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Abstract: This study describes assumptions, goals, methods, results and a conclusion related to the thermal behavior 
of three different pressurized cylindrical fuel tanks with the same lateral cover, but with various head covers 
geometries. A finite element analysis (FEA) is performed across the fuel tank walls to determine the specific key 
performance indicators and to determine the advantageous fuel tank geometry. The accuracy of the numerical 
model is shown by the computed results. 
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1. INTRODUCTION 
In recent years a large investigation based on innovative concepts has been undertaken on the fuel tanks 
market with an extensive program of experiments and numerical simulations [1-6], resulting in key information 
in terms of weight, cost, ergonomics, safety, environmental compatibility and user friendliness [7-13]. Finite 
element analysis (FEA) and computational fluid dynamics (CFD) are used in computer-aided engineering (CAE) 
to solve, optimize and validate 3-D geometrical models to ensure that quality, performance, and safety 
standards are met. On the other hand, these ones can be used in the standard design process and offer a 
significantly speed/cost advantage compared to experimental tests [14-18]. Based on these numerical 
simulations, the main areas of interest of the majority of the studies has been the Von Mises stress and linear 
deformation distribution of the tank walls and the heat transfer across the tank walls [14-18]. 
In the automotive industry, the fuel tanks are made from aluminum alloys or various types of steel, in a number 
of different types, weights and sizes for safely storing fuel: compressed natural gas (CNG) or liquefied petroleum 
gas (LPG) [10-14]. 
In CAE design and fabrication of fuel tanks with high conformity factors, light weight, and feasible for production 
level manufacturing: specific structure variables [14, 15], shape design variables [19, 20], design constraints [21], 
software tools [22-26], and design decision variables [27-29] are used to optimize 3-D geometrical models [30-
37]. On the other hand, fuel tanks are subject to the most stringent, destructive, and challenging certification 
testing requirements set out in regulations and international standards [38]. 
In the present study, a Finite Element Analysis has been chosen since it is a more suitable tool to investigate the 
test of temperature resistance at the homologation stage. 
2. DESIGN METHODOLOGY 
The parameterized modeling of the cylindrical pressurized fuel tank (sectioned to ½ , ¼ or 1/8 of the initial model) 
was done in the AutoCAD Autodesk 2017 software [39], which was imported to SolidWorks 2017 software [40] 
for analysis with the: Static, Thermal and Design Study modules. The 3D model tests were thermally loaded at 
the specified stress state to determine the maximum work temperature Tmax and the explosion temperature Tr, 
at the initial and final time of exploitation of the fuel tank. 
The design data used in this analysis are: 

— the lateral cover with: diameter D = 250 mm and length L = 700 mm; 
— the construction material of the sheet metal: steel AISI 4340; 
— the maximum static hydraulic pressure: pmax = 30 bar; 
— the working temperature between the limits: T = -30 0C to T = 60 0C; 
— the exploitation period of tank: na = 20 years; 
— the corrosion rate of the material: vc = 0.1 mm /year. 

The temperature resistance means: the maximum temperature at which the resulting stress Von Mises is equal 
to the admissible stress traction of material σrez = σa and the explosion temperature is the temperature at which 
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the Von Mises stress attain the breaking stress of the material σrez = σr. Applying the optimization procedure, a 
laminate sheet of AISI 4340 steel with a thickness of s = 4+0.25

-0.6 mm is chosen for FEM analyses. 
 The study at temperature resistance of the cylindrical pressurized tank with head covers connected 

with circular arcs 
The parameterized model of tank (as shown in Figure 1) and the sketch of head cover connected with circular 
arcs (as shown in Figure 2) are given bellow. 

 
Figure 1. The parametric model of tank with 

head covers connected with circular arcs 

 
Figure 2. The sketch of head cover connected  

with circular arcs 
After design optimization a laminate sheet of AISI 4340 steel with a thickness of s = 5.5+0.25

-0.6 mm it was chosen 
for the manufacturing process (as shown in Figure 3). Next dimensions were obtained for the head cover 
connected with circular arcs: h = 20 mm, r = 50 mm and H = 75 mm.  
The following numerical results were obtained for Von Mises stress distribution at na = 0 years: Tmax = 212.950C, 
with the corresponding stress distribution (as shown in Figures 3a and 3b). and Tr = 332.850C, with the 
corresponding stress distribution (as shown in Figure 3c and 3d). 
The graphs of Von Mises stress distribution were shown on the sectioned model at 1/8 in figures 4a and 4c and 
in figures 4b and 4d for the entire model. 

a) b) c) d) 
Figure 3. The graphs of Von Mises stress distribution for na = 0 years: a) and b) at the temperature Tmax; 

 c) and d) at the explosion temperature Tr 
The following numerical results were obtained for Von Mises stress distribution at na = 20 years: Tmax = 135.50C, 
with the corresponding stress distribution (as shown in Figures 4a and 4b); Tr = 312.650C, with the 
corresponding stress distribution (as shown in Figures 4c and 4d). 

a) b) c) d) 
Figure 4. The graphs of Von Mises stress distribution for na = 20 years: a) and b) at the temperature Tmax; c) 

and d) at the explosion temperature Tr 
 The study at temperature resistance of the cylindrical pressurized tank with flat head covers  
The parameterized model of tank (as shown in Figure 5) and the sketch of the flat head cover (as shown in 
Figure 6) are given bellow. 
After design optimization a laminate sheet of AISI 4340 steel with a thickness of s = 8.5+0.25

-0.6 mm it was chosen 
for the manufacturing process (as shown in Figure 6). Next dimensions were obtained for the flat head cover: h 
= 20 mm, r = 50 mm and H = 70 mm. 
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Figure 5. The parametric model of tank with flat head 

covers 

 
Figure 6. The sketch of flat head cover 

The following numerical results were obtained for Von Mises stress distribution at na = 0 years:  Tmax = 226.30C, 
with the corresponding stress distribution (as shown in Figures 7a and 7b); and Tr = 365.350C, with the 
corresponding stress distribution (as shown in Figures 7c and 7d). 
The graphs of Von Mises stress distribution were shown on the sectioned model at 1/8 in figures 7a and 7c and 
in figures 7b and 7d for the entire model. 

a) b) c) d) 
Figure 7. The graphs of Von Mises stress distribution for na = 0 years: a) and b) at the temperature Tmax; c) and 

d) at the explosion temperature Tr 
The following numerical results were obtained for Von Mises stress distribution at na = 20 years: Tmax = 163.90C, 
with the corresponding stress distribution (as shown in Figures 8a and 8b); Tr = 308.850C, with the corresponding 
stress distribution (as shown in Figures 8c and 8d). 

a) b) c) d) 
Figure 8. The graphs of Von Mises stress distribution for na = 20 years: a) and b) at the temperature Tmax; c) 

and d) at the explosion temperature Tr 
 The study at temperature resistance of the cylindrical pressurized tank with back head cover 

connected with circular arcs 
The parameterized model of tank (as shown in Figure 9) and the sketch of the back head cover connected with 
circular arcs (as shown in Figure 10) are given bellow. 

 
Figure 9. The parametric model of tank with back head 

covers connected with circular arcs 

 
Figure 10. The sketch of back head cover connected 

with circular arcs 
After design optimization a laminate sheet of AISI 4340 steel with a thickness of s = 8+0.25

-0.6 mm it was chosen 
for the manufacturing process (as shown in Figure 10). Next dimensions were obtained for the back head cover 
connected with circular arcs: h = 12 mm, r = 22.5 mm and H = 34.5 mm. 
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The following numerical results were obtained for Von Mises stress distribution at na = 0 years:  Tmax = 209.20C, 
with the corresponding stress distribution (as shown in Figures 11a and 11b); Tr = 352.350C, with the 
corresponding stress distribution (as shown in Figures 11c and 11d). 
The graphs of Von Mises stress distribution were shown on the sectioned model at 1/8 in figures 11a and 11c 
and in figures 11b and 11d for the entire model. 

a) b) c) d) 
Figure 11. The graphs of Von Mises stress distribution for na = 0 years: a) and b) at the temperature Tmax; c) 

and d) at the explosion temperature Tr 
The following numerical results were obtained for Von Mises stress distribution at na = 20 years: Tmax = 154.920C, 
with the corresponding stress distribution (as shown in Figures 12a and 12b); Tr = 3050C, with the corresponding 
stress distribution (as shown in Figures 12c and 12d). 

a) b) c) d) 
Figure 12. The graphs of Von Mises stress distribution for na = 20 years: a) and b) at the temperature Tmax; c) 

and d) at the explosion temperature Tr 
The linear deformation corresponding to the extreme temperatures were also computed.  
The numerical values of state of stress and linear resultant deformation of the tanks are given in Table 1. 
 

Table 1. The Von Mises stress and deformation of tanks at temperatures Tmax and Tr 

No. The type of cylindrical tank 
na[year] Tmax[0C] umax[mm] Tr[0C] ur[mm] 

 σa = 710 MPa σr = 1100 MPa 

1 Tank with head covers connected with 
circular arcs 

0 212.95 1.001 332.85 1.171 
20 135.50 2.480 312.65 2.785 

2 Tank with flat head covers 
0 226.30 0.716 365.35 0.922 

20 163.90 1.654 308.85 1.841 

3 
Tank with back head covers connected with 

circular arcs 
0 209.20 0.957 352.35 1.127 

20 154.92 2.080 305 2.263 
 

The graphical representations of Tmax(ntank) and Tr(ntank) depending on the number’s tank as specified in Table 1, 
computed for the initial and the final time of exploitation are shown in Figures 13 and 14. 
The graphical representations of Tmax(ntank) and Tr(ntank) depending on the number’s tank as specified in Table 1, 
computed for the initial and the final time of exploitation (arranged on the same graph) are shown in Figures 
15 and 16. 
The graphical representations of Tmax(na, ntank) and Tr(na, ntank) are shown in Figures 17 and 18. 
The graphical representations of umax(ntank) and ur(ntank) depending on the number’s tank as specified in Table 1, 
computed for the initial and the final time of exploitation are shown in Figures 19 and 20. 
The graphical representations of umax(ntank) and ur(ntank) depending on the number’s tank as specified in Table 1, 
computed for the initial and the final time of exploitation (and arranged on the same graph for Tmax and Tr) are 
shown in Figures 21 and 22. 
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Figure 13. The graphs of Tr(ntank) and Tmax(ntank)  

at na = 0 years 

 
Figure 14. The graphs of Tr(ntank) and Tmax(ntank)  

at na = 20 years 

 
Figure 15. The graphs of Tmax(ntank) 

at na = 0 and 20 years 

 
Figure 16. The graphs of Tr(ntank) 

at na = 0 and 20 years 

 
Figure 17. The 3D graph of Tmax(na, ntank) 

 
Figure 18. The 3D graph of Tr(na, ntank) 

 
Figure 19. The graphs of u(na) for Tr and Tmax  

at na = 0 year 

 
Figure 20. The graphs of u(na) for Tr and Tmax  

at na = 20 years 
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Figure 21. The graphs of u(na, ntank) for Tmax 

 
Figure 22. The graphs of u(na, ntank) for Tr 

 
Figure 23. The 3D graph of umax(na, ntank) 

 
Figure 24. The 3D graph of ur(na, ntank) 

The graphical representations of umax(na, ntank) and ur(na, ntank) are shown in Figures 23 and 24. 
3. DISCUSSION 
The tank with flat head covers (at na = 0 years) has the highest work temperature Tmax = 226.30C and the highest 
explosion temperature Tr = 365.350C, while the tank with back head covers connected with circular arcs has the 
lowest work temperature Tmax = 209.20C (as shown in Figure 13). 
The tank with flat head covers (at na = 20 years) has the highest working temperature Tmax = 163.90C; while the 
tank with head covers connected with circular arcs has the lowest work temperature Tmax = 135.50C, (as shown 
in Figure 14). 
The tank with head covers connected with circular arcs (at na = 20 years) has the highest explosion temperature 
Tr = 312.650C, while the tank with back head covers connected with circular arcs has the lowest explosion 
temperature Tr = 3050C, (as shown in Figure 19). 
The tank with head covers connected with circular arcs (at na = 0 years, for Tmax and Tr) has the maximum linear 
deformation umax = 1.001 mm and ur = 1.171 mm; while the tank with flat head covers has the lowest 
deformation umax = 0.716 mm and ur = 0.922 mm, (as shown in Figure 19). 
The tank with head covers connected with circular arcs (at na = 20 years, for Tmax and Tr) has the maximum linear 
deformation umax = 2.48 mm and ur = 2.785 mm; while the tank with flat head covers has the lowest deformation 
umax = 1.654 mm and ur = 1.841 mm, (as shown in Figure 20). 
4. CONCLUSIONS 
In this study, were analysed the performances related to the thermal behaviour of three different pressurized 
cylindrical fuel tanks with the same same lateral cover, but with various head covers geometries. The FEA results 
showed that the temperature resistance, the Von Mises stress and deformation are influenced by the tank 
geometry. 
The highest temperature resistance (at na = 0 years) was found for the tank with flat head covers, while the 
lowest temperature resistance was found for the tank with back head covers connected with circular arcs. 
The highest temperature resistance (at na = 20 years) was found for the tank with head covers connected with 
circular arcs, while the lowest temperature resistance was found for the tank with back head covers connected 
with circular arcs. 
The lowest linear deformation was found for the tank with with flat head cover, while the maximum 
deformation was found for the tank with head covers connected with circular arcs. 
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