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PREDICTION OF HC & NO x EMISSIONS OF MAHUA OIL IN VCR DIESEL ENGINE
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ABSTRACT

Due to modernization and faster industrializati@sults increase in use of vehicles and enginemareased, but
facilitated with only limited energy sources. Thituation leads to seek an alternative fuel forieesgy Vegetable oils offer
an advantage of comparable fuel properties witlsalieDue to considerable pressure on edible oilsdia, short term
performance of diesel engine was evaluated usingusl®il as a fuel and its blends with diesel. Isvi@und that Mahua
oil could be easily substituted up to 20% in diesgthout any significant difference in power outpaind thermal
efficiency. The performance of engine with Mahu& [dends improved with the increasing compressiatior from
12:1 to 18:1. Alternate fuels should be economjcalitractive in order to compete with currently disessil fuels.
In this work, biodiesel (Ethyl ester) was prepafedn Mahua oil. Ethyl alcohol with potassium hydiad as a catalyst
was used for the transesterification process. Tibdidsel was characterized by its physical and fueperties including
density, viscosity, flash point according to ASTMredards.

The emissions evaluation of a single cylinder feuioke VCR diesel engine has been done when fuelléd
different blends of diesel and biodiesel made ohMaoil. It was found that HC and NOx emissionspfjine slightly

decreases and with the increase in percentag@diesel.
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INTRODUCTION

Recent years high activities can be observed irfidte of alternative fuels, due to supply of pédtam fuels
strongly depends on a small number of oil exportaoyntries. Biodiesel and alcohol are being comsidieto be
supplementary fuels to the petroleum fuels in Indliiaese biofuels are being looked to provide empleyt generation to
rural people through plantation of vegetable digdiesels are derived from edible oils and norblediils such as
Jatropha, Pongamia, Mahua, Cottonseed, Soy beam N&unflower, Rapeseed, Palm etc. Cotton SeefCSD) was the
first commercial cooking oil in many countries bubas progressively lost its market to other vabkt oils that have
larger production and less cost. With the actiseaeches on biodiesel production from vegetab# thikre is a promising
prospective for the cottonseed oil as a feedstackbfodiesel production, which may enhance the ilitgbof the
cottonseed industry. Mahua oil is obtained from #eeds of Madhuca Indica, a deciduous tree whichgraw in
semi-arid, tropical and sub-tropical areas. It ggaaven on rocky, sandy, dry shallow soils and &déer water logging
conditions.Direct use of vegetable oils or animaisfas fuel can cause numerous engine problemsplbke fuel
atomization, incomplete combustion and carbon dépaosformation, engine fouling and lubrication @bntamination,
which is due to higher viscosity. Hence the visgosf vegetable oils can be reduced by several agsttwhich include
blending of oils, micro emulsification, crackingyrolysis and transesterification. Among this testsrification is widely

used for industrial biodiesel production.
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Mahua Seeds

Mahua seeds contain about 40% pale yellow semitstdi. The seed oil is commercially known as
‘Mahua Butter’. The oil content of the seed vaffiesn 33 to 43% of the weight of the kernel and Maluil is by far the

most important of the tree seed oils. Fresh Matiluacon properly stored seeds is yellow in colotiwan unpleasant taste.

Reasons for Choosing Mahua Oil as an Alternate Fuel

Wood of Mahua tree is hard and heavy, good fueldya@alorific value of sapwood is 4890-4978Kcal/ktda
heart wood 5005-5224Kcal/kg. Flowers yield alcolwbich can be used as engine fuel. Mahua flowedgialcohol 340
litre/tone flower. Fruit pulp may also be used fidcohol production. Seed cake with cattle dungdgebiogas and
fertilizers. Bio diesel from Mahua seed is impotthacause most of the states of India is found daunthy. Mahua seed
contain 30-40 percent fatty oil called Mahua olheTMahua tree starts bearing seeds from seventtof/etanting. Mahua
seed oil is a common ingredient of hydrogenatedrfdhdia. It is obtained from the seed kernels &nd pale yellow,
semi-solid fat at room temperature. It is also usethe manufacture of various products such ap soal glycerine.
The properties of the Mahua Oil were found to b#hiwithe biodiesel limits of various countries. lderthe Mahua Oil

can be used as a substitute for diesel, for swudikErdevelopment of rural areas and as a reneviaddle

Table 1: Composition of Mahua QOil

Palmitic Acid 24.5%
Stearic Acid 22.7%
Oleic Acid 37.0%
Lionolic Acid 14.3%
Unsaponifiable matter| 1.5%

Table 2: Fuel Properties of Mahua QOil

Property Diesel Esterified Mahua Oil
Kinematic Viscocity(cst) 3.8 2
Flash Point{C) 72 75
Fire Point {C) 75 78
Density (kg/m) 830 901
Calorific Value (kJ/kg) 42500 38900

LITERATURE REVIEW

[1]The cold point is higher, indicating problemstbifckening or even freezing at low ambient tempees. It is
evident that vegetable oils are much less volahit diesel. This makes their slow evaporation wingected into the
engine. Vegetable oils have cetane numbers of @t 50 depending on their composition. [2] Lehm& al. obtained
high ester conversion with a 6:1 M ratio of metHanovegetable oil. In the process of peanut diéescation, the 6:1 M
ratio liberated significantly more glycerol thanett83:1 M ratio. These investigators also found thigcerol yields
increased from 77% to 95% as the sodium hydroxidalyst increased from 0.2% to 0.8% at the 6:1 tibré&atty ester is
the major product, and glycerol is the by-prod@tHRamesh et al. investigated the performance giba plug-assisted
hot surface ignition engine using methyl estericd bran oil as fuel. Normal and mnemonic crowrigris were used for
their tests.[4] Panwar et al. conducted an experirmesingle-cylinder variable compression ratiesdil engine at different
loads. The engine performance for castor methygrests investigated. The lower blends of biodiéseleased break

thermal efficiency and reduced fuel consumptior]. Jldal et al. studied about the comparison offggerance and
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emission characteristics for different compressatins along with injection pressure, and the Ipesisible combination
for operating engine with Jatropha methyl ester heen found. [6] Monyem and Van Gerpen conductgkiments to
characterize the effect of oxidized biodiesel ogiea performance and emissions. They used metlygtsdor testing a
John Deere turbocharged direct-injection dieselrenfy] Ishikawa et al. performed early injectioB® on an engine and
a vehicle at low load operating conditions usinghhEGR rates.[8] Murata et al. reported a 60% reédadn both NOx
and PM with a very minute increase in fuel consuompin a single-cylinder engine. They used earlgl fimjection with
high EGR rates and reduced ECR by intake valvergo@VC) modulation. The model was validated agaidifferent
operating points using engine data from Cumminsaddition, the model was also validated with daitanfa second
engine of similar make at Purdue University's Hirtiaboratories. This model will be used here fa simulation study.

After reviewing the listed papers Mahua oil is atsost prominent for improving emission charactearssof diesel engine.

EXPERIMENTATION

Preparation of Biodiesel

Bio-diesel is prepared to reduce the viscosity ibland ready usage in diesel engine for emissioaguation.
The problems with substituting triglycerides foresl fuels are mostly associated with their higbcasities, low
volatilities and polyunsaturated character. Theme lze changed in at least four ways: Pyrolysis,rdd@mulsification,
Dilution and Trans-esterification

Trans- Esterification

The most common way of producing biodiesel is thagesterification of vegetable oils and animad {é&t 8-11].
Oil or fat reacts with alcohol (methanol or ethgndlhis reaction is called transesterification. Thaction requires heat
and a strong catalyst (alkalis, acids, or enzymes)chieve complete conversion of the vegetabléntdl the separated

esters and glycerin.

Chemistry of Trans-Esterification Process

CH,COOR CH,OH KEOOR
| | I
CHCOOR + 3ROH&-------- > CHOH + £OO0R
| | |
CH,COOR CH,OH FEOOR
(Triglyceride) (Alcohol) (Glycerin) (Biodiesel)

Transesterification Mixture

The following Proportions used for the preparatdmio-diesel: Mahua oil (1 litre), Methanol (200)nand Lye
(KOH or NaOH) (5gms).

Manufacturing Process

Mahua oil is filtered to remove solid particles.Miahoil is then heated upto 100°C to remove moisture

content.Exact quantity of Potassium Hydroxide(KG#§o known as Lye, is then thoroughly mixed in raeth till it
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dissolves completely to get potassium methoxide. s mixture is stirred for about 50-60 minutesl @multaneously
heated below the flash point temperature. It is thitowed to settle for 24 hours.Bio-diesel will foaemed at the top of the
container and all the high denser particles wilfdrened as the by-product (glycerine) is removedrfbottom.Bio-diesel
fraction is then washed and dried, and then chetéieduality. In trans-esterification, KOH and Matiol are mixed to
create potassium methoxide "(KCH;0). When mixed in with the oil this strong polarnided chemical breaks the
trans-fatty acid into glycerine and ester chairis-fhesel), along will some soap if you are notefal. The esters become

methyl esters. They would be ethyl esters if rahutith ethanol instead of methanol.
Processes In Detail

Pre-treatment (removing of moistufEjans-esterificatiojsettling and separation
Pre-Treatment

Oil is first heated to remove moisture contentcesimvaste oil will probably contain moisture, whican slow
down the reaction and cause saponification (soapdtion). Temperature is raised to 100 degreedldw @ny water to
boil off.

Figure 2: Transesterification Process

Transesterification

During transesterification process the requiredhaion of the stirrer stirring rpm was to be mained within

0
the range of 550-700 rpm. It was observed thatéheired temperature range of water atB®as achieved within 10-15

min and then reaction temperature is remained anhshroughout the transesterification processrebme in process

0 0
temperature beyond 85 will cause formation of vapours of methyl alcghmtcause it boils above T™temperature and

therefore reaction would be altered. Further ineeem the speed of stirring would disturb the psscey excessive

0
splashing in the transesterification process. Thege the process parameters, such as constarihdnest 60C and
550-700 rpm were recommende&kttling and Separation Allow the solution to settle and cool for at leaght hours,
preferably longer. The methyl esters (bio-diesell) e floating on top while the denser glycerindl\lwave congealed on

the bottom. Then carefully decant the bio-diesel.
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Properties of Mahua Oil Methyl Ester

Experimental Test Rig

Viscosity 2 cst
Calorific value 38900 kJ/kg
Flash point 75°C
Fire point 78°C
Density 901 kg/m

The setup consists of single cylinder, four strokiyti-fuel, research engine connected to Eddy entritype

dynamometer for loading. The compression ratio lbanvaried without stopping the engine and withdtgrimg the

combustion chamber geometry by specially desigitaigt cylinder block arrangement. The basic prpieiof the tilting

cylinder block assembly is as shown in Figure. When CR is to be reduced the block is tilted sd tha clearance

volume increases and swept volume remains a cdnstan

Table 3: Engine Specifications

Type Research engine test set up singlecylinder,4-stMER engine
Configuration | Naturally aspirated, water cooled, direct injection

Rated power | 3.5 kW @ 1500 rpm

Fuel used Diesel

Bore 87.5mm

Stroke length | 110mm

Compression | 451 5 18:1

ratio range

Dynamometer | Eddy current, water cooled, with loading unit.

(- i P e Y

Figure 3: Variable Compression Ratio(VCR) Engine Tst Rig

Experimental Procedure

Before starting the engine we must ensure thagtigéne should be in no load condition.

» Check the fuel level, lubrication oil and waterelfsupply of the engine

» Start the engine by self ignition.

e Check the compression ratio of the engine by coasiwe ratio indicator.

e By gradually increasing loads (0 to 12 kgs) ataasicompression ratios (18-12) note the valuepeéd, time to

consume 10ml of fuel.

* From the above valves we will calculate emissiorapeters.
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» Repeat the steps 5 and 6 with various blends ofligisel.
Compression Ratio Adjustment
It is the ratio of total cylinder volume when thistpn is at the bottom dead centre to the clearaolene.

The tilting cylinder block arrangement consistsadiiting block with six Allen bolts, a compressicatio adjuster
with lock nut and compression ratio indicator. Betting a chosen compression ratio, the Allen baésto be slightly
loosened. Then, the lock nut on the adjuster Isettoosened and the adjuster is to be rotatedt ta seosen compression
ratio by referring to the compression ratio indicaand to be locked using lock nut. The Compres$tatio can be
identified by the threads on the Compression Ratdcator. Finally all the Allen bolts are to beghitened gently.

The compression ratios considered for conductiegettperiments are 12, 14, 16 and 18.

Figure 5: Compression Ratio Indicator

Exhaust Gas Analyzer

Exhaust emissions of an IC engine are unburnt loatbmns (HC), oxides of carbon (CO and ;@xides of
Nitrogen (NO and Ng), oxides of Sulphur (S£and SQ), Particulates, soot and smoke. HC emissions auset! by wall
deposit absorption, oil film absorption, crevicduroe. CO emission is caused when there is not dnoxggen to convert
all carbon to C@ NO, is created mostly from nitrogen in the air. Niteogcan also be found in the fuel blends.
An instrument used to analyze the chemical comijpositf the exhaust gas released by a reciprocatimgine is called

exhaust gas analyzer. The instrument measuresotheeistrations of Carbon monoxide (CO), Carbon Riex{(CQ)
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and Oxygen (@ in percentage, Hydrocarbons (HC), Nitric OxideO® in PPM. The technical specifications of the
exhaust gas analyser are given in table 3.1

Technical Specifications of Exhaust Gas Analyzer

Gases Measured Carbon Monoxide, Hydrocarbons, Carbon dioxide, @xydNOX.
Non-Dispersive Infrared Sensors for CO, £8BC and Electrochemica

Principle sensors for g NOx.
Start-up Time 2 minutes from power ON. Full accuracy in 3 minutes
Gas Flow Rate 500 — 1000 ml/ min.

S.S. Probe, PU Tubing with easily detachable caongcwater
separator come filter, disposable particulate filber.
Temperature : 5 to 45°C,Pressure : 813 to 1060-hamnidity: 0-90%

Sample Handling System

Operating conditions

Figure 6: Exhaust Gas Analyzer

When the probe is inserted into the exhaust pipth@fengine the exhaust gas is passed througha mesh
screen. The screen filters the soot and dust pestafter which it is allowed to pass through @ ffibre element which
filters the entire gas for any foreign particlesfteA this, the clean and cool sample gas entersditect sensor
measurement through a filter arrangement and thdings are displayed on the screen and are reco@eskrvations
mentioned below while conducting the experimentriMes graphs have been plotted between differerdrpeters in

order to obtain a comparision between pure diesgharious blends of bio-fuel by varying CR.
RESULTS -TABLE OF READINGS

Table 4: HC Emission AT CR 18
Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0

14 10 11 9 8

3 8 8 7 13 13
6 12 18 28 9 14
9 9 23 28 12 15
12 11 29 23 20 22

Table 5: HC Emission AT CR 16

Load(kg) PD | 5BD | 10BD | 15BD | 20BD
0 22 51 10 46 22

3 20 28 13 25 15
6 13 20 10 17 14
9 11 14 10 13 11
12 9 17 14 25 38
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Table 6: HC Emission AT CR 14

Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0 11 105 114 106 30
3 7 71 30 23 18
6 15 33 23 26 29
9 15 17 20 20 31
12 15 38 34 26 39
Table 7: HC Emission AT CR12
Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0 130 313 10 109 167
3 38 120 74 27 96
6 18 30 31 26 53
9 10 28 26 23 40
12 8 48 56 30 47
Table 8: NO, Emission AT CR 18
Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0 355 | 460 512 409 409
3 716 716 669 716 716
6 716 673 670 716 716
9 716 716 670 716 716
12 716 666 648 716 716
Table 9: NO, EmissioN AT CR16
Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0 102 51 95 24 302
3 716 358 409 204 716
6 716 716 669 716 716
9 704 716 670 716 716
12 716 716 669 716 665
Table 10: NOQ, Emission AT CR 14
Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0 51 50 51 49 109
3 50 105 102 101 453
6 527 566 669 563 715
9 716 714 670 716 670
12 716 668 670 716 667
Table 10: NQ, Emission AT CR 12
Load(kg) | PD | 5BD | 10BD | 15BD | 20BD
0 14 145 112 50 46
3 30 349 102 100 59
6 600 358 667 716 314
9 716 668 669 671 665
12 716 669 671 704 708
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5 HC & NOx Emissions Graphs
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CONCLUSIONS

The study aims to evaluate the suitability of udigdiesel as an alternative fuel in VCR enginep&imental
investigations were carried out on the HC & NOx &siun characteristics of the engines. The followéngclusions are
drawn from the investigations: The HC emissions 4reppm at the compression ratio of 12 and 22 pprthe
compression ratio of 18 for maximum load. Fromghaphs, it is observed that the NOx emissions dterdied Mahua oil
is higher with the increase in compression ratigs bbvious that for higher compression ratio, Nowissions are higher
than that of low compression ratio. The reasonhigher NOx emission for easterified Mahua oil ig thigher peak
temperature. The Nox emission for easterified Mabilat the compression ratio of 18 is 716 ppm aiximum load.
The HC emissions of the VCR engine slightly deaeeass the use of bio-Diese.and as the load andresgipn ratio
increases the emissions. From the above conclysiasgproved that the biodiesel could be usedraslternative fuel in

VCR engine without any engine modifications.
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