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Higher (HHV) and Lower (LHV) Heating values

HHV = LHV + hv x (nH2O,out/nfuel,in)
hv : heat of vaporization of water, 
nH2O,out : moles of water vaporized
nfuel,in:  moles of fuel combusted 

Fuel HHV MJ/kg HHV BTU/lb HHV kJ/mol LHV MJ/kg

Hydrogen 141.80 61,000 286 121.00

Methane 55.50 23,900 889 50.00

Ethane 51.90 22,400 1,560 47.80

Propane 50.35 21,700 2,220 46.35

Butane 49.50 20,900 2,877 45.75
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(e.g.20% Excess Air  l = 1.2 )

CH4 + 2.4O2 + 8.3N2 � CO2 + 2H2O + 0.4O2 + 8.3N2
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l = 0.7  ps = 0.4 kW/cm^2 l = 1.1  ps = 0.4 kW/cm^2 l = 1.3  ps = 0.4 kW/cm^2
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Burners cycling
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• What happens to burner to different 
gas qualities?

• One way: Wobbe Index: HV/sqrt (rel. 
density  )

• Many work done by AGA, AHRI on 
interchangeability – LNG
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ASHRAE TC 6.10 (Fuels and Combustion) : 

Validation of low-order acoustic model of boilers and its application for diagnosing 
combustion driven oscillations, Prof. David Herrin – University of Kentucky

Pressure – heat release oscillation                 heat release proportional to acoustic velocity

Feedback loop stability model: Baade, P. K., “Design Criteria and Models for 
Preventing Combustion Oscillations,” ASHRAE Transactions, Vol. 84, Part 1, pp. 449-465 
(1978). 

C

MF

Combustion chamber

Oscillating 
acoustic 
pressure

Mixture supplyFlame

qext qtot 

+
+

� q
qi

p

qi: volume velocity of the mixture 
flow

� q: volume flow oscillation

qext:external perturbation to volume 
acoustic velocity

qtot: � q + qext
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