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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: 

 

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: 

𝜌0𝑐𝑣
𝜕𝜏

𝜕𝑡
= 𝐾0Δ𝜏 ⇔ Δ𝜏 =

𝜌0𝑐𝑣

𝐾0

𝜕𝜏

𝜕𝑡
                                                                               Eq (1) 

With 𝜏 = 𝜏(𝑥, 𝑦, 𝑧) ⇔
𝜕2𝜏

𝜕𝑥2
+

𝜕2𝜏

𝜕𝑦2
+

𝜕2𝜏

𝜕𝑧2
= 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 : 

𝛁𝟒𝒘 =
𝝏𝟒𝒘

𝝏𝒙𝟒
+ 𝟐

𝝏𝟒𝒘

𝝏𝒙𝟐𝝏𝒚𝟐
+

𝝏𝟒𝒘

𝝏𝒚𝟒
=

𝑷

𝑫
                                                                                Eq (3) 

This the expression of the deformation is the Lagrange equation. 
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𝛁𝟒𝒘 =
𝝏𝟒𝒘

𝝏𝒙𝟒
+ 𝟐

𝝏𝟒𝒘

𝝏𝒙𝟐𝝏𝒚𝟐
+

𝝏𝟒𝒘

𝝏𝒚𝟒
=

𝑷

𝑫
                                                                         Eq (4) 

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: 

𝜎𝑥 = −
𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑥2
+ 𝜈

𝜕2𝑤

𝜕𝑦2
)                                                                                    Eq(5) 

𝜎𝑦 = −
𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑦2
+ 𝜈

𝜕2𝑤

𝜕𝑥2
)                                                                               Eq (6) 

𝜎𝑥𝑦 = −
𝐸𝑧

1+𝜈
(
𝜕2𝑤

𝜕𝑥𝜕𝑦
)                                                                                                 Eq(7) 

The main constraints are: 

𝜎𝐼 =
1

2
[(𝜎𝑥 + 𝜎𝑦) − √(𝜎𝑥 − 𝜎𝑦)

2
+ 4𝜎𝑥𝑦

2]                                                               Eq(8) 

𝜎𝐼 =
1

2
[(−

𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑥2
+ 𝜈

𝜕2𝑤

𝜕𝑦2
) −

𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑦2
+ 𝜈

𝜕2𝑤

𝜕𝑥2
)) −

√(−
𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑥2
+ 𝜈

𝜕2𝑤

𝜕𝑦2
) +

𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑦2
+ 𝜈

𝜕2𝑤

𝜕𝑥2
))

2

+ 4−
𝐸𝑧

1+𝜈
(
𝜕2𝑤

𝜕𝑥𝜕𝑦
))2]    Eq (9) 

𝜎𝐼𝐼 = 𝜎𝑧                                                                                                              Eq (10) 

𝜎𝐼𝐼 = 0                                                                                                               Eq (11) 

𝜎𝐼𝐼𝐼 =
1

2
[(𝜎𝑥 + 𝜎𝑦) + √(𝜎𝑥 − 𝜎𝑦)

2
+ 4𝜎𝑥𝑦

2]                                                              Eq (12) 

𝜎𝐼𝐼𝐼 =
1

2
[(−

𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑥2
+ 𝜈

𝜕2𝑤

𝜕𝑦2
) −

𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑦2
+ 𝜈

𝜕2𝑤

𝜕𝑥2
)) +

√(−
𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑥2
+ 𝜈

𝜕2𝑤

𝜕𝑦2
) +

𝐸𝑧

1−𝜈2
(
𝜕2𝑤

𝜕𝑦2
+ 𝜈

𝜕2𝑤

𝜕𝑥2
))

2

+ 4(−
𝐸𝑧

1+𝜈
(
𝜕2𝑤

𝜕𝑥𝜕𝑦
))2]      Eq (13) 

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

𝜎𝑉𝑂𝑁𝑀𝐼𝑆𝐸𝑆 = √
1

2
[(𝜎𝐼𝐼𝐼 − 𝜎𝐼)

2 + (𝜎𝐼𝐼 − 𝜎𝐼)
2 + (𝜎𝐼𝐼𝐼 − 𝜎𝐼𝐼)

2]                                                      Eq (14) 

𝝈𝑴𝑬𝑪𝑨𝑽𝑶𝑵𝑴𝑰𝑺𝑬𝑺 = √
𝟏

𝟐
[(𝝈𝑰𝑰𝑰 − 𝝈𝑰)

𝟐 + 𝝈𝑰
𝟐 + 𝝈𝑰𝑰𝑰

𝟐]                                                 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:𝑑𝑚é𝑐𝑎  

𝜎𝑡ℎé𝑜𝑟𝑖𝑞𝑢𝑒 = (1 − 𝑑𝑚é𝑐𝑎)𝜎𝑝𝑟𝑎𝑡𝑖𝑞𝑢𝑒                                                       Eq (16) 
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𝑑𝑚é𝑐𝑎 = 1 −
𝜎𝑡ℎé𝑜𝑟𝑖𝑞𝑢𝑒

𝜎𝑝𝑟𝑎𝑡𝑖𝑞𝑢𝑒
                                                                             Eq (17) 

𝑑𝑚é𝑐𝑎 = 𝟏 −
𝝈𝑴𝑬𝑪𝑨𝑽𝑶𝑵𝑴𝑰𝑺𝑬𝑺

𝝈𝒆
                                                                  Eq (18) 

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

It is expressed as follows: 

𝝈𝑻𝑯𝑬𝑹𝑴𝑶𝑴𝑬𝑪𝑨𝑽𝑶𝑵𝑴𝑰𝑺𝑬𝑺 = 𝝈𝑴𝑬𝑪𝑨𝑽𝑶𝑵𝑴𝑰𝑺𝑬𝑺 + 𝑲𝟎∆𝝉                                                 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:𝑑𝑡ℎ𝑒𝑟𝑚𝑜𝑚é𝑐𝑎 

𝜎𝑡ℎé𝑜𝑟𝑖𝑞𝑢𝑒 = (1 − 𝑑𝑡ℎ𝑒𝑟𝑚𝑜𝑚é𝑐𝑎)𝜎𝑝𝑟𝑎𝑡𝑖𝑞𝑢𝑒                                                             Eq (20) 

𝑑𝑡ℎ𝑒𝑟𝑚𝑜𝑚é𝑐𝑎 = 1 −
𝜎𝑡ℎé𝑜𝑟𝑖𝑞𝑢𝑒

𝜎𝑝𝑟𝑎𝑡𝑖𝑞𝑢𝑒
                                                                    Eq (21) 

𝒅𝒕𝒉𝒆𝒓𝒎𝒐𝒎é𝒄𝒂 = 𝟏 −
𝝈𝑻𝑯𝑬𝑹𝑴𝑶𝑴𝑬𝑪𝑨𝑽𝑶𝑵𝑴𝑰𝑺𝑬𝑺

𝝈𝒆
                                                                   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: 

𝜏(𝑥, 𝑦, 𝑧) = 𝑋(𝑥)𝑌(𝑦)𝑍(𝑧)                                                                             Eq (23) 

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

𝜕𝜏

𝜕𝑥
= 𝑌𝑍

𝜕𝑋

𝜕𝑥
⇒

𝜕2𝜏

𝜕𝑥2
= 𝑌𝑍

𝜕2𝑋

𝜕𝑥2

𝜕𝜏

𝜕𝑦
= 𝑋𝑍

𝜕𝑌

𝜕𝑦
⇒

𝜕2𝜏

𝜕𝑦2
= 𝑋𝑍

𝜕2𝑌

𝜕𝑦2

𝜕𝜏

𝜕𝑧
= 𝑋𝑌

𝜕𝑍

𝜕𝑧
⇒

𝜕2𝜏

𝜕𝑧2
= 𝑋𝑌

𝜕2𝑍

𝜕𝑧2}
 
 

 
 

                                                                            Eq(24) 

Equation (24) in equation (2) gives: 

𝑌𝑍
𝜕2𝑋

𝜕𝑥2
+ 𝑋𝑍

𝜕2𝑌

𝜕𝑦2
+ 𝑋𝑌

𝜕2𝑍

𝜕𝑧2
= 0                                                                       Eq (25) 

By dividing𝑋𝑌𝑍 by equation (25) we have: 

1

𝑋

𝜕2𝑋

𝜕𝑥2
+

1

𝑌

𝜕2𝑌

𝜕𝑦2
+

1

𝑍

𝜕2𝑍

𝜕𝑧2
= 0                                                                       Eq (26) 

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 

Case:
1

𝑋

𝜕2𝑋

𝜕𝑥2
= 𝑚2,

1

𝑌

𝜕2𝑌

𝜕𝑦2
= 𝑛2 , 𝑚, 𝑛 ∈ ℝ 

{
 
 
 
 

 
 
 
 

1

𝑋

𝜕2𝑋

𝜕𝑥2
= 𝑚2 ⇒

𝜕2𝑋

𝜕𝑥2
= 𝑚2𝑋

⇒
𝜕2𝑋

𝜕𝑥2
−𝑚2𝑋 = 0

⇒ 𝑋(𝑥) = 𝐴𝑒𝑚𝑥 + 𝐵𝑒−𝑚𝑥 , 𝐴, 𝐵 ∈ ℝ
1

𝑌

𝜕2𝑌

𝜕𝑦2
= 𝑛2 ⇒

𝜕2𝑌

𝜕𝑦2
= 𝑛2𝑌

⇒
𝜕2𝑌

𝜕𝑦2
− 𝑛2𝑌 = 0

⇒ 𝑌(𝑦) = 𝐴′𝑒𝑛𝑦 + 𝐵′𝑒−𝑛𝑦 , 𝐴′, 𝐵′ ∈ ℝ

                                                           Eq (27) 
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By substituting the values
1

𝑋

𝜕2𝑋

𝜕𝑥2
,
1

𝑌

𝜕2𝑌

𝜕𝑦2
 in equation (27), we have: 

− 
1

𝑍

𝜕2𝑍

𝜕𝑧2
= 𝑚2 + 𝑛2                                                                              Eq (28) 

By setting𝜆2 = 𝑚2 + 𝑛2 we have: 

{
 
 

 
 𝜆2 = − 

1

𝑍

𝜕2𝑍

𝜕𝑧2

⇒
𝜕2𝑍

𝜕𝑧2
= −𝜆2𝑍

⇒
𝜕2𝑍

𝜕𝑧2
+ 𝜆2𝑍 = 0

⇒ 𝑍(𝑧) = 𝐴′′cos (𝜆𝑧) + 𝐵′′sin (𝜆𝑧), 𝐴′′, 𝐵′′ ∈ ℝ

                                           Eq (29) 

Plugging the values𝑋, 𝑌, 𝑍 into equation (23), the general solution is: 

𝜏(𝑥, 𝑦, 𝑧) = (𝐴𝑒𝑚𝑥 + 𝐵𝑒−𝑚𝑥)(𝐴′𝑒𝑛𝑦 + 𝐵′𝑒−𝑛𝑦)(𝐴′′cos (𝜆𝑧) + 𝐵′′sin (𝜆𝑧))                          Eq (30) 

The boundary conditions are: 

𝜏 (𝑥, 𝑦,
ℎ

2
) = 𝑇𝑔,   𝑇𝑔 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑥ℎ𝑎𝑢𝑠𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒                                                              Eq (31) 

𝜏 (𝑥, 𝑦, −
ℎ

2
) = 𝑇𝑎, 𝑇𝑎  𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑙𝑒𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒                                                         Eq (32) 

By applying the boundary condition of equation Eq (31) to equation Eq (30), we have: 

(𝐴𝑒𝑚𝑥 + 𝐵𝑒−𝑚𝑥)(𝐴′𝑒𝑛𝑦 + 𝐵′𝑒−𝑛𝑦)(𝐴′′ cos(𝜆𝑧) + 𝐵′′ sin(𝜆𝑧)) = 𝑇𝑔𝑎 ⇒
(𝐴𝑥 + 𝐵) = 1, (𝐴𝑒𝑚𝑥 +

𝐵𝑒−𝑚𝑥)(𝐴′𝑒𝑛𝑦 + 𝐵′𝑒−𝑛𝑦) (𝐴′′ cos (𝜆
ℎ

2
) + 𝐵′′ sin (𝜆

ℎ

2
)) = 𝑇𝑔       Eq (33) 

By applying the boundary condition of equation Eq (32) to equation Eq (30), we have: 

(𝐴𝑒𝑚𝑥 + 𝐵𝑒−𝑚𝑥)(𝐴′𝑒𝑛𝑦 + 𝐵′𝑒−𝑛𝑦)(𝐴′′ cos(𝜆𝑧) + 𝐵′′ sin(𝜆𝑧)) = 𝑇𝑎 ⇒ (𝐴𝑥 + 𝐵) = 1, (𝐴𝑒𝑚𝑥 +

𝐵𝑒−𝑚𝑥)(𝐴′𝑒𝑛𝑦 + 𝐵′𝑒−𝑛𝑦) (𝐴′′ cos (𝜆 (−
ℎ

2
)) + 𝐵′′ sin (𝜆 (−

ℎ

2
))) = 𝑇𝑎     Eq (34) 

The boundary conditions can also be expressed in this way: 

{
𝑥 = 0, 𝐴 + 𝐵 = 1 ⇒ 𝐵 = 1 − 𝐴

𝑥 = 𝑎, 𝐴𝑒𝑚𝑎 + 𝐵𝑒−𝑚𝑎 = 1 ⇒ 𝐴 =
𝑒𝑚𝑎−1

𝑒2𝑚𝑎−1
⇒ 𝐵 =

𝑒2𝑚𝑎−𝑒𝑚𝑎

𝑒2𝑚𝑎−1

                                 Eq (35) 

{
𝑦 = 0, 𝐴′ + 𝐵′ = 1 ⇒ 𝐵′ = 1 − 𝐴′

𝑦 = 𝑎, 𝐴′𝑒𝑚𝑎 + 𝐵′𝑒−𝑛𝑎 = 1 ⇒ 𝐴′ =
𝑒𝑛𝑎−1

𝑒2𝑛𝑎−1
⇒ 𝐵′ =

𝑒2𝑛𝑎−𝑒𝑛𝑎

𝑒2𝑛𝑎−1

                                  Eq (36) 

{
𝑧 = −ℎ 2⁄ , 𝐴′′cos (𝜆(−

ℎ

2
)) + 𝐵′′sin (𝜆(−

ℎ

2
)) = 𝑇𝑎

𝑧 = ℎ 2⁄ , 𝐴′′cos (𝜆
ℎ

2
) + 𝐵′′sin (𝜆

ℎ

2
) = 𝑇𝑔 ⇒ 𝐴′′ =

𝑇𝑔+𝑇𝑎

2cos (𝜆
ℎ

2
)
 , 𝐵′′ =

𝑇𝑔−𝑇𝑎

2sin (𝜆
ℎ

2
)

                       Eq (37) 

The temperature field is therefore: 

𝝉(𝒙, 𝒚, 𝒛) = ((
𝒆𝒎𝒂−𝟏

𝒆𝟐𝒎𝒂−𝟏
) 𝒆𝒎𝒙 + (

𝒆𝟐𝒎𝒂−𝒆𝒎𝒂

𝒆𝟐𝒎𝒂−𝟏
) 𝒆−𝒎𝒙) ((

𝒆𝒏𝒂−𝟏

𝒆𝟐𝒏𝒂−𝟏
) 𝒆𝒏𝒚 + (

𝒆𝟐𝒏𝒂−𝒆𝒏𝒂

𝒆𝟐𝒏𝒂−𝟏
) 𝒆−𝒏𝒚)((

𝑻𝒈+𝑻𝒂

𝟐𝐜𝐨𝐬(𝝀
𝒉

𝟐
)
) 𝐜𝐨 𝐬(𝝀𝒛) +

(
𝑻𝒈−𝑻𝒂

𝟐𝐬𝐢 𝐧(𝝀
𝒉

𝟐
)
) 𝐬𝐢 𝐧(𝝀𝒛))                  Eq (38) 

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) = ∑ ∑
𝒒𝒎𝒏

𝑫𝛑𝟒(
𝐦𝟐

𝐚𝟐
+
𝐧𝟐

𝐚𝟐
)
𝟐

+∞
𝒏=𝟏

+∞
𝒎=𝟏 𝐬𝐢𝐧 (

𝒎𝝅𝒙

𝒂
) 𝐬𝐢 𝐧 (

𝒏𝝅𝒚

𝒂
)                                                                Eq (39) 

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: 

 

Fig.2 Temperature calculation flowchart in MATLAB 

 
Fig.3 Deformation calculation flowchart in MATLAB 
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Fig.4 Flow chart for calculating the VON MISES stress in MATLAB 

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

Fig.6 Flowchart of calculation of the parameter of damage under MATLAB 

Results 

End

End 

Start 

Start 

Reminder of the mechanical stress calculation subroutine 

Reminder of the temperature field calculation subroutine 

Calculation of the VON MISES thermomechanical stress 

Result 

END 

Beginning 

Enter the value of the practical stress of the cylinder 

head 

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

Calculation of the damage parameter 
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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: 

 

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: 

 

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: 

 

(a)       (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 

 

(a)         (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: 
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Fig.11 Curve of the different deflections from a sub-program developed in MATLAB𝜺𝒗 = 𝟏𝟑, 𝟓 𝒂𝒏𝒅 𝜺𝒗 =

𝟏𝟖 

According to the subroutine developed under MATLAB, at𝜀𝑣 = 13,5 the yoke bent to the position, the yoke bent 

to the position according to the mark in Fig.12.      𝑤𝑚𝑖𝑛 = 6,902. 10
−5𝑚  (0,046 𝑚, 0,046 𝑚)  𝜀𝑣 = 18  𝑤𝑚𝑎𝑥 =

10,85. 10−5𝑚   (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 form𝑤𝑟𝑒𝑓 = 4,062. 10
−3 𝑞𝑎

4

𝐷
, q 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.𝜀𝑣 = 13,5 𝑤𝑟𝑒𝑓 = 6,8988. 10
−5𝑚 

Has with𝑃 = 165000 𝑁/𝑚2 .𝜀𝑣 = 18 𝑤𝑟𝑒𝑓 = 10,841. 10−5𝑚 

Discrepancies are observed between the deformation resulting from the sub-program and the reference 

deformation from to0.0464 %  𝜀𝑣 = 13,5, of0.0829 %  To𝜀𝑣 = 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: 

 
Fig.12 VON MISES deformation and stress curves from the simulation under COMSOL 

multiphysics𝜺𝒗 = 𝟏𝟑, 𝟓 
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Fig.13 VON MISES deformation and stress curves from the simulation under COMSOL 

multiphysics 𝜺𝒗 = 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.𝜀𝑣 = 13,5 𝑤𝑚𝑖𝑛 = 6,8261. 10−5𝑚 

Has with𝑃 = 165000 𝑁/𝑚2.𝜀𝑣 = 18 𝑤𝑚𝑎𝑥 = 10,716. 10
−5𝑚 

The differences between the deformation resulting from the MATLAB sub-program and the COMSOL 

multiphysics software are from to1,0996 %  𝜀𝑣 = 13,5, of1,2350 %  To𝜀𝑣 = 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: 

 

Fig.14 VON MISES stress curves at and from simulation under MATLAB𝜺𝒗 = 𝟏𝟑, 𝟓𝜺𝒗 = 𝟏𝟖 
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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/𝑚2.𝜀𝑣 = 13,5  𝜎𝑉𝑂𝑁𝑀𝐼𝑆𝐸𝑆𝑚𝑖𝑛 = 1,767. 10
7𝑁 𝑚2⁄  

Has with= 165000 𝑁/𝑚2 .𝜀𝑣 = 18   𝜎𝑉𝑂𝑁𝑀𝐼𝑆𝐸𝑆𝑚𝑎𝑥 = 2,777. 10
7𝑁 𝑚2⁄  

Once again, according to the previous curves from the COMSOL multiphysics software, the maximum stress 

values of VON MISES are as follows: 

A with P= 105000 𝑁/𝑚2. 𝜀𝑣 = 13,5   𝜎𝑉𝑂𝑁𝑀𝐼𝑆𝐸𝑆𝑚𝑖𝑛 = 1,7324. 107 𝑁 𝑚2⁄  

Has with𝑃 = 165000 𝑁/𝑚2.  𝜀𝑣 = 18  𝜎𝑉𝑂𝑁𝑀𝐼𝑆𝐸𝑆𝑚𝑎𝑥 = 2,7223. 107 𝑁 𝑚2⁄  

The differences between the VON MISES constraint resulting from the MATLAB subroutine and the COMSOL 

multiphysics software are from to1,958 %  𝜀𝑣 = 13,5, of1,969 %  To𝜀𝑣 = 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: 

 

Fig.15 Curves of the damage parameter à and à from the simulation in MATLAB𝜺𝒗 = 𝟏𝟑, 𝟓𝜺𝒗 = 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/𝑚2.𝜀𝑣 = 13,5  𝑑𝑚𝑖𝑛 = 0,0589 

Has with 𝑃 = 165000 𝑁/𝑚2𝜀𝑣 = 18 𝑑𝑚𝑎𝑥 = 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.𝜀𝑣 = 18 𝜀𝑣 = 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) 
105000 120000 135000 150000 165000 

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: 

 

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. 𝟏𝟎−𝟕𝑷 + 𝟗, 𝟗𝟒𝟔𝟐. 𝟏𝟎−𝟓Eq (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. 10−5 7, 8875. 10−5 8.8734. 10−5 9.8594. 10−5 10.85. 10−5 

Thus the maximum combustion pressure as a function of the maximum deformation is represented as follows: 
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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. 𝟏𝟎−𝟏𝟎𝒅 + 𝟑, 𝟔𝟕𝟒𝟕𝟏𝟎−𝟖Eq (41) 

From the two previous relations we have: 

𝒅 = 𝟖𝟓𝟐. 𝟑𝟖𝟐𝟖𝒘+ 𝟔, 𝟖𝟏𝟒𝟎. 𝟏𝟎−𝟓Eq (42) 

The curve associated with the previous relationship is as follows: 

 

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 of0.09255, this damage has a deviation of57.13%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: 

 

Fig.19 VON MISES thermomechanical stress curve from the simulation under COMSOL 

multiphysics𝜺𝒗 = 𝟏𝟑, 𝟓 

 

Fig.20 VON MISES thermomechanical stress curve from the simulation under COMSOL 

multiphysics𝜺𝒗 = 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: 

 

Fig.21 VON MISES thermomechanical stress curves from MATLAB 

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

 

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 

𝜌0 : Cylinder head density 

𝑐𝑣 : Specific heat capacity at constant volume of the cylinder head 

𝐾0 : Cylinder head thermal conductivity 

𝑡 : Thermal conduction time of the cylinder head 

𝑤 : Distorsion of the cylinder head 

𝜀𝑣 : Cylinder head compression ratio 

𝐷 : Bending stiffness of the cylinder head 

𝐸 : Young’s modulus of the cylinder head 

𝜎 : Von Mises stress 

𝜀 : Cylinder head deformation 

𝑀 : Cylinder head bending moment 

𝑇 : Cylinder head shear force 

𝑑 : Cylinder head damage 
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