
CHAPTER 4 

GAS BURNER 

CONVERSION 
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As of July 2008 

NO OF 
CUSTOMERS 

NATURAL 
GAS 

LPG TOTAL 

Industrial 636 636 

Commercial 439 709 1,148 

Residential 6,232 23,270 29,502 

Total 7,307 23,979 31,286 
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Introduction to Burner 

Burners can be defined as a device used to produce heat or 
flame from the chemical reaction between the fuel 
(gas/liquid/solid hydrocarbon and non-hydrocarbon) with  
oxidizing agents (mainly oxygen in air) - known as combustion 
 
3 types of burner; gas fuel, liquid fuel and solid fuel burner 
 
What is burner function? 
 

• Send fuel and combustion air to combustion chamber 
• Mixing fuel and air (fuel/air mixing) 
• Provide ignition of the fuel and air mixture and ensure 

continuous and stable combustion  



Burner System 

gas supply                                 valve train                   burner system 

The main components of the combustion system that is responsible for the heat 
required for usage in domestic, residential and industy by action of gas fuel with air  



Why Gas Burner Conversion 

 
• The needs for interchangeability of fuel  

 

– Fuel supply shortage (continuous  vs.  batch supply) 

– Fuel price fluctuations 

– Environmental concerns 

 

 

• Main factors influencing decision  

 

– Infrastructure  (pipeline location) 

– Energy consumption  (intensive vs non-intensive) 

 



PGU 2 



Interchangeability of fuel  

Consideration include:- 
 
Equal heat input 
Heat input of natural gas = heat input of fuel  being replaced 
 
Combustion or flame stability 
Flame speed & flammability limit 
  
Combustion air requirement 
Air supply devices such as blower, fan, compressor etc. 
 



Interchangeability of fuel  

Heat release pattern 
a)Temperature distribution 
b)Flame shape / luminosity / radiation intensity 

 
Handling capability 

•Flue gas venting  
•Burner types 
•Piping, valves & controls (size and operating range) 



Conversion of other fuel to Natural Gas 

Conversion from other gaseous fuels 
• Simple, depending on the type of burner and the characteristics 

of other fuel 
• Two gases have the same Wobbe index, then they can be 

interchange with no significant physical changes to burner 
• Problems such as air requirements,  combustion stability often 

encountered 
 

Conversion from other liquid fuels 
• In most cases require a completely new burner 
• With dual fuel (oil/gas) burner, conversion of existing gas firing 

system is possible 
 

Conversion from other solid fuels 
• Require a completely new burner, piping and control system 



Important fuel properties  

 
1. Components of gaseous fuel 

 

 

 

 

 

 

 



2. Relative Density (Specific gravity) 

 

 

 

 

 

• SG has two practical importance 

 
– Effect on the flow of gases through orifices or pipe 

– Rating of burners – burner conversion 

 

• SG depends very much on its gas mixture composition 
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3. Calorific or heating value 

 

• Quantity of heat release from combustion of unit weight or volume of 
fuel (MJ/kg or Kcal/kg or Kcal/ m3 or MJ/m3) 

 

• The more carbon and hydrogen atoms in each molecule of a fuel the 
higher will be its CV or heating value. 

 

• The larger the amount of inert matters, such as nitrogen and carbon 
dioxide, or water content, present in a fuel the lower the CV will be. 

 

 





4. Wobbe Index 

 
• For a given pressure of fuel gas at the burner, the flow rate is 

proportional to the calorific value and inversely proportional to 
the square root of the density of the gas,  

 

 

indexor  number    Wobbeas  known  is 
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• Conversion requirements 
– Same energy input 

– Same or acceptable air/fuel ratio 

– Same or better productivity or production quality 

Combustion 

chamber 

P2 

d 
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V 

r 
fuel 

nozzle 

DP = P1-P2 

NG Burner Conversion (e.g. LPG to NG) 



 

 

 

 

  

where 

   V = volumetric as flow rate 

   d  = nozzle diameter 

   P  = gas pressure 

   SG = Specific gravity 

   k  =  constant 

   ΔP  =  pressure drop across the nozzle 
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Flow Equations 



 

 
 

where 

   Q  = heat input 

   CVfuel   = gas calorific or heating value 

 

Requirement 1 :  same energy input, i.e. QNG = QLPG 
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Energy Equation 



….rearranging equation (5) 

 

 

 

 

 

 

 

 
– WI is Wobbe number or Wobbe Index, an indication of 

interchangeability of fuel gas.  

–  Gaseous fuel having the same WI can be interchanged 
with no significant physical changes to the burner 
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…… Interchangeability correlation 

 

 

 

  

 equation (7) shows that if the WI of the substitutes gas  (i.e. NG) is 
different from that of the replaced gas (i.e. LPG), it can be successfully 
interchanged by two ways 

 

   -  nozzle replacement or modification 

   -  gas pressure adjustment 
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Method 1 : Nozzle replacement or modification 

 
• Keeping the pressure drop term constant and rearranging 

equation (7) 

 

    
 

Method 2 : Gas pressure adjustment 
  

• Keeping the nozzle or orifice diameter  term constant and 
rearranging equation (7)  
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Requirement 2 :  same air-fuel ratio 

 
– After the energy input adjustment is successfully achieved, the 

combustion air should be adjusted to get a proper air-fuel ratio, and 
hence temperature profile 

 

– This can be calculated from the energy based theoretical air (TA ) 
requirement, defined as a ratio of combustion air supplied (Sm3) to 
heat generated (kcal, kW, BTU etc.) 
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TA NG 1.05 Sm3/Mcal 

TALPG 1.03 Sm3/Mcal 



 

• Important consideration points of NG conversion (from LPG) 
for the same performance (i.e. Heat Input)  

 

– NG flow rate is higher than LPG due to its lower calorific 
value. 

 

– NG pressure is higher than LPG if the pressure adjustment 
method is to be used. 

 

– NG will have higher pressure drop in the gas supply 
system. 

 

– NG firing requires higher combustion air 

 



• Final confirmation methods 

 

  After natural gas conversion, same performance  and productivity 
are required hence confirmation methods should be considered 

 

• Flow rate of natural gas should be corrected based on the 
following equation 

 

  Vi = Flow rate of gas as recorded by a rotameter 

  Va = Actual flow rate of gas 

  T  = absolute temperature 

  P  = absolute pressure 

  SG = Specific gravity of gas 

  c  = design base of meter 
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Gas metering !!! 



• Flue gas analysis 

– Oxygen or CO measurement is recommended to check whether 
proper air/gas ratio and firing is obtained 

– This is also for safety and furnace/boiler efficiency analysis 

 

• Pressure measurements 

– Pressure, both air and gas, should be measured at suitable points 
to check the firing condition and also their maintenance 

 

• Heating up period 

– If the energy input and air/gas ratio are the same as for LPG firing, 
the same heating up period should be obtained 

– This is very important for small appliances which have no gas 
meter 

 

• Product confirmation 

– Check for product defect, rate and efficiency – higher productivity 
and efficiency and lower production defects are desired. 

 



• Important considerations of capacity of equipment used 
in burner conversion 

 

 Natural gas firing requires higher gas flow rate and the capacity of the 
maximum flow rate or pressure limitation should be considered for the 
following equipment 
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 a) Compare the conversion requirements of  LPG firing appliance to 

natural gas  (after ‘95) with fuel composition as shown above and 
deduce conclusions with respect to 

 

• Gas volume 

• Gas supply pressure 

• Nozzle or orifice diameter 

Example 1 



 

 

 b) Also perform necessary calculations to show that the 

most important consideration factor of burner conversion 
requirement cannot be met if natural gas is directly fired 
into a LPG gas appliance without undergoing burner 
modification or adjustment 

Example 1 



Group work 

Please do Example 1  

Compare the conversion requirements of 
LPG firing appliance to natural gas with 
composition before 1995. 



Question? 



THE END 

 

 

Thank You for the Attention 


