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Abstract: A Cylinder head is the closed and often detachable end
of a cylinder located in an internal combustion engine. It is
typically found on the top portion of the engine block. The
cylinder head contains such parts as valves, valve seats, guides,
springs and rocker arm supports. The main objective of our
project isto design the cylinder head by using standard formulae
and modeling by using the SOLIDWORKS software. The steady
state thermal analysis is carried by using ANSYS software. In
this project we are analyzing the various thermal properties for
various geometrical shapes of the cylinder head (Rectangle and
Circular) and further correlating the numerical values of the
cylinder heads with the finite element values.
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1. INTRODUCTION

Amit V. Paratwar, D.B Hulwan [1 ] Engine heat tsér and
cooling is always been a crucial area of interest f
improvement of engine performance.CFD methods aots t
used today provide clearer and more detailed data
temperature, flow and pressure variation. Aim abgctive of
the present study is to carry heat transfer as agliflow
analysis of existing cooling jacket of 6-cylindertio after-
cooled medium duty diesel engine and then invetighe
factors affecting cooling performance to optimizee tsaid
parameters through steady state CFD analysis aldatea
them with experimental results. Marcel Divi§ , Riade
Tichanek and Miroslav Spaniel, [2 ] This paper wlnents
the research carried out by Josef Bozek ResearcteCef
Engine and Automotive Engineering dealing with exted
numerical stress/deformation analyses of engines p@aded
by heat and mechanical forces. It contains closestription
of C/28 series diesel engine head FE model andiskgun of
tunning heat transfer analysis and results. Thed headel
consisting of several parts allows describing cctitiéeraction
in both thermal and mechanical analysis.

P.N.Shrirao,Dr. Rajeshkumar Sambhel [3 ] In thisdyg,
thermal analysis is investigated on a conventignatoated)
cylinder head of diesel engine, made of cast iroprevious
stage. Then the thermal analysis is performed dmadsr
head, coated with 3AI203 .2Si02 (mullite) (Al20368%,
SiO2= 40%) material by means of using a commeiciae,

namely ANSYS. Finally, the temperature distributions are

compared with each other. Heat transfer models Heaen

Q

developed for cylinder head with and without thelrma
insulation coating, which is incorporated in thensiated
program. Gas wall heat transfer calculations arsetbaon
Annand’s heat transfer model for IC engines. ThHectfof
coating on the thermal behavior of the cylinder chaa
investigated using finite element analysis. It bagn shown
that the maximum surface temperature of the coeyéidder
head with low thermal conductivity mullite materias
improved approximately by 22-38%.

J. Krishnaveni et al [4] Cylinder head is dical part of an
| C engines cylinder head is used to seal the wgrkinds of
the cylinder and accommodates combustion chambetsin
cavity, spark plug and valves. The heat generated i
combustion chamber ishighly dynamic and allows Mithe
time (few micro seconds) to transfer the heat if distributed
will lead to squeezing of piston due to overheatidgnce an
effective waste heat distribution through cylintiead plays a
very important role in smooth function of | C engirHeat
Transfer through cylinder head consists of condacthrough
walls and convective heat transfer due to surroumdir flow.
As the shape of cylinder head is complex and teaiper
within the combustion chamber is still fairly unkmo.
Conventional methods of evaluating heat transfer \ery
complex. This project aims at evaluating heat fiemhrough
cylinder head using finite element analysis. Geoicedt
models of Cylinder head with and without fins aeveloped
in Auto CAD software .Thus developed models areoeteul
to ANSYS software, and finite element model for rthal
analysis done in ANSYS. Effect of fins on heat #fen
through cylinder is evaluated. M. Fadaei et all The results
of a thermo-mechanical analysis of a natural gatgrmal
combustion engine cylinder head are presentedisnpéiper.
The results are pertinent to the evaluation of lowating
damage in critical areas. The three-dimensionainggoes of
the cylinder head and the water jacket were modejetheans
of a computer-aided engineering tool. Commercialitei
element and computational fluid dynamics codes wessd to
compute details of mechanical stress in the heatl fiwv
details in the cylinder and cooling jacket, respety. A six-
cylinder, four-stroke diesel engine and a sparltigm natural
gas engine were modeled over a range of speeds! &&d.
Computed results, such as maximum allowable cytinde
pressure, output power, BMEP and BSFC, were vailaty
experimented data in the diesel engine model. Esrilts

were in good agreement with experimental data. rEselts
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show high stresses at the valve bridge. Cylindeadhe
temperatures and comparison of output power wigih siress
measurements, often exceeding the elastic limitevi@aund at
the valve bridge.

[ ANALYZING THERMAL PHENOMENA

A thermal analysis calculates the temperatureidigton and
related thermal quantities in a system or comporiEypical
thermal quantities of interest are: The
distributions, The amount of heat lost or gainetherfal
gradients and Thermal fluxes. Thermal simulatiofesy pan
important role in the design of many engineeringliaptions,
including internal combustion engines, turbines, athe
exchangers, piping systems, and electronic comsnén
many cases, engineers follow a thermal analysis aistress
analysis to calculate thermal stresses (that iessts caused
by thermal expansions or contractions).

2.1 ANSY S Supports Two Types Of Thermal Analysis

A steady-state thermal analysis determines the textyper
distribution and other thermal quantities underagdyestate
loading conditions. A steady-state loading conditiz a
situation where heat storage effects varying oveer@od of
time can be ignored. Aransient thermal analysis determines
the temperature distribution and other thermal tties under
conditions that vary over a period of time

2.2 Coupled-Field Analysis

Some types of coupled-field analyses, such as t#ierm
structural and magnetic-thermal analyses, can septe
thermal effects coupled with other phenomena. Apteu+
field analysis can use matrix-coupled ANSYS elersgir
sequential load-vector coupling between separatellations
of each phenomenon.

2.3 Steady-State Thermal Analysis

The ANSYS Multiphysics, ANSYS Mechanical, ANSYS
FLOTRAN, and ANSYS Professional
steady-state thermal analysis. A steady-state tieamalysis
calculates the effects of steady thermal loads systéem or
component. Engineer/analysts often perform a ststate
analysis before performing a transient thermalysigl to help
establish initial conditions. A steady-state anialydso can be
the last step of a transient thermal analysis,operéd after all
transient effects have diminished. Thermal simateti play
an important role in the design of many engineerin
applications, including internal combustion enginesbines,
heat exchangers, piping systems, and electroniqpopnents.
In many cases, engineers follow a thermal analysih a
stress analysis to calculate thermal stresses i&hatresses
caused by thermal expansions or contractions).
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Il MATERIAL & METHODS
3.1 Material Properties Used
Thermal Conductivity = 167 W/m K Specific Heat 8683J/kg
K Density = 2700 kg/fViscosity = 17.95x18 m’/s Film
Coefficient = 1.5 w/rhk

3.2 Solid70 Element Description

temperature

SOLID70 has a 3-D thermal conduction capability.eTh
element has eight nodes with a single degree adém,
temperature, at each node. The element is apicatd 3-D,
steady-state or transient thermal analysis. Thenei also
can compensate for mass transport heat flow frarorstant
velocity field. If the model containing the condingt solid
element is also to be analyzed structurally, teeneint should
be replaced by an equivalent structural elementh(sas
SOLID45). With this option, the thermal parametexse
interpreted as analogous fluid flow parameters. &@mple,
the temperature degree of freedom becomes equivadea
pressure degree of freedom.

SOLIDT0 Geometry
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FIG. 1 SOLID70 ELEMENT GEOMETRY.

3.3 SOLID70 Input Data

The geometry, node locations, and the coordinaséesy for
this element are shown in Figure 5.5 “SOLID70 Getyie
he element is defined by eight nodes and the vdp
material properties. A prism-shaped element, aahetiral-
shaped element, and a pyramid-shaped element raaybal
formed as shown in Figure “SOLID70 Geometry". Ottbpic
material directions correspond to the element doatd
directions. The element coordinate system oriesiats as
described in Coordinate Systems. Specific heatdengity are
ignored for steady-state solutions. Propertiesimmiit default

%s described in Linear Material Properties.

Element loads are described in Node and Elementdd.oa
Convection or heat flux (but not both) and radiatimay be
input as surface loads at the element faces asrsihgwthe
circled numbers on Figure 1 "SOLID70 Geometry". aHe
generation rates may be input as element body laadke
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nodes. If the node | heat generation rate HG (Ihpat, and Degrees of Freedom: TEMP
all others are unspecified, they default to HG(I). Material Properties: KXX, KYY, KZZ, DENS, C, ENTH,
SOLID70 Input Summary VISC, MU (VISC and MU used only if KEYOPT (7) =1
Nodes: I, J, K, L, M, N, O, P
Surface Loads: Convection or Heat Flux (but notpaind
Radiation (using Lab = RDSF) --

face 1 (J-I-L-K), face 2 (I-3-N-M), face 3 (J-K-O-

N),

face 4 (K-L-P-0O), face 5 (L-I-M-P), face 6 (M-N-

O-P)
Body Loads: Heat Generations --
HG(I), HG(J), HG(K), HG(L), HG(M), HG(N), HG(O),
HG(P)
Material Properties:.
The cylinder head is made up of Aluminium materidie
analysis is carried out at worst atmospheric teatpee of
55°C. Thermal

Fig.3 Convectional Temperature Applied On The Swgf@f Cylinder

Head.
conductivity of Aluminium = 167 w/mk Film coeffient

(air) = 1.5 w/mik
Bulk temperature = 318 K (46

3.4 Steady State Thermal Analysis Of Existing
Rectangular Cylinder Head.

3D model of the amplifier developed using Solid kgor

3.4.1 Boundary Conditions For Thermal Analysis

Fig.4 Temperature Distribution At The Bottom Sugac

Temperature generated
of 185 C at the c.c

Fig.2 Temperature Applied On The Surface Of C.C
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Fig. 5 Isometric View Of Temperature distributiof The Cylinder Head
(Top Cover)
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Fig. 6 Front View Of Temperature Distribution Gyier Head
3.5 Total Heat Flux

Heat flux is defined as the amount of heat tramsteper

unit area per unit time from or to a surface. Ibasic sense
it is a derived quantity since it involves, in miple, two

quantities viz. the amount of heat transferred gt time

and the area from/ to which this heat transferdahace.
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Min temp observed

at the top of the top
cover is 160°¢c

Fig 7 Bottom View Of Total Heat Flux Of The CyliadHead

From The above results it is observed that: Maximum
temperature observed at top cover is 160Max temp
observed around combustion chamber area is® 185
C.Maximum heat flux observed at bottom is 0.131 3.

3.5.1 Steady State Thermal Analysis Of Modified
Circular Cylinder Head
3D model of the amplifier developed using Solid ksor

k}/x

100,00 (mrm)
——

Fig 8 Imported To Ansys For Thermal Analysis

MESHING:

Ansys meshing is a component of Ansys workbencé.alt
next generation meshing platform which combinesngiths
of pre-processing offerings from Ansys: ICEM CFD,
TGRID, CFX-MESH, Gambit, etc.
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16608
16338
160.68 Min

Fig.10 Isometric View Of Temperature distribution
Of The Circular Cylinder Head.

3549405 Min

Fig. 11 Temperature Distribution At The Bottom Su#.
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Fig. 12 Isometric View Of Temperature distributioh The Circular
Cylinder (Top Cover)

IV. RESULTSAND DISCUSSIONS

In this project we have calculated the efficienegat loss,
heat flow rate and effectiveness of rectangular @rcular

cylinder head by using standard formulas. The \salae
tabulated in below.

Table 1 Theoretical Values

Mater Thic Heat Effe Effic
ial ness lost tive ency
(mm) (w) ness
Rect Al6061 3 128.64 82.46 32
angular
Circular Al6061 3 151.04 79.46) 35

After completion of theoretical values we creat&ir@odel
in solidworks software and imported the model iANSY S
software to do steady state thermal analysis flouting
nodal temperature and heat dissipation along finghe

rectangular and circular cylinder head. The valaee
tabulated in below.

Table 2 Theoretical Values

Mater | Thic | Nodal Temperature Ther Ther | Effic
ial knes (K) mal Grad mal i
S ient Flux Enc
mm (K/mm) (w/mm y
Inlet outlet 2
%
Al60 3 458 160.7 6.99 0.13 33
61
Al60 3 458 160.6 14.608 0.12 35
61

Mass of the cylinder head Rectangular = 4.096 kgu@ar

= 4.506 kg
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CONCLUSION About the author

By comparing theoretical values with analytical ued of
existing rectangular cylinder head we got equaliesl After
changing cylinder head to circular shape and caimtyche
same experiments with same boundary conditions atehg
difference in the efficiency as around 3% which as
considerable difference. The mass is increasediritular

K. Ashok Reddy: Obtained B.E.-
Mechanical Engineering from Andhra
University, Waltair A. P. in 1984.
After  serving for eight years at
Allywn Volts Ltd, ObtainedPost

cylinder by 10%.In this project we conducted steatiyte Graduate from Indian School of Mine
thermal analysis for free convection for rectanguénd ) (1SM') ,Dhanbad,Bihar in 1995.Since
circular fins. From above results we conducted thie Z 1995, taken Up teaching as a carrier
circular fin are more suitable than rectangulas fiecause in ‘F and completed Ph.D in 2012 fron

this project we have designed a Cy"nder fin bodgd_“n a JNTU Hyderabad T.S. Published 20 research and wevie
Motorcycle and modeled in parametric 3D modelinfjveare ~ Papers in Heat Transfer, Mechanical Design and
Solidworks. We are using Aluminum alloy 6061 and ThermaEngineering.

thickness. The shape of the fin is rectangulararalar. The ) )

default thickness of fin is 3mm. By changing thaysh of the ~ Email: kashokreddy2013@gmail.com

fin, the weight of the fin body increasing therebgreasing

the efficiency. We have done thermal analysis enfith body

by geometry and thickness.
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