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ABSTRACT

Investigations were carried out to study exhausssions of a low grade low heat rejection (LHR)sdileengine
with ceramic coated cylinder head [ceramic coatihthickness 500 microns was done on inside poriocylinder head]
with different operating conditions [normal tempera and pre-heated temperature] of linseed bietliesth varied
injector opening pressure and injection timing. &xt emissions of particulate emissions and nitrapeéde (NQ) levels
were evaluated at different values of brake me#act¥e pressure (BMEP) of the engine. Comparatiuelies were made
with conventional engine (CE) with biodiesel andoalith mineral diesel operation with similar wargi condition.
Particulate emissions decreased while, N&vels increased with engine with LHR combustitiamber with biodiesel in
comparison with CE.
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INTRODUCTION

Vegetable oils are promising substitutes for didsel, as they are renewable in nature and pragserie
comparable to diesel fuel in scenario of depletibfossil fuels and ever increase of fuel pricetnternational Market and
increase of pollution levels with fossil fuels. Tidea of using vegetable oil as fuel has been ardom the birth of diesel
engine. Rudolph diesel, the inventor of the endiva bears his name, experimented with fuels ranfiom powdered
coal to peanut oil and hinted that vegetable oiulddoe the future fuel [1]. Several researchersexrpented the use of
vegetable oils as fuel on conventional engines rapdrted that the performance was poor, citinggieblems of high
viscosity, low volatility and their polyunsaturatetiaracter. [1-3].These problems can be solvesteoesextent, if neat
vegetable oils are chemically modified (esterified)bio-diesel. Experiments were conducted on cotieeal diesel
engine with biodiesel operation and it was repotted biodiesel increased efficiency marginally aledreased particulate
emissions and increased oxides of nitrogen.[4—B¢ drawbacks (high viscosity and low volatility) lsibdiesel call for

LHR engine which provide hot combustion chamberbfiaming these fuels which got high duration of baistion.

The concept of engine with LHR combustion chamlsetoi minimize heat loss to the coolant by providing
thermal insulation in the path of the coolant thgréncreases the thermal efficiency of the engi®everal methods
adopted for achieving LHR to the coolant are ingsteramic coatings on piston, liner and cylindead (low grade LHR
combustion chamber) ii) creating air gap in theégrisand other components with low-thermal conduitstimaterials like
superni (an alloy of nickel), cast iron and mildedtetc. (medium grade LHR combustion chamber)iigncbmbination of

low grade and medium grade LHR combustion chamésulted in high grade LHR combustion chamber. ltigatsons
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were carried out on engine with low grade LHR cosilmn chamber with neat diesel operation and it regperted that

ceramic coatings provided adequate insulation emtaved brake specific fuel consumption (BSFC)8[[7—

Studies were made on ceramic coated diesel engirts biodiesel and reported that performance was
comparable, particulate emissions decreased witlligldlvels increased in comparison with neat dieseraton on CE.

[9-11] However, comparative studies were not maitle meineral diesel operation working on similar ddions.

The present paper attempted to study exhaust emgssif engine with LHR combustion chamber which
contained ceramic coated cylinder head fuelled ditferent operating conditions of linseed biodleseh varied injector
opening pressure and injection timing and compawiti CE with biodiesel operation and also with nmalediesel

operation working on similar working conditions.

MATERIAL AND METHOD
Preparation of Biodiesel

The chemical conversion of esterification reducetasity four fold. Linseed oil contains up to 70(94.) free
fatty acids. The methyl ester was produced by cbeliyi reacting crude linseed oil with methanol ve tpresence of a
catalyst (KOH). A two-stage process was used fer ¢Bterification of the crude linseed oil [12]. Thiest stage
(acid-catalyzed) of the process is to reduce the fatty acids (FFA) content in linseed oil by afitation with methanol
(99% pure) and acid catalyst (sulfuric acid-98%efpun one hour time of reaction at 55°C. Molaragatf linseed oil to
methanol was 9:1 and 0.5% catalyst (w/w). In theoed stage (alkali-catalyzed), the triglyceridetipor of the linseed oil
reacts with methanol and base catalyst (sodiumdxydie—99% pure), in one hour time of reaction &30 form methyl
ester (biodiesel) and glycerol. To remove un—rehntethoxide present in raw methyl ester, it isfieadiby the process of

water washing with air—bubbling. The propertieshaf Test Fuels used in the experiment were presémfEable-1.

Table 1: Properties Test Fuels

Test Fuel Vlsgcg,gy - Specifigs(géavity at Cetane Number Calorkifi/ckVaIue
(Centi-Stroke) (i)
Diesel 2.5 0.82 51 42000
Biodiesel (BD) 3.7 0.90 55 41000
ASTM Standard ASTM D 445 ASTM D 4809 ASTM D 613 A9 7314

Experimental Set-Up

Partially stabilized zirconium (PSZ) of thicknes805microns was coated on inside portion of cylindead.
Experimental setup used for study of exhaust eonisson low grade LHR diesel engine with linseediigisel in Figure 1
The specification of the experimental engine isvaihin Table 2 The engine was connected to an éedynamometer
(Kirloskar make) for measuring its brake power. Byrometer was loaded by loading rheostat. The ribtwspirated
engine was provided with water-cooling system incltoutlet temperature of water is maintained &C80y adjusting the
water flow rate. Injector opening pressure was gedrfrom 190 bar to 270 bar using nozzle testingcge The maximum
injector opening pressure was restricted to 270dbarto practical difficulties involved. Injectidiming was changed by
inserting copper shims between pump body and erfganee. Exhaust emissions of particulate matterratrdgen oxides
(NO,) were recorded by smoke opacity meter (AVL Indid7) and NQ Analyzer (Netel India; 4000 VM) at various

values of BMEP of the engine.

Impact Factor (JCC): 3.2766 Index Copernicus Value (ICV): 3.0
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1. Engine, 2. Electical Dynamo Meter, 3. Load BoX. Orifice Meter, 5. U-Tube Water Manometer, 6. AirBox,
7. Fuel Tank, 8, Three Way Valve, 9. Burette, 10.)haust Gas Temperature Indicator, 11. AVL Smoke Metr,
12. Netel Chromatograph NOx Analyzer, 13. Outlet jaket Water Temperature Indicator, 14. Outlet-JacketWater
Flow Meter,

Figure 1: Experimental Set-up

Table 2: Specifications of the Test Engine

Description Specification
Engine make and model Kirloskar (India) AV1
Maximum power output at a speed of 1500 rpm 368 k
Number of cylinders xcylinder positionx stroke On¥ertical position x four-stroke
Bore x stroke 80 mm x 110 mm
Engine Displacement 553 cc
Method of cooling Water cooled
Rated speed (constant) 1500 rpm
Fuel injection system In-line and direct injection
Compression ratio 16:1
BMEP @ 1500 rpm at full load 5.31 bar
Manufacturer’'s recommended injection timing an@édapr opening pressune27°bTDC x 190 bar
Dynamometer Electrical dynamometer
Number of holes of injector and size Three x 0.25 mm
Type of combustion chamber Direct injection type

Operating Conditions

The different configurations used in the experimmdaoh were conventional engine and engine with LHR
combustion chamber. The various operating conditiofi the vegetable oil used in the experiment weoemal
temperature (NT) and preheated temperature (P3liei temperature at which viscosity of the vedetalh is matched to
that of diesel fuel, 8C). The injection pressures were varied from 190tba270 bar. Various test fuels used in the

experiment were biodiesel and diesel.

RESULTS AND DISCUSSIONS
Fuel Performance
The optimum injection timing was 3bTDC with CE, while it was 300TDC for engine with low grade LHR

combustion chamber with mineral diesel operatiqri[j.

From Figure 2, it is observed CE with biodieseP@ bTDC showed comparable performance at all loadstdu
improved combustion with the presence of oxygerembompared with mineral diesel operation on CEfabTDC. CE

with biodiesel operation at 2BTDC decreased peak BTE by 3%, when compared éeHoperation on CE. This was
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due to low calorific value and high viscosity obbiesel. CE with biodiesel operation increased BifEll loads with
advanced injection timing, when compared with CEhvidiodiesel operation at 2B6TDC. This was due to initiation of
combustion at early period and increase of resitie@ of fuel with air leading to increase of pgalessures. CE with
biodiesel operation increased peak BTE by 7% ad@imum injection timing of 31bTDC, when compared with diesel
operation at 27bTDC.
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Figure 2: Variation of Brake Thermal Efficiency (BTE) with Brake Mean Effective
Pressure (BMEP) in Conventional Engine (CE) and wit Various Injection
Timings at an Injector Opening Pressure of 190 Bawith Biodiesel
Curves in Figure 3 indicate that LHR version of thegine at recommended injection timing showed the
improved performance at all loads compared withv@th pure diesel operation. High cylinder temperasuhelped in
improved evaporation and faster combustion of tre injected into the combustion chamber. Reduatibignition delay
of the vegetable oil in the hot environment of tHéR combustion chamber improved heat release ratesefficient
energy utilization. The optimum injection timing svéound to be 3®TDC with LHR combustion chamber with different
operating conditions of biodiesel operation. Sitise hot combustion chamber of LHR combustion chambduced
ignition delay and combustion duration and heneegjitimum injection timing was obtained earlierhlitHR combustion

chamber when compared to conventional engine Wwélbtodiesel operation.

35 J’\
30 T
25
= =—4—CE-Diese -27bTDC
= == LHR-LSOBD-27bTDC
= LHR-LSOBD-2EbTDC
i | H R-LSOBL-3Ch TDC
== | HR-LSOBC-31bTDC
0 1 2 3 41 5 6
BMEP {bar)

Figure 3: Variation of Brake Thermal Efficiency (BTE) With Brake Mean
Effective Pressure (BMEP) in LHR Combustion Chamberat Different Injection
Timings with Biodiesel (LSOBD) Operation

Impact Factor (JCC): 3.2766 Index Copernicus Value (ICV): 3.0



Studies on Exhaust Emissions of Di Diesel EnginetiwiLow Grade LHR 67
Combustion Chamber Fuelled with Linseed Biodiesel

3.2 Exhaust Emissions

From Figure 4, it is noticed that during the fipstrt, particulate emissions were more or less eonsas there
was always excess air present. However, at theshilgiad range there was an abrupt rise in partiewdaissions due to

less available oxygen, causing the decrease diairratio, leading to incomplete combustion, prcidg more particulate

emissions.
60
—4—CE-DF-27bTDC
50
5 f ——CE-BD-27bTDC
@ 40
x
W
5 30 LHR-BD-27bTDC
w
£ /
- 20 y i CE-BD-31bTDC
5 /
S 10 /.
20— h—A—h o
= . ol ; i | HR-BD3DBTDC
a g ! | | |
0 1 2 3 4 5 G
BMEP (bar)

Figure 4: Variation of Particulate Emissions in Haitridge Smoke Unit (HSU) with Brake Mean Effective
Pressure (BMEP) in Conventional Engine (CE) and Enge with LHR Combustion
Chamber at Recommended Injection Timing and Optimuminjection Timing
and at an Injector Opening Pressure of 190 Bar wittBiodiesel (BD)

From Figure 4, it is noticed that particulate emoiss at all loads reduced marginally with CE witlodiesel
operation in comparison with mineral diesel operatin CE. This was due to improved combustion witbroved cetane
number and also with presence of oxygen in comiposidf fuel. Particulate emissions further redugéth engine with
LHR combustion chamber when compared with CE. TWas due to improved combustion with improved heddase
rate. Particulate emissions at full load reduceth widvanced injection timing with both versionstbé combustion

chamber. This was due to increase of residentdintemore contact o fuel with air leading to inceeatomization.

Figure 5 indicates for both versions of the engl®x concentrations raised steadily with increadsMEP at
constant injection timing. At part load, N©oncentrations were less in both versions of tigire. This was due to the
availability of excess oxygen. At remaining loali§), concentrations steadily increased with the loabdth versions of
the engine. This was because, local \N&@ncentrations raised from the residual gas vdblilewing the start of
combustion, to a peak at the point where the Ibaahed gas equivalence ratio changed from leaitho Curves in Figure
5 indicate that NQlevels at all loads were marginally higher in @jle they were drastically higher in engine witHRR
combustion chamber at different operating cond#tiohthe biodiesel at the full load when comparéith @iesel operation
on CE. This was also due to the presence of oxybt@¥) in the methyl ester, which leads to improvatre oxidation of
the nitrogen available during combustion. This wéise the combustion bulk temperature respongdléhermal NQ
formation. Increase of combustion temperatures thighfaster combustion and improved heat reledss essociated with

the availability of oxygen in LHR engine causeddtially higher NQ levels in engine with LHR combustion chamber
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Figure 5: Variation of Nitrogen Oxide Levels with Brake Mean Effective Pressure (BMEP) in
Conventional Engine (CE) and Engine with LHR Combution Chamber at Recommended Injection Timing

and Optimum Injection Timing and at an Injector Opening Pressure of 190 Bar With Biodiesel (BD)

From Table 3, it is understood that particulate ssions decreased with preheating with both versairihe
combustion chamber. This was because of reducfidermsity, viscosity of fuel and improved spray i@wderistics of fuel.
From same Table, it is noticed that, particulatessions decreased with increase of injector opepiggsure in both
versions of the engine with test fuels. This wae thuimproved air fuel ratios with improved spradaracteristics of the

test fuels.

Data in Table 3 shows that, N@evels decreased with preheating of biodiesel fukd temperature increased,
there was an improvement in the ignition qualithiet caused shortening of ignition delay. A shgrtition delay period
lowered the peak combustion temperature which sag3ed NQformation. NQ levels increased with an increase of
injector opening pressure with different operatogditions of biodiesel with CE. Fuel droplets peaie and find oxygen
counterpart easily with the increase of injectoeripg pressure. Turbulence of the fuel spray irsgéahe spread of the
droplets which caused increase of gas temperatnaeginally thus leading to increase in N@vels with CE. Marginal
decrease of NQlevels was observed in engine with LHR combustdramber, due to decrease of combustion

temperatures with improved air fuel ratios.

Table 3: Data of Exhaust Emissions with Biodiesel @eration

CE Diesel 48 _ 34 ] 85( | 950 ae
27 CE BD 45 40 35 30 925 87§ 1025 97b
LHR Diesel 50 _ 40 _ | 1200 | 1100 _l
LHR BD 40 35 30 25 1275 1225 1175 1125
30 LHR Diesel 35 _ 25 _ | 1050 | 950 1
LHR BD 20 15 15 10 1125 1075 1025 975
31 CE Diesel 30 _ 35 _ | 110p ] 1200 nE
CE BD 25 20 35 30 117% 1226 1245 12p5
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SUMMARY

Advanced injection timing and increase of injeadpening pressure improved exhaust emissions wittidsel
operation on engine with LHR combustion chambeehPated biodiesel reduced particulate emissiondNaidevels in

both versions of the combustion chamber.
Comparison with CE with Biodiesel

Engine with low grade LHR combustion chamber witts¢ed biodiesel decreased particulate emissiofdlat
load operation by 11% at 2BTDC and 20% at 3®TDC in comparison with CE at 2BTDC and 31bTDC. It increased
nitrogen oxide levels by 38% at2dTDC, while decreasing them by 4% af 80 DC in comparison with CE at 26TDC
and 32 bTDC.

Comparison with Mineral Diesel Operation

Conventional engine with biodiesel operation deseeaparticulate emissions at full load operatior6®y at 27
bTDC and 17% at 31bTDC in comparison with CE at 2BTDC and 31 bTDC with mineral diesel operation. Engine
with LHR combustion chamber with biodiesel decrelasarticulate emissions at full load operation Bg@at 27 bTDC
and 33% at 30bTDC in comparison with same configuration of twmbustion chamber with diesel operation at 27
bTDC and 30bTDC.

Conventional engine with biodiesel operation inseghnitrogen oxide levels at full load operationd9y at 27
bTDC and 7% at 31IbTDC in comparison with CE at 2BTDC and 31 bTDC with mineral diesel operation. Engine with
LHR combustion chamber with biodiesel increaserbgin oxide levels at full load operation by 692#&tbTDC and 7%
at 30 bTDC in comparison with same configuration of thenbustion chamber with diesel operation &tl2DC and 30
bTDC.

Research Findings

Exhaust emissions from engine with ceramic coatechbuistion chamber were studied with varied injector

opening pressure and injection timing at differgmérating conditions of linseed biodiesel.
Recommendations

Engine with low grade LHR combustion chamber gaighdr levels of NQ at full load operation, These

emissions can be controlled by selective catahgtittiction technique [13].
Scientific Significance

Change of injection timing and injection pressurravattempted to reduce pollutants from the engloeg with

change of configuration of combustion chamber wifferent operating conditions of the biodiesel.
Social Significance

Use of renewable fuels will strengthen agricultiabnomy, which curbs crude petroleum imports, Sdoeeign

exchange and provides energy security besides sgidgethe environmental concerns and socio-econ@sues.
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Change of injection timing of the engine was acclishpd by inserting copper shims between pump ey

engine frame
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