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Fuel types

SOLID LIQUID GAS
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Crude oil
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Crude oil
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Crude oil
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Crude oil

220 thousand 
Barrel a day 
26 million 
litters

Capacity: Sines refinery Portugal

Matosinhos refinery Portugal

110 thousand 
Barrel a day 
13 million 
litters
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Crude oil

Installed capacity:

330 barrels a day
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Crude oil

• Liquified petroleum gas
• Gasoline
• Naphtha
• Jet/kerosene
• Diesel
• Fuels
• Base oils
• Lubricating oils
• Paraffin
• Aliphatic solvents and aromatics, benzene, 
toluene
and xylenes
• Bitumen
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Crude oil

Brazil, Angola, Saudi Arabia, Algeria, Cameroon 
and Equatorial Guinea

Portuguese refinery

100% imported…….
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Crude oil
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Crude oil
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Crude oil

https://www.youtube.com/watch?v=o2xhmurpOtc

Refinaria.mp4
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Crude oil

Liquid fuel properties

Limits flammability: 

Octane number:  110 (high 
resistance to autoignition)
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Crude oil

Octane number:  110 (high 
resistance to autoignition)
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Crude oil

Knock problem
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Crude oil

Limits flammability: 
% volume in air

P#16 Calculate the (A/F)s of propane (C3H8). What is the mass A/F for each limit 
of flammability?
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Crude oil

Diesel

Cetane number=45 (between 40..55); 60..65 for biodiesel. 
This is a measure of a fuel's ignition delay; the time period between the start of 
injection and start of combustion (ignition) of the fuel, with larger cetane numbers 
having lower ignition delays. 

Remember ignition delay effect on emissions!!!! 
Higher NOx for biodiesel
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Crude oil

Limits flammability: 
% volume in air

P#17 Calculate the (A/F)s of Diesel (C7H14). What is the mass A/F for each limit of 
flammability?
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Crude oil

Diesel AUTOIGNITION Compression ratio =18

293K

600K

1900K

900K

Autoignition
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Combustion of droplets

Droplets distribution range from few microns to around 500µm
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Combustion of droplets
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Combustion of droplets

D2 law

Droplet lifetime = 
𝐷2

0

𝐾

K 1x10-6 m2/s
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Combustion of droplets

ሶ𝑚𝑓𝑢 =
4𝜋𝑔𝑟𝑠
𝑐𝑝,𝑔

ln(𝐵 + 1)

D2 law

td= 
𝐷2

0

𝐾

droplet life time

droplet diameter

Thermal conductivity

Heat capacity

B=
𝐿𝐻𝑉.𝑦𝑂2,∞

𝑠
+ 𝑐𝑝,𝑔 𝑇∞− 𝑇𝑠

1

ℎ𝑓,𝑔
Heat of vaporization of the fuel

mO2/mfu stoichiometric
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Combustion of droplets

ሶ𝑚𝑓𝑢 =
4𝜋𝑔𝑟𝑠
𝑐𝑝,𝑔

ln(𝐵 + 1)

D2 law

td= 
𝐷2

0

𝐾

droplet life time

droplet diameter

Thermal conductivity

Heat capacity

B=
𝐿𝐻𝑉.𝑦𝑂2,∞

𝑠
+ 𝑐𝑝,𝑔 𝑇∞− 𝑇𝑠

1

ℎ𝑓,𝑔
Heat of vaporization of the fuel

mO2/mfu stoichiometric

PROPERTIES AT AVERAGE FLAME 
TEMPERATURE AND DROPLET BOILING 
POINT TEMPERATURE

ത𝑇 =
𝑇𝑠 + 𝑇𝑓

2

𝑐𝑝, 𝑔 = 𝑐𝑝, 𝑓𝑢 ത𝑇

𝑔 = 0.4 𝑓𝑢 ത𝑇 +0.6 𝑜𝑥 ത𝑇
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Combustion of droplets
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Combustion of droplets/sprays
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Combustion of droplets



2ºSementre 2018-2019|  Combustão

Carla Silva camsilva@fc.ul.pt 31

Combustion of droplets
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