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Aviation is responsible for 3% of the total emission of CO2 in the atmosphere. The altitude 

where various products are emitted triggers the formation of condensation trails and an increase 

in cirrus cloudiness; two factors that contribute to climate change [1]. Air traffic is expected to 

grow during the next 20 years at rate of 4.5% per year [2] demanding 33.070 new airplanes. 

Advances in aerospace technology during the last 15 years have reduced the CO2 emissions by 

34% (Kg of fuel per passenger per trip) being a reduction of 2.3% per year [2]. Despite these 

improvements, ICAO estimates that by 2050 aviation emissions are projected to be 3 to 7 times 

higher than in 2005. This reflects that technological improvements, during the last years, in 

operations, airframe design, and engine performance are not enough to compensate the 

emissions growth. For this reason, more radical alternatives are required to reach at least a CO2 

neutral growth. 

1.2.Oil dependency 

Airplanes are dependent on oil-based fuels in such a way that the aviation sector accounts for 

around 6% of the total worldwide oil demand. [3]. Oil prices considerably affect the operational 

costs of commercial aviation being a critical variable from the business perspective. Statistics 

shows that 78.1% of the worldwide oil reserves belong to countries where there has been active 

geopolitical tension during recent years (e.g. Venezuela, Iraq, Iran, Kuwait, Lybia, Iran, 

Nigeria) [4]. Geopolitical tension in major oil producer countries generate important oil supply 

disruptions that can reach levels up to 5.6 million barrels per day [5]. These disruptions could 

increase the oil price dramatically. As example, the 1973 oil embargo by OAPEC increased the 

price of the barrel from US$3 up to US$12. 

For the expressed reasons countries such as the United States, Russia, the European Union have 

tasked major airplane manufacturers to look for alternative fuels for aviation.  
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Figure 3. Mean heat input for main structural components. a) FWD tank, b) AFT tank 

Detailed thermal analyses are beyond the scope of this work. The reader is encouraged to refer 

to [20] and [21] for further information. 

 

4. Structure sizing 

4.1.Description 

Both fuel tanks are designed as integral fuel tanks using the semi-monocoque fuselage structure 

to contain the fuel. Each tank is enclosed through semi-elliptical domes located at the ends of 

the tank. Both tank structures are stiffened with stringers and frames located at a constant pitch 

of 528mm for the FWD tank and 513mm for the AFT tank. A summary of the structural sizing 

is presented in Table 2 

Detail FWD tank AFT tank 
Length (m) 7.14 7.41 
Max. Height (m) 5.97 5.84 
Total weight (Kg) 3134 1847 

BARREL SECTION 
Skin thickness (mm) 2 2 
Skin material Al-2219-T87 Al-2219-T87 
No. stringers 44 44 
No. fus. Frames 8 9 
Material Al-7075-T6 Al-7075-T6 

DOMES 
Shape Elliptical (a/b=1.6) Elliptical (a/b=1.6) 

541

624

389

Skin (Watts) Semi-domes (Watts)

Catwalk (Watts)

720686

Skin (Watts) Domes (Watts)
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No. stiffeners 21x2 44x2 
Material Al-7075-T6 Al-7075-T6 

Skin thickness (mm) 2.5 2 

Skin material Al-2219-T87 Al-2219-T87 
CATWALK 

No. long. Stiffeners 3 N/A 
Material Al-7075-T6 N/A 
No. vert. stiffeners 13 N/A 
Material Ti-6Al-4V N/A 
Skin thickness (mm) 5.5 N/A 
Material Al-7075-T6 N/A 

Table 2. Structural sizing LH2 fuel tanks 

 

From Figure 4 it can be seen that the FWD tank has a vertical wall, located on one side of the 

tank. This wall provides a boundary between the pressurized area and the catwalk. The catwalk 

wall is stiffened with vertical frames and longitudinal stringers. Additionally, 32 rods are used 

to transfer pressure loads from the catwalk wall into the fuselage airframe. 

 

Figure 4. Fuel tanks structural arrangement 

4.2.Materials 

Aluminum 2219-T87 is used for the tank skin due to the good relationship between strength 

and fracture toughness. This alloy has been widely used in cryogenic aerospace applications 

due to its easy weld-ability. Aluminum 7075-T6 is a strong and lightweight alloy used in 

structural members such as stingers, and frames that are subjected to higher stress levels than 
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For this case the maximum pressure increment occurs when K=9 and their values are 44KPa 

for the FWD tank and 43KPa for the AFT tank. Pressure increments vary linearly along the 

length of the tank localizing the maximum value at the most FWD end. 

 

 

 

Figure 5. Shear force and bending moment diagrams (symmetric manoeuvres and 

landing) 

6. FEA analysis 

Each fuel tank is independently analyzed using linear Finite Element Analysis (FEA) in order 

to estimate the stress distribution under the most critical loading condition (2.5g, MTOW, 1-n 

Unchecked). CATIA is used to preprocess the geometry while MSC. NASTRAN/PATRAN is 

employed for solving the FEA model.  
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6.1.Meshing 

2D elements (plane stress) were used to represent the tank skin whilst stringers and frames 

were represented with 1D beam elements according to the structural details given in Table 2. 

Stringers and frames are meshed using Bar2 elements with a global element length of 150 mm. 

The skin was meshed by employing linear interpolation displacement elements such as quad4 

and Tria3. Isomesh was used for most of the surfaces except for non-parametric surfaces where 

holes are located; in such a cases paver distribution is preferred. A mesh size of 50mm was 

used in stress concentration regions such as holes edges. Equivalence of nodes was applied 

over the mesh with a tolerance of 3 mm in order to ensure the continuity of the structure.  

Figure 6 shows a detailed representation of the mesh used for each structure during the 

analysis. 

 

Figure 6. Meshing. a) FWD tank, b) AFT tank 

6.2.Materials 

All materials used were created as linear elastic according to the properties extracted from 

Table 3. Spatial fields were applied to all materials to account for the difference in mechanical 

properties at cryogenic temperatures. 
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Figure 7. External loading. a) FWD tank, b) AFT tank 

6.4.Results 

Figure 8 and Figure 9 show the stress distribution of each fuel tank. Von Mises stresses are 

shown for both structures whilst minimum combined and maximum combined stresses are 

shown for FWD and AFT tanks respectively. The stress distribution is plotted using a color bar 

scale to show regions of high stress. Deformations are plotted in real scale. 

 

Figure 8. FWD tank stress distribution. a) Von Mises stress, b) Bar minimum combined 
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Pressure (MPa) 0.172 

Table 5. FEA parameters - catwalk 

Two boundary conditions were applied for each simulation, an internal pressure of 0.172 MPa 

(25psi) over the internal surfaces and a nodal displacement restraint in X, Y and Z over one of 

the edges. Figure 10, Figure 11, and Figure 12 show the stress distribution over each catwalk 

concept. 

a. Flat vertical catwalk: The flat catwalk is stiffened with a central stiffener and 6 

rods located in the upper and bottom parts in order to distribute some membrane 

reactions of the catwalk wall into the unpressurized structure. Figure 10 clearly shows 

that the stress distribution over the flat surface of the catwalk is considerably reduced. 

However, compressive stresses in the connecting rods are large requiring thick and short 

rods. It is important to notice that over much of the wall location the stress distribution 

seems to be independent of the wall reinforcement. Its value is in the range of 0 to 50 

MPa. 

 

Figure 10. Stress distribution Flat catwalk. a) Von Misses, b) Bar maximum combined 

b. Concave catwalk: From Figure 11 It is easy to notice the low stress intensity in 

a concave curved wall. If compared with the reinforced flat wall the major principal 

stress reduction is close to 53%. The stress distribution over much of the wall seems to 

be in the range of 0 to 50 MPa, the same range of any of the flat wall configurations.  














