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ABSTRACT

The project is about comparing the ethanol blends with neat gasoline. The purpose of the
study is to compare the performance of the engine prior to the usage of neat gasoline and
ethanol blends. A study of Alvydas Pikunas et. al. however shown that there is possibility of

engine performance increment due to the properties of the ethanol in the blends.

The method used in the study is to test the fuels by using the engine test bench available in
the university. The scope of the study is the performance parameter such as power curve,
torque curve, and specific fuel consumption using ethanol-gasoline blends of 5% ethanol
content to 20% ethanol content. The study shows that there is slight reduction of engine

performance and increment in fuel consumption in all range of engine speed.



Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4;

Figure 3.1:

Figure 3.3:

Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

LIST OF FIGURES

The schematic of principle of a dynamometer..........occiveericrsrsssnissessisssassrnssessenes 7
POWET CUIVE cuviirinrisiissisiisiarisussiisnnincsnsstissssissnasisasstossinsssossssassisssasssssstssnansansnestss 12
Fuel consumption over engine speed ........uviniicennssiissisnssisisaes 13
CO2 emission over speed ....c.cvvsuerrienes T treesenissareserasasissraseneessransnnsrabets 14
Project FIOWERATT ...oveiieciioenrcnnsiienssrisssnnesatssncssnrsssnsssscessnsanssssiossasssonssssssnenses 16
The E20 ethanol-gasoline blends prepared in the lab.......ccereviveiiiiincerncinnns 19
Torque vs. ENgine SPeed ....ococvraiirinsiiininnnissmsnnimnrmsisoiesiissiimsseos 21
Power vs. Engine Speed (750 — 4250 YPIM) c.ccovviiiriinrrmresressiosienonensrssssensnasssssssns 23
Power vs. Engine Speed (3750 - 42501PIN)..cciicccririnrensinsnesasssissarssnsnsonsassnsssnes 24
The BSFC vs. Engine Speed CuIVe...ovimvsvrirsnssissnssersrersrsnsesssnsssensansrssnsassessns 25
BMEP vs. Engine SPeed......ccvuiiseisrierssreosssssnesonsassesstssasissascsnssssnssenssssssasasssensass 27



Table 1.2:

Table 3.1:

Table 3.2:

Table 4.1:

Table 4.2:

Table 4.3:

Table 4.4:

Table 4.5:

Table 4.6:

Table 4,7:

Table 4.8:

LIST OF TABLES

The range of AFR (stoichiometric) of E0, E85 and E100...........crerverecrrvenenn. 10
The Engine specHications.......ccuumrerersesiiensrsssnisansnssnssasssssisncsrssasssssssisssassesssnes 15
Table of properties of several types of fUelS ..ocvevrirciiesinscnnrensmsscninassnsnsnsesienss 18
Average torque values over engine speed......c..ieiinisiiiiiasssne. 20
The power outPut VAIUES .cvuviiresrsireessricmnanienessisnaicsnisssssstensisissssasssssssssssssessssssnes 23
The values of BSFC ..., 25
The BMEP values over engine speeds.....c..oumeieisicisisassrerarsnsarsrsscsssssssssonsassnins 26
The average percentage of reduction in torque in all blends........ccccuviceriininns 29
The average percentage of reduction of power output in all blends............... 29
The average percentage of increase of BSFC in all blends .........uvunrcesssssssons 30
The average percentage of reduction in BMEP in all blends .....coovvenvimnicvannaen 30



TABLE OF CONTENTS

CERTIFICATION OF APPROVAL ...ccniitiriinnirirnesesssssssinissisensesanesssssssssssesens i

CERTIFICATION OF ORIGINALITY ...ccocinerinisssncrimsansiososensnssssmsessersssssensarssssssses ii

ABSTRACT ittt sssssss s issssessssesssssssssssssssssesssassnssss it

ACKNOWLEDGEMENT ... sonsanessssssssssssns iv

1 CHAPTER 1: INTRODUCTION...c.cooiiinrirnerienmsninisssseimesersenmssssssessanssssssssases 2
11 BACKZIOUIA ..oviiieie ittt en s e sans s 2
1.2 Problem Statement ........cvovvviviirieeiercerteinrecseeeete s e ee e ssaeseser s eas e e s cneaesreseans 3
1.3 Objectives and Scope 0f STUAIES ....ooeviveriieiicrccc e aben e 3

2 CHAPTER 2: LITERATURE REVIEW/THEQRY .....convunniiennrasnnrnrsrsssssssessessones 5
2.1 LIterature REVIEW ..c.ociivorii et ettt en e 5
2.2 Performance CharacteristiCs . ........oveirieiiietinnierirereese v 6
2.2.1 Power and TOIQUE ......cvivreiiesicrreie ittt s v e eaens 6
2.2.2 Brake Specific Fuel Consumption (BSFC)....cccccoveinvivvinciieiiceee e 8
2.2.3 Brake Mean Effective Pressure (BMEP) ........ccocooiviiciiciic e 8
2.3 Stoichiometric equation and calculation .........ccococeeiiiieciviiecce e, 10
2.4 Review on Vilnius Gediminas Technical University Findings...............c.oe.... 12

3 CHAPTER 3: METHODOLOGY/PROJECT WORK...........convivirinnenirisrcririrsssrons 15
3.1 Methodology ..ot e e e 15
3. 1.1 Engine Test Bed......ooiiivieiieiiceieee vttt v 15
3.2 Project FIOWCHATT ...cvviiiieieci ettt saebeas 16
3.3 Project Gantt ChAart...........c.ocvoviiiiciceee e s 17
3.4 Ethanol-Gasoline Blends Preparations .......cccovcvvvieoicciceiieeiesceeii e 18

4 CHAPTER 4: RESULTS ooooroooesrssesssssssessessms s 20
4.1 Comparison of Ethanol Blends to the Gasoline in Engine Performance.......... 20
4.1.1 TOrque OULPUL....oovieiirecitccee et sie et re e s s e e s b e ets e enee e 20
4.1. 2 POWET OUIPUL oottt 23
4.1.3 Brake Specific Fuel Consumption (BSFC) covovivioiiveiieeieeee e 25
4.1.4 Brake Mean Effective Pressure (BMEP) ............ccccoviiiiiiiiiciien 26
4.2 DHSCUSSION 1..vvivincrie et s 27



5 CONCLUSION AND RECOMMENDATION ........covuviinirerisisiissinnissssssensasssisss
5.1 CONCIUSION ..ottt s 32
5.2 Further Work and Recommendations...........c.ccovcierieninnecnnce e 33

6  REFERENCE ......ccovvteeririsinsiissisissssnsessssssssemnissssaississssssassssessssassassesasrassosssssasssasnes

7 APPENDIX .cuoecsvirsiisiiennissiisienssissssississssssstssssssssssiesssssssrssbtsssesssssstessasssas et sesses



1 CHAPTER 1: INTRODUCTION

1.1 Background

The ethanol is currently one of the potential alternative fuels to replace petrol and
diesel in the future. Ethanol blends that is currently available in the market as a blend
of harvested sugarcane ethanol and petrol. This is referred widely as ethanol blends.
As a basis, we are using the mass production engine as a test unit o gain the

parameters required.

The trend of fuel price hikes and environmental concern has forced automakers to
shift to alternative fuels. Ethanol is being one of the alternatives to be studied.

Ethanol can be had from bio-chemical processes and petroleum product.

Universiti Teknologi PETRONAS (UTP) is equipped with many engine test bench.
Centre of Automotive Research or CAR is equipped with an engine test bed that
used FORD ZETEC 1.8 liter, four-cylinder engine as a base and also are having
single cylinder small engines as well. These engines are connected to the computer
interface that is easy for use to gain parameters such as power, torque, Brake Specific

Fuel Consumption (BSFC) and Brake Mean Effective Pressure (BMEP).

It is hope that these equipments will help to further increase our understanding

towards the understanding the effect of using these fuels.



1.2 Problem Statement

Fuel price hike and environmental impact of vehicle fuelled by fossil fuel such as
gasoline are a huge concern nowadays. In prior to this, alternative fuels are being
offered worldwide as a step to reduce emission and also to replace or compliment

gasoline as fuel.

One of the alternative fuels is ethanol. It is known that ethanol is used in the early
automobiles and is used today in countries such as Brazil and Sweden. Volkswagen
and Volvo are two of the auto-makers that had produced the flex fuel vehicle that

can run on ethanol blends and also gasoline.

However, there is concern about the performance of the engine prior to the usage of
ethanol as fuel, This study is to compare and verify the usage of ethanol with
gasoline. The outcome of the study should be beneficial for the local automotive

industry if they are to produce ethanol fuelled vehicle in the future.

1.3 Objectives and Scope of Studies

The objective of the study is as listed below,

1. To compare the performance between gasoline and ethanol-gasoline blends

2. To determine the effect of different percentage of ethanol in the ethanol-
gasoline blends

3. To verify that the introduction of ethanol in gasoline will increase engine

performance



The scope of the study is to gain these parameters:

1. Torque output
2. Power output (bhp)

3. Brake Specific Fuel Consumption

4.  Brake Mean Effective Pressure

All required parameters are to be gained from five different points which means that .
the reading of the performance parameters are done on five engine speeds; 1000, -
1600, 2400, 3200, and 4000rpm. These parameters will then be translated to

graphical aids to be compared and analyzed.



2 CHAPTER 2: LITERATURE REVIEW/THEORY

2.1 Literature Review

Ethanol is a pure substance compared to gasoline. It is derived from fermentation of
sugar in food such as sugarcane and corn starch. Ethanol blends are the ordinary
gasoline blended with ethanol. Its percentages are indicated by the volume basis. EO
means that there is 0% of ethanol in 100 ml of fuel and E85 means that the biend is
the mix of 85% of ethanol and 15% of gasoline.

Ethanol (C;HsOH) is a pure substance compared to the gasoline C4~C2 transitional
properties. Furthermore, ethanol is viewed as partially oxidized hydrocarbon since
there is one oxygen atom existed in the molecule. Ethanol also easily blends with
water, making ethanol susceptible to water content and this would affect the engine
perforfnance and reliability. Ethanol also reacts with most rubber parts and since the

engine parts consist of rubbers, especially the fuel line.

The combustion characteristics of ethanol are different from gasoline. Auto-ignition
temperature and flash point are much higher. The latent heat also 3-5 times higher
than that of gasoline, it is possible of having lower intake manifold temperature and
higher volumetric efficiency. In term of fuel consumption, the ethanol is known to
produce much lower energy output compared to the similar amount of gasoline
burnt. This is due to the ethanol is having a higher latent heat and lower energy

density than gasoline. [']

On the other hand, the emission of ethanol fuelled engines was found to be better
than that of gasoline. E10 found to decreases the CO emission level to 30% than
gasoline fuelled. Stoichiometrically, only 2/3 of the air-fuel ratio of the gasoline is
needed for the ethanol to burn.[*] Thus, less air is needed in order to combust a same

amount of ethanol compared to gasoline. This is due to ethanol having one atom of



Oxygen in the molecule. Also, the higher the ethanol percentage, the lower the
heating value and the higher the octane number of a given blend. Abdel Rahman and
Osman[3} had proved that in their work of testing fuel with 10% to 40% ethanol

blends with gasoline.

A study of a student of Lithuanian University (Vilnius Gediminas Technical
University) shown that there will be increment in the engine power in about 1- 5%
across the engine speed due to effect of ‘manifold cooling’ contributed by higher

latent heat value of ethanol.

From the literature review, it is shown that ethanol blend have the potential as the
replacement for the current gasoline. It is hope that this project will benefit and

complement any research on the same field as well in the future,

2.2 Performance Characteristics[m]

The engine Power, Torque, Brake Specific Fuel Consumption (BSFC) and Brake
Mean FEffective Pressure (BMEP) are the parameters used in comparing the engines
performance both in using gasoline and ethanol blends. The significance of gaining

the parameters is detailed below:

2.2.1 Power and Torque

Power is the rate of which the work is done. Torque is the measure of the engine’s
ability to do work. The power and torque output of an engine is measured using
dynamometer. An engine is clamped on a test bed with a shaft connected to a
dynamometer rotor. The rotor are coupled by means of mechanical friction,
electromagnet or hydraulic to a stator. This stator will absorb the torque exerted

onto it and the corresponding load is exerted on the load cell.



Force FI

Figure 2.1: The schematic of principle of a dynamometer

Using Figure 2.1, the torque exerted by the engine is T~

2.1

Power P, delivered by the engine is the product of torque and angular speed:

P = 2aNT 2.2
P (kW) = 2zN(rev/isec)T(N.m) x 1 0’ (in ST unit) 2.3
P (hp) = 2aN(rev/min) T(Ibf f1)/5252 (in US unit) 2.3

The typical engine using gasoline has their power building up from minimum
engine speed around 500 - 700 rpm to the maximum power around 5000 — 6000

rpm. For a typical 1.8 liter naturally aspirated engines from 1990s, the power

output is in the range of 100 — 130 bhp.



2.2.2 Brake Specific Fuel Consumption (BSFC)

Omne of the most important parameters to be determined in engine testing is fuel
consumption. In engine testing, the fuel consumption is measured in mass flow
rate per unit time, my. The specific fuel consumption, measured in g/lkW .hr, which

means how efficient the engine use the fuel to produce work.

BSFC ="/, 2.4

BSFC (mgly) = 749/ Sj/p ey (ST uni) 2.5

The m;/ is the fuel mass flow rate and P is the power produced for the combustion.

In engine testing, the lowest value of the BSFC is desirable.

In typical BSFC versus engine speed curve, at certain engine speed, the fuel
consumption is at minimum. This also means that the minimum fuel consumed to
produce the maximum power output. However, this varies from engines as the

type of fuel injection, injection timing and other parameters might be different.

2.2.3 Brake Mean Effective Pressure (BMEP)

Torque values are different from one engine to another. A useful relative engine
performance measure is Brake Mean Effective Pressure (BMEP). It is simply the
work per cycle divided by the volume displaced per cycle.



Pn,
Work/cycle = —— 2.6
VaN

where n, is the number of crank revolutions for each power stroke per

cylinder (two for four strokes, and one for two strokes cycles), then:

[ P(kW)n,x10~3
Pa) = 2.7
(k) Valdm3)N (=)

P(hp)n, x396,0600
.3 rev
Va{in )N%)

BMEP (Ib/in’) = 2.8

BMEP can also be expressed in terms of torque:

6.281n,-XT{(N.m)
BMEP (kPa) = . 2.9
Vg (dm?)

Thus, it can be predicted that BMEP curve will be similar to the torque curve.



2.3 Stoichiometric equation and calculation [4]

Stoichlometric equation can be used to determine the requirements of the
combustion process of gasoline, E5, E10, E15, and E20. Stoichometric combustion

means that the fuel is burnt completely in air.

Before further physical works, here are some of the range of air-fuel ratio typically
used to burn gasoline (EQ), E85 and E100 (pure ethanol).

Table 1.2: The range of AFR (stoichiometric) of E0, E85 and E100

Fuel AFRst FARst Eq. ratio Lambda
Gasoline (E0)  © | 14700 [ 0.068 1 1.000 ~11.000
12,500 0.080 1.176 0.850
13230 [0.076 1.1H 0.900
E85 9.765 0.102 1.000 —TT000
6.975 . |0.143 1400 10714
8.469 0.118 1153 | 0.86?
E100 9.008 10111 | 1.000 11.000
6.429 0.155 TTa00 0.714
7.800 0.128 1150 [ 0.870

Equivalent ratio, which is the ratio actual AFR to the stoichometric AFR can give us
the intuitive way to express richer mixture. While, lambda is the ratio of leanness,

which is actual AFR to Stoichiometric AFR.
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Based on stoichiometric, or perfect combustion;

CszO +3 02 =2 COZ +3 H;O

By adding up the molar mass of ethano! (E100);

(6 x 1.00794) + (2 x 12.0107) + (1 x 15.9994) = 46.0684 grams/mol of
Ethanol

1 mol x 46.0684 g/mol Ethanol: 3 mol x 2 x 15.9994 g/mol Oxygen

46.0684: 95.9964 = 1:2.0838 for the fuel:oxygen ratio for perfect (i.e.,

stoichiometric) combustion

By knowing that Oxygen is 20.9% of air by volume, or equivalently, 23.133% of air

by mass (it is assumed that atmospheric gases behave as ideal gases).

Hence, the theoretical air fuel ratio for E100 (100% ethanol) is:

(2.0838/0.23133): 1 =9.0078: 1

So, for E85, the required air fuel ratio can be estimated as:

0.85x9.0078 + 0.15 x 14.64 = 9.8526

This is closer to the gasoline air fuel ratio. From these findings, it 1s predictable that
the value of stoichiometric AFR for lower than E20 ethanol blends can be figured

fower than that of E85 and should be very near to gasoline. This would give us

11



information that the ethanol blends would not need much adjustment of its AFR
rather than E8S5.

Other findings is that, the ethanol blends with higher than 20% of ethanol content
boasts better performance from the gasoline if the engine’s compression ratio are
similar to the diesel engine, at 18:1 to 20:1. However, the problem is that, higher
compression ratio also can cause the engine to produce higher level of NOy gases in

exhaust emission. ¥

2.4 Review on Vilnius Gediminas Technical University Findings []

Below are the examples of the diagrams taken from Alvydas Pikunas et al. (Vilnius

Gediminas Technical University) study of E10 ethanol blends on Toyota engine.

— Poly. (EO) |
= = = =Pay. (E10)

Ne,
48 &4 3

B

|

d 20040 4000 §I00 89040

n, min™

Figure 2.2: Power curve
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From Figure 2.2, the power output of the engine is increased in the usage of E10
over gasoline. At low speed, the values are about the same until it rises to higher

engine speed. The peak power at 6000 rpm is SkW or 6% higher than gasoline.

For the higher power output, it is believed to be caused by the introduction of ethanol
which has higher latent heat than gasoline. The study reported that the increment in
power might due to the manifold cooling effect of ethanol in the EI0 blend. It is
known that the heating value of ethanol is 1.6 times higher than that of gasoline. ™
This will reduce the intake port temperature and increase the volumetric efficiency.
However, this effect cannot be investigated in this project due to the engine

specification where it does not have temperature sensor in the intake manifold.
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Figure 2.3: Fuel consumption over engine speed
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From Figure 2.3 the fuel consumption is higher than the gasoline. It is at higher than
gasoline’s about 5g/kW.hr across the engine speed from 1500 - 6500rpm or at 2%
higher. The minimum is at around 3500 — 4000 rpm. This is expected as the ethanol

has lower energy content and more fuel are needed in order to produce power.

11,8 -

14 /

a 2000 4000 8100 H0

i, mig?

Figure 2.4: CO2 emission over speed

From Figure 2.4, it is found that the E10 produces more Carbon Dioxide than the
gasoline. [t is higher than produced by gasoline at around 0.4 — 0.7%.

From the review of the Lithuanian University findings, it is acknowledged that the
finding might vary from research to another. The result however is depending on the .
type of engine and also the method used. From this review, other factor should be
considered such as the manifold cooling effect of ethanol due to its higher latent heat

value,
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3 CHAPTER 3: METHODOLOGY/PROJECT WORK

3.1 Methodology

To compare gasoline performance with ethanol blended fuels, the engine test bench
methodology are used. Engines are fuelled with gasoline to obtain the first data
series. The engine then will be flushed and fuelled with another blend. The step

repeated until all the blends are tested.

3.1.1 Engine Test Bed

The fuels are tested using educational level test bench unit based on a production
engine. The engine is a 1.8 Ford ZETEC unit used in most Ford passenger car in
the 1990°s. It is a mass-produced engine and a good base for this project. Below

are the engine specifications:

Table 3.1: The Engine specifications
Engine Name Ford Zeta (ZETEC) 1.8L DOHC

Capacity

Cylinders | 4-Cylinder
Bore x Stroke s )i6ix
Compression ratio

Maximum Power @ Speed

Maximum Torgue @ Speed  160Nm/4400 RPM

Manufacturing Period

15



3.2 Project Flowchart

To further simplify the flow of the project, please refer to the flowchart below:

< Preparation of fuel blends EO, ES, E10, >~

¥

Check for physical abnormalities on engine
v
Engine pre-heated to optimum temperature,
part load by default
v
Check for abnormalities: unusual vibrations,
unstable temperature, leakage, and smokes
L 2
Throttle set to minimum engine speed of 1000rpm
p- + -’
/ Collection of data from the user interface /
v
Obtain parameters from 1600rpm, 2400rpm, 3200rpm,
4000rpm engine speed

(Power, torque, BMEP, Fuel Consumption)

1‘ !

Engine Off, fuel tank flush, and refuel tank with
another blend

v

. Measure excess fuel (for fuel consumption)

| v

Documentation of Data from all tests
sessions

v

CCompilation of data, analysis, and report )

Figure 3.1: Project Flowchart

~

/
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3.4 Ethanol-Gasoline Blends Preparations

The ethano! blends used are prepared in several percentages. It is to be blended in the
increment of 5% starting with gasoline at 0% ethanol content or E0Q. Because the
increment of ethanol percentage higher than 20% will not be suitable to the engine
compression ratio, injection timing and also ignition timing, the ethanol percentage

will be limited to only 20% or E20.]°]

The ethanol additions are prepared by volume basis. ES means there is 5% ethanol in
a unit of blend volume. It is translated to 200 ml of ethanol mixed with 3800 ml of
gasoline in 4 liter of ES. It is prepared by another Mechanical Engineering student in
the chemical laboratories by using the measuring tools and also with the help of

chemical engineering students and technicians.

The octane rating for the ethanol is higher compared to gasoline. It is known that the
ethanol octane number is around 102 - 104 RON compared to gasoline’s 92 - 95
RON. This shows that the fuel can be used in higher compression ratio engines for

better efficiency, lower fuel consumption and higher power/torque. [*]

Table 3.2: Table of properties of several types of fuels

Chemieal

—
T > — w o
—_— =) B -
oo | 2 (€ 2 |g |58 | Eg [Eelfs
= B = = 2~ £ 3 2 A &T | €%
ZE | ¢ 2 [ 28] 58 £ | 28l gE
& el Farl I = & = = —
E: w & L = = -Qv [~ = o =]
M — (== = - = -.-..e"_::
= = = = Eeal BB =2 £ EZ1 5<%
Q & @ 2 @~ & & 2= Ej = L
2 e 2 |=13¢ §® |SE| 2%
= [75) <o - w o

“Ethyl | CH,CHy2(O | 461 [ 0.79 | 78 | 39 | 13,160 | 22 | = | 9

Octane | CgHys | 114 | 070 | 210 | 15 | 20750 | 1.72 | - | 152

Hexade |
Scane |
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Figure 3.3: The E20 ethanol-gasoline blends prepared in the lab
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4 CHAPTER 4: RESULTS

After the test being done, the data obtained are then collected and documented to
allow for analysis of data. The test was done in three different sessions and all the
data obtained are then averaged to reduce the errors. The sessions are limited to only
three sessions because of limitation of ethanol and also test time because of the
unavailability of the engine earlier. The results are taken directly from the user
interface of AutoTest 4 software that controls the engine test bench. Refer to
APPENDIX 4-1 to APPENDIX 4-2 for the recorded results.

4.1 Comparison of Ethanol Blends to the Gasoline in Engine Performance

In comparing the data taken from the tests, tables and graphs are used. It is to ensure
that the data are well delivered and clear to be viewed for analysis. Noted that the
data gathered in the tables and the graphs are average values taken from the three (3)

fuel test sessions.

4.1.1 Torque Output

The first parameter to be analyzed is the torque output. The data of torque output in
every engine speed are recorded in Table 4.1. This is to show how the engine torque

is behaving in every engine speed in prior to the usage of the blends.

Table 4.1: Average torque values over engine speed
Engine speed | EO ES El10 ELS E20
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A graph was constructed from the above table:

Torque vs. Engine Speed
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160.0
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Engine Speed {RPM}

Figure 4.1: Torque vs. Engine Speed

From Figure 4.1, it is clear that the EQ or Gasoline gave the most torque from the
rest of the blends. The other blends power values follow the EO in descending order

in all engine speed.

For low engine speed of around 1000rpm there is reduction of torque output of about
3Nm -~ 5Nm, from E35 to E20. For higher range of speed, around 1800rpm, the torque
values are much closer together but are also decreasing in values from E5 to E20.
For engine speed of 2000 - 4000 rpm, the torque output is reducing significantly. The
E20 are reduced more than SNm from standard gasoline.

At the engine speed from 1000rpm to 4000rpm, the engine torque output is reduced
as the percentage of the ethanol in the blend increased. The higher the ethanol
percentage in the fuel, the lower the engine torque output. The reduction is only
about 3Nm - 5Nm, or 2% - 5% from the Gasoline’s.
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There is an obvious characteristic of this engine. At around 2000 — 2500 rpm, the
torque build slows down. The torque builds up again when approaching 3000rpm
where the peak torque is. At high engine speed of 4000rpm, there is significant
reduction of torque output at all blends. The torque output of gasoline is much higher
at 144.3 Nm. The E5 is lower at 142 Nm and followed by E10, E15 and E20 at 139.0
Nm.

To summarize, the torque values are affected by the increase of ethanol percentage in
the blends. These values are only slightly lower than the gasoline fuelled engine. The

higher the ethanol percentage, the lower the torque output.

The engines torque output at higher engine speed of more than 4000rpm cannot be
determined because of the engine limitation. The engine cannot be run beyond
4000rpm because of some reliability issues. It is to ensure that the engine did not

blow out at high engine speed.

In relation to this, the speed where the engine torque drop which is around 5500rpm
cannot be seen. Thus, the effect of the blends to the point where the torque drops

cannot be determined.
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4.1.2 Power Output

As what was done to the engine’s torque output, the data are gathered and put into
Table 4.2. The power curves are constructed from the values obtained. It is to be
noted that these values are corrected values where pressure, humidity and also
ambient air temperature are taken into consideration. The calculations are done in the
Microsoft Excel where a spreadsheet programming was used. Refer APPENDIX 4-1
to 4-5 for the data taken from the software.

Table 4.2: The power output values (corrected)

Engine EO ES E10 E15 E20
speed
- 1000.0 1531 1501 - 149 14.6 14.5
1600.0 32.7 30.2 29.8 29.6 29.5
. 2400.0 4711 469 463 46.2 " 457
3260.0 63.3 63.3 63.3 63.3 63.1
- 4000.0 8.1 . 79.7 S 787 785 78.2
0.0 : o
70.0 : ”ﬁ/
60.0 7

" i £

e
e 15

Pawer {BHP)

]

o0 -
7500 12500 175048 2250.0 27500 32500 500 3250.0

Engine Speed [(RPM)

Figure 4.2: Power vs, Engine Speed (750 — 4250 rpm)
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From Table 4.2, there is reduction of engine power across the engine speed.
However, it is not clear to see on the power curve in Figure 4.2 because the

reductions are small.

In the low engine speed of around 1000rpm, the power is about the same, at 15.0
bhp. However, the gasoline has the highest power output and followed by ES, E10
and E15. E20 produces the lowest power output at 14.5 bhp. The range of power
output differences are about 1bhp. The engine power reduced more as the engine

speed build up at around 2000 — 3000 rpm. The values are reduced in about 1 - 2bhp.

At higher engine speed, around 3000rpm, the engine power output is similar fo the
gasoline. From the previous Torque Curve, the peak torque is found at this engine
speed. During this speed, it is found that the engine is running quite vigorously and

the sound is louder than in other engine speed.

84.0 R PR S —

&80.0

Power {BHP}

78.0 e

Tag

7.0 - e . SN
3750.0 28500 3500 3050.0 4150.0 32500

Engine Speed (RPM)

Figure 4.3: Power vs. Engine Speed (3750 - 4250rpm)

From Figure 4.3, at 4000rpm, the power output however exhibits reduction in all
blends. The ES power output at this speed is close to the gasoline. The E10 produces
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lower power output than ES followed by E15. E20 is the lowest at 78.0bhp. These

values are close to each other. It can be conciuded that the effect of ethanol

percentage in the blend may reduce the power output but at a slight amount.

4.1.3 Brake Specific Fuel Consumption (BSFC)

Table 4.3: The values of BSFC

Engine EO ES E10 E15 E20
speed
-1000.0 0499 ] 0.495 - 0,498 0524 | 0.528
1600.0 0.236 0273 0.277 0.292 0.293
- 2400.0 0.162 0.2'_70 S 0.2_78 0.287 0.295
3200.0 0.289 0.298 0.295 0.303 0.309
4000.0 0.311 0313| 0317 0314 - 0316
0550 ’
0.500 an
0.450 5
E 0.400
§ Lo
£ n3s0 et
(%} :
@ 0300 e = [10 |
= ' RS T
0.250 r20
0.200
@.150

750.0 12500 17500

Figure 4.4: The BSFC vs. Engine Speed curve

2250.0

2750.0

2250.0

Engine Speed (RPM)

3750.0 32500

From Figure 4.4, the BSFC of neat gasoline started at around 0.5 g/kW-hr and
minimum at around 2000 — 2500 rpm at 0.16 g/lkW-hr. The value rises again after the f
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speed and settles at around 0.32 g/kW-hr, This is common for gasoline powered
engine used in cars where the engine is usually running at 2000 — 3000 rpm during

cruising. It is desirable for average fuel consumption.

The ethanol blended fuels values does not behave similarly but at higher value. For
E5 and E10 blends, the BSFC are about the same of that of gasoline at low speed of
1000 rpm. For E15 and E20, the BSFC at 1600 rpm are apparently higher at 0.52
g/kW-hr. At around 1600 — 2000 rpm, the values are much higher than gasoline. All
blends are closer to 0.30 g/kW-hr and does not change much until the speed elevate
to 3000 rpm. All blends are close to gasoline’s BSFC at the speed of 4000 rpm.

Usually, the engine has their lowest BSFC at the maximum torque. This is true to the
case of gasoline. However, the resulting BSFC for the ethanol blends are not. While
the maximum torque can be found at engine speed around 3000 rpm, the minimum
BSFC are found at speed around 2000 — 3000 rpm. This might be due to improper
calibration or maintenance and reliability issues. Further studies might be needed to

investigate this.

4.1.4 Brake Mean Effective Pressure (BMEP)

Table 4.4: The BMEP values over engine speeds

Engine E0 E5 E10 E15 E20
speed
flﬂﬂﬂ.ﬂ 7.7 76 7.5 7.3 7.2
1600.0 9.5 %4 9.4 9.3 9.2
. 24000 9.8 - 9.8 . 9.7 9.7 9.6
3200.0 10.2 10.1 10.0 10.0 99
-4000.0 10.1 - 10.0 99 9.9 9.8
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Figure 4.5: BMEP vs. Engine Speed

From Figure 4.5, the curves of the BMEP are similar to the torque curves because of
the direct relationship between BMEP and torque. The value of gasoline BMEP are
highest overall compared to the ethanol blends. It is followed by ES, E10, E15 and
E20, predictably. The BMEP of gasoline at higher engine speed around 3000 — 4000
rpm are higher compared to the ethanol blends.

4.2 Discussion

The objective of this project is to determine the effect of different percentage of
ethanol in the blends by volume basis. By comparing those parameters taken from

the graphs, it is found that:

1. Torque output is decreasing with increasing percentage of ethanol in the blends.
Torque output of the engine decreases when there is more ethanol in the blends.

This might due to the fact that the more ethanol is in the blend, the lower the

energy content and resulting the lower power output of the engine.
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2. Power output is decreasing with increasing percentage of ethanol in the blends.
The power output decreases as much as 3 — 5Nm, or 2 — 5% from the gasoline for
all blends. The higher percentage of ethanol will decrease the value further. This

finding is corresponding to the torque reduction in the usage of ethanol blends.

3. The Brake Specific Fuel Consumptions (BSFC) are increasing with increasing
percentage of ethanol in the blends. The results are expected since there is more
fuel needed to be burnt in order to produce the power needed. But the curve of
the blends is quite different from that of gasoline in the region of 1600 — 3000
rpm where. This can be investigated in the future since engine reliability was in

question.

4. The Brake .Mean Effective Pressures (BMEP) are decreasing with increasing
percentage of ethanol in the blends. These curves are similar to the torque output.
The blends are exhibiting reduction in BMEP. The blends with higher ethanol

content reduce the engine BMEP more than lesser ethanol content blends.

The outcome of this study is to determine also the best blend in terms of
performance. For the reason, it is necessary to determine the percentage of changes

(increment or decrement) of all engine performance in the usage of the blends.

If the percentage of change of performance are calculated and averaged, it is easier
to analyze how every blend performs. From the values we can compare between

blends, which one changes the performance of the engine the most.

In torque output, power output and BMEP, all the blends exhibit reduction in engine

performance. Meanwhile, the BSFC of all blends are increased.
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Table 4.5: The average percentage of reduction in torque in all blends
% Reduction of Torque

Engine
speed
1000.0
1600.0
2400.0
3200.0
4000.0

AvQg%

As shown in Table 4.5, the percentage of reduction in torque increase over
increment of ethanol percentage in the blends. The average percentage of reduction
in the E5 is small at around 1.4% over the engine speed. The value increases for E10,
E15 and at E20, it is about more than twice that of E5. At low rpm, the values are the
significant in all engine speed which is around 3 - 8.7 % contrast to reduction in

other engine speed.

Table 4.6: The average percentage of reduction of power output in all blends
% Reduction of Power

Engine
speed
1000.0
1600.0
2400.0
3200.0
4000.0

Avg%

As shown in Table 4.6, the percentage of reduction in engine’s power output
increase over increment of ethanol percentage in the blends. The reduction average
percentage started at 2% for E5 and increases to 4.2% for E20. The highest reduction

can be found in engine speed of 1600 rpm where the values are around 7 — 9.8%.
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Table 4.7: The average percentage of increase of BSFC in all blends
% Increase of BSFC

Engine
speed
1000.0
1600.0
2400.0
3200.0
40000 |

Avg%

As shown in Table 4.7, the percentage of average BSFC increases over increment of
ethano]l percentage in the blend. The E5 average increment of BSFC is 7.6%
followed by other blends and as expected, E20 is highest at 13.8%. All blends
exhibit high percentage of increment in the speed of 1600 rpm and 2400 rpm. It is

significant compared to increment at other engine speed.

Table 4.8: The average percentage of reduction in BMEP in all blends
% Reduction of BMEP

Engine o
speed
1000.0
1600.0
2400.0
3200.0
4000.0

Avg%

As shown in Table 4.5, the percentage increase over increment of ethanol percentage
in the blend. As expected, the reductions of BMEP are quite similar to the reduction
in torque as both parameters correspond to each other. The percentage of reduction is
lowest in E5 and increases in other blends. The highest percentage of reduction is at
3.4% for E20. Similar pattern {rom the torque reduction percentage table earlier
(Table 4.5), where for all blends, the highest reduction percentages are in the speed
of 1000 rpm. This verify the connection between BMEP and torque output.
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From all blends, we can conclude that the best blend is the ES where only 5% of
ethanol content. It is the best blend in order to have the best performance out of the
engine for blends up to 20% of ethanol content. However, it is not known how the

blends with ethanol content higher than 20% performs.
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S CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The project is conducted with a goal to compare the performance of the gasoline
engine while using gasoline and ethanol blends up to 20% ethanol content. The
outcome of the project should be the verdict of the performance characteristic of the

blend in term of performance across the engine speed.

From the results, the engine performances do affected by the percentage of ethanol in
the blends. The performances are reduced in the increasing content of ethanol. Brake
Horse Power, Torque and BMEP experienced drop in values but to a slight amount
of 6%. In other case, the BSFC are increased up to 0.05 g/kW-hr, also a slight

amount of increment.

It can be said that, the higher the ethanol content in the blends, the lower the
performance of the engine. But this is true only to ethanol blends of up to 20% only
since the project only test the fuel up to that percentage. Further increment to the

ethanol percentage might have different result and should be further investigated.

The reduction in the performance is caused by the lesser encrgy content in the biends
as the ethanol percentage increases. Thus, the energy released from the combustion
process of the fuel is less compared to the gasoline. This results in having lower
value of power, torque and BMEP. Furthermore, more fuel needed to be burnt in

order to maintain the power output or to coup up with it.

The fuel reductions however are not huge in amount. The reduction is slight and
should not affect much on how the engine will perform in a car. It is not to be

realized by the drivers.
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5.2 Further Work and Recommendations

The results obtained from this study are made based on the equipment and
procedures used. It is to be stressed that further studies should be made in order to
obtain much more accurate result. The fuel blends must be tested in more than one

type of engine and should be more reliable than had been used in this project.

It is also necessary to test the engine performance to more than 4000 rpm since the
engine can be run over that speed. The engine maximum power 1s to be found at
speed of 5500 rpm using gasoline. Thus, it is yet to be found whether the engine’s

maximum power will be at this point for other blends as well.

It is also recommended that the study should use neat gasoline and not the one that
had been added with additives. Result might be varied if the fuel had not being
blended with additives before the ethanol addition. This is to ensure the accuracy of

the result and to discover how the blend really works.

In this project, the emission characteristics of the fuel are not being tested. It is due
to limited time available due to the engine problems and maintenance and
unavailability of the gas analyzer at the time of testing. This characteristic is
important to the current automotive industry since they are moving towards cleaner

tailpipes emissions.

The emission of by-product such as Hydrocarbons, Nitrogen Oxide, Carbon dioxide
and also Carbon Monoxide can be done to this engine. There is to study whether the
proven that the blends will reduce Hydrocarbon and Carbon monoxide emission but

increases in Nitrogen Oxides and Carbon Dioxide. ¢!
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Some study had proved that the introduction of ethanol can reduce the emissions of
the engine. However, from previous chapter in this paper, Alvydas et. al. had found

that the production of Carbon dioxide by the Toyota engine were increased.

It is also recommended that the engine be tested for performance of blends with
higher ethanol content. For ethanol content of more than 20% has not been tested in
this project. Although we can see the trend that the more ethanol content might
reduce the engine performance figures more, it is not necessarily true for higher

ethanol blends.
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APPENDIX 4-1

The performance characteristics of 5% ethanol blend

Performance characteristics for Gasoline (E0)

Engine Speed

Parameter 1000.0 1600.0 2400.0 3200.0 4000.0
Power(HP) 153] 154 152 37.7 30.2 30.1 47.1 47.0 47.1 63.0 63.0 64.0 79.9 80.1 80.2
Torque 110.0 | 111.0 ) 112.0| 135.0 | 135.0| 136.0 141.0| 1400 | 141.0 | 145.0| 144.0| 146.0| 143.0] 144.0: 146.0
Fue] Flow Rate 0.131 0.131( 0.12 0.13 0.12 0.13 0.13 0.20 0.20 0.30 031 0.30 0.41 0.42 0.41
BMEP 7.7 7.7 7.7 - 9.5 9.5 9.5 9.9 9.8 9.8 10.2 10.2 10.2 10.0 10.2 10.1
BSFC 051 051 048 0.21 0.24 0.26 0.17 0.26 0.26 0.29 0.30 0.28 0.31 0.32 0.31
Average, E0 Power(HP) 15.3 | Power(HP) 32.7 | Power(HP) 47.1 | Power(HP) 63.3 | Power(HP) 30.1

Torque 111.0 | Torque 135.3 | Torque 140.7 | Torque 145.0 | Torque 144.3
Fuel Flow Rate | 0.13 | Fuel Flow Rate 0.13 | Fuel Flow Rate 0.18 | Fuel Flow Rate 0.30 | Fuel Flow Rate .41
BMEP 7.7 | BMEP 9.5 { BMEP 9.8 | BMEP 10.2 | BMEP 10.1
BSFC 0.50 | BSFC 0.24 | BSFC 0.23 | BSFC 0.29 | BSFC 0.31

The Power (HP) are Corrected Brake Horse Power with Py .= Cg Py

Where, Cf =

Ps,d

TmN1/2
)

Pm - Pl? 5




Performance characteristics for

APPENDIX 4-2

The performance characteristics of 5% ethanol blend

ES
Engine Speed
Parameter 1000.0 1600.0 2400.0 3200.0 4000.0
Power(HP) 15.1 150 ] 15.0 30.2 30.1 30.3 46.9 46.8 46.9 64.1 62.9 63.0 80.3 79.7 79.0
Torque 107.0 1 108.0 | 108.0 | 135.0| 134.0 134.0] 140.0| 141.0| 139.0| 144.0| 143.0| 143.0{ 143.0{ 142.0 141.0
Fuel Flow Rate 0.12 12 1 013 0.14 0.14 0.13 0.21 0.20 0.22 0.31 0.32 0.31 0.41 0.42 0.41
BMEP 7.5 7.6 7.6 9.4 9.3 9.2 9.8 9.7 99 10.1 10.0 10.1 10.0 10.1 10.0
BSFC 0.48 048 0.52 0.28 0.28 0.26 0.27 0.26 0.28 0.29 0.31 0.30 0.31 0.32 0.31
Average, E5 Power(HP) 15.0 | Power(HP) 30.2 | Power(HP) 46.9 | Power(HP) 63.3 | Power(HP) 79.7
Torque 107.7 | Torque 134.3 | Torque 140.0 | Torque 143.3 | Torque 142.0
Fuel Flow Rate 0.12 | Fuel Flow Rate 0.14 | Fuel Flow Rate 0.21 | Fuel Flow Rate 0.31 | Fuel Flow Rate 0.41
BMEP 7.6 | BMEP 9.4 | BMEP 9.8 | BMEP 10.1 | BMEP 10.0
BSFC 0.49 | BSFC 0.27 | BSFC 0.27 | BSFC (.30 | BSFC 0.31

The Power (HP) are Corrected Brake Horse Power with Py .= Cg Py,

Where, C f -

Psd

d_ TmN1/2
Py Py (Ts)




Performance characteristics for E10

APPENDIX 4-3

The performance characteristics of 10% ethanol blend

Engine Speed
Parameter 1000.0 1600.0 2400.0 3200.0 4000.0
Power(HP) 150 15.0| 14.8 299 29.7 29.8 46.4 463 | 46.2 63.5 63.1 63.2 78.9 78.6 78.6
Torque 107.0 1 106.0 | 106.0 | 134.0| 133.0] 133.0| 139.0 1380 | 138.0| 142.0 | 142.0| 143.0] 141.0| 140.0| 1420
Fuel Flow Rate 012} .12 | 0.13 0141 . .0.13 0.14. 0.21 0211 022 0.31 0.31 0.31 0.41 0.41 0.42
BMEP 7.5 7.5 7.4 9.4 9.3 9.4 9.7 9.8 9.7 10.0 10.1 9.9 9.9 10.0 9.9
BSFC 048] 048 | 0.53 0.28 026] 0.28 0.27 0.27 | 0.29 0.29 0.30 0.30 0.31 0.31 0.32
Average, E10 Power(HP) 14.9 | Power(HP) 29.8 | Power(HP) 46.3 | Power(HP) 63.3 | Power(HP) 78.7
Torque 106.3 | Torque 133.3 | Torque 138.3 | Torque 142.3 { Torque 141.0
Fuel Flow Rate | 0.12 | Fuel Flow Rate 0.14 | Fuel Flow Rate 0.21 | Fuel Flow Rate 0.31 | Fuel Flow Rate 0.41
BMEP 7.5 | BMEP 9.4 | BMEP 9.7 | BMEP 10.0 | BMEP 9.9
BSFC 0.50 | BSFC 0.28 | BSFC 0.28 | BSFC 0.30 | BSFC (.32

The Power (HP) are Corrected Brake Horse Power with Py, . = Cg Py

Where, C 7 =

Ps.d (E@)x/z




Performance characteristics for E15

APPENDIX 4-4

The performance characteristics of 10% ethanol blend

- ~ Engine Speed
Parameter 1000.0 1600.0 2400.0 3200.0 4000.0
Power(HP) 143] 146 148 29.8 29.7 29.3 46.4 46.2 ] 46.1 63.5 633 63.2 78.9 78.3 78.4
Torque 101.0 | 1030 | 104.0| 133.0| 132.0| 133.0] 139.0 138.0 | 136.0 142.0 | 142.0 | 141.0{ 141.0; 140.0 | 140.0
Fuel Flow Rate 0.12| 013 | 0.13 0.14 0.14 0.15 0.21 022 0.23 0.31 0.30 0.33 .41 0.40 0.40
BMEP 7.1 74 7.4 9.3 9.2 9.3 9.7 9.8 9.7 10.0 10.1 9.9 9.9 10.0 9.9
BSFC 051 054} 0353 0.28 0.28 0.31 0.27 0291 0.30 0.29 0.30 0.31 0.31 0.31 0.32
Average, E15 Power(HP) 14.6 | Power(HP) 29.6 | Power(HP) 46.2 | Power(HP) 63.3 | Power(HP) 78.5
Torque 102.7 | Torque 132.7 | Torque 137.7 | Torque 141.7 | Torque 140.3
Fuel Flow Rate | 0.13 | Fuel Flow Rate 0.14 | Fuel Flow Rate 0.22 | Fuel Flow Rate 0.31 | Fuel Flow Rate 0.40
BMEP 7.3 | BMEP ' 9.3 | BMEP 9.7 | BMEP 10.0 | BMEP 99
BSFC 0.52 | BSEC 0.29 | BSFC 0.29 | BSFC 0.30 | BSEC 0.31

The Power (IIP) are Corrected Brake Horse Power with Py .= Cg Py

Where, Cf =

Ps d (n_n) 1/2
TS

p?R—PU




Performance characteristics for E20

APPENDIX 4-5

The performance characteristics of 10% ethanol blend

Engine Speed
Parameter 1000.0 1600.0 2400.0 3200.0 4000.0
Power(HP) 14.8 | 143 | 143 297 293 | 294 46.0 454 456 63.3 62.8 | 63.1 783 78.3 78.0
Torque 105.0 | 160.0 | 99.0] 133.0 132.0 | 130.0 137.0 ] 136.0} 136.0 142.0 140.0 | 141.0 140.0 | 139.0 | 138.0
Fuel Flow Rate 0.12| 0.13| 0.13 0.14 0.14 | 0.15 0.21 0.23 0.23 0.31 0.33 | 033 0.41 0.42 0.40
BMEP 7.4 7.0 7.1 9.3 9.2 9.2 9.6 9.6 9.6 9.9 9.8 9.9 9.8 9.8 9.9
BSFC 0491 0.55] 0.55 0.28 029 0.31 0.28 0.31 0.30 0.30 032 | 032 0.32 0.32 0.31
Average, E20 Power(HP) 14.5 | Power(HP) 29.5 | Power(HP) 45.7 | Power(HP) 63.1 | Power(HP) 78.2
Torque
Torque 101.3 | Torque 131.7 ) 136.3 | Torque 141.0 | Torque 139.0
Fuel Flow Rate | 0.13 | Fuel Flow Rate 0.14 | Fuel Flow Rate 0.22 | Fuel Flow Rate 0.32 | Fuel Flow Rate 0.41
BMEP 7.2 | BMEP 9.2 { BMEP 9.6 {| BMEP 9.9 | BMEP 9.8
BSFC 0.53 | BSFC 0.29 | BSEFC 0.29 | BSFC 0.31 | BSFC 0.32

The Power (HP) are Corrected Brake Horse Power with Py .= Cg Py,

Where, Cf =

Psd (Tﬂ)l/’?_
Ts

?R—pl?




APPENDIX 4-6

Table 1: Several properties of ethanol vs. Gasoline

Property Ethanol Gasoline
Chemical Formula C2ZH50H Cdto C12
Molecular Weight 46,07 100-105
Carbon 52,2 85-88
Hydrogen 13,1 1215
Oxvgen 34,7 0
Specific gravity, 60° F/60° F 0,796 0.72-0.78
Density, Ib/gal @ 60° F 6,61 6.0-6.5
Boiling temperature, °F 172 80437
Research octane no. 108 30100
Motor octane no. 92 81-90
(R + M)/2 100 86-94

~ Cetane no.(1) -- 5-20
Fuel in water, volume % 100 Negligible
Water in fuel, volume % 100 Negligible
Flash point, closed cup, °F 55 -45
Autoignition temperature, °F 793 495
Lower 4,3 1.4
Higher 19 7,6
Btu/gal @ 60° F 2.378 =900
Btu/lb @ 60° F 396 =150
Btu/lb air for stoichiometric mixture @ 60° F 44 =10
Higher (liquid fuel-liquid water) Btu/lb 12.800 18,800-20,400
Lower (liguid fuel-water vapor) Btu/lb 11.500 18,000-19,000
Higher (liquid fuel-liquid water) Btu/gal 84.100 124.800
Lower (liguid fuel-water vapor) Btu/gal @ 60° F 76,000 115.000
Mixture in vapor state, Bto/cubic foot (@ 68° F 02,9 95,2
Fuel in liquid-state, Btu/lb or air 1.280 1.290
Specific heat, Btu/lb °F 0,57 0,48
Stoichiometric air/fuel, weight 9 14.7°
Volume % fuel in vaporized stoichiometric mixture 6,5 2




APPENDIX 4-7
Calculation example of Corrected Brake Horse Power, Cr
For engine speed of 2400 rpm, using gasoline as fuel:

Uncorrected Horsepower = 32.4 hp (taken from AutoTest4 interface)

(Average ambient pressure for data series 1 = 100.4kPa, series 2 = 101.1kPa, series 3 =
100.8kPa)

Saturated water vapor pressure at ambient temperature Tm = 25.4 Celcius;

1750286
Logip Py = 8.]0765—m

=0.511

Pysa =3.243kPa

Assuming relative humidity = 0.65;

P, =Pvsatx o
=3.243 kPax 0.65
= 210795 kPa

Power correction factor;

1

Cr = _PS_H_(T_m) /2
f pm“Pp TS

(Where P, g = 736.6 mmHg = 98.274kPa and T; = 29.4°C)



i

/2
) =0.932732~0.933

_ 98,274 kPa (25.4
f 100.04 kPa~2.10795 \29.4

Corrected Power; Py, =CixP
=0.933x324

=302 hp



Properties of Fuels @

No.2 Compressed
Praperty Gasoline  |Diesel Fuel |Methano!l |Ethanol |MTBE Propane [Natural Gas Hydrogen Eiodiesel
CH4 (B3-99%), C12-C22
Chemical Formula C4 ta C12 G810 €250 CH30H| C2HBOH| (CH33COCHI GC3HE8! C2H6 (1-13%3] H2 FAME
Mo becukar Weight 100=105 ~200 3204 46,07 8B.15 44,1 16.04 2.02 ~282{q)
Composition, Weight %
>Carbon 85-88(b) | E7(g) 375 522 68,11 g2 =] a 7))
=Hydrogen 12=15() 13493 125 13.1 13.7 18 25 100 12(a)
=ORYGET o o) 490 347 182 - — 3] T1ig)]
Bpecific gravity, 80° FI60° F 0,720 78(b) 0.85(g) 0.796Hh) | O.794(h) O. 744K 1 0.508(m) 0.424 007 o) 0.8B(g)
Dwnsity, Ibigal @ 60° F 1 6.0=6.5(b) 7079  e.823m) 6.6 RN - 422 1.07in) - 7.328({g)
Boifing temperature, “F BO37(b) | 356-844(y) 149{h) 172(h]) 131(h) -A44(m) 3.2 to -1 26 4(m) -4 m) | SA9-662(g)
Rewd \!‘:Elpﬂr press ure {(100° F), ” ]
psi. - 8-15ic) =0,2 4.6(i) 2.3(i) 7.80) 208 2400 - <0441y
Heating value {23 i
> ower {lquid fuel-water vapor) |
Biuslh 18,6 76(d) 18,384(d)]  8837)] 11,585(d) 15,00 1d)] 19,9000d) 20,2630 52217 dyj| 16,131}
> ower (liguid fuel-water vapor)
Etuw/gal @@ 60° F 116, 090(d) ~120.050(@)| 57.250(d)| 76,330(d) 93 540(d) 24500 19,5800({6) - F118,1 700
Octane ro. (1)
*Rezeamh ectane no. BE-08{c) - - - - 112 - 130+ -
>IMotor octane no. B0—88(c) - - - = o971 - = =
Cetane ne.{1) - . 40-55(g) - 0-54(1) - - - - 48-65(g)
Freezing point, *F -40(e)} =-40-=-30{1 -1435 -173.2 =164(h) | -305.8(m) =226 =A435(p )| 26-66{0 ){(7)
ﬁsmsit-’y. mmis B
(>@104 *F - 1.3-4.1g} — - - — — - 4.0-6.0(g)
| ~@DES "F 0.5-0.6() 2.8-5.0i1 0.7 4(F) 1.50(f} Q.47(H) - - - -
|>ED=4 °F 0.8-1.0(01  9.0-24.01f) 1.345(f) 34351 Q.77 — —_ - -
Flash point, closed cup, °F -A5(by | 140-176(g) B2(1) S5(1) =T4c) =TSG({m) -200 - 212-338(0)
Autoignition femperature, °F A495(h) ~E00 867 (b 7o3(h) 815 842({m] OD0-1170{m) O32(my} -
Water solubility, @ 70°F . -
>Fuel in water, volume % MNegligible Negligible 100{h) 100¢h) 4 B{f - - - -
[ =ater in fuel, volume % Megligitle Negligibie 100 ) D0 1.5{f3 - - - -
Flammability limits, volume®:
> pwaer 1.4{b) 1.0 7.3 4.341) T.6(c &) 22 5.3 4.1 o) -
:_ﬂ“i_gber _ 7 .6( 6.0 26.00) 19.0(1) B 4c e} 9.5 15 T4(Q) -
Latentheat of vaporization i
>Btuwigal @ 60° F ~S00(b) ~F10 ]  3.340M)| 2378(b}} BE3(5) 775 - - -
>Biuflb @ 60° F, ~15) ~4 00 S06() 398 | 1385 1931} 219 1892.1 (p) -
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