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Mini Review

The propulsion for the air vehicles is generated by the power obtained from the engines.
Especially during take-off and climb phases, the air vehicles need the maximum power.
Mainly, as presented in Figure 1, it is possible to handle the flight stages in 8 sections, 2 of
which are runway maneuvers (Taxi). The cruise phase begins immediately after the climb
phase is completed. In this stage, the fuel consumption is less than take-off and climb phases.
Although it depends on the aircraft configuration and meteorological conditions, the descent
phase, which usually takes place with a 3° nose angle, is one of the most critical stages. In this
phase, the use of fuel is less than that of the cruise.
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Figure 1: Flight phases [1].

It is noteworthy that, a Boeing 777-300ER consumes 50 liters of fuel in every two 22
seconds depending on meteorological conditions and payload through an intercontinental
flight [2]. Considering that the tank of a middle-class passenger car has a capacity of 40-50
liters, it can be observed that the mentioned aircraft consumes approximately as much as
the fuel in the tank of 3 mid-class cars per minute. Engines with such high fuel consumption
are also designed with advanced engineering studies like air vehicle platforms and can be
implemented to an aircraft after meticulous inspections performed by the airworthiness
authorities [3,4].

Converting altitude to speed is also a method of acceleration however except for the
meteorological conditions (Tail Wind), the propulsion system is considered as the heart of the
aircraft since power is the only way to gain speed in the air. In Figure 2 the main modules of
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the gas turbine engine are illustrated. The material distribution is
extremely important in a gas turbine engine consisting of more than
30,000 parts [5]. Considering that there is approximately 2000 °C,
in the combustion chamber and approximately 00 °C, in the parts
of the turbine “gas turbine” close to the combustion chamber, the
importance of operating for a long time without deteriorating the
properties of the materials used in the engine becomes noteworthy.

These temperatures are higher than the lava from the volcano. The
temperature of lava coming out of Erta’Ale Lava Lake volcano in
Ethiopia was measured as 1187 °C [6], and the temperature of lava
coming out of Kilauea volcano in Hawaii was measured as 1230 °C
[7]. In Figure 3, the temperature distribution in a gas turbine engine
is shown.
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Figure 2: The main sections of a gas turbine engine [(Based on Author’s Knowledge)].
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Figure 3: The sections and temperatures distribution inside a GTE [8].

In this manner, Thermal Barrier Coating (TBC) is a technology
used to keep the high heat generated on the surface away from
the body of the part [9]. However, even if TBC is used, the desired
strength of gas turbine engine parts operating in a high temperature

and high friction environment can only be possible by alloying. The
mentioned alloying and manufacturing method is presented in
Table 1.
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Table 1: The manufacturing technologies and alloys of the parts used in a GTE [10-12].

Operating
Part /Components Alloy Manufacturing Technology
Temperature Conditions

Low-Pressure Compressor Fan -50°C-40°C Titanium Aluminum Alloy Forging
Intermediate Pressure Compressor Fan 50°C-300°C Titanium Nickel Alloy Forging
High-Pressure Compressor Fan 300°C-650°C Titanium Nickel Alloy Forging

Combustion Chamber ~2000°C Nickel-Cobalt Alloy Sheet Metal Forming
High-Pressure 1 Stage ~ 1500 °C Nickel-Cobalt Alloy Casting
Low-Pressure 1% Stage ~ 1200°C Nickel-Cobalt Alloy Casting
Low-Pressure 5" Stage ~ 900°C Nickel-Cobalt Alloy Casting
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