ISSN: 3070-0434

PUBLICATIONS

THERMAL STRESS & FATIGUE LIFE ANALYSIS OF ENGINE
CYLINDER HEAD

'Tatikonda Syam Kumar, M. Tech Scholar, Department of Mechanical Engineering, Autonomous
Institution, St.Ann's College of Engineering & Technology, Chirala, Andhra Pradesh.

’Dr. Siva Bhaskara Rao Devireddy, Associate Professor, Department of Mechanical Engineering,
Autonomous Institution, St.Ann's College of Engineering & Technology, Chirala, Andhra Pradesh.
3Dr. Lakshmi Tulasi Chavali, Professor, Department of Mechanical Engineering, Autonomous
Institution, St.Ann's College of Engineering & Technology, Chirala, Andhra Pradesh.

“B. Ravi Kumar, Assistant Professor, Department of Mechanical Engineering, Autonomous
Institution, St.Ann's College of Engineering & Technology, Chirala, Andhra Pradesh

Received: 19-03-2026 | Accepted: 22-04-2026 | Published: 08-05-2026

ABSTRACT

The engine cylinder head is exposed to
severe thermal and mechanical conditions
during operation, making it highly susceptible
to thermal stress and fatigue failure. This
project investigates the thermal behavior and
fatigue life of an engine cylinder head using
numerical simulation techniques. A three-
dimensional model of the cylinder head is
developed in CATIA and analyzed using
ANSYS. A steady-state thermal analysis is
performed to determine  temperature
distribution under combustion and cooling
conditions. The resulting temperature field is
then used to evaluate thermal stresses and
deformation through structural analysis.
Fatigue analysis is conducted by applying
cyclic thermal loads to estimate the life of the
component using material S-N curves. The
results indicate that maximum thermal
stresses occur near critical regions such as the
combustion chamber, valve seats, and bolt
holes. These areas are identified as potential
sites for crack initiation due to repeated
thermal cycling. The study highlights the
importance of effective cooling design,
material selection, and stress reduction
techniques to enhance the durability and
performance of the cylinder head. This work
provides valuable insights into improving
engine reliability and serves as a foundation
for further optimization and advanced thermal
fatigue studies.
KEYWORDS: Thermal Stress Analysis,
Fatigue Life Prediction, Engine Cylinder
Head, Finite Element Analysis (FEA), ANSYS
Simulation
INTRODUCTION
The engine cylinder head is one of the most
important components of an internal
combustion engine, as it forms the upper
portion of the combustion chamber and
supports essential elements such as valves,
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spark plugs, and fuel injectors. During engine
operation, the cylinder head is continuously
exposed to high combustion temperatures,
pressure fluctuations, and repeated thermal
cycles. These severe operating conditions
generate thermal stresses due to uneven
temperature  distribution  between  the
combustion chamber and cooling regions. Over
time, the combined effect of thermal stress and
cyclic loading can lead to fatigue failure, crack
initiation, deformation, and reduction in engine
efficiency. Therefore, understanding the
thermal and structural behavior of the cylinder
head is essential for improving engine
durability, reliability, and performance. Modern
engineering industries increasingly use
numerical simulation tools such as CATIA and
ANSYS to analyze temperature distribution,
thermal stress, deformation, and fatigue life of
engine components under realistic operating
conditions. Thermal analysis helps identify
critical hot spots, while fatigue analysis predicts
the lifespan of the component under repeated
loading cycles. The present study focuses on
evaluating the thermal stress and fatigue life of
an engine cylinder head using finite element
analysis techniques. The results obtained from
this study are useful for improving cooling
design, material selection, and overall engine
safety and efficiency.

RELATED WORK

Several researchers have studied the thermal
and fatigue behavior of engine cylinder heads
to improve engine durability and performance.
John B. Heywood explained the effect of
combustion heat transfer and thermal loading in
internal combustion engines and highlighted
that severe temperature gradients in the cylinder
head can lead to thermal stress and deformation.
Ashouri investigated thermal fatigue crack
formation in diesel engine cylinder heads and
reported that cracks mainly initiate near valve
bridges and combustion chamber regions due to
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repeated heating and cooling cycles. Natesan
performed thermo-mechanical analysis using
finite element methods and identified the valve
bridge area as the most critical stress
concentration zone.

Similarly, = Oghoghorie = used  ANSYS
simulations to analyze temperature distribution
and structural deformation in cylinder heads
under thermal loading conditions. Research
studies also showed that aluminum alloys
provide better heat dissipation but are more
sensitive to thermal fatigue at -elevated
temperatures. Other investigations focused on
cooling system optimization, thermal barrier
coatings, and fatigue life prediction models to
improve component durability.
LITERATURE SURVEY

Several researchers have investigated the
thermal and structural behavior of engine
cylinder heads to improve engine performance
and reliability. Earlier studies focused on
understanding heat transfer mechanisms and
thermal stress generation in internal
combustion engines. Researchers reported that
cylinder heads experience severe thermal
gradients due to combustion heat and coolant
interaction, which leads to stress concentration
and fatigue failure. Finite Element Method
(FEM) based simulations have been widely
used to analyze temperature distribution,
thermal stress, and deformation in critical
regions such as valve seats, combustion
chambers, and bolt holes. Experimental studies
also confirmed that repeated heating and
cooling cycles cause crack initiation and
propagation in high-temperature zones. Many
authors suggested that aluminum alloys are
preferred materials because of their lightweight
nature and high thermal conductivity, although
they are susceptible to thermal fatigue at
elevated temperatures. Some studies focused on
improving cooling system efficiency using
Computational Fluid Dynamics (CFD) to
reduce thermal gradients. Advanced research
also introduced thermo-mechanical fatigue
models, creep analysis, and thermal barrier
coatings to improve durability. Recent
investigations emphasize the importance of
accurate  boundary  conditions, = mesh
refinement, and coupled thermal-structural
analysis for reliable predictions. These studies
collectively demonstrate that proper thermal
management and optimized design
significantly enhance cylinder head life and
engine efficiency.
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EXISTING METHOD

In the existing method, thermal stress analysis
of engine cylinder heads is generally performed
using conventional analytical calculations and
basic finite element simulations. Most
traditional studies focused only on steady-state
thermal analysis to determine temperature
distribution under combustion conditions.
Simplified assumptions regarding heat transfer,
material behavior, and loading conditions were
commonly adopted, which reduced the
accuracy of stress prediction. In many cases,
thermal and structural analyses were conducted
separately without considering their coupled
effects. Existing methods also used coarse mesh
models that were unable to accurately capture
stress concentration in critical regions such as
valve bridges, valve seats, and bolt holes.
Experimental ~ approaches  were  time-
consuming, expensive, and difficult to perform
under real engine operating conditions.
Additionally, earlier fatigue prediction methods
mainly relied on simplified empirical formulas
without detailed thermo-mechanical
considerations. These limitations resulted in
inaccurate prediction of crack initiation zones
and component life. Existing cooling designs
also produced uneven temperature distribution,
leading to high thermal gradients and premature
failure. Although earlier methods provided
basic understanding of cylinder head behavior,
they lacked advanced simulation capability for
precise stress and fatigue analysis. Therefore,
there is a need for improved numerical
techniques that can accurately evaluate thermal
loading, structural deformation, and fatigue life
under realistic operating conditions.
PROPOSED METHOD

The proposed method uses advanced numerical
simulation techniques to analyze the thermal
stress and fatigue life of an engine cylinder head
under realistic operating conditions. A detailed
three-dimensional model of the cylinder head is
created using CATIA software and imported
into ANSYS for finite element analysis. The
proposed  approach  combines thermal,
structural, and fatigue analyses to achieve
accurate prediction of component behavior. In
the thermal analysis, combustion chamber
temperatures ranging from 600°C to 800°C are
applied along with coolant boundary conditions
to simulate actual engine operation. The
resulting temperature distribution is transferred
to structural analysis to determine thermal
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stress and deformation. Fine mesh generation is
performed near critical regions such as valve
bridges, valve seats, and bolt holes to improve
result accuracy. Fatigue analysis is carried out
using cyclic thermal loading and material S—N
curve data to estimate fatigue life and identify
crack-prone zones. Compared to conventional
methods, the proposed technique provides more
reliable prediction of stress concentration and
failure locations. The method also helps
evaluate the influence of material properties
and cooling efficiency on component durability.
This integrated thermo-structural approach
improves engine  reliability, reduces
maintenance costs, and supports optimized
cylinder head design for high-performance
applications.
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Fig 2: Block Diagram

METHODOLOGY DESCRIPTION

3D MODEL CREATION: The first step in the
methodology involves creating a three-
dimensional model of the engine cylinder head
using CATIA software. Important features such
as combustion chambers, valve seats, bolt
holes, spark plug locations, and cooling
passages are included in the design. The
developed model accurately represents the real
engine component and is exported in STEP
format for further analysis in ANSYS.
PREPROCESSING AND MESHING: In this
stage, the cylinder head model is imported into
ANSYS software. Material properties of
aluminum alloy are assigned to the component.
Meshing is then performed using tetrahedral
finite elements to divide the geometry into
smaller sections for numerical analysis. Fine
mesh refinement is applied near critical regions
like valve bridges and bolt holes to improve
analysis accuracy and capture stress
concentration effectively.
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THERMAL ANALYSIS: Steady-state thermal
analysis is carried out to determine temperature
distribution within the cylinder head. High
combustion temperatures are applied to the
combustion chamber surfaces, while coolant
boundary conditions are applied to the cooling
passages. Heat transfer coefficients are also
defined to simulate convection effects. The
analysis helps identify high-temperature
regions and thermal gradients in the
component.

STRUCTURAL ANALYSIS: The
temperature distribution obtained from thermal
analysis is imported into the structural analysis
module. Thermal loads are applied to evaluate
thermal stresses and deformation caused by
uneven thermal expansion. The analysis
identifies critical regions with maximum stress
concentration such as valve seats, valve bridge
areas, and bolt holes.

FATIGUE ANALYSIS AND RESULT
EVALUATION: Fatigue analysis is performed
under cyclic thermal loading conditions using
the stress-life approach and S—N curve data of
the material. The number of cycles to failure is
estimated to determine the fatigue life of the
cylinder head. Regions with minimum fatigue
life are identified as potential crack initiation
zones. Finally, the obtained results are
evaluated to improve cooling design, material
selection, and overall engine durability.
RESULTS AND DISCUSSION

The cylinder head shows maximum
temperature near the combustion chamber and
minimum temperature near cooling passages,
causing thermal stress due to uneven heat
distribution.
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Fig 2: Temperature Distribution
Thermal stress is highly concentrated near
valve seats, valve bridge areas, and bolt holes
due to high temperature gradients and
geometric discontinuities.
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6. FATIGUE LIFE (S-N APPROACH)
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Fig 3: Thermal Stress Results
Maximum deformation occurs near the
combustion chamber due to high thermal
expansion, which may affect sealing

performance and engine efficiency.
TABLE 6.3: DEFORMATION RESULTS (TOTAL DEFORMATION)
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20000 (mm)
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Fig 4: Deformation Results
Fatigue analysis shows that the valve bridge
area has the minimum fatigue life due to
repeated thermal cycling and high stress
concentration.
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Fig 5: Fatigue Life Results

CONCLUSION

The present study successfully analyzed the
thermal stress and fatigue life of an engine
cylinder head using CATIA and ANSYS
simulation tools. The thermal analysis revealed
that maximum temperatures occur near the
combustion chamber, while cooling regions
maintain  lower temperatures. Structural
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analysis showed that high thermal stresses are
concentrated near valve seats, valve bridge
areas, and bolt holes due to uneven thermal
expansion. Fatigue analysis indicated that the
valve bridge region has the minimum fatigue
life and is most susceptible to crack initiation.
The study demonstrates that proper thermal
management, optimized cooling systems, and
suitable material selection are essential for
improving cylinder head durability, engine
reliability, and overall performance.

FUTURE SCOPE

Future work can focus on transient thermal
analysis to simulate real engine operating
conditions involving continuous heating and
cooling cycles. Coupled thermo-mechanical
and CFD analyses can be integrated for more
accurate prediction of thermal stress and
coolant flow behavior. Advanced materials
such as composites, ceramic coatings, and high-
temperature alloys may be investigated to
improve fatigue resistance and heat dissipation.
Artificial  intelligence and  optimization
techniques can also be applied to reduce stress
concentration and improve design efficiency.
Experimental validation of simulation results
and crack propagation studies using fracture
mechanics can further enhance the reliability
and durability of engine cylinder head designs.
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