IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 10 Issue: XiIi Month of publication: December 2022

DOIl: https://doi.org/10.22214/ijraset.2022.48103

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue X1 Dec 2022- Available at www.ijraset.com

Steady and Transient Analysis of Engine Cylinder
Head with Fins at 300°C and 500°C

Raushan Kumar', Vijaykant Pandey?
M-Tech Research Scholar, RKDF College of Technology, Bhopal (M.P.), India
ZAssistant Professor, RKDF College of Technology, Bhopal (M.P.), India

Abstract: The combustion chamber of a motor cycle's engine cylinder is subjected to high temperatures and thermal strains, on
which fins are attached to cool the cylinder, and fins are given on the cylinder to boost the heat transfer rate. Thermal
investigation of an engine block with fins was performed in this paper. The heat dissipation inside the cylinder may be
determined by doing thermal analysis on cylinder block fins. The premise of cylinder block cooling is to extend the fins across
the cylinder block, increasing the heat transfer rate. The engine block fins' parametric model was created in 3D software
Solidworks, and thermal analysis was performed on the fins with grooves and fins without grooves with and without the block to
determine temperature variation in transient and steady states, that is, with and without considering over time. ANSYS software
is used for thermal analysis. Analysis is also performed on other materials. In this thesis report, two models were produced in
software, and amended designs of the same model were studied, as well as a comparison of two models based on geometry and
material.
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L. INTRODUCTION
The internal combustion engine is a type of engine in which a fuel is burned with an oxidizer (usually air) in a combustion chamber.
The expansion of high-temperature and high-pressure gases produced by combustion gives direct force to a few components of an
internal combustion engine, such as pistons, turbine blades, or a nozzle. This force propels the aspect forward, generating valuable
mechanical electricity. Most modern-day internal combustion engines are cooled using a closed circuit of liquid coolant flowing
through channels within the engine block, where the coolant absorbs warmth, to a warmth exchanger or radiator, where the coolant
releases warmth into the air.
As a result, even though they are ultimately cooled by air, they are referred regarded as water-cooled due to the liquid-coolant
circuit. In comparison, heat created by an air-cooled engine is released directly into the air. Typically, this is helped by metallic fins
overlaid on the exterior of the cylinders, which increase the surface area on which air may act. In all combustion engines, a large
proportion of the heat generated (approximately forty four%) leaves via the exhaust, not via a liquid cooling mechanism or the
metallic fins of an air-cooled engine (12%). Approximately 8% of the heat electricity finds its way into the oil, which, while
generally intended for lubrication, also plays a role in heat dissipation via a cooler. There are three types of heat transmission. The
first is conduction, which is defined as heat transmission via a medium.
Without bulk motion of the substance, intervening should be counted. A stable has two floors, one at high and one at low
temperatures. This type of heat conduction can occur in a jet engine, for example, through a turbine blade. The outside floor, which
is exposed to gases from the combustor, is hotter than the inside floor, which has cooling air following it. Convection, or heat switch
due to a flowing fluid, is the second heat transmission system. The fluid can be a gas or a liquid, and both have uses in aircraft
generation. The warmth is transferred by bulk transfer of a non-uniform temperature fluid in a convection warmness switch. The
0.33 process involves the transport of electrical through space without the presence of matter. Radiation is the most effective heat
switch technique in the area. Even when there is an intervening medium, radiation can be critical; a common example is heat
transfer from a gleaming piece of metal or from a fireplace.
Convective heat transfer between surfaces and surrounding fluid can be improved by introducing slender strips of metallic known as
fins. Extended surfaces are another name for fins. When available surfaces are insufficient to transmit the needed amount of heat,
fins can be employed. Fins are synthetic and come in a variety of sizes and shapes depending on the use. Air cooling for an
integrated circuit The engine is a well-known example of an air cooling system in which air serves as a medium. Heat generated in
the cylinder can be dissipated into the environment via conduction mode via the fins or extended surfaces used in this device, which
can be included around the cylinder.
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Figure 1 [12]

ILLITERATURE REVIEW
Pulkit Agarwal etc. [1] simulated the heat transfer in motor cycle engine fan using CFD analysis. It is observed that ambient
temperature reduces to the very low value; it results in over cooling and poor efficiency of the engine. They have concluded that
over cooling also affects the engine efficiency
Magarajan U et.al. [2] have studied heat release of engine cylinder cooling fins with six numbers of fins having pitch of 10 mm and
20 mm, and are calculated numerically using commercially available CFD tool Ansys Fluent. The engine was at 150 C and the heat
release from the cylinder was analyzed at a wind velocity of 0 km/h. Their CFD results were mostly same as that of the
experimental results. So, they concluded that, it is possible to modify the fin geometry and predict those results, changes like tapered
fins, providing slits and holes in fins geometry can be made and the optimization of fins can be done. A.K. Mishra et.al. [3] carried
out transient numerical analysis with wall cylinder temperature of 423 K initially and the heat release from the cylinder is analyzed
for zero wind velocity.
The heat release from the cylinder which is calculated numerically is validated with the experimental results. To increase the
cylinder cooling, the cylinder should have a greater number of fins. However, the cylinder cooling may decrease with an increased
number of fins and too narrow a fin pitch.
G. Babu and M. Lavakumar [4] analyzed the thermal properties by varying geometry, material and thickness of cylinder fins. The
models were created by varying the geometry, rectangular, circular and curved shaped fins and also by varying thickness of the fins.
Material used for manufacturing cylinder fin body was Aluminum Alloy 204 which has thermal conductivity of 110-150W/mk and
also using Aluminum alloy 6061 and Magnesium alloy which have higher thermal conductivities. They concluded that by reducing
the thickness and also by changing the shape of the fin to curve shaped, the weight of the fin body reduces thereby increasing the
efficiency.
The weight of the fin body is reduced when Magnesium alloy is used and using circular fin, material Aluminum alloy 6061 and
thickness of 2.5mm is better since heat transfer rate is more and using circular fins the heat lost is more, efficiency and effectiveness
is also more. S.S.
Chandrakant et.al.[5] conducted experiments for rectangular and triangular fin profiles for air velocities ranging from 0 to 11 m/s.
Experimental and CFD simulated result proves that annular fins with rectangular fin profiles are more suitable for heat transfer
enhancement as compared to triangular fin profiles. Surface temperature of triangular fin profile is higher than rectangular fin
profile at different air velocity. Heat transfer coefficient increase with increases with increases in velocity in both profiles. In
comparison of both profile rectangular fin profile have higher heat transfer coefficient than triangular fin profile.

1. CFD
Computer primarily based simulation is mentioned during this chapter. procedure simulation is technique for examining fluid flow,
heat transfer and connected phenomena like chemical reactions. This project uses CFD for analysis of flow and warmth transfer.
CFD analysis accepted go in the various industries is employed in R&D and producing of craft, combustion engines and in
powerhouse combustion similarly as in several industrial applications.
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A.  Why Computational Simulation

Three-dimensional (3D) numerical analysis of whorled coil tubes is dispensed by victimization business CFD tool ANSY'S 18.2. this
can become troublesome and time overwhelming, if this analysis is dispensed by experimentation.

Experimental setup is extremelyexpensive that's why in my work | take facilitate of CFD to create it easier and fewer time
overwhelming.

B. Computational Fluid Dynamics

Computational fluid dynamics, because the name implies, could be a subject that deals with procedure approach to fluid dynamics
by means that of a numerical resolution of the equations that cause the fluid flow and though it's known as procedure fluid
dynamics; it doesn't simply wear down the equations of the fluid flow, it's conjointly generic enough to be ready to solve at the same
time along the equations that direct the energy transfer and similarly the equations that verify the chemical process rates and the way
the chemical process takings and mass transfer takes place; of these things may be tackled along in a regular format.

So, this define permits America to wear down a really complicated flow circumstances in fairly quick time, specified for a specific
set of conditions, associate degree engineer would be ready to simulate and see however the flow is happening and what quite
temperature distribution there's and what quite product area unit created and wherever they're fashioned, in order that {we can|we
willjwe area unit able to} build changes to the parameters that area unit below his management to switch the approach that these
items are happening.

So, therein sense procedure fluid dynamics or CFD becomes a good tool for a designer for associate degree engineer. it's conjointly
a good tool for associate degree associate degreealysis for associate degree examination of a reactor or an instrumentality that isn't
functioning well as a result of in typical industrial applications, several things is also happening associate degreed what a designer
has had in mind at the time of fabricating or coming up with the instrumentality won't be really what an operator of the
instrumentality introduces into the instrumentality at the time of operation, perhaps once 5 years or 10 years changes might need
taken place in between; and in such a case, the presentation of the instrumentality won't be up to the quality and you'd wish to
modify it in such some way that you just will restore performance.

So, the question is then, what this can managed to the autumn within the performance associate degreed what quite measures we are
able to build while not creating an overall adjustment within the finish of apparatus. Is it potential to urge improved performance
from the equipment? Is it potential to extend the productivity? If you wish to appear on of these analysis, then procedure fluid
dynamics is employed.

IV. METHODOLOGY

1) Stage 1: Aggregation data and information identified with cooling blades of IC motors.

2) Stage 2: An absolutely parametric model of the motor square with balance is made in Solidworks

3) Stage 3: Model got in Step an attempt of is investigated utilizing ANSYS 18.2 (Workbench), to get the warmth or warmth rate,
warm angle and nodal temperatures.

4) Stage 4: Manual computations are finished.

5) Stage 5: Finally, we will in general will in general check the outcomes got from ANSY'S 18.2 and manual calculations for
totally unique material, shapes and thickness.

A. Transient Thermal Analysis

Transferring different temperatures after a while is desirable for some applications such as cooling electronic packages and final
heat treatment inspection.

The temperature cycle is fascinating together, involving a hot load that can cause frustration. In such cases, temperatures from
transient or unsteady thermal studies are used as a data source or used as initial test start conditions for thermo-baric valuation.
Temporal hot probes are performed using ANSYS or Samcef problem solvers.

Intermittent hot testing is involved in many hot motion applications such as heat treatment issues, electronic package fashions and
styles, fountains, motor squares, pressure vessels, and fluid structure related issues.
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V. RESULTS
Engine Fins model geometry with aluminium alloy 6061

Fig.3 Fins meshing Al 6061 materials meshing

No. of Nodes 110096
Elements 60954
Table 1 : Meshing Statistics

Fig.4 Fins Al 6061 materials directional heat flux transient at 300 °C
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Fig.5 Fins Al 6061 Steady directional heat flux at 300° C
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Fig.6 Fins Al 6061 materials total heat flux at 300°C transient
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Fig. 7 : Fins Al 6061 materials total heat flux at 300°C steady
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Fins Al 6061 materials temperature at 300°C steady
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Fig.11: Fins Al 6061 materials directional heat flux at 500°C steady
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Fig.12: Fins Al 6061 materials total heat flux at 500°C transient

B: Steady-State Thermal
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Fig. 13 : Fins Al 6061 materials total heat flux at 500°C steady

A: Transient Thermal
Temperature

Type: Temperature
Unit: °C

Fig.14: Fins Al 6061 materials temperature at 500°C transient
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Fig. 15 : Fins Al 6061 materials temperature at 500°C steady

Table 1 Result Analysis

Temperat | Steady | Transient | Steady Transient Steady Transient
ure given | Directio | Direction Total Total Heat | Temperatur | Temperatur
to an nal heat al Heat Heat Flux e ‘c)

engine flux flux flux (W/m?) ‘c)
head (Wim?) | (W/m?) | (W/m?)
At300°C | 13932 | 3.2*10° | 46231 | 4.2*10° 299.8 298.9
At500°C | 28245 | 4.2*10° | 52006 4.8*10° 499.1 498.9

VI. RESULT & DISCUSSION
An ad hoc worm research tool built with ANSYS Workbench R 18.2 and a logic programming framework improved a restricted
number of experiments. Actual and predicted transient normalised convective heat transfer rates from each engine type, based on
grouped major geometric characteristics. The fins of the engine housing head are briefly examined for heating at internal
temperatures of 300 oC and 500 °C for enhanced geometrical parameters and extended heat transmission from the IC engine.
It does a transient heating test in a real-world setting with an ambient temperature of 40°C.
The geometry at 300°C and 500°C for aluminium 6061 exhibits total temperatures of 298.90°C and 498.90°C in transient and
299.80°C and 499.10°C in steady state.

VII.  CONCLUSION

Using the 100cc Hero Honda Cruiser engine head model and the Solidworks 3D screen-planning framework software package, and
balance body materials to the internal balance center of amalgam and dark cast iron, this white paper compiled a set of housing
geometry for the engine head. I used aluminum 6061 with rectangular shape at 300°C and 500°C.
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