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[bookmark: _Toc498010330]Introduction
Fuel can be defined as a material which releases energy (heat or work) when reacted by an input energy. An internal combustion engine relies on fuel to make it work. It is among the most substantial factor which defines an engine’s performance. Almost all current fuels are based on hydro-carbon compounds which are built on carbon and hydrogen atoms. As regulations on emissions are getting tighter, more research is conducted into fuel options which will still produce high power but leave a low carbon footprint. 
In this report, calculations will be carried out on a blend of bio-ethanol fuel to see how it reacts and what output it produces in a stochiometric combustion. The fuel blend used consists of 50% ethanol and 50% iso-octane. Ethanol is an alcohol based fuel and is given the formula C2H6O. The iso-octane fuel is given the formula C8H18. Bellow shows the structures of each molecule.
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The mass percentage of the fuel blend is the ratio of each molecules mass from the total fuel mass. Even though the fuel’s molar composition consists of 50% ethanol and 50% iso-octane, the mass percentage can be different as each of the fuel molecules have different molecular masses. The molecular mass is the result of the total atomic weight of the elements which make up the molecule. The atomic weights of the elements can be found on the periodic table. Take carbon for example.
Atomic weight
Chemical element symbol (C = carbon)
Atomic number = number of electrons
6
C
12
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	Ethanol
	C2H6O
	 

	element
	no. of element
	sub-total

	C
	x 2
	24

	H
	x 6
	6

	O
	x 1
	16

	
	Total molecular mass
	46


	Iso-octane
	C8H18
	 

	element
	no. of element
	sub-total

	C
	x 8
	96

	H
	x 18
	18

	O
	x 0
	0

	
	Total molecular mass
	114


	Atomic Weights

	C
	12

	H
	1

	O
	16








The amount of a certain element in a molecule is shown by the small number next to the element. Take carbon-dioxide for example, there are one Carbon elements and two Oxygen elements to create the CO2 molecule.
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For this case, the air/fuel mass ratio is calculated assuming total stochiometric combustion.
“In a combustion, the stochiometric equation defines the exact proportions of fuel and oxidant that, on completion of reaction, leave no excess or deficiency in either fuel or oxidant.” – Eric M Goodger. 
The formula for air used in this case is:  where is the number of air molecules, ‘O’ is the oxygen element and ‘N’ is the nitrogen element. This will be added to the fuel blend to complete the stochiometric equation bellow.
[bookmark: _Toc498010336]Calculations


Reactants
C = 10
H = 24
O = 2+1
 = ((2 + ) - 1) ÷ 2 = (32-1) ÷ 2           =15.5
Products
  =10
 = 24                    = 24 ÷ 2 = 12
2 +  (2x10) +12 = 32
 =  × 3.76            = 15.5 × 3.76           = 58.28 









The stochiometric equation then becomes:

	Atomic Weights

	C
	12

	H
	1

	O
	16

	N
	14


This shows that to create a stochiometric combustion, the air : fuel ratio needs to be 15.5 : 1. From this the total air mass can be calculated to find the air : fuel mass ratio.
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[bookmark: _Toc498010338]Enthalpy of Formation
· Enthalpy: “A property of a fluid given by the sum of the internal energy and the flow work.”   - Eric M Goodger
· Enthalpy of formation of a compound is the enthalpy required to create 1 kmol of compound from its constituent building blocks at a constant pressure of 1 Bar and a constant temperature of 298.15 K.
· The elements which are the basis for all combustions compounds (H2, C(gr) and O2) are given an enthalpy of formation of 0.
· To split stable atoms such as C(gr) and O2 into unstable atoms (radical), activation energy is needed.
· The change in enthalpy is the same as heat transfer at constant pressure.
· Enthalpy can be written by the formula: 
· Where : 
· H = enthalpy
· U = internal energy
· P = pressure
· V = volume
· At constant pressure:		      
R = gas constant/kg
Ru = universal gas constant (8314 J/kmol.K



	 and	
By substituting  and  the formula can now be written as:



Heat regained to raise temperature by of 1 Kg gas by 1 K at constant pressure
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The net heat released per Kg of fuel in a combustion when the product water is in the form of a:
· Gas = lower heating value.
· Liquid = higher heating vealue.
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	Species
	state
	Formula
	MJ/kmol

	Ethanol
	(gas)
	C2H6O
	-234.6

	Iso-octane
	(gas)
	C8H18
	-224.1

	carbon-dioxide
	(gas)
	CO2
	-393.5

	water
	(gas)
	H2O
	-241.8

	nitrogen
	(gas)
	N2
	0








To get the lower heating value of the blend in MJ/kg, the heat energy released per kmol needs to be divided by the weight of 1 kmol of fuel.
1 kmol of fuel:	   
		    		
				  
Bio-ethanol 
 Bio-ethanol

[bookmark: _Toc498010341]CO2 Released per Kg of Fuel Burned
1 Mol ( ) 2

2
2
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The Ideal fuel depends on the purpose of the fuel and what is wanted out of the fuel. The Ideal fuel for most cases would include the following properties:
· A high calorific value: the calorific value of a fuel refers to the amount of energy which the fuel can release. The calorific value of a fuel can be defined in two ways.
 Calorific value


Energy density
Volume basis, MJ/L
Specific energy
Mass basis, MJ/kg



A high calorific value means that less fuel needs to be used to get a high amount of energy out. This could also mean less emissions from the engine and in performance cases this could mean less weight ass less fuel needs to be carried in the vehicle if less needs to be used.
· A high flame velocity: the higher the flame velocity the less time there is for heat transfer. Less heat transfer means that less energy is lost to heat and more is used in the expansion of the cylinder. Having a high flame velocity also allows later MBT timing which reduces the amount of negative work. Keeping the engine cooler will also reduce chances of auto-ignition. This will also reduce the temperature of the exhaust gasses which lowers the specific heats of CO2 and H2O because they vibrate less at lower temperatures.

· A high stochiometric air : fuel ratio: this allows leaner burn and higher efficiency. The problem with running current fuels lean, is that the burn becomes slow as there is too much air between the fuel molecules. This reduces the efficiency of the of the fuel as less energy is put into work and more is used up in heat transfer. The efficiency of an engine is calculated using the formula bellow:
 






The efficiency is measured between 0 and 1, with 1 being the highest level of efficiency. Having a high gamma value = 1 – a smaller number. 
Gamma is calculated by  where a higher value will mean higher efficiency

· Low CO2 emissions: having a fuel which produces low levels of CO2 will help the environment by reducing pollution. With the vehicle emission regulations becoming tighter, a fuel which produces less CO2 will allow manufacturers produce vehicles with high power output and remain within the regulated emission standards.

· High octane rating: The octane rating of a fuel is the measure of its knock resistance. Knock resistance is the ability of the fuel to not self-ignite under pressure and burn uncontrollably.   The octane rating of a fuel is measured in two ways.
RON: Researched Octane Rating, this describes the fuels behaviour in the engine at lower speeds and temperatures. It is an attempt to simulate acceleration behaviour.
MON: Motor Octane Number, this describes the fuel behaviour in the engine at high speeds and temperatures using the full throttle range.


[bookmark: _Toc498010343]Conclusion
The results of the calculations show that the bio-ethanol fuel blend has a high stochiometric air/fuel ratio which is desirable in fuels. This means that less fuel is needed in the cylinder during the combustion. The blend fuel also produces less CO2/kg than the iso-octane fuel would if burned on its own (2.75 kg for blend fuel and 3.1 kg for iso-octane). This does however come with less energy released per kg of blend fuel compared to iso-octane (39.86 MJ/kg for fuel blend and 44.7 MJ/kg for iso-octane.
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TABLE D.4

Data on fuel properties
Specific heat Higher Lower LHVof
Heat of beating  beating  stoich. Fuel octane rating
Formula Molecular vaporization, Liquid,  Vaporc,, value,  valve,  mixture, —_—
Fuel (pbase) weight kgt Wikg-K kikg-K MJkg MIkg MIkg (4/P, (Fi4), RON  MON
Practical fuels .
Gasoline ~110 072078 305 24 ~17 473 40 28 146 00685 9298  80-90
Light diesel ~170 084-088 270 22 ~17 “g @5 274 145 0060 — -
Heavy diesel CH, (1) ~200 082095 230 19 ~17 38 44 276 144 00697 — -
Natural gas§ CHypNop®  ~18 (~079h)  — - ~2 50 45 29 145 006 — -
Pure hydrocarbons
Methane CH.(®) 1604 (0.721) 509 063 22 555 s00 272 1723 00580 120 120
Propane CyHy(®) 410 05120 46 25 16 504 464 275 1567 00638 112 97
Isooctane CyHyy® 11423 0692 308 21 163 418 w3 2 7:/_115 13 00661 100 100
Cetane CyHsu) 2644 0773 358 16 a3 4“0 2 1482 00615 — -
Benzene CeHy() 7811 0879 433 172 11 49 42 282 1327 00753 s
Toluene C;H,() 9214 0867 412 1.68 11 25 06 2719 1350 00741 120 109
Alcohols
Methanol CH,0() 3204 0792 1103 26 172 27 200 268 647 0155 106 2
Ethanol C,HOW 4607 0785 840 25 193 297 269 269 900 0111 107 £
Other fuels
C.,M/:‘ ) — - By 270 151 00869
i - - 101 291 2467 0405
rbon monoxide
Carbon mos CO(g) o i

Hydrogen Hy()
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TABLE D.2

Standard enthalpy of formation and molecular weight of species
_____________.__——-—\-——‘—

Species

Oxygen
Nitrogen
Carbon
Carbon
monoxide
Carbon
dioxide
Hydrogen
Water
Water
Methane
Propane
Isooctane
Isooctane
Cetane
Methyl
alcohol
Methyl
alcohol
Ethyl
alcohol
Ethyl
alcohol

Molecular

weight
Formula . g/mole
0, 32.00
N, 28.01
C 12.011
co 28.01
Co, 4401
H, 2.016
H,0 18.02
H,0 18.02
CH, 16.04
CHg . 44.10
CHG > 11423
CeHys 114.23

CiH,, 22644
CH,0H 3204

CH,0H 32,04
C,H,OH 4607

C,H,0H 4607

1 At298.15 K (25°C) and 1 atm.

Statef

gas
gas
solid
gas

gas

gas
gas
liquid
gas

gas
liquid

+ liquid

liquid

liquid

ARy

MJ/kmol  keal/mol

0 0

0 0
L0 0
—110.5 —26.42
—393.5 —94.05

=

0 0
—2418 —57.80
~2858 —68.32
—749 —17.89.
—103.8 —2482
—224.1 —53.57
—259.28 —6197
—4545 —108.6 -
—2012 —48.08
—2386 —57.02
—2346 —56.08

-271.0"

—66.20
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