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Abstract— In current scenario, we are using petrol, diesel, 

LPG, CNG, etc. as a fuel for IC engine. Creator has created 

enough amounts of recourses but some people don’t 

understand the situation and they don’t care about the other 

peoples. They are using it in very large quantity that the 

recourses may finish in very short period of the time. Our 

next generation might get suffered without the resources, so 

to solve that problem the alternate fuel must be found. 

Acetylene is suited fuel for running the IC engine as 

alternate fuel. On paper research says that some changes 

required. Acetylene produced by a decomposition reaction 

of calcium carbide with water. Thus cost becomes 

minimum, less emission and environment friendly. 
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I. INTRODUCTION 

An internal combustion engine is a heat engine where the 

combustion of a fuel occurs with an oxidizer (usually air) in 

a combustion chamber that is an integral part of the working 

fluid flow circuit. In an internal combustion engine, the 

expansion of the high-temperature and high-pressure gases 

produced by combustion. The force is applied typically to 

pistons, turbine blades, rotor or a nozzle. This force 

generates the mechanical energy. 

The first commercially successful internal 

combustion engine was created by Etienne Lenoir around 

1859 and the first modern internal combustion engine was 

created in 1876 by Nikola sotto.  

 
In internal combustion engine, there are four-stroke 

and two-stroke piston engines, along with variants, such as 

the six-stroke piston engine and the Wankel rotary engine. 

The internal combustion engines use continuous 

combustion: gas turbines, jet engines and most rocket 

engines, working on same principle. 

An ICE is work with fossil fuels like natural gas or 

petroleum products such as gasoline, diesel fuel or fuel oil. 

There is a renewable fuel like biodiesel for compression 

ignition engines and bio ethanol or methanol for spark 

ignition engines is used. Hydrogen is sometimes used, and 

can be obtained from either fossil fuels or renewable energy. 

We all know that there are so many people having 

different blood groups. Same way in IC engine body we 

found different types of fuels available. It may be as solid, 

liquid, or gas. [6] The combustible product can be utilized as 

fuel but according to requirements fuel must be selected by 

its properties like high calorific value, density, auto ignition 

temperature, stoichiometric air fuel ratio, flammability 

limits, lower calorific value, max deflection speed, ignition 

energy, and lower heating value of stoichiometric mixture. 

Mostly petrol, diesel, LPG, CNG, etc. are utilize in IC 

Engine. 

II. PROJECT OVERVIEW:  

Acetylene has calorific value 48,225 (kJ/kg). Petrol has 

calorific value 44,500 (kJ/kg). The difference between 

calorific value is 3725 (kJ/ kg). Which is big amount of 

energy and it will generate knocking in IC engine and it will 

damage IC engine and IC engine components. 

Water and calcium carbide ratio is 2:1 in reaction 

tank. Small amount of aluminium oxide is used as catalyst to 

enrich the chemical reaction. 

CaC2 + 2H2O    Ca(OH)2 + C2H2 

There are two chambers with water and calcium 

carbide. First water is kept and second calcium carbide. 

Water slowly enters to the acetylene chamber and reacts 

with it and stores into the tank. Water and acetylene gas are 

controlled by control valves. [7] 

III. ACETYLENE  

Acetylene is used as a fuel which having no colour or 

colourless. As alkynes, acetylene is unsaturated because its 

two carbon atoms are bonded together in a triple bond 

having CCH bond angles of 1800. 

In 1836 acetylene identified as a “New Carburet of 

Hydrogen” by Edmund Davy. The name acetylene was 

given by Marcellin Berthelot in1860.  

IV. MANUFACTURE 

Acetylene manufacture by following processes:  

1) From calcium carbide 

2) From paraffin hydrocarbons by pyrolysis (Wulff 

process) 

3) From natural gas by partial oxidation (Sachasse 

process) 

Nowadays acetylene is mainly manufactured by the 

partial oxidation of natural gas (methane) or side product in 

ethylene stream from cracking of hydrocarbons. 
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There are two methods for the manufacture of 

acetylene from calcium carbide 

1) Wet process 

2) Dry process 

V. PROPERTIES 

Molecular formula: C2H2
 

Molecular weight : 26.04gm/mole 

Appearance : Colourless gas 

Odour : Odourless gas 

Boiling point : -840C (sublimation point) 

Melting point : -80.80C @1.27atm 

Density : 1.097kg/m3 

Solubility : Soluble in acetone 

 It is transported under high pressure in acetone soaked 

on porous material packed in steel cylinders. 

 It is lighter than air 

 It is somewhat poisonous in nature. 

 It burns with luminous flame and forms explosive 

mixture with air. 

VI. COMPARISION WITH OTHER FUELS 

Physical and 

Combustion Properties 

of Fuels 

Acetylene Hydrogen Diesel 

Fuel C2H2 H2 C8-C20 

Density kg/m
3
 (At atm. 

& 20 °C) 
1.092 0.08 840 

Auto Ignition 

Temperature (°C) 
305 572 257 

Stoichiometric Air Fuel 

Ratio 
13.2 34.3 14.5 

Flammability Limits 

(Volume %) 
2.5 – 81 4 – 74.5 

0.6 – 

505 

Flammability Limits 

(Equivalent Ratio) 
0.3 – 9.6 01 – 6.9 - 

Lower Calorific Value 

(kJ/kg) 
48,225 1,20,000 42,500 

Lower Calorific Value 

(kJ/m
3
) 

50,636 9600 - 

Max deflagration Speed 

(m/sec) 
1.5 3.5 0.3 

Ignition energy (MJ) 0.019 0.02 - 

Lower heating value of 

Stoichiometric mixture 
3396 3399 2930 

VII. RESULTS & DISCUSSION 

The performance and emission characteristics are compared 

with baseline petrol engine. 

A. Brake Thermal Efficiency:  

The brake thermal efficiency in induction technique is found 

to be 11.24% lower than neat petrol is 28.85% efficiency at 

full load. In dual engines, thermal efficiency decreases at 

low loads and rapidly increases at full load condition 

operation with addition of inducted fuels such as LPG, 

CNG, etc. Acetylene has high flammability and high 

combustion rate, so efficiency lower throughout load 

spectrum. Its high diffusion rate and faster energy release 

efficiency falls at high loads. 

B. Hydrocarbon Emissions:  

The HC emissions are 25 ppm in baseline petrol operation 

and 23 ppm when acetylene is aspirated at full load in 

induction technique. The reduction in HC emission in the 

case of dual fuel mode is due to the higher burning velocity 

of acetylene which enhances the burning rate. 

C. Carbon Monoxide Emissions:  

The variation of carbon monoxide emissions with load 

exhibits similar trend of HC. The CO emissions are lower 

compared to the base line petrol operation. The maximum is 

0.01% by volume in induction technique followed by base 

line petrol of 0.02% at full load. The CO emissions are 

lower due to the complete burning of the fuel, and is also 

due to the reduction in the overall C/H ratio of total fuel 

inducted into the engine. [4] 

D. Exhaust Gas Temperature: 

The exhaust temperature is 367 °C at full load condition. 

Acetylene induction decreased the exhaust gas temperature, 

indicating the advancement of energy release in the cycle 

and higher flame speed. [3] 

E. Oxides of Nitrogen: 

It can It can be observed from figure 4 that NOx emission is 

1866 ppm at maximum output with neat petrol fuel 

operation. In dual fuel operation with acetylene induction, 

NOx emission is increased by 17% when compared to 

baseline petrol operation. [5] According to zeldovich 

mechanism model, the formation of NOx is attributed to the 

reaction temperature, reaction duration, and the availability 

of oxygen [1]. When acetylene is inducted, increase in NOx 

may be attributed to the increased peak cycle temperature 

level because of faster energy release, which is confirmed 

by increased peak cycle pressure. 

F. Smoke:  

The exact mechanism of smoke formation is still unknown. 

Generally speaking, smoke is formed by the pyrolysis of HC 

in the fuel rich zone, mainly under load conditions. In petrol 

engines operated with heterogeneous mixtures, most of the 

smoke is formed in the diffusion flame. The amount of 

smoke present in the exhaust gas depends on the mode of 

mixture formation. The combustion processes and quantity 

of fuel injected occur before ignition [2]. The smoke level 

increases with increase in petrol flow rate, and at full load it 

is 7 BSU in case of petrol fuel operation. Dual-fuel 

operation with any gaseous fuel proved to be a potential way 

of reducing the smoke density as compared to petrol 

operation. A reduction in smoke level is noticed. The smoke 

level is reduced by 14% in induction technique at full load 

when compared to baseline petrol operation. This may be 

attributed to the fact that combustion of acetylene-petrol fuel 

is faster, contributing to complete combustion, and is also 

due to triple bond in acetylene which is unstable. 

G. Carbon Dioxide Emissions:  

The CO2 emissions are lower compared to the base line 

petrol, the minimum being 8.7% by volume at full load in 

acetylene induction technique followed by 9.0% by volume 

in baseline petrol operation, as shown in figure 8. The CO2 

emission of acetylene is lowered because of lower hydrogen 

to carbon ratio. 
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H. Pressure Crank Angle Diagram: 

The peak pressure is about 72.1bar at maximum power with 

base line petrol operation. Peak pressure is further increased 

in dual fuel operation with acetylene induction at maximum 

load. In dual fuel engine, the trend of increase in peak 

pressure is due to increased ignition delay and rapidity. 

There is an increase to about 3. bar when acetylene is 

inducted. The peak pressure for acetylene inducted dual fuel 

engine is advanced by 5°CA compared to peak pressure of 

petrol at full load. [] The advance in peak pressure for 

acetylene combustion is perhaps due to instantaneous 

combustion of acetylene as compared to petrol. The rate of 

pressure rise is also high for acetylene operated dual fuel 

engine, compared to petrol operated engine due to 

instantaneous combustion of acetylene fuel. 

I. Heat Release Rate:  

Indicates the rate of heat release for acetylene operated dual 

fuel engine at 3 ppm flow rate, and petrol engine at full load 

as well. The burning rate diagram can be divided into three 

distinct phase, namely ignition delay, premixed combustion 

phase, mixing controlled combustion phase, and late 

combustion phase [1]. The heat release rate for acetylene 

aspiration shows distinct characteristics of explosive, 

premixed type combustion followed by a brief second phase 

dip in burning rate and then a rapid increase during the third 

phase of combustion of the gas mostly diffusion type of 

combustion. 

VIII. DESIGN 

A. Dimensions: 

Overall Length  : 22mm 

Overall Width : 720mm 

Overall Height : 1040mm 

Wheel Base : 1230mm 

Saddle Height : 185mm 

Around Clearance : 159mm 

B. Weight: Kerb weight  

Kick Start : 109 kg 

Electric Start : 112 kg 

C. Capacities:  

Engine Oil : 0.95 liter at disassembly and 0.75 liter 

Fuel Tank : 11.0 liter (Minimum) 

Fuel Reserve : 1.1liter (usable reserve) 

Front Fork Oil : 162 – 165 ml 

D. Engine: 

Maximum 

Power 
: 6.15 kW (8.36 ps) @8000 rpm 

Maximum 

Torque 
: 0.82 kg-m (804 N-m) @ 8000 rpm 

Bore and Stroke : 50.0mm & 49.5mm 

Compression 

Ratio 
: 9.9:1 

Displacement : 97.2 cc 

Spark plug 
:NaK – CR7HSA, BOSCH – UR4AC, 

Fedral Mogul-P-RZGHL 

Park plug gap : 0.6 – 0.7 mm 

Valve Clearance : Intake 0.10 mm 

: Exhaust 0.10 mm 

Idle Speed : 1400 ± 100 rpm 

E. Chassis & suspension 

Front 

suspension 
Telescopic Hydraulic shock absorbers 

Rear 

suspension 

Swing arm wim 5 step adjustable shock 

absorber 

Caster angle 26° 

Tyre size 
Front: 2.75*18-42p/4PR 

Rear: 2.75*18-48p/6PR 

Brakes 
Front (Drum type) Dia.: 130 mm 

Rear (Drum type) Dia.: 110 mm 

F. Transmission: 

Primary Reduction : 3.722 (67/18) 

Final Reduction : 3.143 (44/14) 

Gear Ratio 1
st
 : 3.182 (35/11) 

Gear Ratio 2
nd

 : 1.706 (29/17) 

Gear Ratio 3
rd

  : 1.238 (26/21) 

Gear Ratio 4
th

  : 0.958 (23/24) 

IX. DESIGN OF IC ENGINE TO USE ALTERNATE FUEL AS 

ACETYLENE      

The indicated power of cylinder is given by: 

    
     

       
 

    
(      )

    
 

           

    
   

 
 

S = 49.5 mm 

B = 50 mm 

nr = 2 

nc = 4 

                      

A. Cylinder bore and stroke: 

L = 49.5 mm 

D = 50 mm 

    

 
                                   

       
 

            

B. Length of cylinder: 

    
                    

             
 

     
       

  
 

            

            

              
1) Materials: 

15Cr13Mo6 

15Cr3Mo55   50C8 – Cylinder linear 

15Cr3Mo55   40C8 – Camshaft Connecting Rod 

Sut = 650 N/mm
2
 

Pm = 10 Pbm 

Pm = 9.496 N/mm
2
 

           N/mm
2
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t = 3.5 mm 

C. Thickness of cylinder flange: 

tf = 1.3t 

tf = 1.3 * 3.5 

tf = 4.6 mm 

D. Thickness of Cylinder head(th): 

Material selected for cylinder head is 40C8 

            N/mm
2
 

       √
    
      

 

          √
     

   
 

        

E. Number of stud: 

(
 

   
   )     (

 

  
   ) 

 (
  

   
   )     (

  

  
   ) 

          

F. Diameter of Stud: 

The material selected for studs are alloy steel 

AISI4140 steel 

    
   

 
 

        mm 

       √
     

     
 

             

1) The nominal diameter of stud 

   
  
    

 
     

    
 

              mm 

G. Diameter of Stud pitch circle (dp) and flange: 

Dp = D + 3 db 

=50 + 3*7 

Dp = 71 mm 

1) The Outside diameter of the flange is  

D0 = (Dp + 2db + 12) mm 

= (50 +2*7 +12) 

= (50+14+12) 

D0 = 76 mm 

H. Pitch for studs: 

1) The pitch of stud is 

      
  

 
 

    
  

 
 

             

(     )     √        

(     )     √        

                  

            

D = 50 mm 

L = 49.5 mm 

               

               

           kg/kW-h 

HCV = 48.225 kJ/kg 

N = 800 rpm 

          

        

I. Thickness of Piston head: 

       
   

 
 

= 47 N/mm
2
 

         (  ) √
     

  
 

                   

B.P = 6.15 

According to bsfc 

     
     

    
 

=7.63*10
-0.5

 

X= 0.05 

    
                         

         
 

                  

          

1) Reinforcing ribs: 

 
  

 
 
    

 
 

          

tR = 4 mm 

Pw  = 0.04 N/mm
2
 

              
  

      √
      

     
 

tR = 2 mm 

2) Axial width of piston ring: 

br = 0.75 tr to 1.0 tr 

= 0.75 *2 to 1.0 *2 

= 1.5 mm to 2 mm 

br = 1.8 mm 

3) Number of piston rings: 

   
 

   
 

     
  

   
 

z = 2.77 

z =3 

4) Width of lands between piston rings grooves: 

b1 = 0.75 br to 1.0 br 

b1 = 0.75 *1.8 to 1.0* 1.8 

b1 = 1.35 mm to 1.8 mm 

b1 = 1.5 mm 

5) Width of top land: 

B0 = 1 tph to 1.25 tph 

=10 mm to 12.5 mm 

= 11 mm 

6) Gap between reinforcing ribs: 

Gr =3 tr to 4 tr 
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= 6 mm to 8 mm 

Gr = 7 mm 

7) Piston skirt: 

        
   

 
       

      
     

 
       

          

8) Length of Piston skirt: 

pbc = 0.4 N/ mm
2
 

Rn = Lps D Pbc 

1864 = Lps *50* 0.4 

Lps = 37.29 mm = 40 mm 

 

L = b0 + 2*br + (2-1)b1 + Lps 

= 11 + 3(1.8) + 2(1.5) + 40 

= 59.4 mm 

L= 60 mm [7][8] 

X. CONCLUSION 

As stated above the acetylene operated IC engine can give 

the output in power we can use in different manner by 

transforming energy. The different parameters affected to 

the IC engine are controlled through the designing of IC 

engine and its components. Acetylene is used as a gas by 

taking Acetylene in a carbide box so as to prepare a gas by 

using water is present in tank and it consist of hole in a 

carbide box so as to form a gas and this gas is passed 

through a pipe which is fixed with rubber tube to the 

carburetor and to perform engine. 
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