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ABSTRACT

Software to analyse the combustion and energy seleharacteristics of fuels was
designed and developed. The software was usedvéstigate the characteristics of
diesel fuels at varying loads by performing thergraimic analysis techniques and

displaying the results.

The software performed the analysis directly adogytb the objectives as to which it
was designed for. It obtained the same energy selearves and other energy
modelling characteristics as compared to the caiginftware. The software was also

found to increase the power of analysis througmigoved analysis components.

The results obtained for the diesel tests appeaetrepresentative of all speeds and
loads showing the typical behaviour expected, eihg that the engine and the data
analysis techniques performed by the software amsistent and correct. It is
apparent that the trends obtained follow the exgokphatterns and are complementary
of each other, demonstrating the absence of angrmepblems.

The software will be used to further the reseanth alternative fuels and will make

the analysis process more efficient and less tiomswaming.
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1. Introduction

The purpose of internal combustion engines is talpce mechanical power from the
chemical energy contained in the fuel. In integ@hbustion engines, as distinct from
external combustion engines, this energy is rettageburning or oxidizing the fuel
inside the engine. The fuel-air mixture, before bastion, and the burned products,
after combustion, are the actual working fluidse Work transfers, which provide the
desired power output, occur directly between theseking fluids and the mechanical
components of the engine.

The fuels have had a major impact on engine dewsop. The earliest engines used
for generating mechanical power burned gas. Gasalid lighter fractions of crude
oil, became available in the late 1800s and varibyses of carburetors were
developed to vaporize the fuel and mix it with d@efore 1905 there were few
problems with gasoline, though compression ratiesewlow (4 or less) to avoid
knock, the highly volatile fuel made starting eamyd gave good cold weather
performance. A serious crude oil shortage develdpmtgiever, and to meet the five
fold increase in gasoline demand between 1907 at8, he yield from crude had to
be raised [1]. In recent times the increase in @lgvowth with emerging markets
such as China and India have once again incre&iedemand for crude oil. This,
together with geo-political tensions, have causedgrice of crude oil to sky rocket.

A third complication of oil resource depletion is@abecoming a concern.

Alternative fuel research has always been a fotgnatiowever with world events
dictating a higher sense of urgency, this resebhashbecome imperative. Billions of
dollars are being invested by car manufacturergegonents and energy companies
to replace current energy fuel resources with terradtive. The focus of this research
project is exactly this. More advanced analytic#tvgare is required to perform this

research. The advancement of computer technologynlaale this possible.

The author of this research project has developsaftvare package directly focused

on the analytical processes of alternative fuetaesh. The software has been written
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in Java. Java is the latest computer language ooy and is platform independent.

The package can run on any operating system frnaum lito windows, to cell phones.

The software was not only designed to perform tlemodynamic analysis but to
represent it in a professional format. Analysia igery crucial part of the research but
the way it is presented is exceptionally importdiftis is so because one can have all
the information and evidence in the world but ifsitnot properly communicated, it
will all be worthless. As a result the software lheen developed to have powerful

graphic and reporting features.

The software package, named Combustion Analysisvacé (CAS), was used to
analyse the combustion characteristics of dies@k Was an appropriate fuel to test
the software on because of the extensive reselitedds done on the fuel. The results
using the newly developed software can then becttireompared for accuracy and

validity and was found to have fulfilled these regments.

The software package will allow for improved resbawith more time being spent on
actual research outcomes rather than on optimizatd the processes and
mechanisms in order to reach these outcomes. Tihease is intended to develop a
solution to the current problem of future oil slages and environmental concerns.
The software will be extremely useful and benefidiar future research and

developments.
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1.1 Objectives

The primary objectives of this study are definedicdlsws:

e To develop a software application that analyses dharacteristics of a
compression ignition engine using alternative fogll

* To consolidate and compare the results with workiexh out previously at the
School to further the understanding of the fuel bastion characterisitics.

* To obtain additional analytical and presentable dait future research work.

« To develop software that analyses the combustiod anergy release

characteristics of alternative fuels.

A secondary objective of the research is:

* To use the newly developed software to performyamaland obtain data on
diesel fuel resulting from the testing of a compres ignition engine.
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2. Literature Survey

2.1 Combustion in Compression-Ignition Engines

Combustion engines are divided into two basic aaieg according to their

combustion chamber design,

« Direct Injection (DI) engines, which have a singlpen combustion
chamber into which fuel is injected directly.

* Indirect Injection (IDI) engines, where the chamisedivided into two
regions and the fuel is injected into the “pre-cham which is
connected to the main chamber via a nozzle or onaase orifices.

IDI engine designs are only used in the smalleginensizes.[1]

2.1.1 Direct Injection Systems

In the largest engines, where the mixing rate requénts are least stringent,
quiescent direct-injection systems of the type ghawfigure 2.1a are used.
The momentum and energy of the injected fuel je¢ssafficient to achieve
adequate fuel distribution and rates of mixing withe air. Additional
organised air motion is required. The combusticandber shape is usually a
shallow bowl in the crown of the piston, and a Bnmultihole injector is
used. [1]

As engine size decreases, increasing amounts sfvair are used to achieve
faster fuel-air mixing rates. Air swirl is generdtby suitable design of the
inlet port. The swirl can be increased as the pisioproaches top dead centre
by forcing the air toward the cylinder axis, intobawl-in-piston type of
combustion chamber. Figure 2.1b and ¢ shows theypas of DI engine with
swirl, with a centrally located multihole injectaopzzle. Here the design goal
is to the amount of liquid fuel which impinges dretpiston cup walls to a
minimum. Figure 2.1c shows most of the fuel is deeal on the piston bowl

walls.[1]
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Fuel jets

Air swirl —

Air swirl

(a) (b) ()

Figure 2.1: Common types of direct-injection compression iignit

systems|[1]

Indirect-Injection Systems

Inlet generated air swirl, despite amplification time piston cup, has not
provided sufficiently high fuel-air mixing ratesrfemall high-speed diesel
engines such as those used in automobiles. Indinjection (IDI) or divided

chamber engine systems have been used insteade wWieewrigorous charge
motion required during fuel injection is generatdagring the compression
stroke. Two broad classes of IDI systems can bmeldf (1) swirl chamber
systems and (2) pre-chamber systems, as illustrateflig 2.2a and b,

respectively. During compression, air is forcedfrthe main chamber above
the piston into the auxillary chamber, through ttezzle orifice, or set of
orifices. Thus, toward the end of compression,ganaus flow in the auxillary

chamber is set up. In swirl chamber systems thenexting passage and
chamber are shaped so that this flow within theillamyx chamber rotates

rapidly.[1]
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Fuel is usually injected into the auxillary chamla¢rlower injection-system
pressure than is typical of DI systems throughnélgpnozzle as a single spray.
Combustion starts in the auxillary chamber. Thesguee rise associated with
the combustion forces fluid back into the main chamwhere the jet issuing
from the nozzle entrains and mixes with the chamder The glow plug
shown on the right of the pre-chamber in Figurei2.@ cold starting aid. The
plug is heated prior to starting the engine to emggnition of fuel early in the

engine cranking process.[1]

(a) (k)

Figure 2.2: Two common types of small indirect injection ergin

combustion systems (a) swirl chamber (b) turbutéamber. [1]

Fuel Spray behaviour

Different spray configurations are used in theeat#ht compression ignition
engines. The simplest configuration involves migtigprays injected into
guiescent air in the largest-size diesels (Figutea?. Each liquid jet atomises
into drops and ligaments at the exit from the nezxifice. The spray entrains
air, spreads out, and slows down as the mass fiae spray increases. The
droplets on the outer edge of the spray evaponate ¢reating a fuel-vapour
air mixture sheath around the liquid-containingecdrhe highest velocities are
on the jet axis. The equivalence ratio is highesthe centreline, decreasing to
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zero at the spray boundary. Once the sprays hawmetrpéed to the outer
regions of the combustion chamber, they interath Wie chamber walls. The
spray is then forced to flow tangentially along thall. Eventually the sprays
from multi-hole nozzles interact with one anott@gure 2.3 shows diesel fuel
sprays interacting with the cylindrical outer wafl disc-shaped combustion
chamber in a rapid compression machine, under dypitesel-injection

conditions. The cylinder wall causes the spraypid with about half flowing

circumferentially in either direction. Adjacent ags then interact forcing the

flow radially inward toward the chamber axis.[22]

Combustion
chamber wall

Radius, cm

Figure 2.3: The outer vapour boundary of diesel fuel spraywhie
cylindrical wall of the combustion chamber [22]

A schematic of the spray pattern, which resultswééuel jet is injected
radially outward into a swirling flow, is shown figure 2.4. As a result

of there being relative motion in both radial aadgential directions

between the initial jet and the air, the strucwiréhe jet is more complex. As
the spray entrains air and slows down it becomagasingly bent toward the
swirl direction. Under the same injection condisathwill penetrate less with
swirl than without swirl. An important feature thfe spray is the large vapour

containing region downstream of the liquid conitagncore.[22]
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Nozzle hole
?C Core Upstream edge

Vo /oot
=4 \\. // / Air swirl
Downstream edge R
Figure 2.4: Fuel Spray injected radially outward from the rolber

axis in swirling air flow. [22]

Atomization

Under diesel injection conditions, the fuel jet alby forms a cone-shaped
spray at the nozzle exit. This type of behaviowl@ssified as the atomization
break up regime, and it produces droplets withssizry much less than the
nozzle exit diameter. This behaviour is differewinf other modes of liquid jet
break-up. At low jet velocity, break-up is due e tunstable growth of surface
waves caused by surface tension and results insdiager than the jet
diameter. As jet velocity is increased, forces tlu¢he relative lead to drop
sizes of the order of the jet diameter. This idechkthe first wind induced

break-up regime. A further increase in jet velocigsults in break-up

characterized by divergence of the jet spray adfierintact or undisturbed
length downstream of the nozzle. In this seconddvimduced break-up

regime, the unstable growth of short-wavelengthvesainduced by the

relative motion between the liquid and surroundaig produces droplets
whose average size is much less than the jet deantairther increases in jet
velocity lead to break-up in the atomization reginvbere the break-up of the
outer surface of the jet occurs at, or before nitezle exit plane and results in
droplets whose average diameter is much smaller tha nozzle diameter.
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Aerodynamic interactions at the liquid-gas inteefaappear to be one major

component of the atomization mechanism in thismegjil]

Spray and Flame Structure

The structure of each fuel spray is that of a marhouid-containing core

surrounded by a much larger gaseous-jet contaifuefj vapour. The fuel
concentration in the core is extremely high. Loicedl-air equivalence ratios
near the nozzle of order 10 have been measuredgdthie ignition period.

Fuel concentrations within the spray decrease initreasing radial and axial
position at any given time, and with time at a fixecation once injection has
ended. The fuel distribution within the spray isitolled largely by turbulent-
jet mixing processes. Fuel vapour concentrationtatos determined from
interferometric studies of unsteady vaporizing did&ke sprays, confirm this
gaseous turbulent jet like structure of the sprajth its central liquid

containing core which evaporates relatively quicihce fuel injection ends.
Flame development , along mixture contours closstéachiometric, occurs

rapidly as indicted in figure 2.5. [1]

?C Nozzle hole
T-:.._‘

Downstream edge

Figure 2.5: Tracings of outer boundary of liquid fuel sprayddlame from

a rapid compression ignition engine [1]
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Initially this is thought to be due to spontanedgrstions of regions close to
the first ignition site due to the temperature réssociated with the strong
pressure wave which emanates from each ignitiom dite to local rapid
chemical energy release. Also, spontaneous ignétoadditional sites on the

same spray, well separated from the original ignitocation, can occur.[1]

Gas sampling data indicate that the burned gassnwthe flame enveloped
spray are only partially reacted and may be fudl. rFigure 2.6 shows CO and
COz concentration contours determined from rapid gctsample valve
measurements from the combustion chamber of a lgquiescent chamber
two-stroke cycle diesel engine. The contour magsvshcorrespond to the
centreline of one of the five injected fuel spralygection commenced at 17°
BTC and ended about 5° BTC. Ignition occurred 8 BZ. The contours at 3°
BTC show high CO concentrations in the burned ga#gsh now occupy
most of the spray region, indicating locally veuglfrich conditions. Later, at
12 ° ATC, fuel injection has ceased, this rich doas moved outward to the
piston bowl wall, and combustion within the expathdpray region is much
more complete. This oxidation of CO, as air is @ntd into the spray region,
mixes, burns and releases substantial additiorahcdal energy.[1]

I29ATE

(a) CO (b) CO,

Figure 2.6: Contours of constant CO and &€Q@oncentration in a

plane [1]

10
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The fuel properties of alcohol and basic priniples of engine
conversion

Introduction to alcohols

The alcohols are fuels of the family of the oxygesaAs is known to some,
the alcohol molecule has one or more oxygen moéscubhich contributes to
the combustion. The alcohols are named accordiagllge basic molecules of
hydrocarbon which derives from them: Methanol ¢CBH); Ethanol
(C2HsOH); Propanol (gH;OH); Butanol (GHyOH). Theoretically, any of the
organic molecules of the alcohol family can be uasda fuel. The list is
somehow more extensive, however, only two of tleeladls are technically
and economically suitable as fuels for internal bastion engines. These
alcohols are those of the simplest molecular arecti.e., Methanol and
Ethanol. [2]

- Methanol is produced by a variety of process, tfast common are
as follows: Distillation of wood; Distillation ofoal; Natural gas and

petroleum gas. [4]

- Ethanol is produced mainly from biomass transfaion, or
bioconversion. It can also be produced by synghiesim petroleum

or mineral coal.[3]

Economic reasons dictate, however, the procesdwdaic produce the alcohol
at the minimum cost. Each country around the wdrdd found the best
compromise in the production of an alternative fteelreplace petrol. Of
special significance, especially for countries wielnge areas of land like
former USSR, USA, China and Brazil, are the methotigroduction of

ethanol from bio-mass conversion. In this procéssan be said that solar
energy is stored in the plants by the photosynshpsacess. Ethanol from a

bio-conversion is therefore "solar energy in ailiggtate”. [3]

Ethyl alcohol, or ethanol has been used in Gernany France as early as
1894 by the then incipient industry of internal darstion engines. Brazil has

utilized ethanol as a fuel since 1925. By that tithe production of ethanol

11
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was 70 times bigger than the production and consommf petrol. There

have been times when the push for alternativestmlpwere more vigorous,
mainly dictated by strategic and economic reashms interesting to note that
in Brazil, there was an intense use of ethanoha year 1930, 1940, 1950,
1958, and 1973. Unfortunately, petroleum has alwagen considered
abundant, almost limitless in availability. It wakeap and versatile, so the
industry has always been very keen in the intensse of this apparently
miraculous fuel. All the development effort was tod the use of petrol and

so the engines were developed for this fuel. [3]

In those countries with large territorial areabaeiol has been the alternative
fuel choice to replace petrol. The reason is tleetfeat alcohol is a renewable
source of energy. Currently, ethanol is producethfsugar beets and from
molasses. A typical yield is 72.5 liters of ethapet tonne of sugar cane.
Modern crops yield 60 tonnes of sugar cane peohettand. An area of
1kn? of sugar cane crop can yield 6000 tonnes perigeatropical country
like Brazil. Other crops can be used for the preidumcof ethanol. In China,
for instance, it has been demonstrated that sveeghism ("Shennong No.2
sweet sorghum) can yield 267.4 liters of ethanolNbe. It has also been

shown that 1 tonne of corn can produce nearly B lof alcohol. [4]

2.2.2 Conversion of diesel engines

When diesel engines are converted to alcohols, gpoperties of gasoline, diesel and
alcohol should be concerned. Table 1 shows thegptiep of the fuels .There are

several methods for converting a diesel engindctmhal to be discussed. [2]
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Table 1: Some properties of fuels [2]

Gasoline Diesel Methanol |[Ethanol

1. Cetane number - 50 5 8
2. Octane number 96 - 112 107
3. Auto-ignition tempt. ° C 371 315 446 390

4. Latent heat of vaporization (KJ/K(g) 349 220 1177 914

5. Lower heating value (KJ/KQ) 4400 42609945 | 26700

A. Cetane number and cetane improving additive

For a fuel to burn in a diesel engine, it must haegh cetane number or ability to
self-ignite at high temperatures and pressuresieléasts a significant difference
among gasoline, diesel and alcohol in terms ofneetaumber and auto ignition. A
high cetane number leads to a short ignition dptjod, whereas a low cetane
number results in a long ignition delay period.rar@able 3.2.1, it can be seen that
alcohols have lower cetane numbers than that setlievhich is not desired when
diesel engines are converted to alcohol. Fortupagelme additives, an example of
which is nitrate glycol, can increase the cetarmalmer of alcohols. This means that
ignition delay period will become short, which wiélduce tendency to cause a diesel
knock. However, a too short ignition delay periodl sause a lower rate of heat

release which is not wanted. [9]

B. Alcohol-diesel emulsions

Because alcohols have limited solubility in dieséhble emulsion must be formed
that will allow it to be injected before separatmecurs. Hydroshear emulsification
unit can be used to produce emulsions of dieselkalc However, the emulsion can
only remain stable for 45 seconds. And, 12% alc¢dioérgy basis) is the maximum

percentage. In addition, this kind of method hagss problems which are as
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follows: 1).Specific fuel consumption at low speaedreases; 2).High cost;

3).Instability. Therefore, other methods are depetb [9]

C. Fumigation

Fumigation is a process of introducing alcohol ithte diesel engine (up to 50%) by
means of a carburettor in the inlet manifold. A¢ #ame time, the diesel pump
operates at a reduced flow. In this process, diaséis used for generating a pilot
flame and alcohol is used as a fumigated fuel. Ppwiots should be noted in using
this method. At low loads, quantity of alcohol mbstreduced to prevent misfire .On
the other hand, at high loads, quantity of alcahost also be reduced to prevent pre-

ignition. [2]

D. Dual injection

In a dual injection system, a small amount of diesmjected as a pilot fuel for
ignition source and a large amount of alcohol jeated as main fuel. It must be noted
that the pilot fuel must be injected prior to irtjea of alcohol. Some ideal results can
be achieved when this method is used. Thermaliefity is better. At the same time,
NOx emission is lower. Moreover, CO emissions aétissions are the same,
however, the system requires two fuel pumps, tleasling to a high cost. Meanwhile,

alcohol needs additives for lubricity. [2]

E. Heated surfaces

Alcohol can ignite with hot surfaces. For this @asglow-plugs can be utilized as a
source of ignition for alcohol. In this system, sifie fuel consumption depends on
glow-plug positions and temperatures. It must becddthat the temperature of glow-
plugs must vary with load. However, the glow-pliegbmes inefficient at a high

load. In addition, the specific fuel consumptiomigher than that of diesel. [2]

14



University of the Witwatersrand

F. Spark-ignition

When a spark plug is used, diesel engines canibeeted to an Otto cycle engine. In
this case, the compression ratio should be reddiced,16: 1 to 10.5: There are two

types of this kind of conversion. They are as fwlo

Type 1:The original fuel injection system is maintainéécohol needs an additive
for lubricity (Nitride glycol). Besides, both digtutor and sparkplug need to be
installed, thus leading to a high cost of converslbis critical to adjust an ideal

injection and spark-time for this kind of conversi§7]

Type 2:Original fuel injection is eliminated. But, a carbkttor, a spark-plug and a
distributor need to be installed, which increasesdost of conversion. In this

conversion, spark timing is critical. [7]

Both the type 1 and type 2 conversions’ have a tdlnermal efficiency than that of

diesel.

G. Neat methanol for diesel cycle

Figure 2.7 shows the basic principle of this cosi@r in this system, methanol is
introduced to the combustion chamber through tvwassded accesses. One methanol
mixture is passed through an inlet manifold oveexmaust-heated aluminum bed
(h=70%) heated to 400 ° C. Another methanol mixpwiegh 2% castor oil as additive,
is injected into the combustion chamber. In thstfaccess, dimethyl ether is produced
from methanol. The DME reacts at a normal diesglrencompression temperature
and raises the gas temperature above the ignérmapératures of methanol .It acts as
a pilot fuel; In the second access, no additiviiéomethanol is to be converted to
DME. A 2% castor oil content, is added in ordemtgrove lubricity. In this system,
the thermal efficiency is better than that of dieBarthermore, ignition delay period

is reduced, which leads to a decrease in the fategressure rising. This means that
the engine has no diesel "knock" and has a smootmebustion. At the same time,

the peak pressure is 18% higher than that of dieselunately, this can be
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compensated by retarding the injection timing. prablem of this conversion is that
DME conversion becomes poor at high speed andaalidads due to the drops of the
exhaust gas temperature. Pilot flow (DME) whickrisical, depends on load and

speed, and less upon temperature. At a high spdead| pump runs out of the design

point. [2]

Drk{Tilot fuel) T colet manifold

vapour methanel — — —r

l:;:;:;;] Metnanol+castor gli

/ / rxhaust
/ F " manifold
A10x —“’”1 I I Ex’
Lombustion
l / chamber
Fiatan

Figure. 2.7:  Basic principle of this conversion [2]
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2.3 Review of Ethanol in Compression Ignition Engia

Stringent emission legislation all over the worlasHed to the search for alternative
fuels for I.C. Engines. The major pollutants fromdiesel engine are oxides of
nitrogen (NOx), smoke and particulate matter. Catre¢ion is very much focused on
compression ignition engines because they have bEmgnised as the most ideal
power plants in transportation, industrial and @gtural sectors, due to their high
fuel efficiency. But their major disadvantage ig firoduction of exhaust particulates

which have to face increasingly stringent regulatid 1]

The difficulty in meeting the increasingly stringeéimitations on particulate and NOx
emissions has stimulated interest in ethanol-fualethpression ignition engines
because ethanol diffusion flames produce virtually soot. Unfortunately ethanol
does not have suitable ignition properties undpicgt diesel conditions because the
temperatures and pressures characteristic of @seldengines causes a longer ignition
delay while using ethanol. Therefore, in order take use of ethanol in a diesel
engine, either a system to improve the ignitionlipaf ethanol or a system of some
ignition aids is necessary. The following descriltke various systems of using
ethanol in diesel engines. [14]

2.3.1 Techniques of Using Ethanol in Diesel Engines

There are various techniques by which ethanol eanded as a fuel in compression

ignition engines. The techniques are

+ Solution

« Fumigation

+ Dual Injection

« Spark Ignition

+ Ignition Improvers

+ Surface Ignition

The easiest method by which ethanol could be used the form of solutions, but
ethanol has limited solubility in diesel. As a résathanol/diesel solutions are

restricted to small percentages (typically 20%)isTgroblem of limited solubility has
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been overcome by emulsions which have the capalmfitaccommodating larger
displacement of diesel up to 40% by volume. Butrttegor drawbacks of emulsions

are the cost of emulsifiers and poor low tempeegggiysical properties. [19]

Fumigation is a method by which ethanol is intragthinto the engine by carburating
or vapourising the ethanol into the intake airatneand about 50% of the fuel energy
can be derived from ethanol under road load camati This method requires
addition of a carburettor or a vapouriser alonghvét separate fuel tank, lines and
controls. Also the distribution of ethanol would b@even as the diesel intake

manifolds are not designed to handle two phasestl¢iB]

Dual injection is a method by which nearly 90% thspment of diesel by ethanol is
possible. The drawbacks of this method include dbeplexity and expense of a
second injection system and a second fuel tanksgsigm. Fuel injection pumps and
injectors to handle neat ethanol have not yet ldeseloped. Also converting to dual
injection requires, space in the combustion charbbexvailable for a second injector

at a location where the injector can be effectijs]

Spark ignition of neat ethanol in diesel enginevates a way of displacing 100% of
diesel. A spark plug and the associated ignitistesy components must be added to
the engine. Room must be available for spark piagthe cylinder head and its

location is also important for proper plug coolifitg]

Another method of using neat ethanol is to incréheg cetane numbers sufficiently
with ignition-improving additives to ensure thathgaression ignition will occur. This
method saves the expense and complexity of engimgpanent changes, but adds in
fuel cost. [16]

Surface ignition is another method of using 100%@ebl in diesel engines. Surface
ignition occurs when the temperature of the aif-fuaexture adjacent to a hot surface

exceeds its self ignition limit. [16]
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2.3.2 Dual Fuel Mode

In the dual fuel mode in a conventional diesel eagithe energy release by
combustion comes about partly from the combustiogitber carburated or manifold
injected alternative fuel, while the diesel fuelntioues to provide throughout,
through timed cylinder injection, the remainingtpaifr the energy release. Ideally, in
relation to the alternative supply there is a nedoptimum variation in the diesel
fuel quantity used any time so as to provide ths performance over the whole load
range desired. The main aim is to minimise theaiiskesel fuel due to environmental
reasons and maximise its replacement by alterndtige throughout the load and
speed ranges. The dual fuel engine is an idealifoellitengine that can operate
effectively on a wide range of fuels with the fleiity of operating it as a

conventional diesel engine. [15]

Some of the distinct advantages associated withfdahoperation are longer engine
life, potential cleaner operation and long lastinigricants with fewer filter changes.
However, dual fuel operation also has certain Atons like the requirement of
simultaneous availability of two or more fuels whican bring about increased
complexity in controls and additional cost. Moregva serious problem associated
with dual fuel engine is the relatively poor lighdad and idling performance
associated with low efficiency and inferior emissicharacteristics. The principle of
injecting a small quantity of diesel fuel is to augnite the diesel vapour, so that
flames produced by diesel-air mixture burns the leamogeneous charge available
in the rest of the combustion chamber. This behaviaf the engine affects the

performance of dual fuel engines at light loadseasely. [15]

The introduction of the fuel with the inlet air,@vin very small quantities, can also
have a significant effect on the cylinder chargeimty compression, affecting

markedly the processes of pre-ignition and subsgqaenbustion of the pilot and the
cylinder charge. This deterioration in performamngea large extent depends on the
pilot quantity injected, the fumigated fuel beinged, operating conditions and the
engine employed. In some cases even idling or liggdl operation becomes totally

impaired, with certain fuels and engines. [15]
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In addition to the above problems, the problem mddk is encountered when very
high outputs are desired. Thus, a serious pradigaler is set for the maximum load

that can be achieved for any engine with any fuél]

The use of alcohol in the dual fuel mode showsftlewing observations when

compared to diesel: [15]

1. Brake thermal efficiency increases at high loads.

2. Carbon monoxide and hydrocarbon formation increases

3. No significant effect on carbon monoxide and hydrbons with water
content and type of alcohol used.

NOx and particulate matter reduces.

NOXx emissions decreases with higher water contealicohol.

Ignition delay increases at all operating condgion

Higher water content of alcohol lengthens delayqaker

Delay period for methanol fuels are longer tharséhof ethanol fuels.

© © N o o b

Methanol produce lower NOx and particulates thaambl.
10.Maximum displacement of diesel is only 80% of tlmeak fuel energy in
conventional engines and 85% in the LHR engine.

2.3.3 Ignition Improvers

Ethanol has too low an ignition quality for useairdiesel engine. The step towards "
adapting the fuel to the engine " is to increaseigiition quality of ethanol such that
it is sufficient for all operating conditions. This done by adding ignition improvers

to ethanol or by the introduction of ignition impeys that have very low self ignition

temperatures, into the intake manifold. [12]

Most of the effective ignition improvers that arddad to improve the cetane rating
are nitrogen based compounds, which can aggrav@tedxissions. Isoamyl nitrate,
Ethyl nitrate, Butyl nitrate, Di-Ethylene Glycol Miitrate (DEGDN), Tri-Ethylene
Glycol Di-Nitrate (TEGDN) and Kerobrisol are someogl ignition improvers. [12]

Other ignition improvers like Di-Methyl ether (DMENd Di-Ethyl ether (DEE) that

have very low self ignition temperatures and witl@mmability limits are introduced
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in a small quantity into the intake manifold, timaixes with the combustion air. This
mixture would begin a slow combustion in the comspren stroke forming a pool of
species and raising the temperature and pressam@eirthe engine cylinder. This
would create an ideal environment for igniting shibsequently injected ethanol. [12]

The summary of observations made on using ignitiggroved alcohol fuels in diesel
engines are as follows: [12]

1. The concentration of DEE required for stable cortibansof alcohol varies
from 59% by mass at no load to less than 1% atdatl.

2. Fuel injection system modified to accommodate extralume of

fuel.Compared to normal diesel operation the follmvobservations are

made:

Thermal efficiency is higher.

Unburn’t hydrocarbon emissions are higher.

Carbon monoxide emissions remain unchanged.

NOx emissions are lower.

No soot formation.

Ignition delay longer.

© 0 N o 0o b~ W

Aldehyde emissions doubled with ethanol and methano

10. Ethanol exhibits lower aldehydes than methanol.
2.3.4 Surface Ignition

The hot surface assisted ignition concept is comynapplied to overcome the low
temperature starting problem in diesel enginegodhicing extremely low cetane
fuels like ethanol, require an extended applicatbrthe hot surface as continuous
ignition assistance. The function of the hot swfas to provide favourable local
ignition condition, followed by flame propagatingrough the fuel air mixture to

establish a stable diffusion flame. [23]

Surface ignition occurs when the temperature ofdinduel mixture adjacent to the

hot surface exceeds its self ignition limit. Thenmmum surface temperature needed
for this kind of ignition depends on both physieald chemical properties of the fuel
to be ignited and the operating conditions premgilinside the combustion chamber
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as well. Material and exposure of the hot surfameehalso gained some importance.

[23]

The hot surface may be provided by concentratiogdaclating the heat of

combustion at a position on the piston top or bypsying external energy to the

heating elements inside the combustion chamber shidace ignition making use of

glow plugs is not a new concept as it is being usd®I diesel engines to overcome

cold starting problems. [23]

Following are the observations made on using alciohimot surface ignition engine:

© 0 N o 0 b

Ignition characteristics of ethanol affected bylfagount, injection timing,
position and length of glow plug, glow plug temgara and water content in

ethanol.

. Engine speed, fuel injection timing and positiontleé glow plugs have a

strong effect on the ignition characteristics.

Combustion difficulties appear as the load decgasmaking idling
impossible.

Glow plug surface temperature for proper ignitismiound 85C.

Brake thermal efficiency is comparable to that iesél.

Higher carbon monoxide and hydrocarbon emissions.

Larger reduction in NOx emissions.

Soot free combustion.

Quieter operation.

10. Longer ignition delay.
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2.3.5 Spark Ignition

To accomplish the smooth operation of an enginmbtstion must spread smoothly
throughout the combustion chamber. This is accahetl in a gasoline engine by
having a homogeneous mixture in the cylinder ighidy means of a spark. On the
other hand, the heterogeneous mixture in a diesgihe, when using high cetane
fuels, combustion depends upon simultaneous autitidg at different locations
rather than a flame propagation. However, whenguksiw cetane fuels like alcohol in
a diesel engine with spark ignition, the flame @ggte from the flame nucleus fast
enough to achieve smooth combustion and rapidlyaacauto ignition in the rest of
the mixture. Thus, for spark assisted diesel, smaperation depends upon the

formation of air vapour mixture through which thh@nfie can propagate. [7]
The combustion processes in a spark assisted dlenbme takes place as follows:

a. Ignition and initial flame kernel development awiaym spark gap along the
peripheral, near stoichiometric region of the fpklme closest to the spark
gap,

b. Initial flame propagation along adjacent fuel sppymes, and

c. Continued flame propagation along fuel spray plumieiowed by
compression ignition occurring in the peripherajjioas of the fuel spray
plumes not yet in contact with the flame which Hssin multipoint ignition
and rapid heat release.

The literature survey made on spark plug assistedhal operation shows the

following points as made compared to diesel opanafi/]

1. Proper timing of both injection and ignition is alitfor ignition of
alcohol fuel.

Injection timing to be advanced.

Higher efficiency at full load.

More unburnt hydrocarbons.

Reduced NOx and noise.

Shorter ignition delay.

A A < A

Lower maximum pressure, temperature and rate skpre rise.
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2.3.6 Catalytic Combustion

The possibility of using a combustion catalyst ba surface of the glow plug could

also be of great significance to the use of ethandiesel engines. Catalysts coating
not only increases the rate at which chemical r@asttake place but at the same time
decrease the minimum temperatures needed for #ttiars to take place. Therefore
if the glow plug surface can be used as a catddysignition, lower temperatures

would be required thereby reducing the energy requents for proper operation and
also increase the lifetime of the glow plugs. Atke presence of a catalyst in the

combustion chamber could affect emissions as idl].

Normally, catalytic ignition occurs at temperatuesseral hundred degrees celsius
lower than the gas phase ignition temperature Hersame combustible mixture. At
low temperatures as in region 1, the reactionisatentrolled by surface kinetics with
the reaction rate increasing exponentially withalyst temperature. As temperature
increases, the reaction rate becomes so highhikatetiction is limited by the mass
transfer between the gas and the surface. Thimeeghown in region 2, is called the
mass diffusion controlled region and the heterogasadinetics play a secondary role
in determining the reaction rate. Finally furthecrease in temperature results in gas
phase reactions as shown in region 3. In this regaatalytic reactions occur
simultaneously with heterogeneous reactions. [11]

To obtain maximum performance from a catalytic casilon system, the materials

should ideally have the following properties :

1. The catalyst coating should be capable of iggifuel/air mixtures at

the lowest possible temperature i.e., low "light"demperatures.

2. The catalyst coating should be able to opetatenaperatures in excess

of 1750 K without thermal degradation or complexaighe materials.
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2.3.7 Selection of Catalyst Materials

There are two classes of catalyst coating mateardslable, one is metal oxides and
the other one is noble metals. Metal oxide catalgsé made from the oxides of the
transition metals. Among the metal oxides, onlysthwith refractory properties have
potential combustion applications. Noble metal lyata appear to be more promising
for combustion applications because, metal oxide& Hower activities, higher light

off temperatures and are more prone to thermadsing and sulphur poisoning. But
the disadvantages of noble metals for actual engjopdications are their exclusively

high cost and limited high temperature durabili8}.

However, since the catalysts activity is not neaelysa limiting factor under the

expected mass transport limited conditions thecaffeness of metal oxide catalysts
could be as great as that of noble metals. The suynof observations made on the
utilisation of alcohol in diesel engines with cgtdlcoated glow plug are given below:

[8]

1. Platinum and palladium are used as coating masesiaglow plugs.

2. Reduction in glow plug temperature of 1000 K uspigtinum and 150 K
using palladium.

3. Palladium has better combustion characteristias ainum.

4. NOx emissions are slightly higher for platinum asbightly lower for
palladium compared to diesel.

5. Lesser aldehyde emissions in the case of platimuonpalladium compared to
diesel.

6. Platinum and palladium catalyst coating on exhaaktes reduces glow plug
temperatures by approximately 400 K.

7. Palladium catalyst produce more carbon monoxidegtchydrocarbons and

less NOx than platinum.
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2.3.8 Low Heat Rejection Engine

Adiabatic engine implies a no heat loss enginedsabatic process is defined as a no-
heat loss process since the combustion chambes Wwalle no thermal capacity or
inertia. But, under such imaginary cases, thereldvba no heat flow relative to the
cylinder walls. The ways and means of realisatibeugh a combustion chamber are
not realistic in practice. On the other hand, th&ulated combustion chamber either
partially or wholly can be assumed to have a ldahgemal capacity or inertia in such
a way that the surfaces of the combustion chandrarain at a constant temperature
throughout the operation. Such an engine is callddow Heat Rejection (LHR)
engine. In the development of LHR engine, the rédooof heat loss to the coolant
system has always been of considerable interestdme designers since, this would
reduce the cost, weight, power requirement and @gizbe cooling system. In LHR
engine the combustion chamber is insulated witth liggnperature materials which
makes the engine operate at hotter environment \a#s heat transfer. The
components that are normally insulated includeopistylinder head, valves, cylinder
liner, and exhaust ports. It is expected that amtthkd power and improved efficiency
is possible with engine insulated because thermeatgy that is normally lost to the
cooling water and exhaust gas is converted to upefwer through the use of turbo
machinery and high temperature materials The amfthe atmosphere, enters into
the compressor first and then enters the insulamehbustion chamber where
combustion takes place and useful energy is exladthe high temperature and high
pressure exhaust gas is then expanded throughutlvimé wheels to extract as much
as possible the remaining energy. Of the two tw@rbuheels, one is used to drive the
compressor and the other one is connected by ¢edine engine crankshaft thereby
increasing the useful power output of the engifg. [

2.3.9 Conclusion

Ethanol can be used as a fuel for compressioniagnégngine however with major

modifications to the engine depending on the tepimiemployed.

26



University of the Witwatersrand

2.4 Biodiesel Fuel

Biodiesel could be an excellent renewable fueldi@sel engines. It is derived from
vegetable oils that are chemically converted intaliesel. As the name implies, it is
similar to diesel fuel except that it is producewni crops commonly grown,
including canola, soybean, sunflower and safflowdrese crops are all capable of
producing several gallons of fuel per acre thatmawer an unmodified diesel engine.
Vegetable oil is converted into biodiesel througlehemical process that produces
methyl or ethyl ester. After washing and filterimgs usable as an alternate renewable
fuel. [15]

2.4.1 Biodiesel

Biodiesel is composed of long-chain fatty acidshwén alcohol attached, often
derived from vegetable olils. It is produced throtigh reaction of a vegetable oil with
methyl alcohol or ethyl alcohol in the presenceaafatalyst. Animal fats are another
potential source. Commonly used catalysts are poitashydroxide (KOH) or sodium
hydroxide (NaOH). The chemical process is calladgesterification which produces
biodiesel and glycerin. Chemically, biodiesel i$lexh a methyl ester if the alcohol
used is methanol. If ethanol is used, it is calledethyl ester. They are similar and
currently, methyl ester is cheaper due to the lavest for methanol. Biodiesel can be
used in the pure form, or blended in any amounth vdtesel fuel for use in
compression ignition engines. Figure 2.8 showschiiansesterification technology.
[15]

Vegetable oils Recycled greases
L 4
Dilute acld | Sulfur +
esterfication methanol

&
¥ ¥

Methanol + KOH— Transesterification
"

L L
Methanal Crude glycerin Crude biodiesel
recovery
' . . 4
+ Glycerin refining Refining |
v
Glycerin ¥
Y Biodiesel

Figure 2.8:  Basic Transesterification technology [15]
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The transesterification process of converting vaigjet oils to biodiesel is shown in
figure 2.9. The “R” groups are the fatty acids, evhare usually 12 to 22 carbons in
length. The large vegetable oil molecule is redutedbout 1/3 its original size,
lowering the viscosity making it similar to diedelel. The resulting fuel operates
similar to diesel fuel in an engine. The reactiosaodoices three molecules of an ester

fuel from one molecule of vegetable oil.

! ot
H—C — OOR \ H—C—0OH ROOCH,
H—III:—CII:I'R + 3CH,0H A . H—{I‘,—DH+RDDL‘.H,
tI: 0OR' H {I: OH  ROOCH,
' ’

H

Vegetable Qil + Methyl Alcohol # Glyceral + Methyl Ester

Figure 2.9: Transesterification of  vegetable oils. [15]

Some properties of various fuels are shown in Tabl@hey include diesel fuel,
biodiesel, and vegetable oil. The main differenbesveen diesel fuel, an ester fuel,
and vegetable oil are the viscosity, cetane nunavel heat of combustion. The
viscosity of a fuel is important because it affettte atomization of the fuel being
injected into the engine combustion chamber. A Efaal drop is desired so complete
combustion occurs. A high viscosity fuel, such a& vegetable oil, will produce a
larger drop of fuel in an engine combustion chanwt@ch may not burn as clean as a
fuel that produces a smaller drop. Unburned oxalizel will build up in the engine
around valves, injector tips and on piston sidesvahd rings. Previous NDSU tests
using sunflower and other oils mixed with diesetlfiound significant buildup on
piston sidewalls, stuck rings and in a few caseskdn rings. Biodiesel has a
viscosity much closer to diesel fuel than vegetahle This helps produce a much

smaller drop, which burns cleaner.
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Table 2: Fuel properties [14]
Type Fuel Weight Heat of Cetan Viscosity
Combustion | Number | Centistokes
Lbs./gal. BTU/gal
No. 2 diesel 100% 7.05 140,000.00 48 3
Biodiesel (B100)
Methyl or ethyl ester 7.3 130,000.00 55 5.7
B20 mix (20/80) 7.1 138,000.00 50 3.3
Raw vegetable oil 7.5 130,000.00] 35 to 45 40 to 50

Cetane rating varies considerably among the liiet$ (table 2) and is a measure of
the self-ignition quality of the fuel. No. 2 diesklel usually has a cetane rating
between 45 and 50 while vegetable oil is 35 toBibdiesel is usually 50 to 60. The
ignition quality affects engine performance, colértng, warm up and engine
combustion roughness. Cetane rating is relatedetowalatility of the fuel where more
volatile fuels have higher ratings. A high cetanelfalso may lead to incomplete
combustion and smoke if the fuel ignites too sopmdit allowing enough time for the

fuel to mix with air for complete combustion. [14]

The energy content of the fuels also vary. No. éseli fuel typically contains about
140,000 BTU's per gallon while vegetable oil anddoesel contain about 130,000
BTU/gal. A "BTU" stands for British Thermal Unit wdh is defined as the energy
required to raise the temperature of water oneedefmhrenheit. Fuels with a high
heat of combustion will usually produce more poper pound of fuel than fuels with
lower energy. As a result, an engine using a losveargy fuel will require more fuel

to produce the same power as diesel fuel. As dtresuhe lower energy content,

biodiesel will require about 1.1 gallons of fueldo the same work as a gallon of
diesel fuel. [15]
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2.4.2 Engine Studies

Several studies show biodiesel can run in a comweaitdiesel engine for an extended
time. Researchers have run diesel engines in pskeipy buses, large trucks and
tractors on various mixes of biodiesel/diesel fidglese mixtures have ranged from
2/98% (B2), 20/80% (B20) up to 100%(B100). The Kssaf these studies look very
promising. [20]

Standard diesel engines will operate on 100% bsailidn cold weather, biodiesel
begins to cloud and thicken at about 30F. Biodi#siekens at warmer temperatures
than No. 2 diesel fuel, but additives are availdahb will lower the pour point. Pour
point is the point at which flow of the fuel ceasktxing biodiesel with No.1 diesel
as is currently done with No. 2 will lower the pquoint. Installing an in-tank or fuel
line heater may also be needed to keep the fueirftpin cold weather. A blend of
biodiesel/diesel fuel has a lower pour point th@A% biodiesel, but gelling may still

occur unless care as mentioned earlier is tak@j. [2

New lower diesel engine emission requirements datate a reduction of sulfur in
fuel is causing a reduction in the lubricating ipibf fuel. This will shorten the
operating life of the injection system and engiBmdiesel blends, even at low rates
(2%), indicate improved lubricating ability overedel which should reduce wear and

extend fuel system and engine life. [16]

Studies show that some older engine fuel systemgir(es built prior to 1993) may
show fuel pump seal deterioration. They may havwdbeu or nitrile seals in the fuel
pump and fuel system that could fail if 100% bisdileis used. It may be best to
replace them with Viton or other non-rubber sebl00D% biodiesel is used. A blend
of 20% biodiesel can be used in older engines matichanges, but it is recommended
to watch for leaks. Also, biodiesel studies indéicabme cleaning action of the fuel

system, so a fuel filter may need replacement sdt@n switching to biodiesel. [18]
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2.4.3 Biodiesel and Air Pollution

Research with biodiesel show reductions in sevaratributors to air pollution. Table

3 is a summary of engine tests completed at theddsity of Idaho.

These tests were performed with a 100% and a 20%©ohethyl and methyl ester of
rapeseed oil. There were reductions in most enmssmmponents except for an
increase in nitrous oxide. Biodiesel use could @evreductions in several air
pollutants. This could provide significant improvents in cities where air quality is a

concern. [10]

Table 3: Engine emission results from the University of IdhO]
Emission 100% Ester Fuel (B100) 20/80 Mix (B20)
Hydrocarbons -52.4% -19.0%

Carbon Monoxide - 47.6% -26.1%

Nitrous Oxides - 10.0% -3.7%

Carbon Dioxide +0.9% +.7%

Particulates +9.9% -2.8%

24.4 Mixing and Storage of Biodiesel

Biodiesel mixes well with diesel fuel in any propon and stays blended even in cold
temperatures. A storage study completed over a @dtinperiod found that biodiesel
tends to store about as well as diesel fuel. Thislysfound that engine power
decreased about 2% and viscosity, density, peroaittk acid value increased for
biodiesel. Usually it is recommended not to stdoeliesel longer than 6 months or at

the most, a year. This recommendation is similaliésel fuel storage periods. [17]
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2.4.5 Potential Fuel From Oil Crops

In 2001, about 2.1 million acres of soybeans weoelyced in the state of North
Dakota with an average yield of about 33 bushelsapee. Soybeans contain about
18% oil so the average oil production per acrbmua 49 gallons. If this oil were
converted to an ester fuel, more than 100 milliahogs of fuel could be produced.
Other oil crops grown in the state could be usegartaluce additional fueTable 4
shows the production potential of biodiesel froma thain oil crops grown in North
Dakota. [21]

Every gallon of vegetable oil will produce abougdllon of biodiesel. The total
input/output energy ratio shows a very positiveimet For every BTU of energy used

to produce the crop and process the oil, abouB313's is produced as fuel. [21]

Table 4: Potential fuel from North Dakota oil crops (2002) ]

Crop Acres in State Yield oil Gallons
rillions) (%) (pehcre)

Soybean 2.1 33 bu/acre 18 49

Sunflower 1.1 1400 Ib/ac 44 84

Canola 1.2 1300 Ib/ac 43 76
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The Combustion Analysis Software Design

3.1

System Overview

The world’s fossil fuel resources are depleting andheed to use
alternative fuels is becoming very essential fer filture. As a result a
comprehensive software package is needed to analysareas of
energy release within internal combustion engifdse software has
thus been designed to form the core of this “a#teve fuel” research.
In order for it to be effective it has been destjte be flexible. The
CAS (Combustion Analysis Software) can be configui@ differing
engine sizes, environment conditions, i.e. ambiemiperature, as well
as differing fuel properties. The users also hagbace of which form
of analysis they want to perform, ranging from ‘tae standard cycle”
to “Weinberg” analysis. The user is able to selacitiple forms of
analysis from multiple engine tests done by diffémngines, fuels and
engine speeds.

The graphical objects of the software, extend fieisbility further by
allowing the user to select which plots one wistoegiew. These plots
can be viewed independently or superimposed onama¢her. Any
area of the graph can be zoomed in or out anddhles of the axes
can be adjusted as seen fit. The look and fedl@fytaphical data can

also be adjusted for reporting purposes.

The CAS software has a reporting module. This modilows the

user to generate comprehensive reports extending éngine raw data
all the way up to the calculated energy releasa. ddte reports can be
presented in PDF Format or simple text format. Théso can be

exported to csv, htmi(for ease of posting on thierivet) or excel

format for further analysis. Due to the confideliyaof the analysis

performed, the CAS software package has the fotigwsecurity

optionality:
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e All export formats can be password protected witthaice of
40 bit or 128 bit encryption.

 The CAS software package has login security, arlig osers
with administrator access can add, delete and usdits from

the system.

CAS has been designed with user friendliness asél ebuse in mind.
In fact all the user is required to do is to coafigwhich engine tests
and forms of analysis one requires and at a pusla diutton, a
complete set of analytical and graphical data teraatically created.
The user will then have a large variety of repatsis/her disposal

with accurate results.

The following “use cases” describe and identify Key parts of the

CAS software design.

3.2 Uses Cases

3.2.1 Use Case Summary

The following use cases have been identified:

* Login — this use case authenticates a user witlsysgem so
that access to other functions can be provided.

* Load new data- this allows the user to convert padorm
energy modelling analysis on a newly performed mea¢gst.

* Load saved data — Allows the user to perform energy
modelling analysis on previously converted data.

* View plots — This use case allows users to seléatiwplots to
be displayed as well as to modify the plots.

* View Data — This use case allows the user to view a

generate a report of all raw and calculated data.
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* Memory Manager — This use case allows the useretetal
engine tests that have been loaded into the sysiemnto
increase or decrease the “engine tests” limitlldnas the user
to fully utilise the memory capabilities of the PG which the
software is running. For example if the PC hasrgelamount
of ram, the user can set the “engine test” limit topthe
maximum and many different tests can be compareatl an
viewed at once.

* Add user — Adds a new user to the system. ( Admnais

only)
* Delete User — Deletes a user from the system (Adtnator

only)
» Edit user - Edits a users profile ( Administraboty).

Figure 3.1 illustrates the above use cases.
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¢ Login D

Student Load Data

|
|

Administrator

View Data

Y

Memory Manager

Add User

Delete User <

O

Figure 3.1: Use Case Diagram
The actual use cases that follow, are written afingrto the UML (unified
modelling language) specification. This specificatensures a global standard
in which use cases are written.

3.2.2 Login Use Case

* Actors

Student and administrator
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To authenticate a user with the system so thatsadoceother functions

can be provided.

* Pre-Conditions

None.

* Post Conditions

User logged on and access to appropriate functjcarged

* Primary Success Scenario

1.

ok~ 0N

The system prompts for a username.

The actor enters a username.

The system prompts for a password.

The actor enters a password.

The system validates the username and password and

logs the user on.

* Alternative Courses

5.1

5.2

* Notes

The username is unknown

5.1.1 The system displays a message indicating
“Login details are incorrect” .

5.1.2 Continue from 1.

The password is incorrect.
5.2.1 The system displays a message indicating

“Login details are incorrect”.
5.2.2 Continue from 1.

User names must be unique
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3.2.3 Load New Data Use Case

* Actors

Administrator and student

e Primary Goal

To retrieve technical engine data from an extefal (Dynamic Link

Library) and perform thermodynamic analysis ondhta.

* Pre-Conditions

Actor must be logged on.

* Post Conditions

None.

* Primary Success Scenario

1. Actor selects the “Load New Data” option.

2. System executes external DLL and pauses until mxteDLL
completes its task.

3. DLL prompts user for engine test file.

4. Actor selects file.

5. DLL plots an overlaid Pressure trace graph of tadl tycles read into
the system.

6. Actor selects the best cycle.

7. System retrieves technical engine data

8. System prompts actor for fuel type, engine dimemsiand application

parameters.
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9. Actor enters parameters

10.System prompts actor for the combustion analysisctian to be
performed.

11. Actor selects a function.

12. System performs the selected function and stoeestimipulated data.

Alternate Courses

4.1 Actor selects an incorrect file.
4.1.1 System displays a message indicating “Incorifde type
selected”.
4.1.2 Continue from step 3.
9.1. Actor enters incorrect parameters.
9.1.1. System displays a message indicatingothect parameters
entered, please re-enter”

9.1.2. Continue from step 8.

3.2.4 Load Data Use Case

Actors

Administrator and student

Primary Goal

To retrieve technical engine data from a previousiyverted and saved

raw file and perform thermodynamic analysis ondata.

Pre-Conditions

Actor must be logged on. Load new Data use caset image been

performed.

Post Conditions
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None.

* Primary Success Scenario

Actor selects the “Load Data” option.

System prompts user for the saved engine test.cycle
Actor selects the file.

System retrieves technical engine data

ok~ 0N E

System prompts actor for fuel type, engine dimamsiand application

parameters.

6. Actor enters parameters

7. System prompts actor for the combustion analysisctian to be
performed.

8. Actor selects a function.

9. System performs the selected function and stoeem#imipulated data.

+ Alternate Courses

3.1 Actor selects an incorrect file.
3.1.1 System displays a message indicating “Incorfde type
selected”.
3.1.2 Continue from step 2.
6.1. Actor enters incorrect parameters.
6.1.1. System displays a message indicatingofrect parameters
entered, please re-enter”

6.1.2. Continue from step 5.

* Notes
The difference between this use case and the “lnead data” use
case is that the cycle selection made by the user the external DLL
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is not carried out. This is because there is atfilg has been saved
previously, containing the already selected cyThe advantage of this
Is that the user can continuously load this filel gerform different
combustion functions on the same cycle. The adothén able to

compare all the analysis formed, on the same cgad®ne graph.

3.2.5 View Plots Use Case

Actors

Student and Administrator.

e Primary Goal

To display graphical data of saved manipulated data

* Pre-Conditions

Load New Data use case or Load Data Use Case

* Post Conditions
None.

e Primary Success Scenario

System prompts user for graph selection.
User selects graphs.

System plots graphs.

User selects area to zoom.

System zooms by required percentage.
User selects axis range.

System prompts user for range.

Actor enters range.

© 0 N o g b~ W DdhPRE

System alters plot.
* Alternate Courses

8.1  Actor enters incorrect range.
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8.1.1 System displays a message indicating
range entered, please re-enter values”.

8.1.2 Continue from step 7.

View Data Use Case

Student and Administrator.

Primary Goal

To generate reports of raw and manipulated data.

Pre-Conditions

Load New Data use case or Load Data Use Case

Post Conditions

None.

Primary Success Scenario

© 0o N o 0o b~ W DdPRE

el o e
A w b P O

System prompts user for report of choice.
Actor selects a report.

System retrieves and displays data.
Actor selects “generate report”.

System generates report.

Actor selects “Save as PDF”.

System prompts for file name.

Actor enters file name.

System prompts for title.

Actor enters title.

System prompts for author

Actor enters author.

System prompts user for password protection.
Actor selects password protection option.

“Incorre
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System prompts for 40 bit or 128 bit encryption.

Author enters 128 bit.

System prompts for password and confirmation o$wasd.
Actor enters password twice.

Actor selects ok.

System saves report in PDF format.

+ Alternate Courses

8.1 Actor enters incorrect file name.

8.1.1 System displays a message indicating “Incorre
file name entered, please re-enter”.

8.1.2 Continue from step 7.

18.1 Actor confirms password incorrectly

3.2.7

* Actors

18.1.1 System displays a message indicating “Tissvpards
entered do not match, please reenter”
18.1.2 Continue from step 17.

Memory Limit Use Case

Student and Administrator.

e Primary Goal

To manage memory constraints of the program

* Pre-Conditions

None

* Post Conditions

None.

* Primary Success Scenario
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1. System displays a real time, RAM (random access angm
graph).

2. System displays current default memory limit.

3. System displays the loaded test cycles.

4. Actor increases memory limit.

5. Actor selects “OK”.

6. System saves the new memory limit.

+ Alternate Courses

None.

3.2.8 Delete Loaded Cycle Use Case

* Actors

Student and Administrator.

e Primary Goal

To delete a previously loaded cycle.

* Pre-Conditions

Load new Data Use Case or Load Data Use Case

* Post Conditions

None.

e Primary Success Scenario
1. System displays a real time, RAM (random access angm
graph).
System displays current default memory limit.
System displays the loaded test cycles.
Actor selects a test cycle to delete.

Actor selects “OK”.

S o\

System deletes the selected cycle.
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Alternate Courses

None.

3.2.9

Actors

Add New User Use Case

Administrator.

Primary Goal

To add a new user so as access to CAS functiomalitype obtained.

Pre-Conditions

User with administrator rights must be logged in

Post Conditions

None.

Primary Success Scenario

© © N o g~ W DdhPRE

e
N PO

System displays current users and their details.

Actor selects add.

System prompts for user name.

Actor enters a user name.

System prompts for password.

Actor enters password.

System prompts for confirmation of password.
Actor re-enters password.

System prompts for administrator rights.
Actor does not tick administrator rights.

Actor selects “OK”.

System saves new user to the database.

Alternate Courses
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4.1 Actor enters an existing user name.

4.1.1 System displays a message indicating “The ngme
entered already exists, please choose another user
name”.

4.1.2 Continue from step 3.

8.1 Actor confirms password incorrectly

8.1.1 System displays a message indicating “Thevpasls

entered do not match, please reenter”

8.1.2 Continue from step 5.

3.2.10 Edit User Use Case

Actors
Administrator.

Primary Goal

To edit an existing user’s details

Pre-Conditions

User with administrator rights must be logged in

Post Conditions
None.

Primary Success Scenario

1. System displays current users and their details.

2 Actor selects a user to edit.

3. Actor selects “Edit”.

4 System displays username, password and admisgjbts rior

the selected user.

m

Actor enters a new password.
System prompts for confirmation of password.

Actor re-enters password.
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Actor selects “OK”.

System saves the altered user details to the dagaba

+ Alternate Courses

7.1 Actor confirms password incorrectly

3.2.11

Actors

7.1.1 System displays a message indicating “Thevpasls
entered do not match, please reenter”

7.1.2 Continue from step 6.

Edit User Use Case

Administrator.

e Primary Goal

To delete an existing user.

* Pre-Conditions

User with administrator rights must be logged in

* Post Conditions

None.

* Primary Success Scenario

1.

2
3.
4

System displays current users and their details.
Actor selects a user to delete.
Actor selects “Delete”.

System deletes the selected user.

+ Alternate Courses

None

47



3.3

University of the Witwatersrand

Object Orientated Programming

The CA software was designed for ease of use asel @aunction additivity.
As more research is carried out in the future usimegCA software, more and
more functionality will be required. It is imposkbto predict what
functionality may be required in the future andtluis reason the software was
designed to be adaptable to adding new features.dier for this adaptability
to be simple to do, the software had to be desigmexdich away that anyone
with a bit of programming knowledge could easilyenpret the code and
hence add on to it. To make this code easy to statet and re-use, it has

been written using object orientation.

The concepts of object orientation stems back eéonthy we perceive life. We
see everything as objects, for example a pairiessrs is an object, a piece of
paper is also an object. When we cut the piecepén it is not us cutting the
paper it is the scissors cutting the paper. Theeefowe had to write this
above process in object oriented code it would olows. The first object
would be the human being, with a method calledKpip scissors” ,”pick up
paper” and “press scissors”. The second object avbel the scissors itself
which would have a method in it called “cut papérhe sequence of events

would be as follows.

Human “Pick up scissors”
Human “Pick up paper”

Human “Press Scissors”

A

Scissors “cut Paper”

These sequence of events are not only logicallayt inake sense, i.e. a pair
of scissors would not know how to pick itself uppack up a piece of paper.
The human object could only be able to do thatelilse a human can not cut
a piece of paper, only the scissors object couldhdd. This is where the
power of object orientation comes in. If a prograenms looking at this code

for the first time, they would know exactly howitderpret it and add to it as
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it has been written in a way that a person wouldycaut events in every day

life.

Object-oriented programming (OOP) is a programnhamguage model
organized around "objects" rather than "actions!' data rather than logic.
Historically, a program has been viewed as a légicacedure that takes input
data, processes it, and produces output data. rbigegonming challenge was
seen as how to write the logic, not how to deflredata. Object-oriented
programming takes the view that what we really edreut are the objects we
want to manipulate rather than the logic requigethanipulate them.
Examples of objects range from human beings (destiby name, address,
and so forth) to buildings and floors (whose prtipsrcan be described and
managed) down to the little widgets on your compdasktop (such as

buttons and scroll bars).

The section that follows (3.3.2) identifies akthbjects required for
manipulation and how they relate to each othegxamncise often known as
data modelling. Then in section (3.3.3) the defiobpkcts are generalized as
a class of objects (think of Plato's concept of'tdeal” chair that stands for
all chairs) and define the kind of data it contaansl any logic sequences that
can manipulate it. Each distinct logic sequenden@®vn as a method. A real
instance of a class is called again an "objectinospme environments, an
"instance of a class." The object or class instameeat the computer runs.
Its methods provide computer instructions and thescobject characteristics
provide relevant data. One “communicates” with otge and they

communicate with each other - with well-definecenfdces callethessages

The concepts and rules used in object-orientedranogning provide these

important benefits:

« The concept of a data class makes it possiblefioedsubclasses of
data objects that share some or all of the massaharacteristics.
Called inheritance, this property of OOP forcesaerthorough data

analysis, reduces development time, and ensures acourate coding.
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« Since a class defines only the data it needs ttmbeerned with, when
an instance of that class (an object) is run, tdaeavill not be able to
accidentally access other program data. This ctexrsiic of data
hiding provides greater system security and avordstended data
corruption.

« The definition of a class is reuseable not onlyhe/program for which
it is initially created but also by other objectemted programs (and,
for this reason, can be more easily distributeduf® in networks).

« The concept of data classes allows a programmaetde any new

data type that is not already defined in the laggutself.

3.3.1 Layers

The software was designed to have three main didtgers of objects. These

layers are:

1. The Front End Gui (Graphical User Interface) LayEhnis layer is
where all the objects that display data are sithaff@r example the
objects that plot graphs are situated in this lajéese objects have
one sole purpose and that is to display informaéind allows one to
navigate to the information one wants to view, dmak is all. They
perform no data manipulation or data storage alata manipulation
is performed by objects situated in the “ Businesger”.

2. The Business Layer. The objects situated in thanbas layer perform
the “business” or manipulation required. For examiilese objects
will perform everything from Weinberg analysis up talculating
pressures, volumes and temperatures. They do oret st display the
data, only manipulate it. Once the data has beanipulated it is
stored in the objects situated in the “data layer”.

3. The Data Layer. As the name implies, these areliects which are
responsible for storing the data, once it has bwanipulated. Their
primary functionality is to receive the manipulatddta from the
business layer objects and store it until it isurezfd by the Front End

Gui layer objects. The Data Layer Objects passherdata to the Front
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End Gui objects for display purposes. Once the hssrviewed the
data, the Front End Gui objects loose this dataelver if the data is
required to be viewed again the Data Layer Objstifishave it stored
In memory.

The layers are designed to maximize the concepibjett orientation. This is
because it makes sense to group objects that pedaosimilar task into one
layer. This not only makes the code easier to wgtded but also easier to
read. The following diagrams illustrate the thneain layers described above
including the external packages of the java langualgich the objects in each

layer would use:
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frontEndGui.lo ain

A

frontEndGui.plotter.util

com.ijrefinery.chart

A

frontEndGui.utils

A

java.awt

A

java.lanc

A

javax.swino

A

A

> frontEndGui frontEndGui.utils.datautils
» Chart —> MyException
DataTableModel
EnergyModellingSplitPane .
Line oy g=p —» busines:
MainGui
ManipulatedDataSplitPane [ Com.borland.ibclLavout
OpenFileGui
PlotterGui | Com.irefinery.data
Point
ResultsDisplay N
RetrievedDataSplitPane combustEvent:
RetrievedDataTreelnfo
SampleXYDataSet datalLaver
frontEndGui.MemoryMan
frontEndGui.plotter.main
frontEndGui.utils.observer
| »| iava.awt.even
—» iavaawt.front
—» java.awt.geon
—» java.bean:
—» java.io
—» java.util
—» javax.accessibility
—» javax.swina.border
—» javax.swina.even
—» javax.swina.fileChoose
—» javax.swing.table
—» javax.swing.tex
—» javax.swinag.tree
Figure 3.2: Front End Gui Layer
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ResultzDisplay
RetrievedDatasSplitFane

—— —==|
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EnaineData
UserDetails

[ ]

fromtEndGui.tils

ConstantsPanel
EngineDataFanel
HRCAEhgineFanel
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Double
Exception
Inteqer
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Ohject
String
StringBuffer
System
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Figure 3.3:

Caontraller
DataManipulatar
GulderPerfectCombustionianipulatar
HRECAEnergy
HRCAEnergyManipulator
JPMathematics
hanipulatedData
ManiowatedataFacton:
Fermission
SecurityContraller

Lzar

UzerCatalog
WeainberghManipulatar

fromEndGui.login

e — —

LoginPanel
UserManagerPanel
UsertdanagerTableModel
UserPanel

[ 1

fromtEndGui.plotter.main

MainPlotterGui

[

fromEndGui.utils.datautils

TahleDataDisplay

[ 1

fromtEndGui.plotter.utils

ComhinedGraphPanel
GraphPanel
FlotDataCatalog
FlotDataHandler

[ 1

MyException

— ==

FileReadException
myDatabaseException

[ 1

jana.awt

Compahant

[ ]

java.io

PrintStrearm

1

javatext

DateFormat

[ 1

java.util

— — =

Abstractiist
Date
Hashtable
Nerator
Vector

[ 1

javax.swing

JOptionFPane

The Business Layer
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1]

fromEndGui

datal ayer

1

PlotterGui
RetrievedDatasSplitFane

1

frontEndGui.plotter.utils

CamhbinedGraphFPanel
GraphPanel
FlotDataHandler

1]

husiness

Controller

Dratabanipulator
GulderPerfectCombustionManipulatar
HRCAERnergy
HRECAEnergyManipulator
ManipulatedData
ManipuiatedDataFactons

FPermission
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java.io

BufferedInputStream
BytesrraylnputStream
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EQOFException
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FileMotF oundException
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|[OExceptian

Iputstream

PrintStream
StreamCorruptedException
LnsupportedEncodingException

Figure 3.4:

DataEwxtractor
DataStorar
Database

Details

EngineData
PCDatalnputstream
UserDetails

fromEndGui.utils

fome — —

CaonstantsPanel
EngineDataPanel

[ ]

MyException

FileReadException

1

java.lang

Class
Exception
Float
Ohject
String
StringBuffer
System
Throwahle

[

java.sql

Connaction
DriverMananer
PreparedStatement
Resutsat
SCLException

1

javatext

DateFormat

1

jawra.util

— — —=

ArraylList
Date
Wector

The Data Layer
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3.3.2 Data Modeling (Sequence Diagrams)

Data Modeling is the process by which the “Objectgat perform the
requirements of the use cases are identified amadnithod flow between the
objects are decided upon. The final result is & Ipiint that together with the
class diagrams (in section 3.3.3) are used to wh#ecode. The use cases are
the user requirements, the data modeling and cthagrams are the
architectural drawings that are used to build tbé&wsre program. The
Sequence Diagrams (data modeling) that follow aee gdequence diagrams
that were created using the requirements outlinethé use cases in section
3.2.

The actual data Models that follow are written adowy to the UML (unified
modelling language) specification. This specificatensures a global standard

in which data models are written.
A. The Login Sequence Diagram
This data model was created using the Login Use ¢322.2). It
describes the objects and method flow that auttates a user with the

system so that access to other functions can badech Figure 3.5

illustrates the data model.
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The difference between this data model and the dliwaw data” data
model (in section C) is that the cycle selectiordenhy the user from
the external DLL is not carried out. This is be@tigere is a file that
has been saved previously, containing the alreathcted cycle. The
advantage of this is that the user can continuoleslg this file and

perform different combustion functions on the saiyee. The actor is
then able to compare all the analysis formed, erstime cycle, on one
graph. The difference is in the first sequence rdiagwhere the
method “getRawFile()” makes the call to the exterbdL. The

methods that follow are identical. Refer to figGr&

The Load New Data Sequence Diagram

This data model was created using the Load New Dia case
(3.2.3). These objects and method flow allow ther us convert and
perform energy modelling analysis on a newly pened engine test.

The following three diagrams describe it.
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The View Plots Sequence Diagram

This data model was created using the View Plots thse (3.2.5).
These objects and method flow allows users to selech plots to be
displayed as well as to modify the plots.
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Figure 3.8: View Plots Sequence Diagram
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The View Data Sequence Diagram
This data model was created using the View Data ¢ise (3.2.6).

These objects and method flow allows the userdw\and generate a

report of all raw and calculated data.
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The Memory Limit Sequence Diagram

This data model was created using the Memory Lusi case (3.2.7).
These objects and method flow allows the user toigidtrate the PC’s

memaory .
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Figure 3.10: Memory Manager Sequence Diagram
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The Delete Loaded Cycle Sequence Diagram

This data model was created using the Memory Lusi case (3.2.8).
These objects and method flow allows the user teteleprevious
loaded cycles from the PC’'s Random Access Memory .

cCo C o C o C D

o
x

rempveDeIetedObject(diOSO%Ozl.raw)
| |

%topMemoryObservatioq‘i

I

I
I I
: : stop() :
I e I
| |
! !

A

MainGui MemoryManagerPanel MemoryUsage RunTime PlotDataCatalog
| | | | |
| | | | |
| | | | |

Actor | | | | |
|
e : : : :
| | | | | |
! | | | | |
|__MemoryManager | | | |
| | | | | |
! ™ | | | |
: loadMemoryManager() : : : :
|
! o | | | |
| | | | | |
! | create() N | | |
: I > | | |
| | | |
[ | ™ o I I I
| | populateLimitBox() | | |
| | :‘J | | |
| | | | |
| | | | | |
| | L create) | |
| | | | | |
: : : | freeMemory() | :
| | | | | |
| | | (K —— long 4 |
| | | | | |
| | | | totalMemory() | |
: | | | \ | |
| | . dong . | |
| | | |k | |
| | | | |
: : : addTotalobs() : :
| | | LJ | |
| | | ) | |
| | | | |
! | | | | |
| | | addTotalObs() | |
! | | | | |
| | | | |
| | | | | |
! | |_‘ | | |
| | | | | |
| | addMemoryUsage() | | |
| | LJ | | |
| | | | |
| | | | | |
| | ] | | |
! | lloadTable() | | |
| | LJ | | |
! | | | |
| | | | | |
! | | | | |
| | 1 1 getAllPlotData() | N
| | | | | |
! | I | this | l
| | r 1 l |
I‘ bisplayed | [ [ [
I¢ i | | |
! | | | |
! | | | |
: Cycle "di030204.raw" Selected J : : :
1
| | | |
! | | |
! | | |
| | | |
! | | |
| | |
| | |
| |
l
|
|
|
|
|
|
|
'

e e @ — —

Y

Figure 3.11: Delete Loaded Cycle Sequence Diagram

68



University of the Witwatersrand
User SecurityController  UserCatalog DataStorer Database

UserPanel

This data model was created using the Add User ¢dse (3.2.9).
These objects and method flow Adds a new user ¢osiystem. (

Administrator only)

The Add User Sequence Diagram
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This data model was created using the Delete Userddse (3.2.10).

These objects and method flow deletes a user froen System.

(Administrator only)

COCOHCO CO CHOH CHOH O O

The Delete User Sequence Diagram
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The Edit User Sequence Diagram

This data model was created using the Delete Userddse (3.2.11).
These objects and method flow allows a users detailbe edited.
(Administrator only)

CoOCOCHO>CHOCH CO CoO CH CD

MalnGm UserManager Observer UserPanel User SecurltyControIIer UserCatalog DataStorer Database
| | | | | |
l ' l l l l ' l '
Actor | : | | | | : | :
I Edit o | | | | | | | |
L?serManagér | | | | | | | |
. ' l l l l ' l '
| | |
| loadUserManagér | | | | | | |
A= VU E A R L
| Cre ate(SecContlI ller) | | | | : | :
| Displdy Options _| | | | | ! | !
| | |
: “Peter” | : : : : : : :
N l l l l ' l '
| | subscriberPerfarin() | | | : | :
| I I I I I I
| l perf{)rm() | | | | : | :
! | | | | | | | |
! | crehte(user,SController) | | | | | |
| I I T > | | | | |
: : | : IoadUserDetaiIs(): : | : |
| ! | |
: : | : getUserName‘b : | : |
| | : | je—name’ | | : | :
| | | | getPassword() | | | |
| | ! | e Dassword” | ! | !
| | | | |getPermission | | | |
| I | I vadmin® I I
| |__change pa!ssword to "Pags” ¢--admin” q | : | :
I I | I g I I I I I
[ | oK | » | | | | |
: | | | — | | | | |
| | | | saveChanges() | | | | |
| | | ' | | | | |
| | | | H—‘ | | | | |
: | | | 7 | | | | |
| : : : vaIldate(Password) : : : :
| | | | . i | | | |
' [ | I IsetUsernameq) | | | |
| I I I I I I I I I
: | | | setPassword("Passivord") | | | |
| : : : II;etPermission: ) : : : :
| | | | | updatéUser(user) | | | |
: : | : : : T updateUser(user‘ | |
| | : | | | | IupdateUser(usgib :
: | | | | | | | | updateUser(use
| | | | | | | |
I | | | | | A
| | |
e e
| true | |
| I I I I e o I I I
: I | I le i I I I I
| | | | | |
] 1 UpdateJ Successfully”| | | | : | :
L | ] l l l ' l '
| | : sypscriberPerforny() | | : | :
: | I perform() ! | | | [ | [
| \— | | | | [ |
| I I I I I I I I I
L I I I I ' I '
| | :IoadTabIe() | | | | : | :
o P o
| | |
: I I I getAllUsers() I S I I I
| | | | | | |_getAllusers) getAllUsers() ! |
| : : : : : : | getAllusers() |
e
| | | | | | | | le._.vector |
! | ! | | | : ) I vector ! !
I ‘Dktalls :‘ J vector ! ﬁ 777777 S : ! :
R q | | | | | | |

Figure 3.14: Edit User Sequence Diagram
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3.3.3 The Class Diagrams (The High Level Architectal Design)

The class diagram is core to object-oriented deslfgdescribes the types of
objects in the system and the static relationsbgteeen them. The core
element of the class diagram is the class. Inbgecboriented system, classes
are used to represent entities within the systenitjes that often relate to real
world objectsThe following section describes the three main £@sups

used in the CAS application. It is a high leveléprint such that an overall

picture of the design is achieved.
The three main class diagram groups discussedhare t

- The front end layer, classes
- The business layer, classes

- The data layer, classes

i. The Front End Layer Classes

Figure 3.15 is a representation of the Class dagtaucture used in the
front end layer of the system. The super class 43P inherits all the
functionality of the Java JPanel object. It comsatihe reporting and xml
objects required to preview reports. It also oeflithe graphing methods

that will be overridden to generate the graphicsildy.

The constants panel class inherits all the funetignof the “JPPanel”
superclass. The power of this specific object aeéndesign allows the
“ConstantsPanel” class to make use of the repoftingtionality without

duplication and extend this functionality for iteique specific use. This
objects primary function is to display all constasita used in the
thermodynamic analysis of CAS and to generate ragiie report of this

data.
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javax.swing

frontEndGui.plotter.utils

fronmtEndGui.plotter.main | JPPanel frontEndGui
MainPlotterGui I = l=— — — - ResultsDisplay
‘3\/ report : JFreeRepart
frontEndGui.plotter.utils | Fp xmiFileName : String frontEndGui.plotter.utils
PlotterChoicePanel | | TreePanel | % gaugePlat) : void [==——— - PlotterChoicePanel.1 |
| 4| * generalPlot() : void . .
= 4 JPPaneld - vaid com.jrefinery.report.io
* plotCombusty : void - |
P s H—— == portGenerator
(BT TGO * selectionMadeq : void
JFreeReport * thermaorneterP ot void com.jrefinery.report.preview |
e @ getxMLFile) : String :
java.lang {} parseReport() : JFreeRepart _‘___'- |
= @ previewReport() : void
String M setMLFile) - void com.jrefinery.report.util
H-— ——== ExceptionDialog |
com.jrefinery.ui
H-— ——== Refinerylitilities

frontEndGui.utils.datautils |

Booo=====5 1
] ¥
Class || Exception || Object |[ Thr
java.net
R
javax.swing.table
- ———==| Tabielfodel
I
frontEndGui frontEndGui.plotter.utils | frontEndGui.utils |
| EnergyModellingSplitPane | GraphPanel I— ‘ | ConstantsPanel I— ‘
[ Manig iDataSplitPane
[ RetrievedDataSplitPane
Figure 3.15: Class Diagram of Front End Layer

The “GraphPanel” class also inherits the “JPParfatictionality, however

instead of extending the reporting functionality,overrides the graphical
display methods. It's primary use is to performrthemeter, gauge, general
and combustion graphical plots. Again duplicatieavoided and a refinement
of the JPPanel graphical methods is performed ig dlass. This class also

makes use of the basic reporting functionalityadseimplemented in JPPanel,
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however does not need to refine it in the way neguiby the ConstantsPanel
class. Again duplication of the reporting functibtyais avoided and better

efficiency is achieved in this way.

The next three classes namely the “EnergyModellfigfsane” the
“ManipulatedDataSplitPane” and the “RetrievedDatdaBane” all inherit the
JPPanel superclass. Their main focus is to disgktg grouped into three
main regions for display. Firstly the energy modgldata calculated in the
business logic, secondly the manipulated data e$mulated in the business
logic and lastly the retrieved data obtained diyedtom the sensors
surrounding the combustion engine. Again the repgrtogic is used and
refined in a different way to the “ConstantsPameforts.

As can be seen all the Classes mentioned aboverpesimilar tasks but in
different ways. The way in which the objects haeerb designed allow for
reuse of code without duplication as well as uniggfinement of
functionality. This results in improved efficieneynd simplicity allowing for
benefits in two key areas. Firstly it allows forseaof future development if

extra functionality is required and secondly immesystem performance.

The Business Layer Classes

These are the classes that perform all the contpkrnodynamic algorithms.
The classes have been structured into “speciali$&King a real life example
to describe what is meant by “specialist’, would &eDermatologist. A

dermatologist is only concerned with the skin as@ aesult knows everything
there is to know about the skin. The business lagsrspecialists of its own,

namely the:

(1) JPMathematics class
(i) DataManipulator class
(i)  WeinbergManipulator class

(iv)  GulderPerfectCombustionManipulator class
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v) HRCAEnergyManipulator class

- The JPMathematics class specializes in mathematiaihes from

interpolation to trigonemtric functions. If the CA@rogram

requires two numbers to be multiplied together,XAR®&athematics

class will perform it. Its sole purpose is to astlae mathematician.

java.lang

husiness

JPMathematics

business |

GulderPerfectCombustionManipulator || HRCAEnergyManipulator || WeinbergManipulator
[ [

% abst  double
% atan( ; double
* cos) : double
% Exp() : double
% frac) : double
* JPMatheratics() : void
% Ing : double

* maing  void

* nExpd : double
% pipy: double

% pow( : double
* Power() : double
% round( it

* zing : double
% sgrd ; double
* ot double
* tan( : double
% tanh{ ; double

> roundToFlaces( : double

)
I
|
I
I
I
I
I
I
I
|
I
I
I
I
|
I
I
I
L_|

mEE
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
_

| Double || Integer || Math || String || System |

business

DataManipulator
HRCAEnergy

Figure 3.16: The JPMathematics Class Diagram

- The DataManipulator class is the general data apsti It

performs all the pressure and volume calculatitmesn Cylinder

pressure calculations to Injector Lift calculatiotisthe program

needs to perform any kind of analysis using pressuivolumes, it

uses this “specialist”.
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JPMathematics <

business
DataManipulator business |

v | I [_controller ][ GuiderPerfectCs i i | [ HRCAEnergyManipulator
a: double T

aFratio : double

aFratioS :double [Tl T

bmep : double

bore : double

Bowl_Dia : double

brakePower : double

bsfe : doukle javalang

bte : double

Coefl : double

Coef2 : double

Coef2 : double

crankangle : doublell

cylPressure : doukle]

debugPoint: double m

derivCylinderPressure : doublel]

deriviiniectarPressure : doublel] o — =-

derivinjectarLift : douhle]

engineData : EngineData

eRatio : double

evodouble

FUglERT: double

ig : double

ighitionDelay : double

ij double

itnep @ double

indPower: double

indwWC : double

ing ©int

inj :int

injLift : douklep

injPressure : doukle]

isfc @ double

ite : dauhle

ive : double

L: double

st :int

maxt :int

maxar : double

maxc © douhle

maximumPressure - double

maxn - douhble

maxr - double

maxy - double

mData : ManipulatedDataFactory

mechEf : double

Omega_initial : double

positionOMiaxPress | double

pressArr - double([

r:douhble

Rair - double

rhoAir - double

Runiv : douhle

Sigma : double

STROKE : douhle

Trappedmass : double

walue : douhle

vd :double

o double

wOIEf: douhle

wolume : double[

add_flow : double

afr - double

airkgs - double

ang : double

arder1 :Wector

arder? :Wector

arder3 :Wector

arin : vector

armean : double([

dis : double

InpArt : double]

InvArt : double]

patm : double

T total_mass : double

T trapped_mass : double

evol : double

i ivet - double

8y | double

EngineData

Vector

L] ] v v
[ pouble |[ Exception |[ object |[ String |[ StringBuffer || System |

R D D L

* DataManipulator : void

* getConstants( : Hashtable

* manipulateq : ManipulatedDataF actory
* PrepareVars( : void

& getPositionofa) : int

2% calcTabinfo() : vold

2% calculateDerivPressure( : double]]

2% createarrays() void

2% getinjectorPressureAr( : doublel]

2% getMintaxPressureq : double

2% Inp_v0 - doublel]

2% saveManipulatedDatag : ManipulatedDataFactory

WeinbergManipul

Figure 3.17: The DataManipulator Class Diagram
- The WeinbergManipulator class is the Weinberg Asialy
specialist. Is sole purpose is to perform the Weigbdata

modeling algorithms.
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husiness

| DataManipulator [=i—

husiness

WeinbergManipulator business
% cp- I
i Cp o double . .
8 CpCycle - double] | HRCAEnergyManipulator || JPMathematics |
‘3\/ EntropyCycle : douhle[] b — — L —
‘3\/ Gamma : double
g¢ gammaCycle : daubla( java.lang
i |3 double )
g itcon - int _____'

% PTest: double]

@\/ rAEnergyCycle [ douhle]]

@\/ rilassburnedCyele - douhle]
@\/ riaHtrCycle - doublef]

‘E’v, Rs: douhle

‘E’v, RsCyecle : dauhle]

‘51/ tAEnergyCyele - douhle]

‘51/ temperatureCyele : double]]
‘51/ tEnergyCycle  douhle]

‘3\/ thasshurnedCyele : douhle(
‘3\/ totalMassBurnedTest : double]
Ty totalMassTest: double]

Ty tQHHrCyele  doubla])
fi/ trappedMassTest: double[
By WTest: double]

* ‘wiginbergd - void
* Weinberghanipulatord ; void

business

| GulderPerfectCombustionManipulator }J

Figure 3.18: The WeinbergManipulator Class Diagram
- The GulderPerfectCombustionManipulator class isttes name
implies, it specializes in the Gulder Cycle andfg&rcombustion
algorithms.
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husiness |

WeinbergManipulator |<i—

business

GulderPerfectCombustionManipulator business
B fie : double I R

Y
| DataManipulator || JPMathematics |

* Gulder_Cyeled : double
b GulderPerfectCombustionManipulatord ; void datal ayer

* Petfect_Combustiond) : double -
= EngineData

Java.lang
I g e —
[} i
| object || string |

husiness

| HRCAEnergyManipulator }—‘

Figure 3.19: The GulderPerfectCombustionManipulator Class Diagra

- The last of the specialists is the HRCAEnergyMalafor. This

class performs the First Law and Air standard cgeleulatons.
husiness

[ Guiderperfectc i i J |
business
husiness HRCAEnergyManipulator business |
Controller i = I —_—_J—_—_—————————————————=——"— " ———— |
D 0 ) S S 1
» === —= 7 |
% Airstandard( - woid Y
* FirstLaw : void ‘ D i H IPMath i H i dDataFactory || WeinbhergManipulat
% HRCAEnergyManipulator) : void
% |padDatal) ; void datal ayer
o createdrrays( ;void i -
M getvaxTernperatured - double [ L Enginenata
¥ reset( ;woid
& B java.lang
¢ airStandard : hoolean E——Og=——]
& gulder  boolean L
& perfectCombustion - boolean [ Object |
& weinbery : hoolean

Figure 3.20: The HRCAEnergyManipulator Class Diagram
The power of object oriented programming now comés play in the way

these specialists interact with one another. Inegmn whole family of
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academics from the great grandfather being the &fattician straight down
to the great grandson being the HRCA Energy spsti&/ouldn'’t it be great
if the great grandson could inherit all the skidsd knowledge of his
predecessors. This is exactly the way the CAS swévhas been written.

Figure 3.21 illustrates how this is done.

JPMATHEMATICS

DATAManipulator

WeinbergManipluator

GulderPerfectCombustionManipulator

HRCAEnergyManipulator

Figure 3.21: Business Layer Classes
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The DataManipuator Class inherits all the functliipdrom the JPMathematics class.
The WeinbergManipulator class inherits all the tiomality of the DataManipulator
class. Hence the WeinbergManipulator can perforintre@ functionality of the
previous two classes as well as its own functityalfhe HrcaEnergyManipulator
inherits from all the classes above it hence angathe great grandson described
earlier. The HrcaEnergyManipulator is the superetsalist”. The power of this
structure is that you keep all the analytics toirtmespective specialists however
reference it from one point via the HrcaEnergyMatapor.

ii. The Data Layer Classes

The data layer can be split up into two classiitoat of classes, namely those which
transfer data to be stored and those which actistiye the data. The two most
important data transfer classes in CAS are the Batactor and the DataStorer

classes.

- The DataExtractor class is used to extract datm fthe sensors that monitor

the engine and store it in the EngineData class.

Controtler |— <[ FilsReadException
String

1

|
il v ] v i v
[ Il J[Fi [Fi ion [ Fi ] [10Exception ][ impu ][ P ][ treamc

[imemns]
1
| ! |

readDataFile(y: EngineData
& createEngineData) - EngineData

& maing :void

Figure 3.22: The DataExtractor Class Diagram

- The DataStorer class is used to transfer usetheobystem to and from the
database during log in and new user creation. Hte storer stores the user
information in a Database class which in turn gegasferred to a Microsoft
access database.
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java.lang

datalayer

husiness DataStorer husiness

UserCatalog - I _;

& dataStorer : DataStorer

datal ayer datal ayer
* createNewllsar) : boolean
DA i ghe) % delstellser) | boolean i e S

® getdliUiserst)  Vector
b getinstance() . DataStorer

| Database || Details |

® getUser) : Detalls ——
N JogOff - void Java.fang
* upDatellsar) - boolean I _;
java.util
L oo

datal ayer

Figure 3.23: The DataStorer Class Diagram

The two most important classes used to store datzAS are the EngineData and the
UserDetails classes. These objects get passeddamaginused by many objects within
the program. Essentially what they are, are a kindontainer with information that

can be easly accessed from. These classes camiparenl to a briefcase carried

around and opened when information is required.

- The EngineData class stores all the informatitwained from the engine
sensors and is transferred around the business. Idgie classes in the
business logic use it to obtain information to Isediin the thermodynamic
algorithms.
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javalang
Object J<i
datal ayer
business NG TeDB business I
[ contrater |[ i | [ HRCAEnergy | [ Mani ][ HRC I actory
]
‘ ‘ ‘ =] * EngineData : void 1
= % getiuel_flow1 : double
P
. | & amnaat
[ EngineDalaPane | # airow - Toat
-Jmlanu & ambientT : douhle m‘
E “C';?E‘EISZUSEUME [ Piottercui || RetrievedDataspitPane
y QL ) I
& howlDiameter: double 1
& calorificvalue - double
Arraist |=— :Eamnns touble sounie frontEndGuiplatter.tits
& conrod : double [c [ 6rap Il
& tylinderCapacity: double I I I
& cylinders : double | |
& energy! - float
& evofloat m
& ex_temp foat
& fuelt - Sting { ConstantsPanel |
fuel_flow : double
Y e [javaio |
& ianio : noat [ Printsiroam |
& iniect  foat
& ive foat [javatang |
& matriz: doubledl
& maxd - int |
& pAtm: double ; ¥
& resol :fioat System
& speed! - float
& stroke :double
& tilear : ArrayList
& torque - float
Figure 3.24: The EngineData Class Diagram
- The UserDetails class is used as a container fdhalinformation about the

current user logged in as well as all the otherausdich have been added to

the system database. Whenever a user is addedited dlis object is

transferred around the business layer and altezedrdingly. This object is

also used by the Database object to obtain themabon about the user to be

stored to the database.

java.lang

| String =

datal ayer | Jjava.lang |
Details = Object =

I

I

I

I

datal ayer I

I

UserDetails

husiness

e — — — UserCatalog

*® UcerDetails( : woid

datal ayer

& date : String

& password [ String
& permissions ; String
& userkame : String

= ——

Figure 3.25: The UserDetails Class Diagram
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4 EXPERIMENTAL EQUIPMENT

The engine testing facility is located in the Maeaubal Engineering
Laboratories inside the North-East Engineering iy at the University of
the Witwatersrand. The diesel engine as well aga@dlitional equipment needed
for performance testing is described in this secfihe calibration procedure of
the instruments as well as the calibration restdtsbe found in Appendix A.

4.1 Testengine

The compression ignition engine used for testing wawater cooled.ister
Petter PH2Wengine. Typically, such an engine would be usedumping or
power generation applications. It is a naturallpieged, two cylinder, four-
stroke, direct injection diesel engine with a powaing of 12,2 kW at 2 000
rpm. Additional specifications are listed in thdl&abelow and the engine is
shown in Figure 4.1.

Table 4.1: Petter PH2VEngine specifications

Bore 87,74 mm
Stroke 110,00mm
Continuous Power Rating at 2 000 rpm 12,2kW
Displacement 1330 ¢
Compression Ratio 165:1
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Figure 4.1:  Petter PH2W tesinit

4.2 Fuel system

The engine is to be run on diesel fuel. Each iojeig supplied with its own
pump, which runs directly off the engine. Additilga dual rack connects the
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two pumps to ensure uniform fuel supply to bothindgrs. The injector and
valve specifications are tabulated below.

Table 4.2: Injector and valve specifications

INJECTOR OPENING PRESSURE
900 to 1 099 rpm 137-152bar
1100 to 2000 rpm 197-217 bar

INJECTOR TIMING

Up to 1 650 rpm 24° BTDC
1651 to 2000 rpm 28° BTDC
VALVE TIMING

Inlet valve open 13,5°BTDC

Inlet valve close 38,5° ABDC
Exhaust valve open 38,5° BBDC
Exhaust valve close 135° ATDC

A tank was mounted approximately two meters abbegumps. Placing the
tank above the pumps allows the fuel to be grdedyinto the injector pumps and

removed the necessity of installing a fuel suppimp.

The fuel supply to a cylinder can be cut off imé¢éaeously by means of an
inline solenoid valve. Hence, a motoring cycle tzst be performed, i.e. the
fuel is cut from cylinder one while the other cder is left to fire and data is
recorded from the starved cylinder. The data captdrom two consecutive

cycles, one firing and the other motoring couldnthee overlaid for further

analysis. The scope of this research did not iectudning motoring tests.

The factory installed governor had been removedipusly to enable any

desired combination of speed and load settingsetaested, in the range
between 1 100 to 2 000 rpm. The removal of the gmrenecessitated the
introduction of a safety mechanism. This is prodidgy means of the above
mentioned solenoid valve. As soon as the enginedsprceeds 2 100 rpm the
safety trip mechanism cuts the fuel to the engine.
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Figure 4.2:  Detail of injector and pressure transducer conéitijon

4.3 Dynamometer

The engine was loaded by means of a water-cooldg earrent dynamometer
coupled to the output shaft. The eddy-current dyraster makes use of a
lever system that induces a voltage in a load aellich makes use of strain
gauges mounted in a Wheatstone Bridge configuration

4.4 Instrumentation

To beable to analyse the engine performance, a humbpamimeters had to
be monitorecand subsequently captured. The parameters exacandak divided
into steadystate and dynamic. A description of the instrumeses] to capture this
data willbe given followed by a discussion of the data aitjomn system used to
store, convert and analyse the raw data.
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4.4.1 Steady state parameters

The steady state parameters and their setup angsded briefly in this section.
These parameters do not vary significantly as lasghe engine speed and
load are kept constant.

Temperatures: Due to the large temperature ranges to be meastiieghe

thermocouples were used during testing. The follgwiemperatures were
gauged.

> Ambient temperature: A number of subsequentuwlalittons require the
exact ambient air temperature.

> Air inlet temperature: This reading corresg®io that of the ambient
air temperature, except that the thermocouple wasdd in the supply
air duct.

> Cooling water temperature: Both cooling watdet and outlet

temperatures were measured.

Torque: A load transfer arm was fixed to the dynamometeassingg, which
induces a strain in four strain gauges arrangeda iWheatstone Bridge
configuration. The voltage signal from the bridgasvamplified before it was fed

into the data acquisition system.

Fuel flowmeter: The fuel flow was measured by means of an analogue

Pierburg fuel flowmeter, the output was amplified and thed fo the data
acquisition system.

Atmospheric pressure:A barometer measured the ambient pressure. Thalsign

sent by the pressure transducer was amplified defaras input into the data
acquisition system.
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Airflow: The airflow rate was calculated by monitoring thhegsure drop
across aorifice plate mounted in the inlet air duct. Pressiappings
downstream measure the pressure, which was readllgjital
micromanometer in millimetres of water. This pressirop was used to
calculate the air flowrate using the calibrationatgpn derived for the particular

orifice plate being used.

Engine_speed:A frequency to voltage converter was attached t® ARL

crank angle marker, which determined engine speed.

4.4.2 Dynamic variables

A brief discussion of the measured dynamic varald@utlined in this section.

Cylinder_pressure: Cylinder one was fitted with &istler 6121A1 high-

pressure piezoelectric pressure transducer. Toeptethe transducer from
overheating, it was housed in a water jacket, wivels supplied continuously
with cold water. The transducer output was firstiigto a charge amplifier and
then recorded by the data acquisition system. Hptured data from this
cylinder allows a cylinder pressure trace to baiokt.

Injector pressure: A pressure transducer was located in the fuel bawveen

the fuel pump and injector one. The transducer uulyas fed into &istler
charge amplifier and then recorded by the data esijan system. This data
was used to calculate the injection point duringfirig and plot the graph of
Injector Pressure versus Crank Angle.

Degrees Crank Angle (°CA) and Top Dead Centre (TDC)The position of

the crank was recorded using an optical crank aagt®der that generates a

pulse every 0,2° crank angle. This signal was tsettive the external clock of
the data acquisition system. A second pulse isrgeek at TDC. These two

signals were recorded on two separate channeldigoee below.
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Figure 4.3: A Crank Angle Marker

4.5 Data acquisition system

The data acquisition system is divided into twdises, a hardware and a software
part.

TheHigh Speed Acquisition Systethows one to capture large amounts of data at
high speeds. The system provides for six dynamanieél inputs as well as the
external clock and trigger. An Analogue-to-Digitadrd supports each dynamic
channel. The six dynamic channels have a samphtegof up to 1,25 MHz.

This is a higher than required sampling rate, asspteed of 1 750 rpm and a pulse
for every 0,2 degree crank angle a maximum of apprately 105 kHz is

attained. The channel allocation is tabulated below
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Table 4.3: Dynamic channel allocation

Channel Number

Description

Trigger

Fuel Line/Injector Pressure

Cylinder Pressure

Not used

Degrees Crank Angle (°CA)

O O Bl W N| B

Top Dead Centre (TDC)

A separate analogue input unit is also connectatidaear panel by means of a
RS232 cable. A total of sixteen steady state ignis are available on this unit.
Channels 1 to 8 are BNC connections, while chadntg 16 are thermocouple

connections with cold junction compensation. Theady state connections are

tabulated below.

Table 4.4: Steady state channel allocation

Channel Number Description Units
2 Fuel Flow als

3 Barometric pressure bar

4 Airflow mmH2O
5 Speed rpm
7 Load Nm
9 Ambient Temperature °C
10 Inlet Cat. Temperature |°C
11 Outlet Cat. Temperature |°C
12 Air Temperature °C
13 Water Inlet Temperature |°C
14 Water Outlet Temperaturg °C

A table with the steady state calibration valuediseed in Appendix A. A

schematic wiring diagram of both the dynamic amdy state channels can be

found in Appendix B.
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The steady state input voltages were convertedhiy slystem software to

corresponding values in real time, that were helig@ayed on the screen while
testing took place. The real time display of theasuged variables was used to
determine if the engine had settled at the requipssiating condition.

Data is captured once triggered. This may be dgreetting the required engine
speed range in the software or by forcing the &igganually. Channel one
was used as the triggering channel. All other celwere ascribed as slaves to
this channel and thus were triggered simultaneously

The data from the dynamic channels could be vieomck the system was
triggered. Plots of the dynamic channels versusr&ed@rank Angle were

displayed on the screen. This allowed for real tdi@gnostics to be performed.
Once the test data had been deemed to be satigfdcti@s stored and the next
set of data could be captured.

4.6 Emission equipment

The engine emissions measured we@y, CO, CO, THCandOz2 as well as
smoke concentration. Due to these different exhgases being analysed a
number of different analysers had to be used. &bdescription of th&ignal
Gas AnalyserDxygen Meter antartridge Smoke Metdollow.

4.6.1 Signal Gas Analyser

The gas analysis system comprises of several uthds are mounted in a
common casing. The unit measures COz@&ides of nitrogen (N and levels

of unburned hydrocarbons (THC). The system congprigk five different

components:

> Signal Series 200 SM Gas Cooler and Dryer (Mod&)ZDhe
Cooler/Dryer unit is designed to remove water vagiam the wet gas

stream.

> Signal 7 000 M GFIR CO Analyser: The analyser uses an

91



University of the Witwatersrand

infrared filter correlation technique using gd&etl optical filters to
determine the amount of CO present

.> Signal 7 000 M GFIRC(2 Analyser:The CQ analyser also uses an
infrared filter correlation technique using gdteti optical filters to
determine the amount of GPresent in the exhaust gases.

> Signal 4 000 VM Heated Vacuum NO AnalyseFhe NG analyser
uses the principle of chemiluminescence's to détegiresence of both
NO and NQ.

> Signal 3 000 Heated Total Hydrocarbon (THC) Analy3ée THC
analyser uses flame ionisation to detect volatilestnces in the gas
stream.
This equipment requires precise start-up, calibnaind shutdown procedures
to be followed for correct operating results. A guter with customised

software was connected to the analyser unit.

The operating procedures for the gas analyser dlsasea user manual to

capture the emission data can be found in Appeddix
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Figure 4.4: Emission analyser unit
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4.7 Oxygen Meter

A Servomex Oxygen Analysgmpe OA 250, measures levels of oxygen in the esthau
emissions. The emissions are tapped off and aretHemligh a filter to remove

particulates and then passed through copper selghgttals to purge the emissions of
excess moisture before being fed into the analyger.unit displays the percentage of

oxygen present in the exhaust gas.

4.8 Hartridge Smoke Meter

A Hartridge Smoke Meter MK3 measures the exhauskendensity. This unit works on
a comparative basis by comparing the opacity ofstheke to a clean air sample. The
opacity is determined by passing the emissions @guhotoelectric cell, which
measures the density of the gas in Hartridge Srdoks (HSU).

4.9 Software

The additional software programs used to analysel#ta are discussed briefly below.

4.9.1 Conversion program

The data acquisition system stores the capturedatahdatfile. These .dat files are
then used by the software developed for this rekeproject for data analysis . The
Borland Pascalconversion progranfConver)converts this information for the data
analysis package (CAS — Combustion Analysis Sofaarperform various routines.
CAShasdynamic link library (dll) to theeonverprogram and is kicked off behind the
scenes without the user being aware that they simguwo completely separate
programs written in two different computer languag€AS then performs the
thermodynamic analysis on the converted data drgplays the data numerically as
well as graphically. Various versions G@bnverexist for the different fuels used during
testing. All dynamic as well as steady state vdeimbre converted and stored in a new
.raw file. Some preliminary calculations are also daweh as the calculation of the
fuel injection point, equivalence ratio and airlfraio.
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4.9.2 Combustion Analysis Package (CAS)

d.

CAS is the software package developed for thisarebeproject. General

thermodynamic analysis and energy release anaysigerformed iI€AS.The

program is split into Five main sections. The fegtions are the following:

vV V V V V V

General Analysis. This sections has the follgvplots.

Cylinder Pressure

Injector Pressure

Ln (p)/pl

Ln (v)v1

Derivative of Injector Pressure

Derivative of Cylinder Pressure

All these variables and the variables in the next $ections can be plotted against

either Crank Angle, Temperature or InV/V1

vV VvV V V V V

Property Cycles analysis. This section hasaheving plots.

Gamma

Rs

Cp
Temperature
Total Energy
Entropy

Apparent Energy analysis. This section hasdhewing plots.

Cumulative Apparent energy
Rate of Apparent Energy

Heat Transfer analysis. This section has thevihg plots.
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\Y

Cumulative Heat Transfer

\Y

Rate of Heat Transfer

e. Mass Burned analysis. This section has thewolig plots.

\Y

Cumulative Mass Burned

\Y

Rate of Mass Burned

The program automatically displays injection paighition point, speed, load, maximum
injection pressure and TDC. CAS has very powedpbrting and memory management
tools. This is described in the user Manual in AyeC.
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5 EXPERIMENTAL PROCEDURE

All tests performed followed the procedure outlindmelow to ensure
experimental repeatability and compatibility. Howgvbefore any testing could
commence the measuring systems to be used haddalibeted and a number of
preliminary tests were run in order to ensure pprofunctioning of the engine,
auxiliary equipment and controlling equipment. Téguipment that required
calibration included the eddy current dynamoméeterfuel meter and orifice plate,
oxygen meter, tachometer and the thermocouples tosegtasure air, water as well
as exhaust gas temperatures. The orifice plate th@dAVL injector pressure
transducer had been calibrated previously and wase not calibrated before these

tests.

5.1 Calibration of instrumentation

The instrumentation was calibrated before testingltain the relevant calibration
equations to be used in the data acquisition sysiEme detailed calibration
procedures and results are given in Appendix A.

A regression analysis was performed on the caldwatata points to obtain the

correlation of the data to that of a first ordetypomial fitted to these points. It

was noted that the lowest regression coefficierttedérmination was determined to
be 0,9968, which indicated that the graphs followeatkar perfectly linear trend as
well as fitting tightly to this line. Thus, the dafation equations obtained could be
used with a high degree of certainty.
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5.2 Testing procedure

Once calibration of the instruments was complesetymber of preliminary tests
were conducted to determine that all instrumentissaftware were functioning as

intended.

The research conducted was segmented into a dtsdirection namely
developing Combustion Analysis Software to anatifgeengine performance for
diesel fuel. The data obtained was recorded welptirpose of comparing general-
purpose performance parameters for diesel fuels.

The testing procedure is based on running therengt a constant speed and taking
tests at varying loads. The load is controlled yddy current dynamometer. Load
increments of approximately 5 Nm were chosen aedests were started from 5 Nm
and the load was increased to the maximum load itmrdper speed. Three testing
speeds were chosen namely 1 350, 1 550 and pi#b0 r

The following procedure was developed by previ@searchers at the School and
was followed for each set of tests:

> Switch on the emission analyser unit at |aste-quarters of an hour before
testing is to be commenced, as the analyser ureds® reach the correct
operating temperatures. Once the unit has reatieecquired temperature, follow

the calibration procedure outlined in Appendix C.

> All other instruments need to be switched @t ywrior to commencement of
testing. This was done in order to allow all elecit components to reach steady

state operating conditions.
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> The computers needed to be switched on anetléneant test software containing
the correct calibration constants opened. Follosvsit-up procedure given in
Appendix C for each program to ensure correct cigbéure.

> The engine was warmed up on diesel fuel, bgvailng it to run for a couple of
minutes at a low load. Additionally during warm aip instruments were checked to
see if they were measuring correctly.

> Connect th®©xygen Servomex Analygerthe copper sulphate crystal filter.

> Once the engine had reached operating temyperé@twas brought up to the
selected testing speed. At the testing speed emsssvere observed and once they
had stabilised, readings were recorded every sefmn@ 50 second period. A
second shorter test of thirty seconds was therumapto verify as a backup and to
assure that the good data had been taken.

> The cylinder pressure was monitored continlyodshe transducer is prone to

clogging and hence all recorded data with an imwbripressure reading was

ignored, as it was meaningless. Once it was noticadthe pressure trace reduced
in magnitude the tests were stopped and the traesdleaned.

> Once the desired speed had been reached,tthamalysis system triggered the
capture of data. The program gives the user thsrmgtof accept or reject the
captured test. Hence, after evaluating the wortthefdisplayed numerical data and
graphs the user could save or reject the test. t€be data is written to the
predefined directory. At every speed, at least feadings were taken for each load
setting.

> The data acquisition program records data sscfuel flow, airflow, various
temperatures and pressures.

> As a backup, all other instrument readings wecerded manually.

> The same procedure was followed for all testslacted.
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> Once testing was completed, the engine isdibwh and the purge and shutdown
procedure for the emission equipment commenced. rkore detail on these
procedures, see Appendix C.

> The copper sulphate crystals were dried anitpeal Gas Analysdilters were
Cleaned.

> The recorded data was subsequently analysed.
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Discussion

This chapter uses the newly developed software twlyse the

characteristics of diesel fuelling.

Diesel tests were performed at increments of 200 starting at 1350 rpm
and ending at 1750 rpm. The load was increasexppyoximately 5 Nm up to
full load for all speeds.

The newly developed software captures 9 consexwgigine cycles for a
single test. One of these cycles can be seleoteanfalyses or all of them can
be combined as a mean value for the test. Thevadt can load 10 of
these kinds of tests into memory to be comparetnag each other. The
software can produce reports and graphic dathempérformance and energy

release of the fuel.

The engine test selected for the discussion wastadone at a load of 55 Nm
and a speed of 1550 rpm. Other tests were alst wwseompare differing
loads and speeds. This chapter discusses thésresathined using the new

software developed for this research project.
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Cylinder Pressure

Cylinder pressure traces form an effective way nalyse the combustion
process in an engine. It indicates important phas@n engine’s combustion
cycle, namely pressure rise, injection point, vasation dips and ignition
points.

Pressure rise translates into work produced byngme. This pressure rise is
an indicator of the rate of energy release by thmbustion fuel within the
combustion chamber. This rate of energy releasaldisect influence on the
power produced as well as the efficiency of theiagThe peak pressure is
influenced by a number of factors including compi@s ratio, load,

volumetric efficiency, fuel heating value and faeiality. [1]

The graph in figure 6.1 shows the pressure withendylinder as a function of
crank angle (CA) in degrees. The process of ongxteimcombustion process
will be described in four stages. The first staljgsirates a rise in cylinder
pressure due to the commencement of cylinder casjae This cylinder
compression is as a result of the piston “upwarditiom resulting in the

cylinder contents being compressed.

The second stage illustrated by the letter “J” ba graph, indicates the
injection point. At this point, fuel is injectedtothe cylinder. There is a slight
decrease in the slope of the graph as a resutieofdporisation of some of the
injected fuel. The period between the injectiompaind the following ignition

point, is known as the ignition delay. During tlgmition delay, the fuel has

mixed with air.

The third stage, known as the rapid combustion@hascurs when the fuel is
ignited. This point is indicated by the letter “@h the graph. The slope
discontinuity then ends as the fuel is combustediog a sharp increase in the
gradient of the graph as the maximum pressureashies just after top dead
centre (TDC). This sharp pressure rise is causdtidogombustion of the fuel.

Maximum efficiency occurs when the pressure risasislose as possible to
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TDC. In this test, work was maximised with a minimamount of negative
work. If the steep gradient and maximum pressuceiobefore TDC, a large
amount of negative work is done by the enginehla graph, the location of
the ignition point and the completion of combustieith respect to the CA,

indicate near optimal combustion timing.

Cylinder Pressure vs. Crank Angle
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Figure 6.1: Cylinder Pressure vs. Crank Angle for a load of\B8.

The transducer is connected to the combustion ceatmbmeans of a narrow
passage. This results in resonance in the passagdhavn at maximum
pressure.
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The fourth phase is the expansion phase. The volwitten the cylinder
increases and the pressure drops gradually to Bm@@re the pressure is
slightly greater than at the start of the cycleriby this phase, the rate of
pressure increase due to combustion is less tlearath of pressure decrease
due to the piston returning to bottom dead ce(BEC).

The Effects of Increased Load

The graph below (Figure 6.2) corresponds to twtsiédhe first (the red line,
here on referred to as Line A) is for a load of Ri&. and the second (the
green line, here on referred to as line B) is fdoad of 55 Nm. Both tests

were performed with engine speeds of 1550 rpm.

As can be seen, an increase in load results imnemase in maximum
cylinder pressure. This is to be expected as areased load requires more
power to maintain a constant speed. The ignitioimtpan Line A is at 357.9
°CA and on line B it is at 355.1 °CA, hence theheigthe load the shorter the
ignition delay. This is due to the fact that atheg loads there are higher
temperatures within the cylinder thus resultingtle ignition point being

reached sooner.
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Cylinder Pressure vs. Crank Angle
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Figure 6.2:  Cylinder Pressure vs. Crank Angle for Differingads

The Effects of Increased Speed

To analyse the effects of an increase in enginedspevo tests were selected.
In figure 6.3, the red line represents an enginsegdpof 1356 rpm and the
green line represents an engine speed of 1554kpitmwith a load of 23 Nm.

As can be seen the higher the engine speed the tbevenaximum pressure. It
is also noted that the position of maximum pressageurs slightly further

away from TDC with higher engine speeds. Once TI2€ lbeen passed, the
expansion stroke commences reducing the presseréedxon the entrapped

gas by the piston, although combustion still tgkese. On the other hand, the
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rate of pressure increase, due to combustionssstlean the rate of pressure
decrease due to the piston returning to BDC, theehsing the maximum

pressure obtained with increasing speed.

Cylinder Pressure vs. Crank Angle
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Figure 6.3:  Cylinder Pressure vs. Crank Angle for Differinge8ds
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6.2 Injector Pressure

The injection pressure trace, shown below, is ac&prace of an injection
cycle. At the start of injection, a steep pressige can be seen, peaking at a
maximum pressure of 280 bar. After the injectioninpdJ”, the residual
pressure rapidly dissipates. The pressure dissipagzause the fuel has

already been injected hence resulting in the pressubsiding.
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6.2.1 The Effects of Increased Load

The overall pressure within a cylinder with a highead is greater. As
mentioned before, an increased load requires ateyrgzerformance to
maintain a constant speed. Therefore the initiabgure (shown on the graph
below) is higher as a result. This leads to thechkeion that the pressure
trace for differing loads is almost identical, i@y difference is that a higher

load results in a vertical shift as a result ofghkr initial pressure.
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Figure 6.5:  Injector Pressure vs. Crank Angle for a load of
55 Nm and 7 Nm at an Engine Speed of 1550 rpm.
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6.3 Cylinder Temperature

The temperature versus CA traces form a similapesh® the cylinder
pressure traces. This is to be expected as tempernatdirectly proportional

to pressure. [8]

Upon inspection of the graph below, there is a misdemperature as the
compression stroke commences. At injection poietdhs a discontinuity in
the gradient with a flatter slope. This indicatedexrease in the rate of the
temperature rise, due to the vaporisation of ie@dtel.

The slope gradient steepens considerably afterfuékeignition point, as a
result of the combustion of the fuel. The maxim@mperature occurs within

an average of 5 °CA degrees after the point of mam pressure.

The expansion stroke sees a drop in temperatutegsessure decreases.
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Temperature vs. Crank Angle
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Figure 6.6: Cylinder Temperature vs. Crank Angle for a load of

55 Nm at an Engine Speed of 1550 rpm

6.3.1 The Effects of Increased Load

At higher loads, more energy is released to mainéguivalent speeds. As a

result a higher maximum temperature is reached igther loads.
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Temperature vs. Crank Angle
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Figure 6.7: Temperature vs. Crank Angle for a load of

55 Nm and 7 Nm and an Engine Speed of 1550 rpm.

6.4 Energy Release

The graph below is a plot of the energy releassugecrank angle. The two
plots depict the total cumulative energy releasd #re apparent energy
release. The total cumulative energy release awmnta heat transfer

adjustment.
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Total Energy vs. Crank Angle
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Figure 6.8: Energy Release vs. Crank Angle for a load oN&h

At the start of the compression cycle it is notitieat the energy release has an
almost horizontal line. This indicates that a nadiabatic compression took
place. The energy trace then starts to taper dovaswvdhis is due to energy
absorption from the system from a endothermic reacivhich occurs just
before the energy release stage occurs. Againgtiigon delay between the
injection and ignition point results in a furtheedine as a result of

vaporisation.

Initially combustion is short and lasts for onlyeav CA degrees. The fastest
rate of energy release occurs here as can be gdabe bteepness of the slope.
Energy is released partly before and partly aft&CTindicating correct

ignition timing, thus minimising negative work.
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As the compression stroke comes to an end, theygmelease graph levels

off. Here the combustion phase shows a decreasieqy release rate.

As the expansion stroke takes place it is obsetivadless energy is released.
This is because energy is being absorbed and tiresstart to diverge at this

point due to the heat transfer correction.

Figure 6.9 indicates plots of the apparent eneelgase for loads of 55 Nm
and 7 Nm respectively. As is to be expected, thewsrnof energy supplied by
the fuel increases with load and therefore the ggneelease also increases

with load.

Not all the energy released is converted to bralkeep. There is energy lost to
heat transfer and the formation of exhaust produédtiow load the number of
incomplete combustion products is relatively smaltoducing a high
combustion efficiency. Increasing the load alsoreases the amount of
incomplete combustion products. This is explaingdhg level of oxygen in
the cylinder. For higher load there is insufficiemtygen to complete the
combustion products thus resulting in a lower costibn efficiency. It is
observed that the plot of the lower load has smaltergy absorption on the

expansion stroke. [1]
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Cumulative Apparent Energy vs. Crank Angle
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Figure 6.9:  Overlaid Plot of Energy Release vs. Crank Anglesf

load of 55 Nm and 7 Nm respectively.

6.5 Indicated mean effective pressure and brake power

Indicated mean effective pressure (Imep) is relédetthe power output of the
engine, therefore brake power is discussed withmep is defined as the
indicated average constant pressure exerted guigten during the expansion
stroke, which will produce the same amount of waskthe actual pressure

during the compression and expansion strokes.
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imep vs Equivalence Ratio
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Figure 6.10: Plot of imep vs. Equivalence ratio at a speed of
1550 rpm and a load of 55 Nm.

Figure 6.10 and figure 6.11 follow similar paraboliends and have a‘R
term of close to unity. It is evident that the imapd brake power increased
with the addition of fuel until the reaction betwethe air and fuel released an
optimum amount of energy, indicated by the peakréviael could be added
at this optimum point, however the maximum presswi either level off or
drop depending on the amount of extra fuel adddulisTair is the limiting
factor and is governed by the cylinders’ displacenwlume. The amount of
air inducted into a diesel engine remains the séone given speed, even
when the load is increased. Thus the maximum insepe@ached when the

fuel/air mixture is most effectively combusted.
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Brake Power vs Equivalence Ratio
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Figure 6.11:  Plot of Brake Power vs. Equivalence ratio at a
speed of 1550 rpm and a load of 55Nm.

6.6 Indicated specific fuel consumption

The minimum indicated specific fuel consumptiorfd)ss reached when all
the fuel in the cylinder is most effectively conson As can be seen in figure
6.12, the minimum isfc is reached with lean mixsuas opposed to maximum

imep being reached with a rich mixture.
Inspection of the graph indicates that load inaeeastil a point where the

maximum amount of fuel is burned. If the load imses further, not enough

air comes into contact with the fuel and henceasfeerises again.
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isfc vs. Equivalence Ratio
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Figure 6.12:  Plot of isfc vs. Equivalence ratio at a spekd o
1550 rpm and a load of 55Nm.

6.7 Volumetric and fuel conversion efficiency

Upon inspection of figure 6.13, the fuel converseadficiency increases with
increasing load reaching a maximum of 30.4 % betapering off. It is
apparent that the engine has a better fuel comrersificiency for leaner

air/fuel mixtures.

The volumetric efficiency of an engine is definesl the ratio of the actual
mass of air inducted by the engine on the intatakstto the theoretical mass
of air that should have been inducted by fillinge thiston-displacement
volume with air at atmospheric temperature and sures As noted from
figure 6.14, the ratio of actual to theoretical miass drawn into the cylinder

decreases with increasing load. A typical hypetbwénd is followed.
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Fuel Conversion Efficiency vs. Equivalence Ratio
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Figure 6.13:  Plot of Fuel Conversion efficiency vs.

Equivalence ratio at a speed of 1550 rpm ande &b 55Nm.
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Figure 6.14:  Plot of Volumetric Conversion efficiency vs.
Equivalence ratio at a speed of 1550 rpm anddddé&5 Nm.
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The lowest volumetric efficiency is reached at mawin load, this can be
ascribed to the fact that the wall temperatureshagber, making the air less
dense and thus allowing a smaller volume of ao the cylinder.
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Conclusion

The combustion analysis software (CAS) performed #malysis directly
according to the objectives for which it was desiynThe results obtained for
the diesel tests appear to be representative spa#ds and loads showing the
typical behaviour expected, indicating that theieagand the data analysis
technigues performed by the software CAS are ctargisand correct. It is
apparent that the trends obtained follow the exukgbatterns and are
complementary of each other, demonstrating the raleseof any major
problems. The picture created using the newly deslg software is

summarised as follows:

- CAS was written in the latest computer language gmwd can run on
any platform namely windows, linux, unix etc. #rcalso be adapted

to run on PDA’s.

- The plots of cylinder pressure indicated the stamfesombustion as
expected. It was noted that the maximum cylindesgures increased
with increasing load. It was also noted that thatign delays became
shorter as the load was increased. It was concltidgdhe maximum
pressures occurred just after TDC indicating maxmefficiency with
minimal negative work done. The maximum pressuresewound to
be less with a higher engine speed and this waksierd by the fact

that these maximum pressures occurred closer texipension stroke.

- The injector fuel line pressure graphs for diffgrinoads were
comparable. It was concluded that the injector funel pressure traces
for differing loads were almost identical, the odi§ference being that
a higher load results in an upward parallel shif¢ do a higher initial

pressure.
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The cylinder temperature had similar trends. Aghiy followed the
expected stages of the combustion process. Thenmaxicylinder
temperatures increased as load increased. The meason for this
increase in temperature comes about as a resutheofincreased
amount of fuel being injected into the combustibaraber as the load

is increased.

The energy release graphs showed that near adiat@tmpression
took place initially. Energy was released partlyobe and partly after
TDC hence leading to the fact that the engine hawect ignition

timing. It was noted that the energy curves startedivert at the start
of the expansion stroke due to the heat transfeisadent. Again it is
realised that the engine releases more energy lwher loads to
maintain the same speed, however there are morempiete

combustion products due to oxygen shortages arnthlgads.

The oxygen constraint was again highlighted whealysmg the brake
power and indicated mean effective pressure (im&gding more fuel
at higher loads, increased the brake power and imépa point when
more oxygen was needed. It was found that air aslithiting factor

and is governed by the cylinders’ displacement m&u Thus the
maximum imep is reached when the fuel/air mixtsrenost effectively

combusted.

Indicated specific fuel consumption (isfc) wasirid to be optimal for
lean fuel mixtures as opposed to imep being optim#h rich fuel

mixtures. It was found that as the load increasepipint was reached
where all the fuel would not be burnt. If the loads increased further,
not enough air came into contact with the fuel dredisfc would begin

to rise.
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- As with isfc it was found that maximum fuel conviersefficiency was
reached with lean fuel/air mixtures. The lowestuwotric efficiency
was found to occur at maximum load, and this waxlcmled to be the
case because of the fact that the wall temperaaresigher, making
the air less dense and thus allowing a smallermelof air into the

cylinder.
The CAS software can be used to further the rekaateo alternative fuels and makes

the analysis process more efficient and less tiomswuming. CAS also increases the

power of analysis through its improved analysis ponents.
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Appendix A

Fuel Flow Meter Calibration Procedure

Using an electronic scale and a clean contaireefutt is to be bled from the fuel
line leading to the engine.

The time taken to collect a certain amount of fiu¢he container on the scale is
recorded using a stopwatch. Usually the time iatesvset at about 2 minutes.
The mass of the fuel collected is then also redorde

The input voltage to the data acquisition systemesisured by means of a
voltmeter and this is also noted.

The fuel flow is increased for each consecutivelirep The scale of the flow
meter has a maximum of 12 1/hr and therefore twirrgs are randomly selected at
approximately 11/hr intervals. These readingslaceracorded.

All the above mentioned recordings are listedifetal.

After plotting the fuel mass flow rate (g/s) vse tholtage output of the flow
meter, a linear curve fit is fitted to the datarggsifrom which the calibration
equation constants may be obtained.

The results of the calibration are shown in fighire

Table Al; Fuel Flow Meter Calibration

Flow Meter Output
Reading [Up(V) Average (V)|FuelMass [Time (s) [Fuel Mass [FuelFlow
(9) Flow (g/s) |(I/hr)
1 0.02¢ 0.02¢ 0.C 0.C 0.C
2 0.45¢ 0.45¢ 50.C 184.( 0.2711 0.€
3 0.86¢ 0.86¢ 80.(C 151.( 0.52¢ 1.€
4 1.54( 1.54( 125.. 130.( 0.96: 3.2
5 2.11¢ 2.11¢ 175.¢ 134.( 1.30¢ 4.4
6 2.38¢ 2.38¢ 190.¢ 127.C 1.50( 5.C
7 2.881 2.88] 255.7 140.< 1.821 6.2
8 3.22¢ 3.22¢ 270.( 1330 2.03( 7.C
9 3.61¢ 3.61¢ 300.t 131t 2.28¢ 7.6
1C 4.05¢ 4.05¢ 315.] 123.€ 2.54¢ 8.
11 4.58¢ 4,58t 361.] 125.( 2.88¢ 10.C
12 4.80¢ 4.80¢ 380.5 126.( 3.02] 10.€
13 5.308 5.308 426.3 128.0 3.330 11.8
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Figure Al: Fuel Flow Meter Calibration Results

Load Cell Calibration Procedure

* Mass pieces are suspended from the static torequ@fathe dynamometer
in random intervals. These masses are recordeglibration purposes.

* The input voltage to the data acquisition systesmfthe load cell is
measured using a voltmeter. These measuremeriteearalso noted.

* The process is done for increasing and decreasaudslon the torque arm.
After which the increasing and decreasing voltagelings are then averaged.

* The calculated torque is then plotted against ¥ieeage output voltage of the
load cell and a linear curve is then fitted toplatted data points.

* The above measurements are recorded in table Aglaited in figure A2.

127



Table A2:

University of the Witwatersrand

Load Cell Calibration

Load Cell Calibration:

Amplifier voltage: SVolts

Torque Arm Length = 0.4003m

Load Cell Output

Reading |Mass Up(V) Down (V) |Average (V) |Torque (Nm)Torque (Nm)
(kg) (g =9.78549|(g = 9.8)

1 0.000 |3.760 3.755 3.758 0.000 0.000

2 0.616 |3.862 3.970 3.916 2.413 2.417

3 1.616 [4.199 4.312 4.256 6.330 6.339

4 3.887 |4.990 5.098 5.044 15.226 15.248
5 4.884 |5.352 5.435 5.394 19.131 19.160
6 8.212 |6.509 6.641 6.575 32.167 32.215
7 9.209 |6.870 6.963 6.917 36.073 36.126
8 10.484 |7.339 7.412 7.376 41.067 41.128
9 11481 |7.671 7.729 7.700 44973 45.039
10 12.756 |(8.110 8.193 8.152 49.967 50.041
11 13.753 |8.457 8.511 8.484 53.872 53.952
12 15.022 |8.833 8.862 8.848 58.843 58.930
13 16.019 [9.048 9.072 9.060 62.749 62.842
14 17.156 |9.092 9.087 9.090 67.202 67.302
15 18.153 [9.000 9.000 9.000 71.108 71.213
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Figure A2: Load Cell Calibration Results
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Calibration of Cylinder pressure transducer:

The cylinder pressure was measured by meaKsstér piezo-electric transducer. The
output from the pressure transducer was to be &ethlusing a charge amplifier. The

amplifier has settings for mechanical units pet &obl for sensitivity.

The pressure transducer/amplifier output was aabior using aBudenbergpressure
tester. The tester uses oil subjected to a knowsspre, this pressure is then applied

to the transducer and the output is calibratechagtie known pressure.

The calibration procedure was as follows:

> The pressure transducer and its housing wied fo theBudenbergtester.

> The 10 mechanical units per volt were seleotethe charge amplifier.

> To measure the output a digital voltmeter wasnected to the output of the

charge amplifier.

> The charge amplifier was zeroed.

> The calibration was done by first increasing pinessure and then decreasing

the applied pressure.

> For each increment, the output was recordee rdtorded data can be

viewed below.
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Table A3: Calibration tableof cylinderpressure transducer

Reading |Applied Applied Output up [Outputdown|Average
pressure pressure output
(Psi) (Bar) (Volts) (Volts) (Volts)
1 0 0 0.080 0.120 0.100
2 100 6.895 0.6119 0.623 0621
3 200 13.790 1.326 1.280 1.303
4 300 20.684 2.010 1.996 2.003
5 400 27.579 2.876 2.680 2.778
6 500 34.474 3.430 3.380 3405
7 600 41.369 4.110 4.080 4.095
8 700 48.263 4.830 4.800 4.815
9 800 55.158 5.510 5510 5.510
10 900 62.053 6.270 6.240 6.255
11 1000 68.948 6.960 6.960 6.960
12 1100 75.842 7.700 7.700 7.700

Calibration plot of pressure transducer

- = 0.9995 /
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$a Pl
% 40 /
£y e

20 el

10 il

0 2 4 5 ] 10
Voltage (V)

Figure A3:  Calibration plot of cylinder pressure transducer
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Speed calibration;

Unlike the other instruments, the engine speedddoeicalibrated using a two-point

calibration technique.

> An offset of 2.5 mechanical units had beenl#stiaed, which represents the y-

intercept of the assumed linear curve.

> Two further speed settings were chosen and tiodtage output recorded. This could be

done due to the residual error present in the gmalmlution meter.

Table A4: Calibration table of revolution meter

RPM Voltage
0 0.009
546 1.842

Using 2.5 as the offset and the values from thamrbe calculated:

M = (546+2.5)/1.842 = 297.77
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Airflow calibration:

The pressure difference across the orifice plétieated in the inlet duct, was used to
obtain the airflow. The pressure drop was measbge@ micromanometer, whose
output voltage was fed into the data acquisitiosteay. A linear curve was fitted to

the data points.
> With the engine running and having let it stes@ at a random speed setting,

take pressure readings across the orifice platesd kalues will be displayed

in millimetres of water.

> Voltage readings are to be taken from the ded@isition system.

> The results are tabulated and then plottednéal curve is fitted to the data to

determine the calibration constants.

Table A5: Calibration table of airflowneter

Pressure Voltage
(mmH;0) V)
25.7 1.349
44.6 2231
54.9 2.752
58.9 2.99
65.6 3.289
4.7 3.745
78.9 3.963
85.9 4.308
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Figure A4:  Calibration Plot of airflow meter
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Appendix B
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Figure B1: Wiring Diagram of dynamic channel data acquisition system
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Figure B2: Steady state channel data acquisition system
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Appendix C
Combustion Analysis Software

The following is a user manual for the Combustion Analysis Software (CAS)
developed for this research project by the author. The software has powerful
security and analysis tools which will be described below.

1. CAS Security

CAS has been developed with user security in mind. There are two
levels of security, namely administrator access and normal access.
Administrator access allows the user to add, edit and delete users from
the system. Normal user access allows the user to use all the features
offered by CAS, except the user administrator features offered by the
software.

Once the CAS software is initialised a Login prompt screen is displayed
(refer to figure C1). Here the user is prompted for their user name and
password.

L [ ogin Details

Pin: D Cipolat

Password: "'“‘“1

OK Cancel

Figure C1: Login Screen
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Upon incorrect log in, the user is required to re-enter their log in details.
Once Logged in, the main CAS graphical user interface (GUI) is
displayed (see Figure C2). As can be seen, the main GUI has menu
options at the top and shortcuts to these menu options in the form of

action buttons in the centre of the gui. On the right hand side is a route

tracker which indicates the progress made while using the software.

Combustion Analysis

File | Edit | View

User Manager
Engine Settings

Menu ShortCuts: fWelcore Dr Cipolat

| »

¥ Hew Data Saved Data

S

Plots View Data

Memory User

Lo

Figure C2: CAS Main GUI

If the user, currently logged on, has administrator rights, the User
shortcut button, and the User Manager menu option will be active as
shown above. If the user then requires to add, delete or edit a user,
they can either select the option from the shortcut bar or from the menu

option.

This then brings up the User Manager GUI as shown in Figure C 3. As
illustrated below, the administrator can view the user name, password
and permissions of the users loaded onto the system. The user “jp”
below, has normal permissions as opposed to admin rights and will

hence not be able to access the user manager GUI.

To add a new user, press the “Add” action button. This brings up the
“Add User” Gui. On this GUI, a username and password is required.
There is also another security measure where the user is prompted to
re- type the password. If the passwords don’t match, the new user will

not be entered into the system.
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£ Combust User Manager ._ ”D| X|
Selection Llzer Mame Fasswiord Fermissions
] Dr Cipalat admin admin
] JP in narmal
Add Edit Delete Cancel

Figure C3: The Combust User Manager GUI

£ pdd New User

User Name: | |
Password: | |
ReType Password: | |
Admin Rights [_]
OK Cancel

Figure C4: The Add New User GUI

If the “Admin Rights” check box is ticked, the new user will have
administrator rights. Once the new user details have been entered
press the “OK” button and the new user will be entered into the system.
If the “Cancel” button is pressed, the system returns to the User

Manager Panel.
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To edit a user, tick next to the user which requires editing and press
the “edit” button. This brings up the “Edit User Gui”. Only the users
password and admin rights can be edited, not their user name. Once
editing is completed, select the “OK” button and the details will be

saved.

é Edit User

User Name: P |

Password: = |

ReType Password: |+ |

Admin Rights [_]

OK Cancel

Figure C5: The Edit User GUI

To delete a user, select the user to be deleted on the User Manager

GUI and press “delete”. The user will then be deleted from the system.

Configuring Engine Settings

CAS is configured for three engine types namely, PH2, PH2W and
Petrol. To change any of these engine settings go to edit on the main
menu and then select “Engine Settings”. The Engine Settings Manager
GUI is then shown (see Figure C6). On this gui, the three engine
settings can be seen. These can be edited. Once edited click the
“Save” action button and the new settings will be applied.
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s Engine Settings:

Petrol | PH2 | PH2W |
rComversion Factors:
Fuel Line: 1100.0 | CombustLine  |20.0 |
rGeometry Settings:
Stroke (m): 0111125 | atimy: 0.012271845 |
ConrodL (m):  |0.23215 | Bore (mj: 0.087745 |
Conrod R{m):  |0.054805 | V01 (m: 4 4BREE-5 |
Bowl Diameter (m):  |0.050595 | cylinders: 2.0 |
Capacity (m:  |6.65E-4 | Carbons: 1.0 |
Hydrogen: 21009 | Calorific Value (Jikg): |4.36E7 |
Ambient Temp (Ky:  |300.0 | Angle Inc ) 0.2 |
Clearance Yolume (me): |4.1 SE25E-5 |
Save Cancel

Figure C5i: The Engine Settings GUI

3. Loading New Data

To Load new Data press either the “New Data” shortcut button, or
choose the “Load New Data” option from the File menu. Once selected,
a four step wizard is displayed. In step 1 the wizard asks which engine
type the analysis is to be performed on. Select the engine type and

then press the “Select Test” action button.
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% Step 1: Engine Type Selection

TEP 1: Select the engine type to perform the analysis on
) PH2
W PH2W

' PETROL

I SELECT TEST | CANCEL I

Figure C6: Step 1 Engine Type Selection GUI

Step 2 then allows the .dat file, produced by the Data Acquisition
Software, to be selected. Upon selection, the dynamic link library within
the system automatically executes the Conver program. Here the user
is prompted to select if the test performed was either motoring or firing,
as well as to indicate which engine setting was used. Then press the
“Process File” action button. The software reads the .dat file and plots
an overlaid plot of Cylinder Pressure vs. Crank Angle from all the
channels used. The user can either select a pressure trace from
one channel or average a group of Channels. Once decided, press the
“Convert Data” button. This the converts the .dat file into a .raw file to
be used by CAS. The Conver program is then terminated and Step 3 is

illustrated.
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M Cycle Selection - ci050205.dat
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Figure C7: Step 2 The Conver Program GUI

In Step 3 the user is prompted to select the Heat release Analysis to be
performed, by CAS, on the Converted data. Once selected, press the
“OK” action button and the analysis is automatically performed and

saved.

Step 4 is a continuity selection. Here the user has a choice of viewing
Plots or Reports ( discussed later) or Loading another cycle (discussed
next) or Loading a New File. If the user selects the Load New File
option, the same four steps are repeated on a different test. The user

can select up to ten different tests to be compared against one another.
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a

= . Step 3: Analysis Selection

rHRCA Function Selection:

Step2:Select HRCA Function/s to be performed:
[¥] mir Standard Cycle O...
[ | wWeinberg
[ ] Perfect Combustion
[] Gulder Cycle

OK

Figure C8: Step 3 The Heat Release analysis Selection Gui

a

= . Step 4: Continuity Selection

TEP 4: Analysis Loaded. Would yvou like to:

@ \iew Plots
) View Reports
i) Load Another Cycle

' Load a New File

| o |

Figure C9: Step 4 The Continuity Selection GUI
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Loading Saved Data

This option is exactly the same as the “Load New Data” option
previously described, however there is one difference. This option skips
step 2. In other words it allows you to perform a different Heat release
analysis on a file which has already been converted to a .raw file. In
order to select this option you can either press the “Saved Data” short
cut action button or select the “Load Saved Data” option from the File
Menu. This option can be repeated when you select the “Load Another

Cycle” radio button in step 4, as shown in Figure C9.

Viewing Plots

Once a new cycle has been loaded or a saved raw file has been
loaded, the View Plots feature is enabled. To view plots one can either
press the “Plots” action button or select the “Plots” from the View Menu
at the top of the main GUI. The plots can also be viewed in step 4 of

the wizard.

The Plot Viewer Gui, displays the plots and has two tabs. The second
tab (The Combined Combust Plots tab) allows the user to view all the
tests selected on one overlaid plot. The Y axis shown in figure C10
allows the user to view plots in the categories of General analysis,
Property Cycles analysis, Apparent energy, Heat Transfer and Mass
burned. The X axis shown below, allows the user to plot any of the Y
axis categories against Crank Angle, Temperature and In V/V1. The
user just selects the Y axis plot and X axis plot desired and CAS
automatically generates the plot.
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£ piot viewer

Individual Combust Plots | Combined Combust Plots | Variable Plots
=3 Combustion Analysis Plots i B
% 37 as Cumulative Apparent Energy vs. Crank Angle
¢ [ General Analysis 3
[} cylinder Pressure 5
[ Iniectar Pressure : A2
[ Lnret | om
[ Lrmimat 3
D Derivative of Injector Pressure H s;
D Derivative of Cylinder Pressure
¢ [ Praperty Cycles E 350
[ Gamma E
Cirs E ]
D cp A 2001 S B (P L PR (L (9
D Temperature E
[ Total Eneray i 25
[ Entrapy 3 @
¢ [ Apparent Eneray = 20
[ [cumulative Apparent Eneroy o =
D Rate Apparent Energy 5 ‘
bt
& (7 Heat Transfer 8 g
D Cumulative Heat Transfer :(1 |
D Rate Heat Transfer @ 175 fF---t
¢ 3 Mass Bumed % |
[ cumulative Mass Bumed = 150 =
[™ Rate Mass Bumed g
¢ [ ¥-Avis Variables G
D Crank Angle 1001
[ Temperature
[ Lrwimit : 75
50
1]
P Plfﬂé\j‘_\l"'n»'mu,,!w_ .
T g
-0
210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 &10
H Crank Angle
¥ Axis Selection: Tulative Apparent Eneroy
% Axis Selection: Crank Angle b M 4050203 raw; Guider Cycle I dins0205 raw: Weinberg Cycle M di120208 raw: Weinberg Cycle

Figure C10: The plot Viewer Gui

The first tab (The Individual Combust Plots Tab) allows the user to view
the plots exactly the same way as in the second tab, except it plots the
different loaded tests individually and not overlaid. As can be seen in
Figure C11, the user can flip between tests by selecting the desired
engine test or cycle from the drop down box. The corresponding plot is

then automatically displayed.
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£ Piot Viewer

Individual Combust Plots | Combined Combust Plots | Variable Plots
1 combustion Analysis Plots
o ¥ axis
¢ [ General Analysis
[ evlinder Frassure
D Injector Pressure

[y LnPrp1 52800001~
[ Lo 5,000,000 ! i
D Derivative of Injector Pressure : )
D Derivative of Cylinder Pressure 47500007 % T 3 > : =t i
P Cyel ;
$ 3 DTF'Z”n‘:m”:“ 4500000 -+
Oirs a2
Dyen \
D Temperature 4,000,000 .’
[ Total Eneray 3760000} e e et e
[ Entropy
¢ [ Apparent Energy 3,500,000
Cumulative Apparent Energy 3250000
D Rate Apparent Energy g o
¢ [ Heat Transfer 3,000,000
[ curmulative Heat Transfer 0 )
[ Rate Heat Transfer -2
¢ [ Mass Bumed § 2,500,000
[ Cumulative Mass Burned = i
[ Rate Mass Bumed O 22500004
& [ ¥-hois Vatiables 2000000
Crank Angle i
0O
[y Temperature 1,760,000
Lntind
o 15000000
1,260,000( i
10000000
750,000
500000

250,000 i

i i
210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 450 500 510

= = Crank Anglz
Y Axis Selection: Cylinder Pressure

X Axis Selection: Crank Angle W 050205 raw. Weinberg CHEJ

Figure C11: The Plot Viewer Gui Displaying the Individual Combust Plot’s
Tab

Each graph is fully customisable. In order to customise the plots, right click on
the graph and follow the menu options. The following options are available:

- Chart Properties. This allows the user to alter three main chart
properties namely the Chart Legend, the Plot and an Other
Category. In the Chart Legend the user can alter the Outline, the
series font, the background and the legend colours. Under the Plot
properties the user can alter the domain axis, range axis and the
appearance. Under the Other properties, the user can alter the
general background colour of the graph as well as the series stroke

and colours.
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- The Save AS option. This option as the name implies allows the

selected plot to be saved to the hard drive.

- The Print option. Allows the user to select a printer to print the

graph to.

- The Zoom in , Zoom out and Auto Range functions can be applied

to either the x-Axis or y-Axis individually or to both simultaneously.

Figure C12 illustrates this.

£ Piot Viewer

Individual Combust Plots | Combined Combust Plots | Variable Plots

1 combustion Analysis Plots

o ¥ axis
¢ [ General Analysis
[} Sylinter Fressure Cylinder Pressure vs. Crank Angle
D Injector Pressure T
[y LnPrp1 52800001~
[ Lo 5000000 § A
D Derivative of Injector Pressure :
D Derivative of Cylinder Pressure 47500007
P Cyel ;
P E S’Zﬁm\: H 4500000+
Oirs a2
Chce
D Temperature 4,000,000 H
[) Total Enerny 37600001 - : Properties..
[ Entropy -
¢ [ Apparent Energy 3,500,000 i sudi
D Cumulative Apparent Energy 3350000 Print... |
[ Rate Apparent Enaray g - i Zoom In } Both Axes
¢ [C Haat Transfer 13000000 - ZoomOut  » z Pereo | I A T T N (R
[ curmulative Heat Transfer o o & =
02,750,000 | AutoRange P Vertical Axis
[ Rate Heat Transfer g i
¢ [ Mass Bumed § 2,500,000
[ Cumulative Mass Burned = i
[ Rate Mass Bumed O 22600004
& [ ¥-hois Vatiables 2000000
[ CrankAngle i
[y Temperature 1,760,000
Lntind :
o 15000000
1,280,0007 =i
1000000,
750,000
500,000

250,000 i

i i
210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 450 500 510

= = Crank Anglz
Y Axis Selection: Cylinder Pressure

X Axis Selection: Crank Angle B 050205 raw Weinberg Cicle

Figure C12: The Plot Viewer Gui illustrating the Zoom In feature
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Viewing Data

Once a new cycle has been loaded or a saved raw file has been
loaded, the View Data feature is enabled. To view the data reports, one
can either press the “View Data” action button or select the “View Data”
option from the View Menu at the top of the main GUI. The data can

also be viewed in step 4 of the wizard.

The Data viewer Gui displays the following Tabs, and each tab has a
drop down box allowing the user to select which cycle or engine test’s

data, they wish to view (Shown in Figure C13)

- The constant Data tab. The information displayed here, ranges from
the fuel type to the calculated mechanical efficiency data. Shown in

figure C13.

£ Data Viewer

Combust Data Viewer

Constant Data | Retrieved Data | Energy Modelling Data | Manipulated Data
lin5021 erg Cycle

) ‘mnanzm.m ulder Cycle
l4i050205 raw: Perfect Combustion Cycle

Fuel Type: [Dlessl | speed (rpm): [1550013 | Loadmm): [tases |
BrakePower(Wy: (2359773 | IndWorkCycle (Jv)  [190.825 | indPoweraN: 4835131 |
imep (kPa): [284720372 | noMen kpay: [136.203087 | EquneRatio: |
Air Fuel Ratio: [186486 | Air Flow (kgis) [posa | Fuelfiowtkgisk  [31ssE-4 |
Volumetric Eff:  |357.783 Fuel Cony EfT: [17083 | miectionccay [346500 |
Ignition(°CA): [7700 | istomkgix [passes | bste(kgi: [laaser |
PatmikPay: (31542088 | Marpay |6169,433500 | TrappedMassiko): 22763 |
fe: bsara | e [ross | CEER—
Rho Air(*kg):  [gma7 | ignition DelayCCA): [11200 Pos Max PressCCA): [363.100 |
Max Temp(y: 373807 PosofMaxtemp ("CA): (363700 | ExhaustTemp(C): [2722%6 |

? | B C\Bomments and Se., | T Combust-NetBeans... | £ Combusbon Analyss P — BNE)S AR T 3 85

Figure C13: The Data Viewer GUI illustrating the Constant Data Tab and

Drop down Engine Test Selection box

- The Retrieved Data Tab. This tab displays all the unprocessed data

retrieved from the Conver program.
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The Energy Modelling Tab. This tab displays the manipulated data
under the categories Property Cycles, Apparent energy, Heat
Transferred and Mass Burned.

The Manipulated Data Tab. This tab displays the Cylinder
Pressures and Volumes, Injector Pressure and LnP, LnV and Crank

Angle Data.

CAS has a report generating tool which can automatically format all the
data in each of these tabs for professional report display purposes. To
generate a report, click on the “Generate Report” action button. This

automatically generates the report illustrated in figure C14.

The report generated has a selection of features. If the File Menu is
selected the report can be saved as a text file, PDF Format, exported
to excel for editing purposes, exported to html format for web uploading
as well as exported to csv format. The report can also simply be printed

with the option to change the page setup.

If the report is saved under any of the following formats, a few features
can be selected when saving (see Figure C15). The user can select a
titte and author for the report. The user also has the option to add
security to the report. For a lower level of security, the report can be
password protected with 40 bit encryption, or if a higher level of
security is required, it can be saved with 128 bit encryption. Additional
security can be added to specific features of the report, such as
allowing printing, copying, usage of screen readers, modification of

contents etc.
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&, &, |0w | v o

F s

University of the \Wibwatersrand

Johannesburg

South Africa

Combustion Analysis Software

Developed by: MrJ.P. da Costa

Supervised by: DrD. Cipolat b

Thermodynamic Data Report Wed, May 13, 20058

Al Thermodynamic data below is caleulated through combustion analysis formulae

Description “Walue Description ‘Value D escription Walue

Brake Power (Wh 2349773 Emep (Pa) 284 120.372 Isfc (gl 6.303E-8

Tnadic ated Powrer(Wh 4 935,131 Tonep (Pa) 135283.081 Bsfc (g 1.343E7

IdWIC (Ticw) 100025 i} 35879 Afr Floww (kgfs) 5884E2

Toreque () 14 462 Tte 17083 Emuiv Fatio Z.004E2

Patm(Pa) 81542.970 Vol B 357793 Afr Flow igfs) 5.884E2

Max P (Pa) 5169 433 500 Fnel Bff 17083 Fuel Flow ikghk)  3.155E-4

Pos Max Press*CA)363.100 Bdech EXf 47413 Trapped Mass (hg) 2.276E-3

Max Teup (1) 3413 Fho Afr im'kgh 0047 - —

Pos Max Tenpi™* CA) 369.700 Speed Fpo) 1550013 -

Exfuvst Tep (*C) 2722546 Bnject (*CA) 346500 -

Afr Flael Ratio 126406 Ignition Point (*CA) 357.700 -

Ignit Delay (*CAY 11200 Fuel Type : Diesl - -

End of Report
-
1] i [ [*]

fPage 1 of 1

Figure C14: Generated Report of the Constant Data Tab
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£ Saving Report into a PDF-File ...

Filename | | Select File

Title | |
Author | JPC |
Encoding |Cp1252 (Windows Latin-1) ‘ = |

Security Settings and Encryption

) No Security ) Encrypt with 40 bit keys 1 Encrypt with 128 bit keys
User Password Confirm

Owner Password Confirm

] Anow Copsy ] Allow {Re-jassembly

[] alow Usage Of Screenreaders ] allow Modifications of Contents

[] Allow Fill In of Formulardata ] Allow Modification Of Annotations
Allow Printing |~

‘ Confirm | Cancel |

Figure C15: Security Features when saving the Generated Report.

The navigation menu on the Print Preview Gui of the report (See Figure
C14), allows the navigation between the various pages of the report.
The report also has zooming functionality allowing the user to adjust

the percentage zoom applied to the report.

7. The Memory Manager

The memory manager can be selected by pressing the “Memory”
action button on the main gui (see figure C2) or selecting the Memory

Manager option under the File menu.

The memory manager allows the user to delete loaded tests and
increase or decrease the maximum amount of tests that can be loaded
by the system. This is important because each test utilises the
computer’s random access memory (RAM). Therefore being able to
control the amount of tests loaded in the CAS system allows better
utilisation of the PC’s RAM.

152



University of the Witwatersrand

% Combust Memory Manager

-JWiA Monitor
Mem ory Usage

= 28,000,000
= 20,000,000
= 15,000,000
= 10,000,000

5,000,000

o
163005 163070 18630715 TE 3020 TE 53025 1863050

Tl

|- Teatsl B Freas |

Memory Limit: |10 |«
3 Fs
-Test Cycles 4 |
To Delete 5 | [Festhame and Cyole
[w] 0], b Gulder Cyele
L] dilil‘? |z Wieinherg Cycle
L] dil o =l Wainberg Cycle
a
10 | =

Figure C16: Combust Memory manager GUI

The engine test limit, in CAS, can be changed by selecting the limit
from the Memory Limit drop down box shown in figure C16. As can be
seen CAS displays a real time memory usage graph. This gives a live

update on the PC’s memory usage.
In order to delete a test, select the test in the Memory Manager GUI

and press the “OK” Action button. This erases the manipulated data, of

the test, from memory.
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Data Acquisition Software

Once the computers and all the instruments have been switched on, then the
preparation for saving test data may begin. Be sure to start the PC without the
network cable plugged in. This is to ensure that the DOS conversion programmes run
smoothly without any interference. The following procedure outlines the steps
involved when setting up the directories to which the test data should be stored in the
Windows software package such that the DOS conversion programmes may locate the

data files for conversion.

* Once Windows has started up, double click on the icon that reads "Shortcut to
Engine Test." This will open up the operating window of the Engine testing
programme.

* In this window on the menu bar, click the File button and scroll down to "Test
Data Directory" and click on this button.

* Now select the directory path as D:\PH2W\{Folder} and then click the OK
button. The entry {Folder} is to be replaced with whichever folder the data is to
be stored in. This is usually a month for example aug06 (i.e. August 2006 as used
for this project).

* Then click on the Settings button on the menu bar and scroll down to "Test
Settings" (or just click on the icon with the screw driver, spanner and hammer).
This will open the " Speedwave Channel Settings" window.

* Next, click on the Test Settings label. This will enable the operator to select the
test settings for the specific test rig in operation.

« In the space for Test Engineer, select the desired test setting. For this project,
click on the far left icon on the menu bar to open the desired test rig setting. The
location of the test setting for this project may be found in C:\Program
Files\TIc\Engine TestXdata. Once in this directory, select the Petter PH2W file and
then click the OK button.

* Make sure that the Storage Option settings are for Multi-Event and that the
Saving Method is in DOS Compatible Format.

* The steady state channel trigger settings are to be set to the desired speed

and tolerance band.
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The Test Filename is to be set as {fuel type} {date} {month} {test
number} for example, ed230834 The codes for the fuel type can be found
in table CI.

Table CI: Test Filename Codes

Fuel Type Code
Diesel di
Dimethyl Ether (DME) dme
Methanol / DME md
Ethanol / DME ed
Motoring mo

Now check to see that the steady state channel settings are correct
according to all calibration factors and instrumentation settings. To do this
click on the Steady State Channels label

Once this has been done, click on the icon with the lightning bolt to open
theArmSystem_| window.

Here two sets of graph axes are shown. The graphs show the traces of
the top dead centre (TDC) (graph 6), injector pressure (graph 2), cylinder
pressure (graph3), trigger (graph 1) and injector lift (graph 4). To view
each of the graphs separately, click the Strip Graphs icon on the menu
bar. To refresh the graphs click the Redraw Graph icon on the menu
bar. To activate a graph just click the number of the respective channels
above each graph axis window.

Once the trigger has been activated, the operator is given the choice as

to Accept Test, Ignore Test or Cancel Test.

Once testing is complete then the PC is restarted in the Command Prompt

mode. This is done to be able to print graph traces from within the DOS

conversion programmes.
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