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Abstract - This article presents the increase in the values of the heat of combustion and the exit velocity through the nozzle 
of a space shuttle using butane (fuel) and liquid oxygen (oxidiser). With the increase in the value of specific heat ratio, Me 
and r (mixture ratio), we are able to achieve the same. All the calculations required have been discussed here.  
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I. INTRODUCTION 
 
Butane being a highly inflammable liquefied gas and 
liquid oxygen being an oxidiser can be used to obtain 
higher values of heat of combustion of approximately 
two to three times the normal values obtained during 
previous experiments (combustion of fuels) 
conducted in bomb calorimeter. This combination of 
fuel when used in propulsion industry can act as a 
boost as it will give us a source of using our resources 
renewably. This will also help us in increasing 
efficiency of the engine by increasing the output with 
less amount of fuel. Further calculations have been 
done for exit temperature, exit pressure, etc which 
helped us in finding out the dimensions of the 
combustion chamber.   
 
II. METHODOLOGY 
 
The calculations required have been shown below for 
a sample rocket of mass 1000kg and using the fuel 
combinations as mentioned.  
 
1) Standard reaction : 
C4H10 + 13/2 O2   4CO2 + 5H2O 
Reaction conducted upon excess amount of oxygen. 
 
2) The table here represents the necessary data 
required for calculations and index for the fuels used : 
 
Enthalpy of combustion -2.8781 to -2.8769 MJ 
Heat of combustion +2.8781 to +2.8769 MJ 
Molar mass 58.12 gm 
Vapour pressure 170 KPa 
Sound velocity in gas 216 m/s 
Cp 0.39 
Oxidiser propellant ratio 0.5 
Mixture ratio 6.5 
Enthalpy of fusion of 
butane 

-126.3 to -124.9 KJ/K 
mol 

Enthalpy of fusion of 
LOX 

-11,308,000 J/K mol 

Specific heat ratio 1.096 
 

3) Data required for combustion chamber: 
Pressure in combustion 
chamber 

3447.5 KPa 

Ambient Pressure 101.325 KPa 
Combustion chamber 
temperature 

2243 K 

 
4) Calculations: 
 Me

2 = 2/1-℘[ Pcombustion/Pambient]1-℘/℘ 
Putting the values in the above equation we get, 
Me = 2.6        -------------------------------------------
-------------------------- (1) 

 Te = Tc[1+(℘-1/2)*Me
2]-1 = 1691.6 K 

 Pt = Pc[1+(℘-1/2)]-(℘/℘-1) = 2018.27 K 
 Tt = Tc[1/(1+℘-1/2)] = 2139.8 K 
 
For sample rocket of 1000 kg, a testing is done for 
which values required are: 
 Force = 1000*9.8 = 980N 
Produces thrust of 10KN for 1second, 
 Net thrust = 10000-980 = 9020N 
 Acceleration = 9020/1000 = 9.02 m/sec2 
 Total propellant flow rate = wt = F/Isp 
 Specific Impulse = Isp = Ve/g 
 Ve = Me[RTe℘]1/2 = 322.7 m/sec, Isp= 322.7/9.8 = 

32.9 sec. 
 wt = wo + wf 

wf =(wt/℘+1)*(wt/r+1) = 40.5. 
 wo = 263.4. 
 At = (wt/pt)*(RTt/rg)1/2 = 6.1m2. 
 Dt = (4At/Me)[1+(℘-1/2)*(Me

2/(℘+1/2))]℘+1/2(℘-

1)= 29.6 m2. 
 De = (4Ae/3.14)1/2= 6.14m. 
 L* = Vc/At (L* = Parameter for volume required 

for complete combustion) 
 
Now here a table is given for the range of values of 
L* and its corresponding values of Vc and At: 
 
L* ( 50m) Vc = 305 m3 
L* (75m) Vc =457.5 m3 
L* (100m) Vc =610 m3 
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 Dc  = 5Dt = 13.9m. 
 Ac = (3.14/4)*Dc

2 = 151.6 m2. 
Here we are introducing a new parameter, i.e ,the 
length of the combustion chamber which is denoted 
by Lc. For a small combustion chamber, the 
convergent volume is 1/10 times the volume of the 
cylindrical part of the chamber.  
 
The relation is shown in this figure: LC = Vc/0.1*AC 
 
Vc = 305 m3 Lc = 20.1 m 
Vc = 457.5 m3 Lc = 30.17m 
Vc = 610 m3 Lc = 40.23m 
 
We will be using copper for the wall of the 
combustion chamber as copper’s q value is equals to 
3, which fits perfectly for its use. The combustion 
chamber wall should be thick enough for efficient 
welding and brazing. 
 
For copper, the working stress is 8000 psi according 
to standard values.  
 Tw = Pc*Dmean/2*working stress = 0.23m. 
 Surface area of nozzle = 

[3.14(Dc+2*Tw)(Lc)*0.1] 

 Now for a certain set of values of Lc, we will get 
the following data given here: 

  
Lc = 20.1 m   Area =  90.6 m2 
Lc = 30.17 m Area = 136.04 m2 
Lc = 40.23 m  Area = 181.4 m2 
 
III. ADVANTAGES 
 
 This fuel and oxidiser can be used in rocket and 

space shuttle as a boost in their astronomical 
upcoming missions. 

 With less fuel, we will be able to achieve a 
greater output. 

 
CONCLUSIONS 
 
Hence, with this fuel combination we can not only 
use our resources renewably and sustainably but also 
obtain a greater exit velocity than the previous 
aerospace missions.  
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