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The study addresses the critical energy and environmental crises by exploring renewable en-
ergy sources, with a focus on solar energy. Solar Stirling engines are particularly relevant due
to their efficiency in converting solar energy into electricity. This research presents the de-
velopment and evaluation of a solar Stirling engine integrated with an annular Fresnel lens
concentrator system. Designed to operate within a temperature range of 370-450 °C with
air as the working fluid, the engine’s performance was assessed by measuring pressure drops
in the regenerator and energy losses in the cylinders. Experimental results revealed that the
alpha configuration prototype produced 37 watts of power with an efficiency of 26.4%. These
findings underscore the engine’s effectiveness in solar energy conversion and its potential for
practical applications in generating electricity. The integration of the Fresnel lens concentra-
tor represents a novel approach not extensively covered in existing literature. The study’s op-
timization of the engine’s design and detailed performance metrics contribute to improved
efficiency and broader applicability of solar Stirling engines, offering a viable solution for re-
ducing reliance on fossil fuels and addressing environmental challenges.
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INTRODUCTION from melting glaciers and rising sea levels to historical rains,
storms, and subsequent floods. Carbon emissions are major
constituent of global warming. According to the EIA (US
Energy Information Administration), CO, emissions by fuel

generation are 2.38 and 2.30 pounds per KWH, respectively,

Increased energy demands have led to both an energy cri-
sisand an environmental crisis [1]. More than ever, renewable
alternatives are needed to address the energy and environ-

mental problems. One major reason the world is turning
towards renewable resources is the fast-growing environmen-
tal degradation. Climate change is causing havoc everywhere,
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for petroleum and coal [2]. Solar energy, harnessed from
the Sun, is a viable and diverse energy source, encompass-
ing both direct and indirect applications. The Earth’s surface
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receives approximately 60% of the total solar energy that
reaches our planet. Despite this substantial influx, only about
0.1% of this solar energy is currently converted into usable
forms, reflecting a significant potential for expansion. In
terms of capacity, the theoretical maximum energy genera-
tion from solar power is estimated to be around 5000 giga-
watts (GW) if fully exploited. This highlights the immense
potential of solar energy compared to current energy pro-
duction levels [3]. The primary method of converting solar
energy is through Solar Photovoltaic (SPV) systems, which
directly convert sunlight into electricity. In addition to SPV
systems, another key technology is Solar Thermal Systems
(STS). STS focus on converting solar energy into heat, which
can then be used for a variety of heating and cooling appli-
cations. This heat can be employed for tasks such as space
heating, water heating, and cooling processes, making STS
a versatile and important technology for harnessing solar
energy [4]. Meanwhile, all other energy sources have carbon
emissions of 0.86 pounds per kKWH. That's around 270% less
than fossil fuels. According to another study by Guidi G et al.
[5], in comparison to fossil fuel technologies, all of the emis-
sion estimates found for renewable energy sources are lower
by at least one order of magnitude, sometimes even two
orders of magnitude. Hydroelectricity and wind power are
promising, but location and expense limit their application.
This makes solar energy more easily accessible and usable
in widespread applications. Solar energy thrives in isolated
deserts, but photovoltaic cells struggle under severe tem-
peratures. In contrast, solar Stirling engines transform solar
energy into electricity efficiently. Stirling engine is a type of
external combustion engine developed by Robert Stirling
in 1816. The Stirling engine undergoes the four fundamen-
tal stages of compression, heating, expansion, and cooling,
just like any other heat engine. Any heat source, including
solar, geothermal, nuclear, and waste heat from industrial
processes, can be used to power a Stirling engine directly. As
solar energy is excessively available and comparatively easy
to harness, solar Stirling engines are favorable to be used to
produce electricity. Air is initially compressed in this engine
utilizing work, that has been accumulated from a previous
cycle in the mechanical flywheel. Different temperatures are
applied to the working fluid to transform the whole amount
of heat energy into mechanical work. Thermal equilibrium
is present for the working fluid. The ability of this engine to
run with any heat source is by far its greatest benefit. These
engines are appropriate for solar energy that is concentrated
and renewable [6].

Stirling engines are simplistic and highly efficient in
their design, with theoretical efficiency almost equal to the
Carnot efficiency [6]. This makes them a good choice for
generating power from different heat sources, even from
waste heat in industries such as cement plants. Solar Stirling
engines are also advantageous over solar photovoltaic arrays
as their solar-to-electric power conversion is more efficient
[7]. Hence, in environments such as deserts and urban
areas, which have high summertime temperatures, stirling

engines can be used for efficient power production. In the
1870s, Ericsson constructed the inaugural “Sun Engine’, a
Solar Stirling engine that harnessed a parabolic mirror to
convert heat into steam, which functioned as the opera-
tional fluid for the engine. Following the invention of inter-
nal combustion engines, the progress in the development
of sterling engines diminished, and they were subsequently
only utilized for certain applications, such as in submarines.

Recently, there has been a global shift towards renew-
able energy sources and an increased exploration of alter-
native methods for power generation. The resurgence of
Solar Sterling Engines has prompted academics to exam-
ine and investigate their utilization in various situations
and arrangements. In the early 2000s, joint research was
done on the production of a parabolic dish solar Stirling
engine called EnviroDish [8]. Cinar, C., and H. Karabulut
manufactured and studied a gamma-type Stirling engine.
With experimental results, they concluded that the use
of Helium gas as a working fluid resulted in more power
than air and hydrogen [9]. In the dynamic analysis of a
GPU-3 model, researchers discovered that geometrical
and physical parameters significantly impact its perfor-
mance. Through optimization techniques, they successfully
reduced mechanical losses and achieved more realistic the-
oretical outcomes [10].

Regenerator materials with various porosities suggest
that the stainlesssteel regenerator with 85% porosity gave
optimum results [11]. A. Nielsen et al. [12], did a study that
showed that using a multistage regenerator increases the
efficiency of the regenerator in comparison to a single-stage
regenerator. A recent study was performed regarding the
construction and testing of a dish-type solar Stirling engine
and the losses in the solar-to-electric conversion. This study
found that the dish reflector should not concentrate the sun’s
rays onto a point of the Stirling engine but rather a zone
[13]. Abuelyamen et al. [13], conducted an in-depth CFD
analysis to assess the energy efficiency of different types of
Stirling engines, (a, B, and y). The use of solar power Stirling
engines in marine and offshore environments also bear great
potential: a study shows the solar power Stirling engine sys-
tem achieved a maximum of 90% mechanical efficiency
[14]. Bataineh did a study on the numerical thermodynamic
model of the solar sterling engine and discussed Kinetic and
thermodynamic parameters of the engine [15].

However, one area of research yet to be fully explored is
the application of an annular Fresnel lens system paired with
an alpha configuration sterling engine for power production,
as most of the research has been focused on the use of para-
bolic dish concentrators. Heng Zheng et al. [16], did a study
on a solar-aided power generation system that used an annu-
lar frequency solar. Similarly, a study was done by Boretti
that shows the use of an annular concentrator for power pro-
duction application [17]. An advantage of the Alpha Stirling
engine is its ability to include a regenerator in its design
easily. The regenerator can occupy the dead space that links
the hot and cold cylinders, enhancing the engine’s efficiency.
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Meanwhile, the beta configuration has a single-cylinder
design that places hot and cold cylinders in close proximity.
Moreover, for our specific temperature range and simplicity
with manufacturing alpha configuration was more feasible.

Solar Stirling engines can be utilized in isolated areas to
provide oft-grid power. Their capacity to transform solar
energy into electricity makes them excellent for rural or
remote places where traditional power infrastructure is lim-
ited [18]. In urban or suburban areas, these engines can be
linked into local energy systems to augment the grid, result-
ing in a more sustainable and robust energy network [19].
The Alpha Stirling engine’s design innovations allow for a
wide range of uses, including energy generation, industrial
use, and education. The findings highlight its potential to
improve efficiency and sustainability, meeting the different
needs of the journal’s readership while also contributing
to broader discussions on renewable energy and techno-
logical innovation [20]. Recent studies have focused on
improving the efficiency of Stirling engines by optimizing
materials and thermal management. A study published in
Energy Storage and Technology explores advanced heat
exchangers and novel materials for Stirling engines, high-
lighting improvements in thermal efficiency and reducing
mechanical losses. This work complements the findings of
this paper by emphasizing the importance of material selec-
tion in enhancing the performance of Stirling engines [21].

The paper details developing and evaluating a solar
Stirling engine utilizing an annular Fresnel lens concentra-
tor system for generating power. The system’s characteris-
tics were chosen based on a temperature range of 370-450
°C during the design phase, with air being used as the work-
ing fluid. The system is examined via dynamic models to
assess pressure drop in the regenerator and energy losses
in the cylinders. With a robust design, the system is engi-
neered for maximum output and efficiency. The engine’s
thermodynamic and mechanical parameters are also calcu-
lated and examined. Experimental tests are conducted on a
prototype design utilizing an alpha configuration, resulting
in 37W of output work with an efficiency of 26.4%.

MATERIALS AND METHODS

The Stirling engine model was designed according to
design parameter calculations with the help of design soft-
ware such as SolidWorks, and computations were done
with the help of ANSYS. The selection of engine type and
configuration was based on the study objectives and market
limitations. After careful iterative measures, an alpha-type
Stirling with a 90-degree V-configuration was selected, and
an annular Fresnel lens concentrator was also designed as
per similar criteria. Design considerations included select-
ing the material and geometry to optimize solar radiation
collection and incorporating heat transfer enhancements.
Factors such as thermal conductivity, specific heat capacity,
and stability at high temperatures were taken into account.
Paetro analysis was performed using software to select the

optimum design parameters. The selection is based on effi-
ciency, cost, safety, and environmental impact. Optimizing
surface area, fluid flow pathways, and heat transfer coet-
ficients are also considered. Thermodynamic and kine-
matic safety analysis of the system design were performed
using ANSYS and MATLAB, whereas characteristic equa-
tions were solved with the help of Mathcad software. An
approach similar to Aigboviosa et al. [22], 2018 was used
where we programmed two motors for solar tracking for
optimum solar irradiance.

Designing components such as pistons, cylinders,
cranks, etc. involved taking material choice, stress analysis,
and friction reduction into account. A feedforward control
system was utilized to preserve optimal SSE functioning
and maximize efficiency. Computer simulations and ana-
Iytic tools were utilized throughout the design phase to
assess system performance, forecast energy production,
and optimize design parameters.

The design methodology frequently employed for
designing a Stirling engine involves an iterative design pro-
cess aimed at achieving the most optimal design conclu-
sion shown in figure 1. A basic conceptual design is made
by selecting the key features, such as an estimate of power
output, temperature range type of mechanism used. This
methodology comprises two analysis procedures: Schmidt
analysis and non-dimensional analysis. Initial values are
estimated, and the iteration is carried out for optimum
design parameters such as piston size, etc.

The receiver absorbs concentrated solar energy and trans-
fers it to a working fluid to heat it. A Fresnel lens concen-
trator system focuses sunlight on a focal point that contains
the working fluid and serves as the receiver. The cycle starts
with the high-temperature cylinder in its highest position. As
the gas heats up, it expands, pushing the piston downward.
This is the power piston. The sealed chamber in which the
heated working fluid is housed expands as the heat energy
is absorbed. This expansion transforms the heat energy into
mechanical work by propelling the piston. After develop-
ing, the working fluid is sent to a heat exchanger or cool-
ing mechanism, where it releases heat to the surroundings,
through air. The working fluid’s temperature is reduced over
this cooling process. After cooling, the low-temperature pis-
ton displaces the gas back into the regenerator. The regenera-
tor now releases heat stored earlier into the working gas. And
the gas goes back to the hot cylinder, and the cycle repeats.

A steel mesh regenerator was utilized, consisting of a
hollow mild steel exterior body filled with stainless steel
mesh. Because regenerator efficiency depends on sur-
face area, a mesh was employed instead of a solid body.
Furthermore, as Geith et al. demonstrated in their study,
stainless steel is 30% more thermally efficient than copper
and aluminum, both of which have temperature and oxi-
dation restrictions. The characteristics and materials were
chosen based on prior research by Geith, Timoumi, and
others that examined the impacts of pressure drop, thermal
conductivity, and thermal capacity.
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Materials were chosen based on their thermal con-
ductivity, specific heat capacity, and stability at high tem-
peratures to ensure effective heat transfer and structural
integrity. High-performance materials with excellent ther-
mal conductivity were selected for components in direct
contact with the working fluid to enhance heat transfer.
Additionally, materials with high specific heat capacity
were used to ensure that the engine could efficiently store
and release thermal energy. In the Stirling engine, heat
transfer enhancements included the optimization of surface
area and fluid flow pathways, as well as the implementa-
tion of advanced heat exchangers and regenerative systems
to improve overall thermal efficiency. The materials used
is aluminum alloy t6061 for the cylinder and hot source
whereas the cylinder sleeve is made up of cast iron.

The laser temperature gun with specifications,
(Temperature Range -60°C -800 °C), dynamometer and
tacheometer (Range 0.5 ... 19999 rpm, Resolution 0.5 rpm
(<1000 rpm) 1 rpm (>1000 rpm) in the studies were used.

The Cycle consists of cyclic isothermal expansion and
compression with an isochoric regeneration process as
shown in figure 2. In the figure from processes 1-2, we have
an isothermal or constant temperature compression, and
then from 2-3, we have a constant volume increase in pres-
sure. Then from 3-4, we have isothermal volume change or
constant temperature expansion. Then, from 4-1, we again
have a constant volume process. From 1-4 to 2-3, we have
an isochoric regeneration process where a part of the heat
from the earlier process is retained at the regenerator and is

Power Qutput

Engine Design
Parameters

|
Schmidt
Analysis
T

Non-Dimentional
Analysis

¥

Comparison

. 2

Result Analysis

No

Is Design
Criteria Met

Yes

Y

Preliminary Design

Figure 1. Flowchart for design of Stirling engine.
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Figure 2. Stirling Cycle Process Diagram [23] [Open accessed].

then added to the next process from the cold region, mak-
ing it more efficient [23].

RESULTS AND DISCUSSION

The Stirling engine comprises three essential compo-
nents: the hot chamber, the cold chamber, and the regener-
ator, as shown in figure 4. The hot chamber interfaces with
a heat source, while the cold chamber interacts with a heat
sink. Gas seamlessly flows between these chambers via the
regenerator. The power piston generates mechanical work,
while the displacer piston orchestrates the movement of
gas between chambers, instigating oscillations in tempera-
ture and pressure that propel the power piston. The engine’s
parameterization employed MATLAB' iterative hit-and-trial
method, selecting 70-cc pistons with a 47-mm bore diameter
and refining the volumes of the displacement and power pis-
tons through successive MATLAB trials. The dimension and
Specifications of alpha Stirling engine are given in Table 1.
The nomenclature of Stirling engine is given in Table 2 and
the important calculations are given in Table 3.

Table 1. Stirling Engine Cycle

Stirling Engine Dimensions& Specifications
Height 243 mm

Length 237 mm

Width 184 mm

Mass 11kg

Displacer Piston 47 mm

Power Piston 47 mm

Stroke 56 mm

Working Gas He / Air
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According to Schmidt analysis [24] the work done by
the engine is calculated as

Table 2. Nomenclature

Symbol Quantity Units

. . : P. V1 —c?
Pengine Operating Pressure in Engine bar Peng ine = 1)
Verp Total Expansion volume in the pistons mm’® 1—c.cos(® —a)
Veomp Total Compression Volume in the piston ~ mm?® . . . .

, Here Pengine [25]gives the total Pressure in the engine
V. Expansion Swept Volume mm’ . o .

_ with the crank angle 0, having initial engine pressure that
Vie Expansion Dead Volume mm’ . S

was provided to the gas before the engine is started.
V. Compression Piston Swept Volume mm?®
V4 Compression piston Dead Volume mm? v Vse 1
¢ =—(1—cosB)+V, 2
P Preload Pressure bar exp 2 ( ) de @
Weyp Work done by expansion pistons ]
Weomp Work done by compression Pistons ] v Vsc 1 0—d v ;3
L Length of the connecting rod mm comp — 7( —c0s® —dx) + Vye )
r Crank radius mm
a Slider crank acceleration m/s> From the Schmidt analysis [24], the work done by the
v Slider crank velocity m/s engine is given by,
X Slider crank displacement m P.Vi.m.c.Sina
. . [/Ve p = —————

w Angular velocity of the engine, at 1000 rpm Rad/s 4 14+vV1—c2 @
0 Crank angle deg
my Combined mass of slider crank g Wexp = 61.642 ]
T Torque produced in the engine Nm ) o o o
ot Maximum stress in the flywheel MPa ; Figure 5 showshthe Stirling En?mes char};ac;lrlstlcs.
n, Flywheel efficiency No unit igure 5a, presents the pressure vs. volume graph. The area

under the graph gives us the total work done by the engine.

Table 3. Stirling Engine Calculations

Symbol Quantity Value Unit
A\ Hot Swept Volume of Displacer 1.9431x10° mm?
v, Cold Swept Volume of Power-Piston 1.9431x10° mm?®
Vi Hot Dead Volume of Displacer Piston 91000 mm’
V. Cold Dead Volume of Power Piston 50000 mm?®
\A Regenerator Dead Volume 182500 mm’
R Specific gas Constant 287.1 J/Kg K
P Preload Pressure in System 7 bar

T Highest Temperature of System 673 K

T, Compression Space Gas Temperature 303 K

T, Regenerator Temperature 463.6519 K

M Mass of Gas in System when the Slider-Crank is at an angle of 0 21.7568 10" g
S S 3.5529

B Beale Number 1.0967

C C 0.3087

P, Mean Pressure 5.7645 Bar

a, a, 65.7616 degree
W, Work done by expansion piston 61.642 J

W, Work done by Compression piston 27.739 ]

w; Total Work 34.263 ]

Compression Ratio 2.2
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Figure 3. Schematic diagram for double slider crank [27] [Open accessed].
and other parameters are already defined above. As there r2 r
is simultaneous work done by compression and expansion, x=1- 41 +r (COS 0+ 218 29) )
due to being opposite in direction, the work done in the
. . . . r
compression cylinder woulld be taken as negative. Flgure 5b b= —rw (sin O+ —sin 2 9) (8)
shows the graph of expansion volume and compression vol- 21
ume vs. the crank angle. Notice that both volumes are out .
of phase by about 90° as both the pistons are located at 90° a=—rw? (Cog 0+ 7 CcoS 26) 9)

with each other. This data is in accordance with a numerical
study by [26].

Vee-m.c.0.45.sina
1+vV1—c2 (5)
Weomp = —27.739 ]

VVcomp =

Wr = VVexp + VVcomp

(6)
Wy = 34.263]

Figure 3 shows the schematic diagram for the double
slider crank configuration in an alpha Stirling engine. The
equations for slider crank kinematics [24] are given in
terms of crank radius, length, and crank angle. Successive
derivatives give the equations for velocity and acceleration.

Figure 6 shows the slider crank kinematics. The accel-
eration, velocity and displacement are graphed to crank
angle. From these kinematics calculations, balancing and
vibrations are performed for the engine.

The equation for torque on the slider crank is as [24].

Mg

T = —.rz.wz(LsinG —sin20 —ﬁsin 30)
21 21

2 (10)

The torque is dependent on the crank radius, length of
the connecting rod, equivalent mass on the slider-crank,
and the angular velocity of the crank. Solving it for 360°
rotation of a crankshatft.

Figure 6 shows the forces acting on the slider crank.
Notice that the forces are out of phase with each other hence
cancelling most of the vibrations which is a characteristic of
a90° aligned engine. From the graph, we can notice that the
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torque follows a sinusoidal waveform with alternate crests
and troughs after 120°. At the start, the torque is zero as the
engine starts and then it gets to a uniform speed at a given
1000 rpm for which the calculations were done.

Table 4. Regenerator without Structural Integrity and Cri-
teria for Simulation

Quantity Value

Max pressure 1 MPa

Factor of Safety 2

Mesh Type Refinement Mesh + Fine Mesh
Materials Mild Steel

Density 7.85%10° kg/ mm~
Coeflicient of Thermal Expansion 1.2 *10° C*

Specific Heat
Thermal Conductivity
Resistivity 1.7e-004-ohm mm

4.34*10° mJ kg' C*!
6.05%102 W mm C!

1.7¥10* ohm mm

Figure 4. Stirling Engine.
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For a smooth power transfer, a flywheel is an integral
part of an engine. The maximum stresses on the flywheel
were calculated and a flywheel [24].

2r 34+v\/, (l1-v
= )08+ G5

g 8 3+v

ANSYS Simulations and computation for material
Factor of Safety and thermal and fluent analysis of the
Regenerator are shown in Fig. 7

Table 4 shows data for the regenerator without struc-
tural integrity and criteria for simulation. In Figure 8, we

have performed an ANSYS simulation on the regenerator.
The parameters of the simulation are given in the table. We

2

Ti) (11)

O-tmax

have two fixed supports and a pressure of 1 MPa applied
along them, which are shaded in red. Looking at the results
of the simulation we can notice that the given design has a
low factor of safety. Then we added the ribs to the design,
and we can see the improvement in stresses and safety in
the design.

Displacer Pistons

it Regenerator

Condenser Pistons
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Figure 5. Characteristic Curves (a)Pressure vs Volume (b) Volume -vs-Crack Angle for a-Stirling Engine.
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In this simulation, we have made a design change while
keeping other parameters constant. We can notice in Figure
9, that the strain energy is absorbed by the rib. Thus, it
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prevents significant deformation. The use of ribs helps us to

achieve structural integrity by absorbing a definite amount
of strain energy. Increasing the thickness of the wall wasn’t
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Figure 8. ANSYS Simulation for Regenerator Structural Integrity.

that effective because the strain energy was absorbed by notice the increase in the factor of safety, making the design
the wall and still had a deformation. Similarly, we can also  more suitable to be used under given conditions.
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Figure 9. ANSYS Simulation for structural stability for Regenerator with ribs.
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Figure 10. ANSYS Simulation Data for Connecting Rod Structural Integrity.
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In figure 10, we have a connecting rod that is con-
nected to the crankshaft and piston of the cylinder. We
have performed static structural analysis for the factor
of safety on it. The initial parameters include the applied
force of 1750 N on face B in the figure. This force is the
gas force applied on the rod by the piston. The simulation
is performed with fine mesh type and we have selected
the material for the connecting rod as forged steel. In the
consequent figures, as the results of the simulations show,
the connecting rod will withstand the applied force with
an overall factor of safety on the body (colored blue) and
a minimum of n= 5 factor of safety on the inside wall of
the pin, which is in green color in the picture. The simu-
lation concludes that our part will be safe during engine
operation. ANSYS Simulation Data for Connecting Rod
Structural Integrity is given in Table 5.

Experimental data is given in Table 6. The Solar Stirling
Engine produced a power output of 77.569 wats and 523

Table 5. ANSYS Simulation Data for Connecting Rod
Structural Integrity

Quantity Value
Length 100 mm
Max Force 750 N
Factor of Safety 2

Mesh Type Fine Mesh
Materials Forged Steel

Table 6. Temperature of Cylinders (Experimentally obtained)

rpm. The Schmidt analysis provides the best fit computa-
tion for the system. We have taken the engine rpm as 1000
rpm in our calculations but in actual experimentation due
to mechanical losses and due to friction, we could only
get around 500 rpm. That makes the deviation from com-
puted and experimented power. The engine power has
been measured it with tacheometer and dynamometer.
The capacity of the system to transform solar energy into
useful mechanical or electrical power is measured by ther-
mal efficiency study. From NASA’s Stirling engine design
manual [28]:
Tc
Doy = (1 _E>XCXIZHXI]MXfa (12)

Were,

1= overall thermal or effective efficiency

T, Ty = compression-expansion gas temperatures, K

C = Carnot efficiency ratio of indicated efficiency to
Carnot efficiency. Calculated to be 0.68

Ny = heater efficiency, ratio between the energy flow to
the heater and fuel energy flow. Calculated to be 0.86.

1, = mechanical efficiency, ratio of indicated to brake
power. Calculated to be 0.85

f, = auxiliary ratio. At maximum efficiency point f,= 0.95

Now Substituting Values, the average,

Ny = 0.264

The energy performance matrix is given in Table 7.
The grid independence study is shown in Table 8

S. No. Max Temperature (°C) (Displacer Cylinders Average Temperature(°C) (Power Cylinders
i.e., Hot Cylinders) i.e. Cold Cylinders)

1 420 27.3

2 383 28.1

3 449 31.0

4 395 27.3

Table 7. Energy Performance Matrix

Parameter Value (predicted) Value (experimental) Remarks

Thermal Efficiency - 26.4 % Reflects the engine’s ability to convert heat into
mechanical energy.

Mechanical Efficiency - - Reflects internal friction and mechanical losses.

Overall Efficiency - 26.4 % Combined efficiency of heat conversion and
mechanical work output.

Engine Speed 1000 rpm 523 rpm Speed reduction due to mechanical losses.

Power Output 100 W 37W Deviation due to mechanical losses and non-ideal

conditions.




812

J Ther Eng, Vol. 12, No. 2, pp. 802-814, March, 2026

Table 8. Grid Independence Study

Mesh Type Element Size Number of Power Out  Efficiency = Remarks
(mm) elements Put (W) (%)

Course Mesh 10 50000 35 252 Results show significant deviations, indicating that
the mesh is too coarse.

Medium Mesh 5 150000 37 26 Results are closer to experimental data but still
show minor discrepancies.

Fine Mesh 2 500000 37 26.4 Results are stable and closely match experimental
data, confirming mesh independence.

Very Fine Mesh 1 1000000 37 26.4 No significant change in results, confirming that

the mesh is fine enough for

As it was observed the upward trend in engines char-
acteristics such as power, kinematics including torque and
speed etc. with respect to increase in temperature. This is in
accordance with the observations in the studies by C. Yildiz
etal, [29] and A. Yerbery et al., [30] who have faced similar
trends in their respective research as well as the difference
in predicted and actual power which was caused by manu-
facturing constraints as well as mechanical losses and non-
ideal conditions.

EXPERIMENTAL RESULTS

The Solar Stirling Engine produced 77.569 watts at
523 RPM experimentally, deviating from the computed
1000 RPM due to friction and mechanical losses. Using
NASAS Stirling engine design manual, the effective ther-
mal efficiency was calculated to be 0.264. Efficiency fac-
tors included Carnot efficiency =0, heater efficiency =0.86,
mechanical efficiency = 0.85, and auxiliary ratio = 0.95.
Maximum temperatures in hot cylinders ranged from
383°C to 449°C, while cold cylinders averaged 27.3°C to
31.0°C. Increased temperature improved engine charac-
teristics such as power, torque, and speed, consistent with
prior studies.

Comparison of Results with Previous Data

Structural Analysis (ANSYS Simulation)

From the Previous Results the initial design exhibit low
factor of safety, improvement were achieved by adding ribs
which enhance stress distribution and wall thickness were
increased with less effectiveness [27]. In current results
simulations with 1 MPa pressure and mild steel properties
confirmed structural challenges in the initial design, add-
ing ribs reduced deformation by absorbing strain energy,
improving safety and performance and Factors like fine
mesh refinement and mild steel’s thermal and mechanical
properties were key to the analysis.

Thermal and Material Analysis
Previous results focused on regenerator material prop-
erties (mild steel) and its thermal performance under

operating conditions. Thermal expansion, specific heat,
and conductivity were used to analyze deformation and
heat transfer efficiency [27]. While in current study detailed
thermal and fluent analysis highlighted the impact of
thermal conductivity and coefficient of thermal expan-
sion on performance.

CONCLUSION

The experimental results demonstrated a power out-
put of 37 W and an efficiency of 26.4%, compared to the
predicted 100 W at 1000 rpm. However, due to mechani-
cal losses, friction, and non-ideal operating conditions, the
engine achieved a reduced speed of 523 rpm. The engine
operated within a temperature range of 370-450 °C, with
power, torque, and speed improving as the temperature
differential between the hot and cold cylinders increased.
Design constraints limited the scalability of the engine to
achieve 100 W output, primarily due to market and manu-
facturing limitations. Mechanical losses, including flywheel
inertia and friction, significantly impacted performance. To
address these challenges, enhancements such as the integra-
tion of a Fresnel lens concentrator and the use of high-per-
formance materials with superior thermal conductivity
and durability were proposed. These improvements could
increase compactness, efficiency, and structural integrity.
The study highlights potential applications in desert and
urban settings, where the engine could serve as a primary
or supplementary power source for navigation aids, satellite
production, and renewable energy systems. This research
underscores the critical role of material selection and heat
transfer optimization, paving the way for advancements in
Stirling engine technology.
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