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Abstract - As the title itself suggests, alternate fuel for turbofan engines, that is “Acetylene gas” whichis extremely 

flammable, efficient and can successfully replace and extend the life of our present fossil-fuels. Fossil-fuels are one of non-
renewable sources of energy and have a limited capacity which will inevitably exhaust. By the current rate of production and 
usage in transportation industry, humanity has about 50 years of fuel left. Many research activities are being carried out in 
order to study the combustion chamber of turbofan engines with alternate fuels or as a „blend‟ with the currently used fuels. 
Road and air transportation are the most widely used modes of transportation today and also the most polluting. Many motor 
vehicles have started using Electric motors instead of IC engines. The revolutionary production of electric cars has been a 
boon for the environment and they also deliver outstanding performance. Today, aircraft engines have become the 2nd 
highest fuel consuming and the highest carbon emitting engines in the world. This project is a big step which will 

revolutionize this world, making it clean and a less carbon emitting one and achieving a „petrol-free energy system‟ by 
successfully replacing Jet-A fuels with acetylene. 
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I. INTRODUCTION 

 

High-bypass and Low-bypass turbofan engines are 

one of the most efficient aircraft engines ever made in 

aviation history. Yet they consume the most fuel and 

are the most „pollutant gas‟ emitting engines in the 

world. These engines are responsible for 2% of the 

entire Global Warming produced, releasing gases 

such as carbon dioxide, nitrous oxide, sulphurous 

gases, soot, etc. The ultimate goal is to minimize the 

usage of fossil-fuels as energy source. Hence, fuels 

which are clean burning, renewable and those which 
can be easily produced are primarily being 

investigated as alternate fuels. 

 

II. CALCIUM CARBIDE (PRIMARY FUEL) 

 

Calcium carbide also known as calcium acetylide 

which is mainly used in industry to produce acetylene 

and calcium cyanamide. The pure material is 

colorless, however pieces of technical-grade calcium 

carbide are grey or brown and consist of 80-85% of 

CaC2. 
Calcium carbide is produced in an electric arc furnace 

from a mixture of lime and coke at approximately 

2200 degree Celsius. Calcium carbide is cheap 

compared to kerosene and available in abundance. 

 

CaO + 3C → CaC2 + CO 

 

Properties: 

Chemical formula                            CaC2 
Molar mass                                64.099 g/mol 

Appearance        White powder to grey/black Crystals 

Density                                        2.22 g/cm3 

Melting point                 2,160 °C (3,920 °F; 2,430 K) 

Boiling point                 2,300 °C (4,170 °F; 2,570 K) 

Solubility in water                  Rapid hydrolysis 

Thermochemistry: 

Std. Molar   Entropy (So298)         
70 J·mol−1·K−1 

Std. Enthalpy of   Formation (ΔfHo298) 

 −63 kJ·mol−1 

 

The high temperature required for the reaction is not 

practically achievable by traditional combustion, so 
the reaction is performed in an electric arc furnace 

with graphite electrodes. The carbide product 

produced generally contains around 80% calcium 

carbide by weight. Applications of calcium carbide 

include manufacture of acetylene gas, and for 

generation of acetylene in carbide lamps; 

manufacture of chemicals for fertilizer; and in 

steelmaking, 

 

III. ACETYLENE (MAIN FUEL) 

 
Acetylene (chemical name: Ethyne) is the chemical 

compound with the formula C2H2. It is a 

hydrocarbon and the simplest alkyne. It is unstable in 

its pure form and thus is usually handled as a 

solution. Pure acetylene is odorless. 

 

Properties: 

Chemical formula        C2H2 
Molar mass                  26.038 g·mol−1 

Appearance                 Colorless gas 

Odor                             Odorless 

Density                        1.097 g/L = 1.097 kg/m3 

 

Thermochemistry: 

Std molar entropy (So298)                 
201 J/(mol·K) 

Std enthalpy of formation (ΔfHo298)      
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+226.88 kJ/mol 

Autoignition Temperature                       

300 °C (572 °F; 573 K) 

 

For production of acetylene, calcium carbide must 
mix with normal water. So anyone can produce 

acetylene gas if one can have a gas collecting 

container and storage device. In welding shops 

acetylene is producing in acetylene gas generators by 

following this equation only. 

CaC2 + 2H2O → Ca(OH)2 + C2H2 

 

NOTE: Acetylene is extremely flammable. Itis 

even compared to highly purified to kerosene 

(JET-A) the Tad (
0
C) of acetylene is 16.3% higher 

than kerosene in air.Further calculations are 

carried out based on this relation. When combined 

with oxygen, the Tad (
0
C) of acetylene increases to 

41.1% higher than kerosene. 

 

IV. DESIGN APPROACH-1 (Block diagram) 

 

 
Fig.1 

 

Working: Above diagram describes the design 

approach of using acetylene as a main fuel in 

turbofan engines. As shown in fig.1 the Jet-A fuel has 

been replaced by calcium carbide (more than 80% 

purity). Calcium carbide is the primary fuel in this 

system and it is stored in powder form. 

Since primary fuel is in solid state, it will occupy less 
space and would be quite easy to handle compared to 

liquid state Jet-A fuel. Furthermore, the storage space 

required to store primary fuel is reduced significantly, 

for it yields 16% more energy than Jet-A fuel, with 

the same amount. The other components like AWG, 

PTS, Reaction chamber, C2H2 chambers, etc. can be 

stored in that saved space. Therefore, no extra space 

is required. 

Now, the second step in the working is done by PTS 

(Powder Transfer System). PTS extracts a particular 

amount of calcium carbide powder from the calcium 

carbide tank and transfers it into the reaction chamber 

which is also known as „acetylene gas generator‟. As 
shown in fig.1 the specific required amount of 

primary fuel is placed at the bottom and water is 

sprayed from above. Due to which the mixing of the 

water with calcium carbide takes place, resulting in 

the liberation of Acetylene gas. Various types of 

powder transfer systems are already available in the 
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market. Any PTS can be used in this system as per 

the need and design requirement. 
 

The water sprayed on the primary fuel in the reaction 

chamber is provided by the Atmospheric Water 

Generator (AWG). Water is the secondary fuel in this 

system. This secondary fuel is generated rather than 

stored, providing the system more space to store other 

components like Calcium carbide.AWG extracts 

moisture from the air by dehumidification process. 

The rate of formation of water depends on types of 

AWG, rate of air intake and power supplied. 

 

The gas produced is then compressed by acetylene 
compressor and is stored in one of the C2H2 

chambers. 

As shown in the above fig.1, there are two acetylene 

chambers. These two chambers work together in co-
ordination with a controlled valve connection to 

supply fuel continuously to the turbofan engine. The 

supplied gas is allowed to flow only in first chamber, 

by keeping the valve of other chamber closed. Once 

the first chamber is loaded with its max carrying 

capacity of acetylene gas, its valve opening closes 

and the valve of the second chamber opens. Now 

acetylene is flowing in the 2nd chamber, meanwhile 

the engine starts to run by using the fuel of the first 

chamber providing the time to fill the 2nd chamber. 

Once the 1st chamber exhausts, the 2nd chamber is 

ready to supply the required fuel to run the turbofan 
engine. Hence, this cycle goes on repeating itself until 

the calcium carbide tank is exhausted. 

 

V. PRESENT STRUCTURE OF HIGH-BYPASS AND LOW-BYPASS ENGINE 

 

 
Fig.2 

 

Turbofan and Combustion Chamber: 

Turbofan engines are the most efficient engines in whole aviation industry. In turbofan engine first air is 

squeezed by compressors then mixed with fuel and ignited in combustion chamber. 

 

 
Fig.3 Combustion Chamber 
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Changes in combustion chamber for sustaining 

fuel: 
Type1: The compressed air from High-Pressure 

turbine flows in two separate paths, these paths 

separate at the entrance of the combustion chamber. 

80% of air flows from above the combustion chamber 

and only 20% of air is mixed with the fuel and is 

burnt, as shown in fig.3. The new fuel, i.e. Acetylene 

has an adiabatic temperature around 2500 degrees 

Celsius. Its „Maximum flammable limit‟ or MFL is 

16 times more and the „Lower flammable limit‟ or 

LFL is 3.57 times more than Jet-A fuel respectively, 

in terms of percent by volume of air. The LFL of 

Acetylene is 2.5 (% by volume of air) and MFL is 81 
(% by volume of air). These above mentioned facts 

show that the ignition of Acetylene is quicker than 

petrol. 

To sustain the temperature and to make the new fuel 

feasible for Turbofan engine; the compressed air flow 

at the entry should be reduced to 16.8%. The 

remaining extra 83.2% of air is used as a coolant. In 

this way the new fuel can be sustained in Turbofan 

engine. 

Type2: Another preferable option is by reducing the 

fuel injection by 16% or lower. Since, the fuel is in 
gaseous state, complete combustion can be achieved, 

resulting in the gain of a higher temperature. 

Resultantly, a simple change in aircraft structure 

would be the replacement of the fuel tank of Jet. 

 

VI. THEORETICAL CALCULATIONS 

 

Boeing 747-100: Fuel Capacity 48,445gal = 1, 47, 

440. 956 kg 

Range= 8560 km 

Cruise speed: 907kmph= 9.4 hours of flight time 

Max speed: 936kmph = 9.1 hours of flight time 
Static Thrust = 203.73kN (per engine) x 4 Engines 

Fuel consumption per second = 4.48 kg/second 

 

Above properties are achieved by actual consumption 

of 80% of CaC2. 

Therefore, 80% of 1, 47, 440.956 kg of Kerosene = 1, 

17, 952 kg of CaC2 (is only required) 

As a result, 29488 kg of weight is left to spare, 

meaning more storage space is acquired and that 

space can be utilized for other components like 

AWG, PTS, etc. 

 

NOTE: All the above calculations are carried out 

assuming max combusting temperature (core) of   

2000
 0

 C, which basically implies the airplane is 

flying at max speed. 

 

In the above gained space, we can accommodate 10 

AWGs weighing 3000kg per AWG (since, we can 

even reduce the weight of AWGs by ways mentioned 

below) 

1AWGcan produce 5000liters per day of water which 

is 0.058 liters/sec 

Hence, for 10 AWGs= 0.58 liters/sec. 

Therefore, in 9 hours of flight time it can produce 19, 
052.08 liters. 

CaC2 + 2H2O → Ca(OH)2 + C2H2 

From the above balanced reaction we can say that for 

every 2 moles of water and 1 mole of CaC2, 1 mole of 

Acetylene is produced. 

Therefore, 0.29kg of Acetylene gas is produced every 

second. 

In case of Jet-A fuel this particular aircraft consumes 

a 4.47kg/sec (5.57 liters/sec). 

We will only need 80% of Acetylene of this 

4.47kg/sec amount, to achieve the same performance 

as Jet-A fuel. Therefore, 80% of 4.47kg/sec is 
3.58kg/sec. 

Hence, 3.58kg/sec of Acetylene must be injected to 

achieve the same performance as 4.47kg/sec of Jet-A 

fuel. 

 

Factors that will increase the amount of Acetylene 

gas production from 0.29kg per second to 3.58kg 

per second: 

 

1. Since we are assuming a stationary point at 

25,000 feet, the rate of formation of water 
decreases by 50%, (because humidity decrease 

by 50%, too). 

2. Humidity is 80% at ground level and 40% at 

25,000 feet. Since, the plane would be flying at a 

speed of 905kmph (minimum), every second 

humidity is added at every stationary point, and a 

constant sufficient supply of humidity is 

maintained. 

3. Due to this infinite supply of humidity of air 

achieved by high speed of Airplane, very fast air 

flow through AWG is achieved which results in 

sufficient amount of water generation. 
4. If the above mentioned conditions are perfectly 

satisfied, the production of 3.58kg of water per 

second is achieved. And if a lower production 

rate is achieved, say, 2.25, 3; the desired target of 

3.58 can still be obtained by reducing the storage 

capacity of CaC2, and increasing the space for 

AWG. This modification will effectively 

decrease the maximum range covered by the 

aircraft, but still proves to be a better alternative 

than the detrimental consumption of fossil fuels. 

 

Conditions to achieve maximum performance of 

Turbofan engines by using Acetylene: 

 

1. Mandatory modifications required in AWG: By 

decreasing its weight (by removal of filtration 

candles, change in structural dimensions, use of 

lighter materials for production) to fit in more 

gas. 

2. Fast flowing of air through AWG.(at ground 

level 80% humidity exists, at 25000 feet 40% 

humidity exists in the atmosphere, and above the 

height humidity decreases rapidly.) 
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3. Constant climate/weather status updates are 

required, which are usually reported by the 
meteorology control room during actual flights. 

 

CONCLUSION 

 

1. In case this project would not be feasible on a 

large scale, i.e. for international flights, it can 

definitely be used for domestic flights. 

Moreover, it can at least be used in current 

Airplanes who have the flight capacity of 6 

hours, but fly for 2-3 hours only. This is the 

ultimate advantage of this project. 

2. Residue-Ca(OH)2 :Calcium hydroxide has many 
industrial uses, like in the Kraft paper process, as 

a flocculent in water and sewage treatment, in the 

preparation of ammonia, and as a pH modifier. It 

is also an important ingredient in cement, plaster 

and mortars. As it is a fairly non-toxic and mild 

base, it has many uses in the food industry, 

including pH adjustment, calcium fortification, 

digestion aid, and baking soda substitute. 

3. In unfortunate situations like plane crashes, the 

alternative fuel source, that is CaC2 would not 

burn spontaneously under any circumstances as it 

is not flammable in solid form. This advantage 

leads us to rule out that the only way casualties 
can occur are during a crash would be due to 

impact rather than fire. Exponentially reducing 

plane crash casualties and increase the potential 

of risking lives. 

4. This fuel can be used in turbofan based aircraft 

engines by simple and minor modifications. 

5. Acetylene and Calcium Carbide has wide range 

of merits on environmental and economical 

grounds. It produces only carbon dioxide during 

combustion and is less costly than conventional 

fuel. 

6. Acetylene can be used as a perfect alternate fuel 
over the conventional fuels used currently in the 

aviation industry. 
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