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ABSTRACT

Aim: Tests were done out to estimate the workabilitl-&, mono cylinder, petrol engine with cuprumtedaengine
[CCE, Cu-(covering a layer of 0.3 mm) layer on fo@rtion of piston, and interior side of head ofingler] attached
oxidizer with sponge iron as oxidizer with differéest fuels of pure petrol, C2ZH50H mixed with pe{B0% petrol) and
CH30H mixed with petrol (80% methanol) and correthtvith base engine (CE) with petrol operation.

Variables of StudyWorkabilityvariables ofengine rotational speed, ratio of compression, BE&T) were changed with
variable BMEP.

Methodology: The products of exhaust CO and UBHC were determimitd variable BMEP. The engine was attached
with oxidizer with sponge iron and manganese orexdizers. Air injection facility was incorporated to oxidizer. The

workability was judged with one oxidizer with otlwdidizer.

Brief Results There was an increase of BTE with C2H50H mixetti weétrol with both versions of the engine. Theas w
rise in BTE with CCE with respect to CE with boxiperimental fuels. Ratio of compression had efieadBTE, while there
was marginal effect on speed. Products of exhaestedised with CH3OH rather than C2H50H, which weftecting on
both versions of the engine. Air spray in to thli@er had great effect in reducing emissions wilhiable experimental
fuels and different shapes of the engine.

KEYWORDS:Petrol Engine, C2H50H, CH30H, CE, CCE, WorkabilBxhaust Products, and Oxidizer
INTRODUCTION

The quantity of automobiles dictates the type @& divilization of any country. Individual transpaquires gasoline
leading to scarcity of the fuel owing to usagetwf fuel by many numbers of persons causing exlwausfi conventional
fuels, the finding of alternative fuels has becaomeeessary apart from utility of these fuels in grofashion which has
been the main target of and scientists equippeld @dtmbustion & research of alternative fuel. Alcishare important
sources as alternative fuels for conventional exgas their thermal properties are matching andesgrat superior to

petrol. If blended in little volumes, there wasmexessity to modify the configuration of the engine
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CO and UBHC, products of exhaust because of partiaibustion of fuel, effect health and cause disd1-6]. Such
substances also cause ill effects on life of bimlaldivings like animal and plant, besides globarming and green-house
effect. If alcohol is substituted for petrol, thetas necessity of checking aldehydes. Aldehydesecaancer. There are
many variables effecting the amount of productexdfaust such as condition of the engine, layotuhefroad, density of
traffic, adoptability of driving etc,. Hence to qupss these products of exhaust is an immediadp.stWide variety of
methods was available to upgrade the workabilityhef engine. Out of which engine Cuprum coating wae simple
method. [7-11], because, Cuprum has a good thezarauctivity, which improved combustion. . Employioxidizer is
one method to regulate exhaust products. [12-18¢ fBduction of CO and UBHC depends on oxidizemghigiratio of
void, oxidizer temperature, flow rate of oxygentatmnal speed and ratio of compression. Rdticompression affects
the workability of the engine.[20-25] along withefumix It further enhanced [26-27] with simultamsochange of
composition of fuel composition and alteration afjme. Alcohols were mixed with petrol and usedCiGE in order to
enhance the workability of the engine. Howeversaentific analysis was available of comparisowlifferent alcohols in

CCE with variation of variables of the engine.

The present paper analyzed the workability of C@iih different test fuels of neat petrol, C2H50H{jml 80%)
and CH3OH (petrol 80%) with different variablesrofational speed, ratio of compression, and caedlavith CE with
pure petrol operation. The product of exhaust CBHG and aldehydes were regulated by oxidizer wiififieicnt

oxidizers of sponge iron and manganese ore andvtbesyy compared with one over the other.

MATERIALS AND METHODS

Figure 1 shows line diagram of tests carried oummttke investigations on CCE with alcohol mixed gletA 4-S, 1-
Cylinder, cooling arrangement by water, petrol eadibrake horse power 3 HP @ 50 rps, which wastethto an power

measuring device.

[1s]

Figure 1. Experimental Set Up
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1. Engine, 2.Power measuring device, 3. Variabéoshat, 4. Discharge deice, 5. Pressure measuewvige] 6.
Air pulsating device, 7. Fuel storage, 8. Directibmalve, 9. Fuel measurement rate device, 10. if@icator, 11 CO
analyzer, 12. Pressure pick-up device 13. Coolmperature indicator, 14.Wter flow meter, 15.ebtional valve, 16.
Flow rate device 17. Oxygen chamber and 18. Oxidireamber 19. Filter, 20. Exhaust gas measuremevitel 21.

Heating coil 22 DNPH solution container.

Ratio of compression of engine was altered (3:)-%ith varied volume of clearance by adjusting thieeel
provided with cylinder head. There was adjustabitif speed of the engine from 35 rps to 50 rps.rifleeouples were
used to determine temperature of exhaust gas dsasebolant temperature. Determination of consionpdf fuel was
done method of burette, while air-box method wasdu® determine air consumption of the engine.atalgtic coated
engine, top portion of piston and cylinder headiser face was coated with cuprum by method ofysipgaof plasma
spraying. A bond coating of CO-Cr-Ni alloy was @pgl (cover, 0.1 mm each) using a 80 kW METCO spuyay of
plasma. Over bond coating, Cu (89.5%), Al(9.5%) &ed(1.0%) were coated (cover 0.3 mm). The codtiag strong
affinity and does not peel off even after 3000 nesuoperation [7]. Workability factors like BTE, EGand VE were
evaluated with varied BMEP of the engine. CO andH@Bemissions in exhaust product of engine wererdeted with
Netel Chromatograph analyzer. DNPH system [15] felewed for assessing aldehydes in the experiméifite product
of the exhaust of the engine was bubbled throughDNPH concentration of solution. The hydrazonesnfed were
titrated into chloroform and were tested by provgdHPLC to evaluate the percentage concentratidarafaldehyde and
acetaldehyde in the product of the exhaust.

A oxidizer [9] (Figure .2) was attached to the eupipe of engine. There was a facility to spragaquantity of
air into oxidizer. Air quantity taken from pressurerease device and sprayed into oxidizer was &ggitonary so that
backpressure will not shoot up. Tests were unllentaan CE and CCE with wide variety of experimeritedls under
varied operating test conditions of oxidizer liket-&, without oxidizer and without air spray; set-Bith oxidizer and
without air spray; and set-C, with oxidizer and hwiir spray. The uncertainty in the instrumentatised in the
experiment is 0.1%.
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Note: All dimensions are in mm.
Figure 2: Details of Catalytic Converter.

1. Oxygen chamber 2. Provision for inlet to oxygdramber from the engine, 3. Provision for inlet gewy
chamber from the pressure —pick up device, 4. Brawifor outlet for oxygen chamber, 5. OxidizerQutermost cylinder,
7. Intermediate-cylinder, 8.Inner most cylindednBer sheet plate, 10.Intermediate sheet plateOlter sheet plate, 12.
Outlet for product of exhaust 13. Catalyst depoaitd, 14. Insulator.
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RESULTS AND DISCUSSION

Performance Parameters

Figure 3 denotes that as ratio of compression raii@d, peak BTE also hiked in two models of thejiea with
experimental fuels at a speed of 50 rps. Work doméhe piston will increase as gases are allowezkpand from lowe
value to higher valuéhere was optimum ratio of compression of 9:1, mmaxin BTE was noticed with experimental fu

in two models of the engine.
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Figure 3: Variation of Peak BTE with Compression Ratio.

From Figure 4, there was increase of peak BTE, wlithnge of speed, at ratio of compression 9:1. (lernze
was affected with change of speed. Catalytic agtiwias improved at higher speeds causing increbbeggber BTE. At

speed of the engine speddb0 rps, maximum BTE was noticed with experimeftels in two models of the engir
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Figure 4: Variation of Peak BTE with Speed of the Engine.

Curves from Figure 5 indicate that there was ingseeaf BTE up to 4.2 bar due to increase in efficietof
conversion of fuel, and beyond 4.2 bar, it decréake= to decrease of mechanical efficiency witheexpental fuels at

ratio of compression of 9:1 and speed of 50 rph Wwitb models of the engir
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Figure 5: Variation of BTE with BMEP of the Engine.

CH3O0H blend improved thermal efficiency with resptcpetrol operation. This is due to improved &nghase

combustion, reduced carbon spljt- losses, increase of ratio of specific heand coolant losses due to lowered

temperatures. Mernumber of moles of working gas of CH30OH affecégh pressures in the cylinder. Air fuel ra

requirement for CH30OH was lower with respect torglebperation. This means large quantity of oxyges available

with combustion of CH30OH. CH3OH containoxygen in its molecular composition, which improvemmbustion. CCl

improved higher BTE with respect to CE with experital fuels at loads, especially at near full lageration, due t

improved combustion with catalytic activi

From Figure 6, it is found that CCE with C2H50H riidegave higher peak BTE with respect CH3OH blen

tow models of the engine, due to its higher calonfilue. The ratio of moles of products to the reactantspiirol anc

alcohols is as follows. [28]
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B CCE-GASOLINE
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15 20 25 30 35w CE-GASOLINE

Peak BTE (%)

Figure 6: Bar Charts Showing the Variation of Peak BTE.
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Reaction of gasoline [28]

1.058 GHyg+ 12.5Q +47 N, -8 CC, + 9 H,O +47 N
(60.5 moles) ®#moles

Reaction of ethanol [28]

1.065 GHsOH + 3G + 11.3 N, — 2C0O, +3 H,0 +11.3 N

(15.3 moles) (16.3 mole:

Reaction of methanol [28].

1.061 CHOH + 1.5 Q@ +5.65 \, -CO;+ 2H,0 +5.65 N

(8.15 moles) (8.65 moles

Consider the fuel to enter the cylinder in liqutdte points to a somewhat enhanced power outpuh &thano

on this rather simple basis..

From Figure 7, it There was increasf EGT with load due to more consumption of ft CH30OH gave lower
value of with respect to petrol operation due t® fliigher latent heat of evaporation, causing ati®orpof gas
temperatures. CCE showed lower value of EGT thanT®is once again conmed that CCE improved performance tl

CE due to its lower heat rejection.
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Figure 7: Variation of EGT with BMEP of the Engine.

From Figure 8, it is noticed that CH30OH gave lowatue of EGT at full load with respect neat petaod
C2H50H. Higher value of heat of evaporation of CHBEntributed lower value of EGT at full log
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Figure 8: Bar Charts Showing the \ariation of EGT at Peak Load Operatior.

Figure 9 finds that there was decrease of volumefficiency (VE) with load, due to increase of gasiperature
because of consumption of fuel. CH3OH recordeddvigfE with respect to petrol operation in twwodels of the engine
due to hike of mass and density of air with deaeafsthe temperature of air due to high heat opevation of CH30H
CCE exhibited higher VE at all loads with respexiGE with experimental test fuels, due to decredser-burnt fuel

convention at combustion chamber wa
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Figure 9: Variation of VE with BMEP of the Engine.

From Figure 10, it is noticed that CH30OH blend i€E showed marginally increase of VE with respec

C2H50H in the same configuration of the engine, uaigher heat of evaporatiol
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Figure 10: Bar Charts Showing the Variation of Volumetric Efficiency at Peak Loac.
Exhaust Emissions

From Figure 11, there was a decrease of CO emsssiith decrease of ratio of compression, due te bikEGT causin

oxidation of CO emissions in the exhaust blow pipmlifying CO to CO2. Similar tendencieiere narrated earlier. [26].
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Figure 11: Variation of CO Emissions with Compression Rtio in Both Versions of theEngine.

Curves from Figure 12 showed that CH30OH blend redu€O emissions at all loads with respect to p
operation on CCE and CEs there were no fi-cracking reactions with CH30H blend. The exhaustipct of CH3OF
is water vapor than free carbon atoms as CH3OHdblters lower C/H ratio of 0.25 versus 0.44 of pet@H30OH blenc
has O2 in its structure and lower theoretical uel ratios. Hence, more O2 was available for cotiuswhich caused fc
the reduction of CO emissions. CCE decreeCO emissions with respect to CE. Cuprum promotasbemstion anc
produced the formation of G@nstead of CO
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Figure 12: Variation of CO Emissions with BMEP of the Engine.

From Figure 13, it is noticed that CO emissionsenarserved to be marginally less with CH30OH witbpest tc
C2H50H at full load operation on two models of #mgine. Lower value of C/H ratio of CHH blend dictates reduction

of CO emissions.

m CCE-GASOHOL

m CE-GASOHOL

m CCE-METHANOL
BLENDED GASOLINE

m CE-METHANOL BLENDED
GASOLINE

B CCE-GASOLINE

0 05 1 15 2 25 3 35 4
m CE-GASOLINE

€O (%)

Figure 13: Bar Charts Showing theVariation of CO Emissions at Peak Loa.

From Figure 14, there was a decrease of UBHC eomisswith increase of speed due to improved turlma

causing efficient combustion.
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Figure 14: Variation of UBHC Emissions with Speed of the &gine.

Figure 15 showed thatBHC emissions followed the similar trend as CO ssiains of both models of the eng
due to increase of speed of the flame speed witinged catalytic activity and reduction of creviadume with CCE
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GO0
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Figure 15: Variation of UBHC Emissions with BMEP of the Ehgine.

From Figure 16, it is noticed that that UBHC enussi at full load operation were observed to be towih
CH3O0OH blend with respect to C2H50H at full load @ion on two models of the engi Good combustion with

CH3O0H blend making no participation of fuel in dieas of components of combustion chamt
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Figure 16: Bar Charts Showing the Variation of UBHCEmissions with BMEP of the Engine.

Catalytic Converter

From Table-1, it is noticed that Set-B operatioerdased CO, UBHC and aldehyde levels, while Sets@ér reduced
CO, UBHC and aldehyde levels at full load in twodels of the engine with experimental fuels.

Table 1: Data of Exhaust Emissions

Set-A | 375 35',7 30 | 30| 281 21'8 19| 19| 26| 26| 1d 18
CO (%) Set-B | 2.25 29'37 18 22'2 1.54 261 14| 15| 15| 2024 11 135
Set-C | 15 168 12 1i5 0.98 144 07| 10| 08| 111 05 o085
SetA | 500] 500 375] 376 350 330 208 228 320 320 2085 2
UBHC (ppm) | SetB | 300] 360, 206 265 165 270 1B0 197 135 1495 [1065 11
Set.C | 200 240 105 145 122 180 80 131 90 130 |65 105
Fomidomde | SCA | 65] 65 45 45 14 12 90 90 f0. 10 90 90
o Concemrgﬂon) SetB | 45| 49| 25| 29 56 61 51 56 13 748 B46 b
SetC | 25| 29| 15 1.9 48 54 34 38 42 46 033 B

Set-A | 55| 55| 35| 383 10 1( 666 66 14 14 .1 9.1
1 5.9.4

Acetaldehyde Set-B | 35| 40 25| 27 47 5p 34 39 93 98 6
. .
(% Concentration) | ¢, ~ | 15 19| 1.0 059 37| 41| 23| 27 44 45 25 31

S= Sponge iron, M= Manganese ore, Set-A= withoidiz&r and without air spray,
Set- B= with oxidizer and without air spray
Set- C= with oxidizer, with air spray CE= Convenbengine, CCE= Copper coated engine
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Improved combustion with CH30OH blend and C2H50HtIbeside with oxidizing activity reduced CO levels
in CCE. However, alcohol blended petrol increasleidlayde emissions drastically with respect to mpetol operation.
But CCE reduced aldehyde emissions with respe€Ho This is due to faster rate of combustion angrawed heat
release rate so that intermediate substances otilb& accumulated. C2H50H blend increased acétgdigelevels, while
CH3O0H blend hiked formaldehyde levels.

CONCLUSIONS
A. On the Basis of Test Fuel

C2H50H blend improved BTE, EGT at full load, wh@®@H50H blend improved volumetric efficiency at fidad , CO
levels at full load, UBHC at full load. Howevergte alcohol blends increased drastically aldehseked.

B. On the Basis of the Model of the Engine

CCE improved BTE, at full load-EGT, Volumetric efency, CO levels, UBC levels, Aldehyde levels amparison with
CE

C. Speed of the Engine
Higher speed (50rps) improved workability paranetard product of exhaust.
D. Ratio of Compression

Lower ratio of compression reduced products of aghawhile higher ratio of compression improved kednility

parameters
E. Oxidizer
Set-B; Set-B operation improved products of exhthest Set-A

Set-C: Set-C operation improved product of exhthest Set-B
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