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Abstract: Stirling engine is used for the traditional method of external combustion involving heat transfer in the fluid present in 

the engine.The main focus of this analysis is to determine the best fuel to be used in the Stirling engine to achieve best speed, 

higher effectiveness and low carbon dioxide emissions.Designing the Stirling engine involves few considerations that are relevant 

to the gear and body design aspect.Design selection of the engine is also the main focus of this study in which the alpha engine is 

selected for the Stirling engine design.Stirling engines work on using the heat energy as the energy input and are based on the 

Stirling cycle.Next is the type of fuel to be used in the engine where ethanol and acetone have been tested in this experiment.The 

result shows that ethanol is better than acetone because at low time it produces the best speed with low carbon dioxide 

emissions.The design of Stirling engine car consists of wheel, chassis, and alpha Stirling engine. Each component is fabricated 

with different type of material. 
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INTRODUCTION 

Stirling engine is a heat engine that works at different 

temperature levels by cyclic compression and expansion 

of air such that a net transfer of heat energy to mechanical 

work. Stirling engine is classified as an external 

combustion engine, since all heat transfer to and from the 

working fluid takes place through the engine wall.It 

compares with an internal combustion engine, where 

heat emission is generated by combustion of a fuel in the 

working fluid body[1].When a steam engine uses a 

working fluid in both its liquid and gaseous stages, the 

Stirling engine has a fixed amount of air in it.The general 

cycle consists of compressing heating the gas, cool gas, 

expanding the hot gas, and finally cooling the gas before 

the cycle.The process's output is strictly restricted by the 

Carnot cycle's performance, which depends on the 

temperature between the hot and cold reservoir.Stirling 

engine has high efficiency compared to steam engines, 

quiet operation and the ease with which almost any heat 

source can be used[2].The need for a Stirling engine has 

a cooler and heater to produce different temperatures but 

the Stirling engine car is designed for children to 

play.The Stirling engine car is not meant to be very big 

and if the energy supply is needed so use the atmospheric 

temperature as cooler.The difference in temperature is 

small so that the output of force is not sufficient to drive 

the toy car, using the gear to minimize the force needed 

to accelerate the car and to provide external force to 

move the flywheel[3]. 

1. Stirling Engine: 

Stirling engine is a heat engine developed in 1816 by 

Robert Stirling. It uses an external energy source to heat 

the gas inside a cylinder. Hence it can use various types 

of heat sources and different types of fuels.Its theoretical 

cycle has an efficiency of Carnot. This engine represents 

a good candidate for alternative powertrain [4].A Stirling 

engine runs on a closed cycle. The working fluid is 

compressed in its theoretical cycle at the lowest constant 

temperature TL (1-2), and QL is rejected as heat. The fluid 

is heated by the heat QR contained in the regenerator, at 

constant volume (2-3).At the highest temperature TH, the 

expansion work at constant temperature (3-4) is 

produced by the externally supplied heat QH to the gas. 

Finally the fluid is cooled from TH to TL, and the 

corresponding heat is stored at constant volume (4-1) in 

the regenerator during the process.Both isochoric 

processes take place in a porous heat exchanger called 

the regenerator [4-5] whose efficiency is a key element 

of the performance of Stirling engines.In motor 

operation, heat is supplied to the engine during the 

expansion stage (3-4) and in compression stage (1-2) is 

rejected to the cold sink[5].Both isochoric processes take 

place in a porous heat exchanger called the regenerator 

[4-5] whose efficiency is a key element of the 

performance of Stirling engines.In motor operation, heat 

is supplied to the engine during the expansion stage (3-

4) and in compression stage (1-2) is rejected to the cold 

sink.The engines use two pistons: a piston dedicated to 

shaft work, and a displacer piston dedicated to the gas 

transfer between the spaces of compression and 

expansion.The pistons and cylinders can have different 

mechanical arrangements. A Beta engine is used in 

which both pistons are in the same cylinder. With a 
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mechanical crankshaft connection, the power pistons lag 

behind the displacer at an angle of 90° in motor action[6]. 

Figure 1 shows the PV and TS diagram of theoretical 

Stirling cycle.  

 

Figure 1: PV and TS Diagrams of Theoretical 

Stirling Cycle 

2. Design of Stirling Engine: 

Stirling engine car design consists of wheel, chassis, and 

alpha or beta Stirling engine. Each part is manufactured 

of different material types. First of all, the vehicle wheel 

selected for rubber to move the car.The aim of choosing 

rubber is also to help connect shaft and chassis of Stirling 

engine car due to good friction between surfaces.The 

frame made of aluminium and some metal parts. Lightest 

weight content in aluminium with strong strength.The 

Stirling engine operates on a Stirling cycle with a 

theoretical efficiency similar to that of Carnot 

efficiency[7]. A Stirling engine consists of a number of 

basic components which depends on type and 

configuration.Some of the basics outlined for the alpha 

Stirling engine are power piston and cylinder, heat 

source, displacer piston, heat sink and regenerator. It is 

an internal heat exchanger and temporary heat store 

positioned between the hot and cold spaces so that the 

working fluid flows through it first in one direction then 

in the other.The device purpose is to retain heat that 

would otherwise be shared with the environment. So, it 

helps the thermal efficiency of the cycle to reach the 

limiting Carnot efficiency[8]. Figure 2 shows 

decomposition of Stirling engine.  

 

Figure 2: Decomposition for Stirling Engine 

Decomposition of functions generates a diagram, called 

a structure of functions. A function structure is a block 

diagram that depicts energy, material, and signal labelled 

arrows moving between function block. The function 

structure for Stirling engine car is shown in Figure 3. 

 

Figure 3: Function Structure for Stirling Engine 

3. Design Configuration: 

Alpha Stirling engine is composed of cold and hot 

pistons. In motion, the piston shifts to rotate the flywheel 

in which the gears are attached. The rotation begins from 

hot to cold piston.A rubber tube serves as a connector 

between the pistons; the rubber tube lets the air move 

between two pistons.The power generated by Stirling 

engine is transmitted to the flywheel in which the gear A 

is attached.The gearing system's aim is to step up the 

initial power generated to the higher ratio.For greater 

power the wheel shaft is shifted. All the plans are brought 

together in this area, and the decisions are finalized.By 

using simultaneous engineering methods allowed 

through computer-aided engineering (CAE), the 

distinction between embodiment design and information 

design has become blurred and moved forward in time. 

Figure 4 shows the Stirling engine car finalised[9]. 

 

Figure 4: Body of the Stirling Engine 
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4. Thermodynamic Engine Model: 

The transformations in the compression and expansion 

spaces are isothermal, the average pressure in the system 

can be linearized, the pressure drops in the exchangers 

linearized, the lack of conduction or radiation in the 

machine are neglected.The following sets of equations 

define the machine: 

 

where p denotes the machine mean pressure, r gas 

constant, mg the mass of gas in the machine, Ve,Vc, Vk, 

Vreg, Vh,  expansion volumes, compression, cold 

exchanger, regenerator, hot exchanger, respectively, Treg, 

Tk, Th, regenerator, compression or cold exchanger, 

expansion space or hot exchanger temperature 

respectively. 

 

Where Vcle, Vclc denotes expansion and compression 

clearance volumes respectively, Vswe, Vswc denotes the 

compression and expansion swept volumes respectively, 

α is the phase angle between the displacer and piston, θ 

is the angular position. 

 

Where W work, η thermodynamic efficiency, and Qi 

denotes heat exchanged in the expansion or compression 

space. Additional losses are taken into account by 

modifying W or Qe by corresponding amount[10]. 

5. Acetone and Ethanol Used as a Fuel: 

Various fuels have varying levels of energy content and 

are related to the energy released by combustion. The 

higher the energy content, the higher the fuel efficiency, 

which is inversely proportional to its complexity in 

chemical terms.Acetone liquid fuel with alcohol content 

99.51% has higher Lower Heating Value (LHV) and 

Higher Heating Value (HHV) compared with Ethanol 

95.01%.The result shown in Figure 5 is 29.588MJ/kg 

(LHV) and (HHV) 31.863 MJ/kg for Acetone.In opposite 

trend for Ethanol shows (LHV) are 26.953 MJ/kg and for 

(HHV) is 29.847 MJ/kg. Hence, Acetone burning 

material has higher calorific value or energy value 

compared to Ethanol[11]. 

 

Figure 5: Constant Velocity for Acetone and Ethanol 

CONCLUSION 

Stirling engine car may use fundamental 

thermodynamics. Stirling engine is a heat engine that 

works at different temperature levels by cyclic 

compression and expansion of air such that a net transfer 

of heat energy to mechanical work. By producing best 

speed in the lowest time, Acetone shows better result 

than Ethanol in Stirling engine car.Stirling engine has 

high efficiency compared to steam engines, quiet 

operation and the ease by which any heat source can be 

used.A Stirling engine consists of a number of basic 

components which depends on type and configuration. 

Some of the basics outlined for the alpha Stirling engine 

are power piston and cylinder, heat source, displacer 

piston, heat sink and regenerator. It is an internal heat 

exchanger and temporary heat store positioned between 

the hot and cold spaces so that the working fluid flows 

through it first in one direction then in the other. Alpha 

Stirling engine is composed of cold and hot pistons. In 

motion, the piston shifts to rotate the flywheel in which 

the gears are attached. The rotation begins from hot to 

cold piston. Acetone burning material has higher 

calorific value or energy value compared to Ethanol. 
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