinder is situated inside the low temperature heat
exchanger. This type of engine has a high power-to-volume ratio but has technical problems due to the usually high
temperature of the hot piston and the durability of its seals. In practice, this piston usually carries a large insulating
head to move the seals away from the hot zone at the expense of some additional dead space.

WWW.IOERD.IN Page 3



WAY T0 RESEARCH

INTERNATIONAL ORGANIZATION OF ENGINEERING RESEARCH &
DEVELOPMENT.(IOERD).

heater. regenerator cooler.

T @l V)m g -
@ //_\

/ \
/ I\

‘hot” piston ‘cold’ piston

gas

L)

Fig-3: Alpha stirling engine

2.3 MECHANISM

An alpha Stirling contains two power pistons in separate cylinders, one hot and one cold. The hot cylinder is situated
inside the high temperature heat exchanger and the cold cylinder is situated inside the low temperature heat
exchanger. This type of engine has a high power-to-volume ratio but has technical problems due to the usually high
temperature of the hot piston and the durability of its seals. In practice, this piston usually carries a large insulating
head to move the seals away from the hot zone at the expense of some additional dead space. Stirling engine s
feature a completely closed system in which the working gas (usually air but sometimes helium or Hydrogen) is
alternately heated and cooled by shifting the gas to different temperature locations within the system. Stirling, one
cylinder is kept hot while the other is kept cool. In this illustration, the lower -left cylinder is heated by burn fuel.

The other cylinder is kept cool by air circulating through a heat sink .

2.4 ANALYSIS OF HEAT EXCHANGER USING LUMPED PARAMETER ANALYSIS

In heat transfer analysis, some bodies are observed to behave like a “lump” whose interior temperature remains
essentially uniform at all times during a heat transfer process. The temperature of such bodies can be taken to be a
function of time only, T (t). Heat transfer analysis that utilizes this idealization is known as lumped system analysis,
which provides great simplification in certain classes of heat transfer problems without much sacrifice from
accuracy.

By Lumped parameter analysis

T()-Too = ™
Ti -TOO

Where
b=_hA
pvep

Here
T(t) = Temperature at time t [°C ]
Too= Ambient temperature [°C ]
T = Temperature at time t=0 [ °C]
t=Time [second]
h= Heat transfer coefficient [W/m?k ]
As = Surface area [m?]
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V= Volume [m?]
Cp= Specific heat [ J/Kg K]
p=Density [kg/m3]

3. CONCLUSION

Heat exchanger has attended the temperature of 400 °C and no leakage was observed. No air bubble was
formed on the cold side of the heat exchanger. Regenerative heat exchangers improve system efficiency by returning
energy to the system. More trials will be performing on higher temperature for running the engine. Endurance trial
would be carried out for the heating of more than 10 hours. Ceramic coating can be used as an insulator.

The main objective of the research was to recover a sustainable amount of waste heat using economically
affordable heat exchanging system with higher heat transfer rate. The size of the heat exchanger plays the greatest
role in deciding whether it is economical or not. It is obvious that the amount of heat transfer becomes higher when
the heat exchanger size is of bigger dimensions but this would end up in consuming larger construction material
resulting in uneconomical design. And it is noted that even though the heat transfer area is smaller, this could be
overcome by making use of pre-determined higher overall heat transfer coefficient. The Stirling engine is consistent
with the requirements of sustainable development. It is the main development way in the future, so the Stirling
engine does not only meet the economic needs at present time, but also in the future.
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