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Fuel types

SOLID LIQUID GAS
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Natural gas network

The European natural gas network. 

The existing network is shown in 

blue; planned pipelines in red. 

Population density is represented in 

dark green; larger urban areas are 

coloured light blue. 

(Image: ETH Zurich)
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Natural gas

Tcf- trillion cubic feet

Bcm- bilion cubic meter
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Natural gas

Visual comparison of the volumetric equivalence between diesel, CNG, and LNG 
for a given energy content.  (NGVA Europe).

Addition of odorants to help 

identify NG in case of a leak.
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Gas fuel
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Gas fuel

Correlation for natural gas heat capacity 

developed
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Natural gas network

Biogas



2ºSementre 2017-2018 |  Combustão

Carla Silva camsilva@fc.ul.pt 12

Gas fuel

Methane combustion essentials

CH4 2O2

Stoichiometry
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Gas fuel

Natural gas interchangeability

Appliances

Boilers

Burners

Power plants

Turbines

Wobbe Index (WI) 
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Hole diameter

of the burner

Heat release 

throughout the hole

Dimensionless

constant
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Gas fuel

Natural gas interchangeability

Appliances

Boilers

Burners

Power plants

Turbines

MJ/Nm3

e.g. biogas
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Gas fuel

Flame speed
Laminar

Turbulent

Pre-mixture

Difusion
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Gas fuel
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Gas fuel

Laminar Flame Speed �� ∝ 	��
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Gas fuel

Laminar Flame Speed
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Gas fuel

1/λ



2ºSementre 2017-2018 |  Combustão

Carla Silva camsilva@fc.ul.pt 20

Gas fuel

1/λ
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Gas fuel

1/λ
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Gas fuel

1/λ

Metghalchi & Keck (1982)
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Gas fuel

Turbulence effect
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Gas fuel

Laminar Flame Speed and reactants flow
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Gas fuel
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Gas fuel

P#19 Pretende-se dimensionar os orificios de um queimador que é alimentado com 

uma mistura de metano e ar à temperatura de 300 K e pressão de 100 kPa. O 

queimador tem de satisfazer a seguinte condição de funcionamento: potência

calorífica fixa de 3 kW e mistura pobre ou estequiométrica. Não está previsto

qualquer dispositivo de controlo automático e/ou de estabilização de chama. 

Considere um queimador com doze orificios e procure maximizar a estabilidade das 

chamas. 

a) Escolha a composição da mistura e calcule o seu caudal.

b) Dimencione os orificios.
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Gas fuel

P#20 Imagine you are using LPG in a 4 cylinder, 1.4 liter internal combustion engine, 

compression ratio 12, bore=stroke. Assume a spherical centered flame front and cold 

start. 

a) LPG has a high octane number. Identify the type of combustion constant volume or 

constant pressure?

b) Estimate the dimensions of the combustion chamber (assume bore=stroke).

c) How much time do you estimate will be the combustion duration?. 

d) Discuss HC ( non-methane volatile organic compounds) formation near the oil rings 

where the temperature is 100οC. 

e) Repeat for a natural gas with high content of methane.
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Gas fuel

Point 1 -1 atm

Point 3 -1000 kPa

Point 4 -2750 kPa

e.g. pg 385 Internal 

combustion engine 

fundamentals
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Gas fuel
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2nd assignement-doubts



Obrigado




