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ABSTRACT

The need to improve the performance characteristics of the gasoline engine has necessitated the present research.
Increasing the compression ratio below detonating values to improve on the performance is an option. The
compression ratio is a factor that influences the performance characteristics of internal combustion engines. This
work is an experimental and theoretical investigation of the influence of the compression ratio on the brake power,
brake thermal efficiency, brake mean effective pressure and specific fuel consumption of the Ricardo variable
compression ratio spark ignition engine. Compression ratios of 5, 6, 7, 8 and 9, and engine speeds of 1100 to 1600
rpm, in increments of 100 rpm, were utilised. The results show that as the compression ratio increases, the actual
fuel consumption decreases averagely by 7.75%, brake thermal efficiency improves by 8.49 % and brake power also
improves by 1.34%. The maximum compression ratio corresponding to maximum brake power, brake thermal
efficiency, brake mean effective pressure and lowest specific fuel consumption is 9.The theoretical values were
compared with experimental values. The grand averages of the percentage errors between the theoretical and
experimental values for all the parameters were evaluated. The small values of the percentage errors between the
theoretical and experimental values show that there is agreement between the theoretical and experimental
performance characteristics of the engine.

Keywords. Compression ratio, brake power, brake thermakieffcy, specific fuel consumption, brake mean
effective pressure.

INTRODUCTION

Improving internal combustion (IC) engine efficignis a prime concern today. A lot of engineeringei@ch has
gone into the improvement of the thermal efficiemtythe (IC) engines, so as to get more work frove same
amount of fuel burnt. Of the energy present in ¢benbustion chamber only a portion gets convertedsgful

output power. Most of the energy produced by thessgines is wasted as heat. In addition to frictmsses and
losses to the exhaust, there are other operatirfigrpmnce parameters that affect the thermal efficy. These
include the fuel lower calorific valu€)y.y, compression ratigsand ratio of specific heats],7].

Compression ratio is the ratio of the total voluofiche combustion chamber when the piston is abtittom dead
centre to the total volume of the combustion chammideen piston is at the top dead center. Theolbtjdacreasing

the compression ratio of an engine can improvettieemal efficiency of the engine by producing mover

output. The ideal theoretical cycle, the Otto cycpon which spark ignition (SI) engines are based, a thermal
efficiency,n, which increases with compression rati@nd is given by [5].

1915
Pelagia Research Library



AinaT et al Adv. Appl. Sci. Res,, 2012, 3(4): 1915-1922

e = (L) (1)
where,y is ratio of specific heats (for agir= 1.4)

However, changing the compression ratio has effectthe actual engine for example, the combustibe. rAlso
over the load and speed range, the relative impadirake power and thermal efficiency varies. Tfugee only
testing on real engines can show the overall efféthe compression ratio. Knocking, however, igratation for
increasing the compression ratio [5].

Yuh and Tohru (2005) conducted a research on tieetedf higher compression ratios in two-strokeieag. The
results show that the actual fuel consumption imedoby 1-3% for each unit increase in the compoessatio
range of 6.6 to 13.6. It was concluded that the aitimprovement was smaller as compared to theré¢tieal
values. The discrepancies were mainly due to isecanechanical and cooling losses, short-circuginigw loads
and increased time losses at heavy loads. Powpubatso improved, but the maximum compressioro ratas
limited due to knock and the increase in thermatlldn addition, the investigation covered the ienpéntation of
higher compression ratio in practical engines groéng the full-load ignition timing.

Asif et at. (2008) conducted a research on performance evatuafia single cylinder four stroke petrol engifre.
the research, the actual size of the engine paemséike the bore, stroke, swept volume, clearavaeme,
compression ratio and engine speed were recordibdamputed. Based on the actual size of the erminemeters,
the indicated horse power, brake power, and frictiorse power were determined and were found tb.®& 1.29
and 0.25 respectively. The mechanical efficienay tire thermal efficiency were also calculated amrdesfound to
be 83% and 20.5% respectively. The fuel consumpgpier hour was found to be 0.8 litre/hour while thel
consumption per distance traveled was found toCblen@litre.

This paper investigates for a four stroke sparltiigm engine (The Ricardo variable compressiororatigine), the
influence of compression ratio on the brake poweake thermal efficiency, specific fuel consumptibrake mean
effective pressure. The theoretical performanceasheristics for the engine, obtained from deriegdations, were
also presented.

i) Basic Theory:
The engine torqud, is given by [4]

T=WR, (2)
wherel/ is the brake load in Newton aRts the torque arm in metres.

The actual power available at the crank shaftesdtake powerB,, given by

NT
Bp = 113_0 3)

where,Nis the engine speed in revolution per minute.

The brake mean effective pressuBMEP) is the mean effective pressure which would haseetbped power
equivalent to the brake power if the engine weiifnless, and for a four stroke engine is givgni4j

BMEP= 222 (4)

VsNn
where,n is the number of cylinders agis the swept volume.
The brake thermal efficienayy is the ratio of the brake power to the power siggpby the fuel);, and is given

by

nr= % (%)
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And
Qin = MsQLy (6)
where,m, is the mass flow rate of the fuel aigl, is the lower calorific value of the fuel.

The specific fuel consumptioisC) is the total fuel consumed per kilowatt powereleped and it is given by [4]

_3600my
R

SC (7)

ii) Torque Gain:
Increase in compression ratio induces greaterrtgraffect on the cylinder crank [6]. That meang tha engine is
getting more push on the piston, and hence mouéoirs generated. The torque gain due to compresaiio
increase can be given as the ratio of a new corsipresatia newr,) to the old compression rat{old r.)given by
[8]

ewrc 0.4

Torque gain/loss = (ot (8)

oldrc

MATERIALSAND METHODS

i) The Test Engine:

The Ricardo variable compression ratio engine wlitlect current electric dynamometer is a four straokater-
cooled single cylinder petrol engine. It has a #&2cylinder bore and 111.1mm stroke, giving a swepime of
506,399nm?>. Variation of the compression ratio was achievgddising the cylinder head up in order to decrease
the compression ratio and by lowering it down toréase the compression ratio.

i) Theoretical Determination of Performance Char acteristics:

In the cylinders the combustion process takes pland converts the chemical energy in the fuel eximnical
power. Ideally, all the heat stored in the fuel rbayconverted to power; in that case the delivemser is given by
taking the product of the heating value of the fug@l,, and the fuel mass flown,, through the cylinders. However
there will be losses during the energy conversibuas it will be multiplied with the brake thermdfieiency, ngr
[2]. Thus,

Bp =nprQrvms 9

If equations (3) and (9) are equated, an equatothk relation between the engine torque and fitmssate of the
fuel is developed as

30 Qry my
TN

T= npr (10)

If the whole process is approximated to an Ottdecyaultiplied by a constant, the brake thermalcédficy can be
calculated by [2]

Nor =k (1 -~=) (11)

c

K in equation (11) is a constant and it is introdubedause in equation (1), energy losses due tamplate
combustion, heat transfer from gas to cylinder svatid timing losses have been neglected. Thustieqya0) then
becomes

K (g Ly 300umy
T (12)

N
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The values foK (from 1100 to 1600rpm in increment of 100rpm) wdetermined experimentally for a reference
compression ratio of 7 using equation (12). Thetbécal torque gain for compression ratios 5,,688 @and 9 were
calculated by means of equation (8). The theorelicake power, brake mean effective pressure, bth&emal
efficiency and specific fuel consumption were cidted by means of equations (3), (4), (5) and €gpectively.

iii) Experimental Determination of Performance Characteristics:

The brake load was measured through a dynamomgteebollowing procedure:

The engine was motor-started when the transformeer switched on by a switch gear (lever). The matathis
point becomes the load to the engine and it abstiogngines power (as a dynamometer). The torguenas
measured; the brake load and time taken for 50mtheffuel to be consumed were taken and recorded. T
experimental values for the engine torque, brakeeppbrake mean effective pressure, brake therffieiemcy and
specific fuel consumption were similarly calculatgdequations (2), (3), (4), (5) and (7) respedyive

iv) Error Analysis:
The percentage errors in the performance charsiitsrivere calculated by the following equation [2]

Error = Theoretical value—Experimental value x 100% (13)

Experimental value

RESULTSAND DISCUSSION

Figures 1 to 4 are the experimentally obtained lggafor the brake power, brake thermal efficienagkle mean
effective pressure and specific fuel consumptioomfrthe Ricardo variable compression ratio engind. te
Comparisons between the theoretical and experiheataes are also shown graphically in figures Btfor the
various compression ratios of 5, 6, 7, 8 and %efwh of the performance characteristics. The graptsented for
the comparisons are for an engine speed of 1500 rpm

From figurel, it is seen that the engine brake paneeases as the compression ratio increases.igkiue to the
increase in brake torque at high compression ratimsease in compression ratio induces greatairtgreffect on
the cylinder crank. That means that the enginevim@ more push on the piston, and more torqueeisegated.
Equation (3) shows that the engine torque is direetated to the brake power.

In Figure 2, the maximum thermal efficiency occdreg compression ratio of 9. By compressing thelavie air
and fuel mixture into a smaller space, with theth®@acompression, causes better mixing and evaiporaif the
fuel. Greater combustion efficiency from increasedmpression ratio means that the combustionefubl pays
greater dividends by more energy release from tle¢ fThe net result is that the increase in enengilable is
greater.

As the compression ratio increases, the fuel méxtisr sufficiently compressed thereby increasing ttrexmal
efficiency, so that less fuel is required to pragltiee same amount of energy. Fuel consumptiordiscesl at higher
compression ratios between 8 and 9.

Table 1.Grand averages of the percentage error

rc | Bp | Mpr (%) | SFC (%) | BMEP
(%) (%)

5 | 0.75] 213 2.57 0.75

6 | 1.64] 1.36 1.38 1.63

7 [ 018] 043 0.69 0.21

8 | 2.29| 3.67 3.86 2.30

9 | 185] 9.89 11.17 1.85

As the compression ratio increases (up to 8 anth®)theoretical brake power increases beyond xpergnental
values (figure 5), which is understandable dueréziical losses. In figure6, as the compressido ratreases, the
theoretical thermal efficiency decreases below é¢xperimental value. It means that the theoretibarmal
efficiency was underestimated for compression rhggond 7. Similar trends are obtained for the ifigefuel
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consumption and the brake mean effective presdigneds 7 and 8). Increase in the compression rgtito 8 and
9, increases the fuel consumption and brake mdaatiek pressure increases beyond the experimealizés.

The errors in the theoretical performance charesttes of the engine were evaluated and are shavatble 1.
Tablel shows that the percentage discrepancy bettheetheoretical and experimental values rangeh 10.18 to

2.29% for the brake power, 0.43 to 9.89% for thakbrthermal efficiency, 0.69 to 11.17 % for thecéfe fuel
consumption and 0.21 to 2.3% for the brake meagttiffe pressure.
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Figure 1. Variation of brake power with compression ratio for different engine speeds.
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Figure 2. Variation of brakethermal efficiency with compression ratio for different engine speeds.
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Figure 3. Variation of brake mean effective pressure with compression ratio for different engine speeds.
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Figure 4. Variation of specific fuel consumption with compression ratio for different engine speeds.
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Figureb. Variation of brake power with compression ratio at engine speed of 1500r pm
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Figure 6.Variation of brakethermal efficiency with compression ratio at engine of 1500 rpm
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Figure 7. Variation of the specific fuel consumption with compression ratio at engine speed of 1500 rpm
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Figure 8.Variation of brake mean effective pressure with compression ratio at engine speed of 1500 rpm.
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CONCLUSSION

The general conclusions drawn from the resultdigfriesearch work are as follows:

« Increase in compression ratio on the Ricardo vigiabmpression ratio engine increases the brakepdwake
thermal efficiency, brake mean effective pressureé weduction in the specific fuel consumption. kans that
higher compression ratios make it possible to impritie performance characteristics of spark igniéngines.

« The highest compression ratio corresponding tartagimum brake thermal efficiency and brake powé. is

« The small values of the percentage errors betweertheoretical and experimental values show thettetlis
agreement between the theoretical and experimpatidrmance characteristics of the engine.
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