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Abstract:- This work is a contribution to the mechanical and thermomechanical analysis of the damage parameter
of a compression ratio engine through the study of the cylinder head. The numerical method through COMSOL
multiphysics, MATLAB SIMULINK software and the analytical method through the Love-Kirchhoff theory of
thermal conduction were the only methods used. From the Navier method, the Lagrange equation was solved in
order to obtain the mechanical deformation, the method of separation of the variables allowing to solve the Laplace
equation made it possible to obtain the thermal conduction field of the cylinder head. This led to the
characterization of the VON MISES stress and the damage parameter. In addition, the various simulations also
made it possible to provide information on the said constraint and the said parameter. The outcome of these
analyzes showed that the damage parameter is a worrying factor given its value, although the energy efficiency
of the engine with variable compression ratio is significant according to numerous studies on the subject.
Knowledge of this parameter and its mastery will make it possible to better understand all the conceptual and
technological phases of this engine, the latter which will bring more efficiency in terms of energy, mechanics and
thermomechanics. The outcome of these analyzes showed that the damage parameter is a worrying factor given
its value, although the energy efficiency of the engine with variable compression ratio is significant according to
numerous studies on the subject. Knowledge of this parameter and its mastery will make it possible to better
understand all the conceptual and technological phases of this engine, the latter which will bring more efficiency
in terms of energy, mechanics and thermomechanics. The outcome of these analyzes showed that the damage
parameter is a worrying factor given its value, although the energy efficiency of the engine with variable
compression ratio is significant according to numerous studies on the subject. Knowledge of this parameter and
its mastery will make it possible to better understand all the conceptual and technological phases of this engine,
the latter which will bring more efficiency in terms of energy, mechanics and thermomechanics.
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1. Introduction

A heat engine is an engine that transforms thermal energy into mechanical energy and all damage of any kind
whatsoever constitutes what is called damage. Studies on the performance of the thermal engine and the
phenomena of damage have been carried out and continue to arouse interest for scientific development. In terms
of modeling energy performance, MERABET ABDERREZAK [1] has contributed to the study of exchange
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phenomena in an atmospheric diesel engine, essentially based on the modeling and calculation of factors
impacting the performance of a diesel engine. variable compression ratio, concluding that variable compression
ratio improves performance. Adrian CLENCI and Pierre PODEVIN [2] have concluded that the variable
compression ratio offers hope for a 35% fuel saving at partial loads for supercharged automotive engines with
small displacements and high specific powers, despite the advantages and disadvantages presented by the variable
compression ratio engine[12]. In terms of damage phenomena, in January 1943 the one-day-old Tanker T2 SS
Schnactady cracked at sea, in January 1998 a ship sank in newfoundland. In our companies, certain failures of
unknown causes have the effect of reducing engine performance. Is this how a question arises? Does the energy
performance of a variable compression ratio engine have an impact on its damage? A mechanical then
thermomechanical study of the damage parameter will then be carried out both analytically and numerically.

2. Methods
2.1 Analytical Method
2.1.1 Physical Modeling of the Problem

The cylinder head of our variable compression ratio engine in the context of our study can be likened to a thin
plate with the following representation:

A

v

Fig.1 Simplified shape of a cylinder head
2.1.2 Mathematical Modeling of the Problem
2.1.2.1 Thermal Modeling of the Cylinder Head

The cylinder head is made of a homogeneous and isotropic material. The cylinder head is also made of a heat
conducting material. Assuming that the regime is permanent, we have:

i} v 0
Pocy 5, = Kot & AT = %a—: Eq (1)
. 2%t %t %t
WIthT—T(x,y,z)(:>ﬁ+ﬁ+a?—0 Eq (2)

Equation (2) is Laplace's equation.

2.1.2.2 Mechanical Modeling of the Cylinder Head

2.1.2.2.1 Modeling of the Deformation of the Cylinder Head
From [12] we have :

4 4 4
Y2+ =2 Eq (3)

Viw =
ax2ay? = ay D

T axt

This the expression of the deformation is the Lagrange equation.
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4 4 4
P R Eq (4)

Viw = ——
ax2ay2  ay* D

T oaxt

In general mechanics [12], in the automobile field, the so-called light alloy aluminum alloy can be used with
respect to their very low density compared to common metals. We can take the aluminum alloy AS12U whose
chemical designation is AlSi12Cu, the density, the modulus of elasticity, the mechanical resistance the Poisson's
ratio2.70 g/cm374 000 MPa300 MPa, 0.33.

2.1.2.2.2 Mechanical Modeling of the Von Mises Stress of the Cylinder Head

The plane stresses of our cylinder head in the form of a thin plate are:

Ez (3*w 2%w

o= (GE+vee) Eq)
Ez (0w 2%w

oy =155t ves) Eq (6)
Ez [ 3%*w

Oxy =~ 1+v (6x6y) Eq(7)

The main constraints are:

1 2
0 =3 [(Gx +ay) - \/(Gx —0gy) + 4ny2J Eq(8)

1 Ez (93*w a%w Ez (3w 22w
% =3 (‘m(a—xzwm) —m(m”ﬁ)) -

2 2 2 2 z 2
e (w0t Es otw o otwy\| L, B 0tw),
( 1-v2 (axz tv ayz) + 1-v2 (0y2 tv 0x2)) +4 1+v (Bxi)y)) Eq (9)
0y = 0y Eq (10)
1 2

o =3 [(ax + cry) + \/(crx - cry) + 40,0,2] Eq (12)

1 Ez (0%’w 2%w Ez (3*w 2w
Onr = 2 <_ 1-v2 (6x2 tv 6y2) T2 (ayz tv 6x2)> +

2
_ _Ez 92w 92w Ez (9%w 32w _ Ez 2w\,
\/( 1-v2 (axz tv ay2) + 1-v2 (ayz tv axZ)) + 4( 1+v (axay)) Eq (13)

Thus with the previous expressions, according to VON MISES the stress of the cylinder head is:

1
OvONMISES = \[E (o111 — 01)? + (011 — 071)? + (0711 — 07)?] Eq (14)

1
OMECAVONMISES = \[E (o1 — 01)% + 0,2 + 0y1?] Eq (15)

2.1.2.2.3 Mechanical Modeling of Cylinder Head Damage

Given this parameter, the relationship between the theoretical and practical stress is as follows: d,¢cq

athéorique = (1 - dméca)apratique Eq (16)
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dipgcq = 1 — 722 Eq (17)
Opratique
drsea =1 — UMECAI;OeNMISES Eq (18)

2.1.2.3 Thermomechanical Modeling of the Von Mises Stress of the Cylinder Head

It is expressed as follows:

OTHERMOMECAVONMISES = OmEcavonmises + KoAT Eq (19)
2.1.2.4 Thermomechanical Modeling of Cylinder Head Damage

Given this parameter, the relationship between the theoretical and practical stress is as follows: dermomeca

o-théorique = (1 - dthermoméca)apratique Eq (20)
_ Othéorique
dthermoméca =1- o ) Eq (21)
pratique
_ OTHERMOMECAVONMISES
dthermoméca =1- oo Eq (22)

2.1.3 Methods for Resolving Certain Analytical Models

2.1.3.1 Method of Separation of Variables With A View To Resolving the Thermal Conduction Equation
(Laplace Equation)

Using the method of separation of variables, we assume that the solution to equation (2) is:
(x,y,2) = X()Y()Z(2) Eq (23)

Using equation (3), we have the expansions of the following partial derivatives:

ot X 927 92X
w - Vim0
ot aYy 92t 92y
oy = X050, = 5 =X Faeh
ot oz 927 9%z
Equation (24) in equation (2) gives:
92X 2%y 9%z
YZ@‘FXZW-FXYB?—O EC](25)
By dividingXYZ by equation (25) we have:
2 2 2
104X 10°Y 16220 Eq(26)

xox? ' voy? ' zdz?
The variables are independent variables, so equation (26) exists if and only if each of the three terms of this
equation is constant.x, y, z

192X _ 5 18%

[l o' _ 2
Case'xaxz m 'Y ay? n“,mn € R
19%x 2 . 02X 2
2 = = — =
X 0x2 m dx2 m°X
a2x 2
= — — =
oz MmX=0
= X(x) = Ae™ + Be ™™, A,BER
192y 5 9% 2y Eq (27)
P = — =
Y dy? n dy? n
a%y 2
>—-nY=
32 0

\=>Y(y) =Ae™ +Be™, A,B'€R
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10%x 1d2%y

By substituting the values}ﬁ,;ﬁ in equation (27), we have:
2
- %%zmz + n? Eq (28)

By settingA? = m? + n? we have:

2_ _ 19z

A= Z 0z2

3’z _
S om - ML Eq (29)

2
=221 2z2=0
0z
= Z(z) = A"cos (Az) + B"sin (Az), A",B" € R
Plugging the valuesX, Y, Z into equation (23), the general solution is:
t(x,y,z) = (Ae™ + Be ™) (A'e™ + B'e ™) (A" cos (1z) + B''sin (1z)) Eq (30)

The boundary conditions are:

T (x, v, g) =Ty, T4 is the exhaust temperature Eq (31)

T (x, y,— g) =T, T, is the inlet temperature Eq (32)
By applying the boundary condition of equation Eq (31) to equation Eq (30), we have:

(Ae™ + Be ™) (A’e™ + B'e ™) (A" cos(Az) + B" sin(1z)) = Tga = (Ax+B)=1,(Ae™ +

Be ™) (A'e™ + B'e™™) (A" cos (/1 %) + B" sin (A%)) =T, Eq (33)
By applying the boundary condition of equation Eq (32) to equation Eq (30), we have:

(Ae™ + Be ™ )(A'e™ + B'e™™)(A" cos(Az) + B" sin(Az)) =T, = (Ax + B) = 1, (4de™ +

Be ™X)(A'e™ + B'e™™) (A” cos (/1 (— g)) + B" sin (l (— g))) =T, Eq (34)
The boundary conditions can also be expressed in this way:
x=0A4+B=1=>B=1-A4
{x=a,Aem“+Be'm“=1=>A=:;n%=>3=izz—;e_tm Eq (35)
y=0A+B =1=B =1-4'
{y =qAe™+Be™M=124= :;:l—a__ll =>B' = —22::2111(1 Eq (36)

z=—h/2,A"cos (A(—3)) + B"sin (A(-2)) =T,

Tg+Tq

w_ Tg—Ta Eq (37)

h h
= h/2,A"0os A% + B'sin A1) = T, = 4" = 10 Ta_ g _ ToTa_
z="h/ cos (A7) + B"sin (A7) =T, 205 45 o

The temperature field is therefore:
_ ema_q mx eZma_ema mx ea_1q ny eZna_ena _ny Tg+Ta
t(xy,2) = ((ezm“—l) e+ ( e2ma_g )e (ezn“—l) e+ ( e2na_q >e Zcos(lg) cos(42) +

( Tg~Ta )sin(/lz)) Eq (38)

2sin(23)
2.1.3.2 Navier Method for Solving the Lagrange Equation

Lagrange's equation was solved in 1820 by Navier for the case of a rectangular plate simply supported on its four
edges.
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From [12] we have:

W(x,y) = Sh2y Bhe —2m s sin (") sin (*2) Eq (39)
(253

2.2 Numerical Method
2.2.1 Simulation with Matlab

MATLAB is a software allowing to carry out scientific calculations and engineering simulations by the means of
the sub programs previously elaborated. Thus the expressions of the temperature resulting from the method of
separation of the variables, the deformation resulting from the method of Navier and the parameter of damage are
calculated. Several other simulations are made in the same orientation allowing to appreciate the evolution of all
the parameters related to the deformation and the damage. The calculationflowcharts are as follows:

Enter the calculation parameters (Geometric characteristics ofthe cylinderhead,
values at the temperature limits)

Result

v

END

Fig.2 Temperature calculation flowchart in MATLAB

Enter the caleulation parameters (Combustion pressure, Young's Modulus, Cylinder head thiclness,
Poisson's ratio, geometric characteristics of the cylinder head, etc)

¥
[ Calculaticn of bendingstiffness ]

| Enter the field for the position values of the cvlinder I

h 4
| Enter the 1mitial values of the deflection of the cvlinder |

v

Caleulation of uniform pressure

v

Calculation of the deformation

v

Result

END

Fig.3 Deformation calculation flowchart in MATLAB
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Start

v

Reminder of the deformation calculation subroutine

v

[ Calculation of the mechanical stress of VON MISES

v

Result

'

End

Fig.4 Flow chart for calculating the VON MISES stress in MATLAB

Start

Reminder of the mechanical stress calculation subroutine

Reminder of the temperature field calculation subroutine

Calculation of the VON MISES thermomechanical stress

Results

End

Fig.5 Flowchart for calculating the thermomechanical stress of VON MISES under MATLAB

Beginning

A
Enter the value of the practical stress of the cylinder

Reminder of the subroutine for calculating the type of VON MISES stress

Calculation of the damage parameter

Result

A
END

Fig.6 Flowchart of calculation of the parameter of damage under MATLAB
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Thus the subroutines under MATLAB according to the flowcharts of the figures, Fig.2, Fig.3, Fig.4, Fig.5, Fig.6,
will provides us with practical data.

2.2.2 Simulation with Comsol Multiphysics

The COMSOL Multiphysics software is a scientific software which makes it possible to model a material system
by integrating all the physical parameters surrounding it. The values of the deformation, the VON MISES stress
and other surrounding factors were obtained by computer simulation. The calculationflowchartis as follows:

[ Starting COMSOL multiphysics ]
|

| Choice of the studv benchmark - Choice of the type of study (Mechanical structure) - Choice of the type of

v

Definition of the parameters or geometric charactenstics of the plate ]

v

Physical modeling of the cylinder head with integration, constituent material, applied load, initial and
boundarv conditions

v

| Choice of mesh type |

Fig.7 Calculation flowchart under COMSOL multiphysics

Thus the sub-simulation under COMSOL according to the flowchart of the figure, Fig. 7, will provides us with
practical data.

3. Results and Discussion

A subroutine developed under MATLAB to calculate the temperature field of the cylinder head and a simulation
under the COMSOL Multiphysics software gives this:

Temperature curves
900 T

T
X 0.002
Y 900

800 Temperature curve at ev=18 in red color

Temperature curve at ev=13 5 in blue color

~
=]
S

X 0.002

Y 600
600

Cylinder head temperature T(K)

300 L L | 1 ! | |
-2 -5 -1 05 0 05 1 15 2
Thickness h(m) of the cylinder head %1078

Fig.8 Cylinder head temperature curves in MATLAB
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The figure Fig.8 presents the behavior of the temperature of the cylinder head after compilation of the subroutines
under MATLAB

A simulation under COMSOL Multiphysics, we have:

Line Graph: Temperature (K)

Surface: Temperature (K)

AB00
580

560

550

520

500

500

460

440

W/
Temperature (K)

450

400

400 280

[ ] 350 340

320

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
v Arc length

€Y (b)

Fig.9 Temperature curves of the cylinder head at intake, (a) Evolution of the temperature of the cylinder
head in 3D, (b) Temperature curve according to the thickness

Surface: Temperature (K)
Line Graph: Temperature (K)
A 900

Temperature (K}

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
¥305 Arc length

(@) (b)

Fig.10 Temperature curves of the cylinder head at the exhaust, (a) Evolution of the temperature of the
cylinder head in 3D, (b) Temperature curve according to the thickness

The figures Fig.9 and Fig.10 show the behavior of the temperature of the cylinder head after simulation under
COMSOL.

Figure Fig.11illustrates the representation according to the extreme compression ratios of the deformations:

4487



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 6 (2023)

12 210 & Curves of the deformations
T T

X 0.046
Y 0.0001085

1= Curve of the deformation ev=13.5 in red color
Curve of the deformation ev=18 in blue color

o
@
T

X 0.04508
Y 6.895e-05

Distorsion w(m) of the cylinder head
>
T

X 0.09108
Y 7.756e-08

1 ! ! ! ! 1 ! !
(] 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.00 01
Side a(m) of cylinder head

Fig.11 Curve of the different deflections from a sub-program developed in MATLABg,, = 13,5 and €, =
18

According to the subroutine developed under MATLAB, ate,, = 13,5 the yoke bent to the position, the yoke bent
to the position according to the mark in Fig.12.  w,,;, = 6,902.107°m (0,046 m, 0,046 m) &, = 18 w4, =
10,85.107°>m (0,046 m, 0,046 m)

Timoshenko S and Woinowsky-Krieger S (1959), presented analytical solutions of the deformations of the plates
requested in bending according to certain requests. Thus a square plate simply supported with a load applied

uniformly, presents a deformation in the formw,.; = 4,062.1073 q%l, g being the uniformly distributed load, a
the side of the plate, D the bending stiffness[12]. So we have:

A with P= 105000 N/m2.¢, = 13,5 w,or = 6,8988.10°m
Has withP = 165000 N/m? .¢, = 18 w,or = 10,841.1075m

Discrepancies are observed between the deformation resulting from the sub-program and the reference
deformation from t00.0464 % ¢, = 13,5, 0f0.0829 % Toe, = 18. These deviations being less than, we can say
that the results from the sub-program are satisfactory. 0,5 %

The simulation under the COMSOL software presents the values of deformations and stresses of VON MISES in
the form of the following figures:

Surface: von Mises stress (MN/m?) Contour: Total displacement (m)

A 6.8261x10° A 1.7324x107
=107® =107
= 68.261

Pt 64.936
el 51.611

= 58.287

= 54.962 1.4
51.637
48,313 12
44.988

41.664

{ 35

o L 0 80 T w0
x10°% 28.365 %107

= 25.04 0.6
= 21.716
b{ 18.391
pee{ 15.067 0.4

z = 11.742

L = 84174 0.2

¥

ml 5.0928
¥5.0928x10° ¥ 1.1463x10°

Fig.12 VON MISES deformation and stress curves from the simulation under COMSOL
multiphysicse,, = 13,5
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Surface: von Mises stress (N/m?) Contour: Total displacement (m)

A 1.0716x107" A 27223x107

%1078 =107
= 10.716
pm 10,177
2.5
b=l 0.6386
fs 0.1
=l 5.5613
B8.0227 5
7.4841
18 e ——————— 5458
— — 45.4068
107 - - =
T ——ell— T [T
o s
o 20 a6 50 #7989 Faamo
% -3
x10°% 4.2523 ®10
=t 3.7137 1
s 3,175
bl 2.6364
p 2,0978
0.5
2 el 1.5501
pm 1.0205
I—- y
bl 0.4819

¥ 4.8186x10° W 1.8014x10°

Fig.13 VON MISES deformation and stress curves from the simulation under COMSOL
multiphysics €, = 18

The figures Fig.12 and Fig.13 show the behavior of the deformations and the VON MISES stresses of the cylinder
head after simulation under COMSOL

According to the previous curves from the COMSOL multiphysics software, the maximum deformation values
are as follows:

A with P= 105000 N/m2.&, = 13,5 W = 6,8261.10"5m
Has withP = 165000 N/m?2.&, = 18 Wyqy = 10,716.10 5m

The differences between the deformation resulting from the MATLAB sub-program and the COMSOL
multiphysics software are from t01,0996 % ¢, = 13,5, 0f1,2350 % Tog, = 18. Thus the results of the
subroutine and of the COMSOL multiphysics software are satisfactory with deviations less than.1,5 %

The simulation under MATLAB of the subroutine for calculating the stress of VO N MISES presents the following
CUrves:

<107 Von Mises stress Curves
£ T T T T

Xo X 0.092
Y 27770000 Y 27770000

25 *
Won Mises stress curves at ev=13,5 in red color
Von Mises stress curves at ev=18 in blue color

X 0.092
Y 17670000

2
X0
Y 17670000

Von Mise Stresses (N/m.m) of the cylinder head
0

05

X 0.046
Yo

I I I 1 1 1 I I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Side a(m) of cylinder head

Fig.14 VON MISES stress curves at and from simulation under MATLABg,, = 13,5¢, = 18

o
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According to the previous curves of the VON MISES stresses resulting from the simulation under MATLAB, the
maximum values are as follows:

A With P= 105000 N/mz.sv = 13,5 UVONMISESmin = 1,767. 107 N/mz
HaS Withz 165000 IV/TTL2 .Sv = 18 JVONMISESmax = 2,777. 107 N/mz

Once again, according to the previous curves from the COMSOL multiphysics software, the maximum stress
values of VON MISES are as follows:

Awith P= 105000 N/m?. &, = 13,5 yonmisesmin = 1,7324.107 N/m?
HaS WithP = 165000 N/mz S,, = 18 JVONMISESmax = 2,7223. 107 N/mz

The differences between the VON MISES constraint resulting from the MATLAB subroutine and the COMSOL
multiphysics software are from t01,958 % ¢, = 13,5, 0f1,969 % Toe, = 18. Thus the results of the subroutine
and of the COMSOL multiphysics software are satisfactory with deviations less than.1,5 %

Having the values of the stresses of VON MISES, the simulation of the subroutine of the parameter of damage
under MATLAB presents the following curves:

Damage curves

1 T T

0.98 —

=

w0

p
T

o

o

=
T

X0
Y 0.9411

X 0.092
Y 0.9411

Cylinder head damage parameter
o =
w w
B =]
T T

=

w0

[
T

Damage curves at ev=13,5 in red color
0.92 - Damage curves at ev=18 in blue color

X0
0.91 | Y 0.9074

X 0.092
Y 0.9074 |

I | I | | | I | I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.1
Side a(m) of cylinder head

0.9

Fig.15 Curves of the damage parameter a and a from the simulation in MATLABg, = 13,5¢, = 18

The figures Fig.14 and Fig.15 present the behavior of the VON MISES stresses and cylinder head damage
parameter after compilation under MATLAB.

According to the preceding curves of the parameter of damage resulting from the simulation under MATLAB, the
values are the following ones:

A with P= 105000 N /m?2.e, = 13,5 dpn = 0,0589
Has with P = 165000 N /m?2e, = 18 dpyqy = 0,0926

It is observed that the cylinder head bends and damages more in the center of the plate and that these bending and
damage factors are more intense at a compression ratio compared to a compression ratio. Although the variable
compression ratio engine improves performance, the deformation and damage parameter of its cylinder head are
large, therefore increasing its risk of damage.e, = 18 ¢, = 13,5
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By varying the combustion pressure between its minimum and maximum value at a few points, we have the space
of values of the damage parameters in the form of the following table:

Table 1. Some maximum values of the damage parameters depending on the combustion pressures
resulting from a subroutine calculating the damage parameter under MATLAB

Some values of the maximum
combustion pressure (N/m2)

Damage Parameter 0.0589 0.0673 0.0757 0.0841 0.0926
Thus the parameter of damage according to the maximum pressure is represented as follows:

105000 120000 | 135000 | 150000 165000

Curve of the maximum damage parameter as a function of the maximum combustion pressure
0.085 T T T T T T

X 165000

0.09 — Y 0.0926 —

0.085 — -

X 135000
Y 0.0757

0.075 — -

0.07 —

Maximum damage parameter

0.065 — I

X 105000
0.06 — Y 0.0589 -
.

0.055 | 1 1 1 | 1
1 1.4 .2 13 1.4 156 16 1.7

Maximum combustion pressure (N/m.m) %10%

Fig.16 Curve of the maximum damage parameter as a function of the maximum combustion pressure
taken from MATLAB

The function resulting from curve is a linear line of expression:
d=5,6.10"P + 9,9462.105Eq (40)

By varying the combustion pressure between its minimum and maximum value at a few points, we have the space
of the values of the deformations in the form of the following table:

Table 2. Some values of the deformation as a function of the combustion pressures taken from a
subroutine calculating the deformation in MATLAB

Some values of the maximum

combustion pressure (N/m2) 105000 120000 135000 150000 165000

Maximum deformations (m) | 6,902.107> | 7,8875.107°> | 8.8734.107> | 9.8594.107> | 10.85.107°

Thus the maximum combustion pressure as a function of the maximum deformation is represented as follows:
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Maximum deformation {mj)
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Fig.17 Curve of the maximum deformation as a function of the maximum combustion pressure from

MATLAB

The function resulting from curve is a linear line of expression:

W = 6,5699.1071%d + 3,674710 8Eq (41)

From the two previous relations we have:

d = 852.3828w + 6,8140.10°Eq (42)

The curve associated with the previous relationship is as follows:

Maximum damage parameter

Curve of the maximum damage parameter as a function of the maximum deformation
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0075
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.

X 0.0001085

Y 0.09255 —

X B.873e-05
Y 0.0757

X 6.902e-05

6.5

7 75 8 85 9 95 10 105 1
Maximum deformation (m) %10

Fig.18 Curve of the maximum damage parameter as a function of the maximum deformation from

MATLAB

The figures Fig.16, Fig.17, Fig.18, present the behavior of the mechanical parameters of the cylinder head after
compilation under MATLAB.
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It is noted that the more the deformation evolves, the damage increases. At maximum combustion pressure, i.e.
with a damage parameter 0f0.09255, this damage has a deviation 0f57.13%with that at the minimum combustion
pressure, i.e. 0.0589. Once again it appears that the improvement in the energy efficiency of our variable
compression ratio engine is reflected in a higher risk of damage to our cylinder head in its simplified form.

By simulation on the COMSOL Multiphysics software, we have the following VON MISES thermomechanical
constraints:

Surface: von Mises stress (N/m?)

A 1.7876x10%?
x1013

1.6
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SO

1074 O

-se—111

0.8
o—= 20 20 80 =80 Pa&mo
%1072
L1 06

x1073

0.4

0.2

N
v
<

¥ 2.2626x10"!

Fig.19 VON MISES thermomechanical stress curve from the simulation under COMSOL
multiphysicse,, = 13,5
Surface: von Mises stress (N/m?)

A 3.431x10%3
x1013

¥ 1.133x10!

Fig.20 VON MISES thermomechanical stress curve from the simulation under COMSOL
multiphysicse,, = 18

The figures Fig.19, Fig.20, present the behavior of the VON MISES stresses of the cylinder head after simulation
under COMSOL.
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The simulation of a subroutine under MATLAB presents the following thermomechanical constraints:

35

WVON MISES thermomechanical stress (N/m.m)
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Fig.21 VON MISES thermomechanical stress curves from MATLAB

01

The simulation of a subroutine under MATLAB presents the following thermomechanical damage parameters:

Cylinder head thermomechanical damage parameter

Thermomechanical damage curves

1 T T

099 -

o

w©

©
T

o
©
5

o

w©

3
T

o
©
o

T

X0
Y 0.9411

o

w0

£
T

o

w©

5
T

o
w©
5

X0

0.01| ¥ 0.0074 Curve of thermomechanical damage at ev=13,5 in red color

Curve of thermomechanical damage at ev=18 in blue color

X 0.092
Y 0.9411

X 0.092
Y 0.9074

0.9
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Side a(m) of cylinder head

Fig.22 Curves of thermomechanical damage from MATLAB

It is noted that the curves of thermomechanical damage are identical to those of mechanical damage. So the
conclusions are the same in this case.

The figures Fig.21, Fig.22, show the behavior of VON MISES thermomechanical stressses of the cylinder head
after compilation under MATLAB.

4. Conclusions

In sum, the improvement in the energy efficiency of the engine with variable compression ratio demonstrated in
several scientific researches presents a reverse on the damage which turns out to be high. Both on a purely
mechanical level and on a thermomechanical level, the variability of the compression ratio is an obvious negative
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factor on the damage parameter, this through the study of our cylinder head. So this being so, several perspectives
of all kinds in terms of conceptual modeling of the engine with variable compression ratio must be integrated in

order to have not only energy efficiency but also resilience to increasingly significant damage.

List of Abbreviations

MATLAB: Matrix Laboratory

P :Combustion pressure

h : Cylinder head thickness

b : Cylinder head side

Do - Cylinder head density

¢, . Specific heat capacity at constant volume of the cylinder head
K, : Cylinder head thermal conductivity

t : Thermal conduction time of the cylinder head
w : Distorsion of the cylinder head

&, . Cylinder head compression ratio

D : Bending stiffness of the cylinder head

E : Young’s modulus of the cylinder head

o > Von Mises stress

€ : Cylinder head deformation

M : Cylinder head bending moment

T : Cylinder head shear force

d : Cylinder head damage
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