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vistes  Crude oil

Man made Rig

A simple Pictorial
tllustration of how Fuel
came to this world. Man made

oil rigs are what extracts this fuel from
the bottom of the ocean or land depending on

where the fuel was found,
This piciure s gaken from dmmeko's phodosiream
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Proven Oil Reserves
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THE WORLD'S BIGGEST
OIL PRODUCERS
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Sines refinery Portugal

Capacity:

220 thousand
Barrel a day [
26 million
litters

110 thousand
Barrel a day [
13 million
litters
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Matosinhos

Sines

Installed capacity:

330 barrels a day

23%

16%

3B8%

@ Cazez @ Casolines ® Aromatics
Diezel @ Jet @ Fueloi
Others caL
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Petroleum products made from

a barrel of crude oil, 2016
bl e Liquified petroleum gas

- e Gasoline
e Naphtha

other distillates e Jet/kerosene

{heating oil}—<1

¢ Diesel
heavy fuel ail
(residual}—1 \ * Fuels
* Base oils
hydrocarbor—— & . . .
gas liquids—2 e Lubricating oils
¢ Paraffin
e Aliphatic solvents and aromatics, benzene,
toluene
and xylenes

Mate; A 42-gallon (U.5.) bamel of crude oil yields about 45 galions of petroleum .
products because of refinery processing gain. The sum of the product amounts in the [} B |t u m e n
image may not equal 45 because of independent rounding.

Source: U.S, Energy information Administration, Pefrleum Supply Mordbly, February
2017, prefiminary data for 2016

Carla Silva camsilva@fc.ul.pt 11
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100% imported.......

—_—

hatozinhos

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

Portuguese refinery

_ -
ﬂ Sines

Carla Silva camsilva@fc.ul.pt 12
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Direcdo Geral de Energia e Geologia
Diregao de Servigos de Planeamento Energético & Estatistica
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Figura 3 - Estrutura do Petréleo Bruto Importado, por Origens (2015 a 2017)
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Distillation Colurmn e T

Fractions
with lower densrty
and bailing point

Fractions
with higher density
and boiling point
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Gas

Maphts

Petral

Werosene
[parafting

H |
Digzel

Lubricant

Hesney digsel

Waste

il

A
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g #

Liquetied Petroleum Gas

Chemicals

Fuel for vehicles

Awigtion fuel, oil for lighting and heating

Dieszal fusl

Lubricants, waxes, ails, polizhing

Bunkers, factores and central haating

Biturmen for trails and roofs

https://www.youtube.com/watch?v=02xhmurpOtc

Carla Silva camsilva@fc.ul.pt

15



! Ciéncias N
e Crude oil

2°Sementre 2018-2019 | Combustéo

Liquid fuel properties

LPG (Propane) Properties Chart

LFG Boiling Point

-42°C or -44°°F

LFG Melting - Freezing Foint

-188°C or -306.4 °F

Specific Gravity of Liquid LFG

0.495 (25°C)

LFG Gaseous Density

1.898 kg/m? (15°C) or 0.1162 Ib/®

Energy Content of LFG

25 MJ/L or 91,547 BTW/Gal (60°F)

LFG Gaseous Expansion

1L (liquid) = 0.27 M? (gas)

Flame Temperature

1967 °C or 3573 °F

Limits of Flammability

215% to 9.6% LPG/air

Autoignition Temperature

470°C or 878 °F

Molecular Weight

44.097 kg/lkmole

Octane number: [1110 (high
resistance to autoignition)

Four-stroke cycle

intake exhaust
intake vale spark plug valves closed valves closed valve closed wvalve open
open : exhaust valve g
air-fuel__, | closed |

mixture
combustion
chamber
piston 1 l
connecting

intake compression power exhaust
Air-fuel mixture Air-fuel mixture Explosion forces Piston pushes out
is drawn in. is compressed. piston down. burned gases.

2007 Encyclopaedia Britannica, Ine.

Mote: Some numbers have been rounded.

VP only
LEAN \ \a.rcn
. . o e Too LE r R,CH
Limits flammability: % WR:’T \rFOam T

’ Ideal Mixture ‘

Lower Upper
Flammability Flammability

Limit Limit

Carla Silva camsilva@fc.ul.pt
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Primary Flame Front
Secondary e

(unwanted)
Flame Fron

This photo of

a badly damaged
piston indicates
the effects

of leng-term
engine knock.

Octane number: [1110 (high
resistance to autoignition)

Carla Silva camsilva@fc.ul.pt
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Knock problem

B3
o
1

Detonation

—
mn
I

th
1

Cylinder Pressure « MPa)

330 345/ .0 |38 380
Crank Angle (° CA)
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P#16 Calculate the (A/F)s of propane (C;Hg). What is the mass A/F for each limit

of flammability?

Limits flammability:
% volume in air

LEAN -~/

P .
ro0 LEAN /S A\ 100 RICH
I

| L
0% 10 BURN V.
P (A
Ideal Mixture
Lower
Flammability
Lirmit

R 100%
\ r‘lo BURN ’

b N SN

Upper
Flammability
Limit

Carla Silva camsilva@fc.ul.pt
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Crude oil

Diesel

PHYSICAL PROPERTIES

Boiling point: 282-338°C D

Melting point: -30 - -18°C

Density: 0.87-0.95 g'ecm® €——

Solubility in water, g/100ml at 20°C: 0.0005

Flash point: 52°C c.c.

Auto-ignition temperature: 254-285°C €———
Explosive limits, vol% in air: 0.6-6.5

Octanol/water partition coefficient as log Pow: >3.3

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

Carla Silva camsilva@fc.ul.pt 20
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P#17 Calculate the (A/F)s of Diesel (C,H,;). What is the mass A/F for each limit of

flammability?

Limits flammability:
% volume in air

LEAN -~/

P .
ro0 LEAN /S A\ 100 RICH
I

| L
0% 10 BURN V.
P (A
Ideal Mixture
Lower
Flammability
Lirmit

R 100%
\ r‘lo BURN ’

b N SN

Upper
Flammability
Limit

Carla Silva camsilva@fc.ul.pt
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Diesel AUTOIGNITION

Temperature (T)

e

Diesel Heat Cycle Entropy Diagram
1900K /€

Vi Expansion

. (Work Out)
600K _ D 900K

Compression
(Work In)

293K A

Autoignition

Compression ratio =18

Carla Silva camsilva@fc.ul.pt
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5 Combustion of droplets

Droplets distribution range from few microns to around 500um

Spray Formation and Fuel-Ambient Combustion and
Atomization | Vaporization ] Mixing Pollutant
— primary secondary Formation
Fuel Injection breakup breakup / —
cavitation exit flow

7y

| Ambient Entrainment |

SN

Carla Silva camsilva@fc.ul.pt 23
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Droplet Vaporization and Combustion:

:‘is-;:’-ﬂlmEt'mus-.

& iroplet is a sphere

» single component fuel
4 (2xpir) = 1i
STpT,) = m
mass flow rate
mass per unit time leaving the droplet

# quicscent ambience

& @ Eravity

» spherical symmetry
# (uasi-steady approximation

& one-step overall chemical reaction (F 4+ O — Products)

Carla Silva camsilva@fc.ul.pt 24
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WITIAL DA EUEL
& 20 pm 1 =HEPTANE
¥ 103 um 150 -OCTANE
doly L o IBipm KERQSINE
o Valim KERDSINE
&= & ITum= KEROSINE
1B
32
m D? law
S T D%,
R Droplet lifetime =
: K
G ¢
£
0 161
., KO1x10® m?/s
o s
0-&
| I I 1 | I i 1

un- 0-DB& DO 0036 0032 00&0 O048 0056 006k 0072
TIME - SECOMDS

Muruzzaman et al. PCI, 1971
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5" Combustion of droplets

Thermal conductivity —

. Amhgrg
A mfu -

In(B + 1)

Cp.g

/

Heat capacity

I

Yo

droplet diameter

droplet life time

- EN

(LHV.yOZ,oo

+ ¢, ;(Too — Ts))
prg hf,g
> Heat of vaporization of the fuel
mO2/mfu stoichiometric

Carla Silva camsilva@fc.ul.pt 26
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Thermal conductivity —

PROPERTIES AT AVERAGE FLAME
TEMPERATURE AND DROPLET BOILING
POINT TEMPERATURE

T, + T

T =
2

cp, g = cp, fu(T)

Lg = 0.4 Lfu(T)+0.6 hox (T)

8= (LHV.yOZ,00

mO2/mfu stoichiometric

+ Cp,g(Too — Ts))

. 47T7Lg7'5

In(B + 1)

Cp.g

/

Heat capacity

DZ
L= 70\

droplet diameter

droplet life time

1

h
f.9 .
> Heat of vaporization of the fuel

Carla Silva camsilva@fc.ul.pt

27



Ciéncias . 2°Sementre 2018-2019 | Combustédo
s Combustion of droplets

Turbina a gas de um avido.

Tubeira

Wi

Pas deflectoras Compressor de
alta pressao

Turbina de baixa
pPressao

Compressor de Camarade  Turbina de alta
baixa pressao combustéo pPressao
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5" Combustion of droplets/sprays

Zona primaria  Zona intermédia Zona de diluicao

b LF | | |
Injector de { ] ] ' T
combustivel

e Produtos de
combustao

Invélucro interior
(“liner”)

Difusor  “Swirler” Ar Ar Involucro exterior
secundario de diluicao (“air casing’)

Representacéo esquemética da cdmara de combustio de uma turbina a qas.

Carla Silva camsilva@fc.ul.pt
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5" Combustion of droplets

lgnicao
Evaporacéo Combustao
homogénea
@
° ©® e ® °
@ " MOMO), o © ® 5
@ ® ® ® ® o
®
i ® ® O © © ® O Produtos de
pray ‘ P @ @@ ©©© @O combustao
® o
® @ _@®ee
. & ® @ ¢ o @ o

Escoamento ———w
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Evaporacéo

]
Se o
@ ® @ 0:
Spray o e 0
° o
. ® .0'

Combustéo
homogénea

Produtos de
combustao

Escoamento ————»
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P#18 Mono-dimensional spray Droplets of 200 um. What should be the length of gas
turbine combustion chamber for air and droplet speed of 30 m/s? and the fuel
consumption rate?. Assume there is no heat transfer to the droplets interior, and
that the droplet is at the boiling point. Air 300 K, 1 bar. Consider two fuels.

[T (K PO(Mi/ke)

n-hexane (C6H14) 1700 45.1
Propane (C3H8) 1900 46.4

Carla Silva camsilva@fc.ul.pt 32
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uisea Emissions

Review#2 (exercicio 12.4 livro Portugués) Uma caldeira de uma central termoelétrica é
alimentada com um fuel-éleo residual que apresenta a seguinte composi¢cao massica
elementar indicada na tabela. Considerando combustao completa com 25% de excesso de ar,
i) Estime arelacdo (A/F)st.
i) Estime a concentragdo massica de SO, nos produtos de combustao.
iii) Compare com o limite seco a 3% de O, de 200 mg/Nm3.
iv) Pode estimar a concentracao de particulas no escape? Como?
v) Introducdao minima de cal para remocao de S e cumprir limites:

CaC0,;+50,+2H,0+1/20, - CaSO,.2H,0+CO, (M(ca)=40 kg/kmol)

H 9.8%

N 0.35%
S 1.13%
O 2.28%
Cinzas/Ash 0.04%

Carla Silva camsilva@fc.ul.pt 33
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Coal (90 t/h)
. =

CaCOs (?)

NH; (~1% of fuel-SCR)
—_—»

Coay

Coal power plant

o

Bawr
Turmads|

Traramissicn
Lnes

N

Emissions (?)
——»

Gross Electricity
——>
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