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ABSTRACT

Experiments were carried out to evaluate the penfomce of diesel engine with high grade low
heat rejection (LHR) combustion chamber consistihgir gap insulated piston with 3-mm air gap,
with superni (an alloy of nickel) crown, air gapsidated liner with superni insert and ceramic
coated cylinder head with different operating caiotis (normal temperature and preheated
temperature) of linseed oil based biodiesel (LSOBIth varied injection timing and injector
opening pressure. Performance parameters [brakentbe efficiency, exhaust gas temperature,
sound levels, coolant load and volumetric efficigneere determined at various values of brake
mean effective pressure (BMEP) of the engine witllibsel and compared with conventional
engine at similar operating conditions. Biodiesehowed compatible performance with
conventional engine (CE), while LHR combustion dh@mimproved the performance in
comparison with pure diesel operation at similareggting conditions. The optimum injection
timing was found to be 31TDC with CE while it was 2BTDC for LHR combustion chamber with
biodiesel operation. Relatively, with LHR combustiiamber with biodiesel operation, peak brake
thermal efficiency increased by 7%, at full loadegion- brake specific energy consumption
decreased by 5%, exhaust gas temperature decrdasd@®C, coolant load decreased by 6%,
sound levels decreased by 16% and volumetric efiigi was compatible in comparison LHR
combustion chamber with pure diesel operation @ilar operating conditions.

Keywords: Need for Alternate Fuels, Vegetable Oil, Biodles&IR combustion chamber,
Performance.
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INTRODUCTION

The paper is divided into i) Introduction, ii) Mat@s and Methods, iii) Results and Discussion, iv
Conclusions, Research Findings and Future scopudies, v) Acknowledgements followed by
References.

This section deals with need and necessity of redtere fuels and various alternative fuels.
Investigations carried out by various researchersrode vegetable oils and biodiesel at normal
temperature and preheated temperature in compmesgjoition engine were mentioned.
Conclusions from their investigations were givebhjéatives of the investigations were given at the
end of the section

In the scenario [1] of i) increase of vehicle paiidn at an alarming rate due to advancement of
civilization, ii) use of diesel fuel in not onlyamsport sector but also in agriculture sector leadd

fast depletion of diesel fuels iii) increase oflptibn levels with these fuels, and iv) increasdusf
prices in International market leading to burdenecnnomic sector of Govt. of India, the search
for alternative fuels has become pertinent for émgine manufacturers, users and researchers
involved in the combustion research.

Vegetable oils and alcohols are prominent subsstér diesel fuel. Alcohols have good volatility
and low cetane number. Hence engine modificationeisessary for use them as fuel in diesel
engines. That too, most of the alcohol producedivsrted for Petro-chemical industries in India.

Vegetable oils which are renewable in nature haepgrties compatible to diesel fuel. Rudolph
Diesel, the inventor of the diesel engine that §d¢us name, experimented [2] with fuels ranging
from powdered coal to peanut oil. Several reseasc#6] experimented the use of vegetable oils
as fuel on conventional engines (CE) and reported the performance was poor, citing the
problems of high viscosity, low volatility and theolyunsaturated character. Not only that, the
common problems of crude vegetable oils in diesgires are formation of carbon deposits, oil
ring sticking, thickening and gelling of lubricagjroil as a result of contamination by the vegetable
oils.

Experiments were conducted [7-10] on preheatedtabigeoils [temperature at which viscosity of
the vegetable oils were matched to that of diasel] fand it was reported that preheated vegetable
oils improved the performance marginally. The peols of crude vegetable oils can be solved, if
these oils are chemically modified to bio-diesel.

The U.S. Department of Energy has stated [11] tidw or refined vegetable oil, that have not
been processed into biodiesel, are not biodiesdl stmould be avoided.” The use of raw,
unprocessed vegetable oils or animal fats in diesglnes — regardless of blend level — can have
significant adverse effects and should not be useduel in diesel engines. Raw or refined
vegetable oil, or recycled greases have signifigahtferent and widely varying properties that are
not acceptable for use in modern diesel engines.ekample, the higher viscosity and chemical
composition of unprocessed oils and fats have Baewn to cause problems in a number of areas:
(i) piston ring sticking; (ii) injector and combim chamber deposits; (iii) fuel system deposits;
(iv) reduced power; (v) reduced fuel economy andfwreased exhaust emissions vii) dilution of
lubricating oil, viii) reduced engine life, ix) ineased maintenance cost, xi) stress on fuel iojecti
system. The above mentioned problems are reduadde vegetable oils are converted [11] into
biodiesel, which have low molecular weight, low gerand low viscosity when compared with
crude vegetable oils.

Investigations were carried out [12-16] with biakewith CE and reported that biodiesel operation
improved the performance, reduced smoke emissihsnareased NOx emissions. The drawbacks
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associated with biodiesel and crude vegetable foilsuse in diesel engines call for LHR hot
combustion chamber.

The concept of LHR combustion chamber is to redaocelant losses by providing thermal
resistance in the path of heat flow to the cooléimre by gaining thermal efficiency. Several
methods adopted for achieving LHR to the coolaatcaramic coated engines and air gap insulated
engines with creating air gap in the piston anceottomponents with low-thermal conductivity
materials like superni, cast iron and mild steel et

LHR combustion chambers were classified as low elsgmedium grade and high grade LHR
combustion chambers depending on degree of insnkati

Investigations were carried out by various reseanchl17-19] on low degree LHR combustion
chambers- ceramic coated engines with pure dieperation. It was reported from their
investigations that brake specific fuel consumpt{@&@8FC) improved in the range 5-9% and
pollution levels decreased with ceramic coated agtbn chamber. Studies were also made [20-
22] ceramic coated LHR combustion chamber with igieel operation and reported that
performance improved, decreased smoke emissionsmamised NOx emissions.

The technique of providing an air gap in the pistomolved the complications of joining two
different metals. Investigations were carried @&][on medium grade LHR combustion chamber-
with air gap insulated piston with pure diesel. lé@er, the bolted design employed by them could
not provide complete sealing of air in the air gaqvestigations [24] were carried out with LHR
combustion chamber with air gap insulated pistai wimonic crown threaded with the body of
the piston fuelled with pure diesel with variedeiction timing and reported brake specific fuel
consumption improved by 5%. Experiments were cotetlizvith medium grade LHR combustion
chamber- air gap insulated piston with superni erand air gap insulated liner with superni insert
with varied injection timing and injector openingepsure with different alternate fuels like crude
vegetable oils [25-27] and biodiesel [28]. It waparted that medium grade LHR combustion
chamber improved the performance with alternatésfue

Investigations were carried out [29-30] on highegre of insulation-with air gap insulated piston,
air gap insulated liner and ceramic coated cyliftesad with biodiesel varied injection timing and
injector opening pressure. It was reported thatliegel increased the efficiency of the engine.
Sound levels determine the phenomena of combusticengine whether the performance was
improving or deteriorating. Studies were made [Zp¢h sound levels with convention engine with
vegetable oils and it was reported from the stydiest performance deteriorated with vegetable oil
operation on conventional engine leading to produgk sound levels.

Change of injection timing affected the performan€¢he engine. Investigations were carried out
[31-33] on conventional engine with tobacco seé¢dvidh varied injection timing and reported that
advanced injection timing increased efficiency &l@x emissions.

The present paper attempted to evaluate the peafarenof high grade LHR combustion chamber,
which consisted of air gap insulated piston, ap gesulated liner and ceramic coated cylinder head.
This high grade LHR combustion chamber was fuell#ti linseed oil based biodiesel (LSOBD)
with varied vied injector opening pressure anddtgn timing. Comparative performance studies
were made between high grade LHR combustion chamahdr CE with biodiesel operation.

MATERIALSAND METHOD

This part deals with preparation of biodiesel, mrbies of biodiesel along with diesel fuels,
fabrication of air gap insulated piston, air gapulated liner and ceramic coated cylinder head,
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brief description of experimental set-up, spectfma of experimental engine, operating conditions
and definitions of used values.

Due to very high free fatty acid, linseed oil wamneerted into methyl ester by the two stage
process [34]. In the first stage linseed oil waacted with CH3OH in presence of an acid catalyst
(H2S04) to convert free fatty acid into fatty est@rspecified amount 1000g of linseed oil was
taken in a round bottom flask and heated up toB@6In a separate flasks CH30H (950 g) and
H2S04 (22 g) were taken and properly mixed and stiered for 4 h and maintained at 60°C.It was
allowed to cool overnight without stirring. Whenidaaumber of the mixture reaches to less than 1,
the second stage was started. During this stagextare 1000g obtained from the first stage was
taken in around bottom flask and heated up to 6M€thanol (200ml) and KOH 4.5g were
properly mixed in other flask and then introducetbithe round bottom flask containing the
mixture from first stage. The mixture stirred vigasly for 2h and then allowed to cool overnight.
Glycerol was separated by adding warm water at @0°the mixture. Glycerol and soap formed
during the process settled down the bottom. Toprlapntaining linseed oil methyl ester 91% was
removed with the help of a separating funnel anst@editwo times with water and dried.

The physic-chemical properties of the crude vedetabh and biodiesel in comparison to ASTM
biodiesel standards are presented in Table-1.

Table.l. Propertiesof Test Fuels

Property Units Diesel Biodiesel ASTM D 6751-
(ERBO) 02
Carbon chain -- Cs-Cyg CiCoy Ci-Cy
Cetane Number 55 55 48-70
Density gm/cc 0.84 0.87 0.87-0.89
Bulk modulus @
20Mpa Mpa 1475 1850 NA
Kinematic
viscosity @ 46C cSt 2.25 4.5 1.9-6.0
Sulfur % 0.25 0.0 0.05
Oxygen % 0.3 10 11
Air fuel ratio --
( 14.86 14.2 13.8

stochiometric)
Lower calorific

value kJ/kg 42 000 38000 37518
Flash point
(Open cup °C 66 180 130
Molecular weight ” 226 280 292
Preheateg °C - 60 --
temperature
Colour | Light yellow Yellowish
orange

LHR diesel engine (Figure.l) contained a two-gaston; the top crown made of low thermal
conductivity material, superni-90 screwed to alwmmnbody of the piston, providing a 3-mm air
gap in between the crown and the body of the pisttve optimum thickness of air gap in the air
gap piston was found to be 3-mm [24], for improypedformance of the engine with diesel as fuel.
The height of the piston was maintained such tloabpression ratio was not altered. Partially
stabilized zirconium of thickness 500 microns wagli@d on inner side of cylinder head by plasma
technique.
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A superni-90 insert was screwed to the top portibtine liner in such a manner that an air gap of 3-
mm was maintained between the insert and the body. At 506C the thermal conductivity of
superni-90 and air are 20.92 and 0.057 W/m-K respay

1. Crown 7 Insert
2. Gasket 8. Air gap
3. Air gap 9.Liner
4. Body
5. Ceramic coating
6. Cylinder head
Insulated piston Insulated liner r@mic coated cylinder head

Fig.1 Assembly details of air gap piston liner, air gaguilated liner and ceramic coated cylinder head

Schematic diagram of experimental setup used ®irhestigations on compression ignition diesel
engine and LHR combustion chamber with biodiesB®EB) is shown in Figure 2.

The test fuels used in the experimentation were pigsel and linseed oil biodiesel. The schematic
diagram of the experimental setup with test fuslshown in Figure 2. The specifications of the
experimental engine are shown in Table-2. The catidru chamber consisted of a direct injection
type with no special arrangement for swirling motiof air. The engine was connected to an
electric dynamometer for measuring its brake povgerette method was used for finding fuel
consumption of the engine. Air-consumption of thgiee was measured by an air-box method (Air
box was provided with an orifice flow meter and ubh¢ water manometer). The naturally aspirated
engine was provided with water-cooling system inclwvhnlet temperature of water was maintained
at 80C by adjusting the water flow rate. Engine oil vyaevided with a pressure feed system. No
temperature control was incorporated, for measutiveg lube oil temperature. Copper shims of
suitable size were provided in between the pumpy lzodl the engine frame, to vary the injection
timing and its effect on the performance of theieagvas studied, along with the change of
injector opening pressure from 190 bar to 270 basteps of 40 bar) using nozzle testing device.
The maximum injector opening pressure was restfitte 270 bar due to practical difficulties
involved. Exhaust gas temperature was measured twélmocouples made of iron and iron-

5



P.V. K. Murthy et al J. of Eng. & Techn. Res., 2015, 3(1):1:19

constantan. Sound at full load operation was measwith sound analyzer. The specifications of
the sound analyzer were given in Table-3. The aoyuof sound analyzer was 0.1%.

Table.2. Specifications of the Test Engine

Description Specification
Engine make and model Kirloskar ( India) AV1
Maximum power output at a speed pf3.68 kW
1500 rpm
Number of cylinders xcylinder One x Vertical position x four-stroke
positionx stroke
Bore x stroke 80 mm x 110 mm
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 5.31 bar
Manufacturer's recommended 27°bTDC x 190 bar

injection timing and pressure

Dynamometer Electrical dynamometer

Number of holes of injector and size Three x 0.25 mm

Type of combustion chamber Direct injection type
Fuel injection nozzle Make: M1CO-BOSCH
No- 0431-202-120/HB

Fuel injection pump Make: BOSCH: NO- 8085587/1

Table 3. Specifications of sound Analyzer

Nameof the| Measuring Range Precision Resolution
analyzer
Sound Analyze 0-150 Decibels 1 decibel 1 decibel
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i

1.Engine, 2.Electical Dynamometer, 3.Load Box, #i€ flow meter, 5.U-tube water manometer, 6.Adxb
7.Fuel tank, 8, Pre-heater, 9.Burette, 10. Exhgaistemperature indicator, 11.Outlet jacket westerperature
indicator, 12. Outlet-jacket water flow meter,

Fig.3 Schematic Diagram of Experimental Set-up

Various test fuels used in experimentation wereepdiesel and linseed oil based biodiesel.
Different operating conditions of the biodiesel e@ormal temperature and preheated temperature.
Different injector opening injector opening pressuattempted in this experimentation were 190
bar, 230 bar and 270 bar. Various injection timirageempted in the investigations were 27-
34°bTDC.

Definitions of used values:

Brake thermal efficiency (BTE); It is the ratio lbfake power of the engine to the energy supplied
to the engine. Brake power was measured with dynaster. Energy supplied to the engine is the
product of rate of fuel consumeddfand calorific value (gof the fuel. Higher the efficiency better
the performance of the engine is.

B8TE =

Mgy

Brake specific energy consumption (BSEC): It is suead at full load operation of the engine.
Lesser the value, the better the performance oétiggne. It is defined as energy consumed by the
engine in producing 1 kW brake power. When différferels having different properties are tested
in engine, brake specific fuel consumption is rw triteria to evaluate the performance of the
engine. Peak BTE and BSEC at full load are imponanameters to be considered to evaluate the
performance of the engine.

1

ETE

BSEC =

Coolant load: Product of mass flow rate of coolapgcific heat of coolant, rise of temperature of
the coolant between inlet conditions and outletdaomms.

Volumetric efficiency: Itis the ratio of the volume of air drawn into a oger to the piston
displacement.
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Recommended injection timing: It is the injectiamihg of the engine with maximum efficiency of
the engine with minimum pollution levels.
Calculation of actual discharge of air: By meansvater tube manometer and an orifice flow
meter, head of air fhcan be calculated. Velocity of air {Mcan be calculated using the formula

; Actual discharge of air = , Where a= area of an orifice flow meter=c
V. =4/ 2gh, cqa+/2gh,

a =

Coefficient of discharge.
Optimum injection timing: It is injection timing athich maximum thermal efficiency was obtained
at all loads and beyond this injection timing, @fncy of the engine decreased.

RESULTSAND DISCUSSION

Data of pure diesel was taken from reference [EB¢ optimum injection timing with conventional
engine was 3bTDC, while with LHR combustion chamber it was'l@8DC.

Performance Parameters

Figure 3 indicates that BTE increased up to 80%heffull load operation (BMEP=4.2 bar) due to
conversion of increase of fuel efficiency and beydnat load it decreased due to decrease of air
fuel ratios [26] as oxygen was completely used uih Wwoth test fuels. Curves from Figure 3
indicate that CE with bio-diesel showed the conippatperformance for entire load range when
compared with the pure diesel operation on CE@menended injection timing. Although carbon
accumulations on the nozzle tip might play a phntde for the general trends observed, the
difference of viscosity between the diesel and desel provided a possible explanation for the
compatible performance of CE with bio-diesel operat

35
30
P S
25 /( > G
—_ —4—CE-Diesel-27bTDC
20
£ %
tu / ——CE-LSOBD-27hTDC
5 15
CE-LSOBD-29bTDC
10
—ie CE-LSOBD-31hTDC
5 4= CE-LSOBD-32bTDC
0
0 1 2 3 4 5 6
BMEP (bar)

Fig.3 Variation of brake thermal efficiency (BTE) withdlke mean effective pressure (BMEP) in
conventional engine (CE) at various injection tiggmwith biodiesel (LSOBD) operation at an
injector opening pressure of 190 bar.

BTE increased with the advancing of the injectiomirig in the CE with the bio-diesel at all loads,
when compared with CE at the recommended injedtilming and pressure. This was due to
initiation of combustion at earlier period and ei#fnt combustion with increase of air entrainment
[26] in fuel spray giving higher BTE. BTE incredsat all loads when the injection timing was
advanced to 3bTDC in CE at the normal temperature of bio-dieSahilar trends were observed
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with preheated biodiesel also. Preheating of tbdibsel reduced the viscosity, which improved the
spray characteristics of the oil.

From Figure 4, it is observed that LHR combustibamber with biodiesel showed the improved
performance for the entire load range compared WiEh with pure diesel operation. This was
because of efficient combustion of biodiesel in tio¢ environment provided by LHR combustion
chamber. The optimum injection timing was found&®28bTDC with LHR combustion chamber
with normal bio-diesel and preheated biodiesel afp@ns. Since the hot combustion chamber of
LHR combustion chamber reduced ignition delay amatmustion duration and hence the optimum
injection timing was obtained earlier with LHR coasion chamber when compared with CE with
the biodiesel operation.

35

P

30 / il ‘-..\

25

20 === CE-Dicsel-27bTDC

== | HR-LSOBD-27bTDC

BTE (%)

15
LHR-LSOBD-27.5bTDC
10

i | HR-LSOBD-28bTDC

5 LAR-LSOBD-29bTDC

BMEP (bar)

Fig.4 Variation of brake thermal efficiency (BTE) withdike mean effective pressure (BMEP) in
engine with LHR combustion chamber at various ipectimings with biodiesel (LSOBD)
operation an injector opening pressure of 190 bar.

Injector opening pressumeas varied from 190 bars to 270 bar to improvesimay characteristics
and atomization of the vegetable oils and injectioring was advanced from 27 to°84DC for

CE and LHR combustion chamber. The improvementTit Bt higher injector opening pressure
was due to improved fuel spray characteristics. dptenum injection timing was S3TDC at 190
bar, 36bTDC at 230 bar and 29TDC at 270 bar for CE. The optimum injection tigifor LHR
combustion chamber n engine waSi&DC irrespective of injector opening pressure.

Part load variations were very small and minute tfog performance parameters and exhaust
emissions. The effect of varied injection timing the performance was discussed with the help of
bar charts while the effect of injector openinggstee and preheating was discussed with the help
of Tables.

it was noticed (Figure.5) that peak brake thernffatiency(BTE)with LHR combustion chamber
engine with pure diesel operation was lower in cangon with conventional engine at
recommended (4%) and optimized injection timind®)6

LHR combustion chamber [26] with pure diesel operatdeteriorated the performance in
comparison with conventional engine. As the conmbuasthamber was insulated to greater extent,
it was expected that high combustion temperaturesldvbe prevalent in LHR combustion
chamber. It tends to decrease the ignition delayethy reducing pre-mixed combustion as a result
of which, less time was available for proper mixioigair and fuel in the combustion chamber
leading to incomplete combustion, with which pedkEBdecreased. More over at this load, friction
and increased diffusion combustion resulted froduced ignition delay.
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Peak BTE with LHR combustion chamber with biodieggération was higher in comparison with
conventional engine at recommended (7%) and opgiehiizjection timings (5%).

This was due to higher degree of insulation pravigethe piston, liner (with the provision of air
gap with superni-90 inserts) and cylinder head ceduthe heat rejection leading to improve the
thermal efficiency. This was also because of imptbevaporation rate of the biodiesel. High
cylinder temperatures helped in better evaporadion faster combustion of the fuel injected into
the combustion chamber. Reduction of ignition delathe vegetable oil in the hot environment of
the LHR combustion chamber improved heat releass end efficient energy utilization.

From Table 4, it could be noticed that improvemarihe peak BTE was observed with the increase
of injector opening pressure and with advancinghef injection timing in both versions of the
engine. This was due to improved spraying charisties and efficient combustion as biodiesel has
high duration of combustion and hence advancingngction timing helped efficient energy
release from the fuel leading to produce higher BTE

The performance improved further with the prehedemtiesel when compared with normal
biodiesel. Preheating of the biodiesel reduced wWmcosity, which improved the spray
characteristics of the oil causing efficient contirsthus improving brake thermal efficiency. The
cumulative heat release was more for preheatedidsield[29] than that of biodiesel and this
indicated that there was a significant increaseomhbustion in diffusion mode [26]. This increase
in heat release [29] was mainly due to better ngiand evaporation of preheated biodiesel, which
leads to complete burning.

LHR combustion chamber with biodiesel operationeyéwgher BTE than CE, while CE gave
higher BTE than LHR combustion chamber with diegedration.

LHR-LSOBD-28bTDC
CE-LSOBD-31bTDC
W LHR-LSOBD-27bTDC
m CE-LSOBD-27bTDC
M | HR-Diesel-28bTDC
m CE-Diesel-31bTDC
B LHR-Diesel-27bTDC

B CE-Diesel-27bTDC
24 25 26 27 28 29 30 31 32

Peak BTE (%)

Fig.5 Bar charts showing the variation of Peak brakentia¢efficiency with test fuels at
recommended and optimized injection timings atrgector opening pressure of 190 bar with
different versions of the combustion chamber.
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Table4. Data of Peak BTE and BSEC at full load operation

Injection | Test Peak BTE (%) BSEC at full load operation (kW/kW)
Timing | Fuel Injector Opening Pressure (Bar) Injector OpeninesBure (Bar)
e 190 230 270 190 230 270
bTDC) NT [PT | NT | PT | NT | PT| NT| PT| NT| PT | NT| PT
DF 28 29 30 400 — | 399 - | 384 -
27(CE) | soBD | 27 27|275| 28 | 285 20| 402 396 396 394 394 306
27(LHR) | DF 57 | — | 275 - | 28| —| 416 —| 408 - | @0-
27(LHR) | LSOBD | 20 | 2% |205| 30 | 30 | 2% |3.96 3.92| 392 388 388 384
28(LHR) | LSOBD | 315 32| 32| 325 325 38 358 3/64 43860 | 3.60 3.56
28(LHR) | DF 29 |~ | 30| - | 32| —-| 376 - | 372 - 3.68 -
DF 31 |- |31 | - | 30| -| 36] - | 37 - | 38 —
31CE) | somp | 30 go. 305| 31 | 30 go. 3.82| 3.78| 386 3.82| 3.90 3.86

Generally brake specific fuel consumption, is needito compare the two different fuels, because
their calorific value, density, chemical and phgsigparameters are different. Performance
parameter, BSEC, is used to compare two differaptsfby normalizing brake specific energy
consumption, in terms of the amount of energy s#dawith the given amount of fuel.

From Table 4, it is evident that brake specificrggeconsumption (BSEC) at full load decreased
with the increase of injector opening pressure antl the advancing of the injection timing at
different operating conditions of the biodieselisTtvas because of improved spray characteristics
with increase of injector opening pressure. This &kso due to initiation of combustion at early
period with advanced injection timing.

From Figure.6, it was evident that brake specifergy consumption with LHR combustion
chamber with pure diesel operation was higher immarison with conventional engine at
recommended (4%)and optimized injection timings X4%

LHR-LSOBD-28bTDC
CE-LSOBD-31bTDC
m LHR-LSOBD-27bTCC

B CE-LSOBD-27bTDC

M | HR-Diesel-28hTDC
m CE-Diesel-31bTDC

M LHR-Diesel-27hTDC

_ M CE-Diesel-27bTDC
3 3.25 35 3.75 4 4.25

BSEC (kW/kW)

Fig.6 Bar charts showing the variation of brake spedfiergy consumption (BSEC) at full load
operation with test fuels at recommended and opgthinjection timings at an injector opening
pressure of 190 bar with different versions of¢tbenbustion chamber.

This was due to reduction of ignition delay withr@uliesel operation with LHR combustion
chamber as hot combustion chamber was maintainéd by
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BSEC was lower with LHR combustion chamber withdiésel operation in comparison with
conventional engine with biodiesel operation abremended injection timing (1%) and optimum
injection timing (4%).

BSEC was higher with conventional engine due to ttudigher viscosity, poor volatility and
reduction in heating value of biodiesel lead to irthpoor atomization and combustion
characteristics. The viscosity effect, in turn aation was more predominant than the oxygen
availability [35] in the blend leads to lower valatcharacteristics and affects combustion pracess
BSEC was improved with LHR combustion chamber wathier substitution of energy in terms of
mass flow rate.

BSEC decreased with advanced injection timing weékt fuels. This was due to initiation of
combustion and substitution of lower energy as $&em the Figure.6i.

BSEC of biodiesel is almost the same as that of dieael fuel as shown in Figure.6. Even though
viscosity of biodiesel is slightly higher than that neat diesel, inherent oxygen of the fuel
molecules improves the combustion characterisfidss is an indication of relatively more
complete combustion [35].

BSEC decreased with the preheated biodiesel aldadl operation when compared with normal
biodiesel. Preheating of the biodiesel reduced wwcosity, which improved the spray
characteristics of the oil.

From Figure.7, it was observed that exhaust gapaesture (EGT) with LHR combustion chamber
with pure diesel operation was higher in compariggtihh conventional engine at recommended
(18%) and optimized injection timings (13%).

This was due to reduction of ignition delay withr@uwiesel operation with LHR engine as hot
combustion chamber was maintained by LHR combustioamber. This indicated that heat
rejection was restricted through the piston, liaed cylinder head, thus maintaining the hot
combustion chamber as result of which the exhaastgmperature increased.

EGT with LHR combustion chamber with biodiesel operatiors waarginally lower in comparison
with conventional engine at recommended (4%)anohaped injection timings (6%). This was due
to reduction of ignition delay in the hot environmh&vith the provision of the insulation in the LHR
combustion chamber, which caused the gases expahe cylinder giving higher work output and
lower heat rejection.

EGT decreased with advanced injection timing wékt tfuels as seen from the Figure. This was
because, when the injection timing was advancedwibrk transfer from the piston to the gases in
the cylinder at the end of the compression stroks teo large, leading to reduce in the value of
EGT.

Though the calorific value (or heat of combustiohfossil diesel is more than that of biodiesel ;
the density of the biodiesel was higher thereforeatgr amount of heat was released in the
combustion chamber leading to higher exhaust gapdeature with conventional engine, which
confirmed that performance was compatible with eminal engine with biodiesel operation in
comparison with pure diesel operation. Similar iings were obtained by other studies [27].

From the Table.5, it is noticed that the exhausttgenperatures of preheated biodiesel were higher
than that of normal biodiesel, which indicates itherease of diffused combustion [32] due to high
rate of evaporation and improved mixing betweenhyleester and air. Therefore, as the fuel
temperature increased, the ignition delay decreasetl the main combustion phase (that is,
diffusion controlled combustion) increased [35],iethin turn raised the temperature of exhaust
gases. The value of exhaust gas temperature dedr@ath increase in injector opening pressure
with test fuels as it is evident from the Tablelis was due to improved spray characteristics of
the fuel with increase of injector opening pressure

Exhaust gas temperature was lower with diesel tiperaith conventional engine when compared
with biodiesel operation, while EGT was lower witkiR combustion chamber with biodiesel
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operation in comparison with diesel operation. Henonventional engine was more suitable for
diesel operation, while LHR combustion chamber swtable for biodiesel operation.

LHR-LSOBD-28bTDC
CE-LSOBD-31bTDC
W LHR-LSOBD-27bTDC
m CE-LSOBD-27bTDC
M | HR-Diesel-28bTDC
m CE-Diesel-31bTDC
B LHR-Diesel-27bTDC

300 325 350 375 400 425 450 475 500

B CE-Diesel-27bTDC

EGT (Degree Centigrade)

Fig.7 Bar charts showing the variation of exhaust gagptratures (EGT) at full load with test fuels
at recommended and optimized injection timingsnaihgector opening pressure of 190 bar with
different versions of the combustion chamber.

Table. 5. Data of EGT and Coolant L oad at full load operation

Injection | Test Ep();eTr agitil)e;gree centigrade) at full lo i(gioolant Load at full load operation (kW|
TLmlng Fuel Injector Opening Pressure (Bar) Injector OpeningsBure (Bar)
bTDC) 190 230 270 190 230 270
NT |PT | NT | PT | NT | PT| NT| PT| NT| PT NT| PT
DF 425 | -- | 410| --- | 395| --| 4.0 --| 42 - 44 -
27(CE) LSOBD 450 6"9 410 1450 | 370 041 42 | 40 | 44| 42 46| 44
27(LHR) | DF 500 | -- | 475| -- 450 --| 3.4 3.2 3.0
27(LHR) | LSOBD | 430 go 400 | 370 | 370 34 32 |30 |30/ 28 | 28| 26
28(LHR) | LSOBD | 375 | 5° | 350 | 325 | 325|350 |30 |28 | 28| 26 | 26| 24
28(LHR) | DF 425 | -- | 400| -- 375 --| 3.2 3.0 2.8
DF 375 | --- | 350| --- | 325| --| 42| -- 4.4 - 46 -
31(CE) LSOBD | 400 34 420 | 460 | 440 32 44 | 42 | 46 | 44 48| 4.6

Figure 8 indicates that coolant load with LHR comstimn chamber with pure diesel operation was
lower (15% and 23%) at recommended and optimizgttion timings respectively in comparison
with conventional engine. This was due insulaticovgled with LHR combustion chamber.
Coolant load with LHR combustion chamber with bex#l operation was lower (23% and 14%) at
recommended and optimized injection timings respelst in comparison with conventional
engine. This was due insulation provided with LHRdustion chamber.
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In case of conventional engine, un-burnt fuel coteion reduced with effective utilization of
energy, released from the combustion, coolant Vaidd test fuels increased marginally at full load
operation, due to un-burnt fuel concentration reduwith effective utilization of energy, released
from the combustion, with increase of gas tempeeatuvhen the injection timing was advanced to
the optimum value. However, the improvement mplerformance of the conventional engine was
due to heat addition at higher temperatures andctien at lower temperatures, while the
improvement in the efficiency of the engine with RHtombustion chamber was due to recovery
from coolant load at their respective optimum iti@t timings with test fuels. Rama Mohan [24]
noticed the similar trend at optimum injection tmgiwith his LHR combustion chamber.

From Table.5, it is seen that coolant load incréasarginally in the conventional engine while it
decreased in the LHR combustion chamber with irstngaof the injector opening pressure with
test fuels. This was due to the fact with increakénjector opening pressure with conventional
engine, increased nominal fuel spray velocity masglin better fuel-air mixing with which gas
temperatures increased. The reduction of coolaad io the LHR combustion chamber was not
only due to the provision of the insulation butoallswas due to better fuel spray characteristich a
increase of air-fuel ratios causing decrease oteaperatures and hence the coolant load.

LHR-LSOBD-28kTDC

CE-LSOBD-31bTDC

LHR-LSOBD-27bTDC
W CE-LSOBD-27hTDC
M LHR-Diesel-28bTDC

CE-Diesel-31bTDC

M LHR-Diesel-27bTDC

W CE-Diesel-27bTDC
24 26 28 3 32 34 36 38 4 42 44

Coolant Load (kW)

Fig.8 Bar charts showing the variation of coolant loatu#ittoad operation with test fuels at
recommended and optimized injection timings atrgector opening pressure of 190 bar with
different versions of the combustion chamber.

Coolant load decreased marginally with preheatingiadiesel. This was due to improved air fuel
ratios [26] with improved spray characteristics.

Figure 9 denotes that sound levels were higher (a2868%) with LHR combustion chamber with
pure diesel operation at recommended and optimigedtion timings respectively in comparison
with conventional engine. This showed that perforoea deteriorated with LHR combustion
chamber with pure diesel operation. This was duedaction of ignition delay.

Sound levels were lower (11% and 9%) with LHR costimn chamber with biodiesel operation at
recommended and optimized injection timings respelgt in comparison with conventional

engine. This showed that performance improved WwhtiR combustion chamber with biodiesel
operation.
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IHR-ISOBD-2&0LTODC
CE-LSOBD-21bTCC
m | HR-LSOBD-270TDC

B CE LSOBD-27bTCC

W | HR-Diesel-28bTDC

m CE-Diesel-31bTDC

W LHR-Diesel-27bTDC

- - _ B CE Diesel-27bTDC
60 55 70 75 30 85 90 95

Sound Levels {Decibels)

Fig.9 Bar charts showing the variation of sound levelgithiload operation with test fuels at
recommended and optimized injection timings atrgector opening pressure of 190 bar.

With advanced injection timings, air fuel ratiospraved with early initiation of combustion hence
sound levels got reduced with both versions ofthgine with test fuels.

Table 6 denotes that the Sound levels decreasbdmitease of injector opening pressure with the
test fuels. This was due to improved spray charstie of the fuel, with which there was no
impingement of the fuel on the walls of the commmrstchamber leading to produce efficient
combustion.

Sound intensities were lower at preheated condibibpreheated biodiesel when compared with

their normal condition. This was due to improvedagpcharacteristics, decrease of density and
viscosity of the fuel.

Table. 4. Data of sound levels and volumetric efficiency at full load operation

Injection | Test Soun_d Levels at full load operatig r\/olumgtric Efficiency at full load
Timing | Fuel (D_eC|beIs) _ operation (%) _
o Injector Opening Pressure (Bar) Injector OpenirgsBure (Bar)
b(TDC) 190 230 270 190 230 270
NT |PT | NT | PT | NT | PT| NT| PT| NT| PT NT| PT
27(CE) DF 85 - 180 -- 95 - | 8| - 86 -- 87 -
LSOBD | 90 85| 85 80 80 70 83| 82 84 83 8% 84
27(LHR) | DF 95 90 85 78 79 80
27(LHR) | LSOBD | 80 75| 75 70 70 68 77 78 78 79 79 80
28(LHR) | LSOBD | 75 70| 70 65 65 60 78 79 79 80 8D 81
28(LHR) | DF 70 65 60 79 80 81
31(CE) DF 65 - | 60 -- 55 - | 89| -- 90 -- 91 -
LSOBD | 80 75| 85 80 90 85 87| 88 87 89 88 87

Volumetric efficiency depends on density of the rgeawhich intern depends on temperature of
combustion chamber wall.

Figure 10 denotes that volumetric efficiency wevevédr (8% and 11%) with LHR combustion
chamber with pure diesel operation at recommendddaptimized injection timings respectively in
comparison with conventional engine.

Volumetric efficiencies were lower (7% and 10%) witHR combustion chamber with biodiesel

operation at recommended and optimized injectionings respectively in comparison with
conventional engine.
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Volumetric efficiency in the LHR combustion chambaecreased at full load operation when
compared to the conventional engine at recommeragheldoptimized injection timing with test
fuels. This was due increase of temperature ofimieg charge in the hot environment created with
the provision of insulation, causing reductionhe tlensity and hence the quantity of air. However,
this variation in volumetric efficiency is very sthbetween these two versions of the engine, as
volumetric efficiency mainly depends [16] on speddhe engine, valve area, valve lift, timing of
the opening or closing of valves and residual gastibn rather than on load variation. Rama
Mohan [24] also observed the similar trends invhikeie of volumetric efficiency.

LHR-LSOBD-28bTDC
CE-LSOBD-31bTDC
W LHR-LSOBD-27bTDC

m CE-LSOBD-27bTDC
M | HR-Diesel-28bTDC
m CE-Diesel-31bTDC

B LHR-Diesel-27bTDC

B CE-Diesel-27bTDC
66 69 72 75 78 81 84 87 90

Volumetric Efficiency (%)

Fig.10 Bar charts showing the variation of volumetric @fncy at full load operation with test
fuels at recommended and optimized injection tirmiagan injector opening pressure of 190 bar
with different versions of the combustion chamber.

Volumetric efficiency was higher with pure diesgbepation at recommended and optimized
injection timing with conventional engine in comisan with biodiesel operation. This was due to
increase of combustion chamber wall temperaturdéls bvodiesel operation due to accumulation of
un-burnt fuel concentration. This was also becaofseéncrease of combustion chamber wall
temperature as exhaust gas temperatures incredsebiodiesel operation in comparison with pure
diesel operation.

Volumetric efficiency increased marginally with hotersions of the engine with test fuels with
advanced injection timing. This was due to decreds®mbustion chamber wall temperatures with
improved air fuel ratios [29].

From Table-6, it is evident that volumetric effictg increased with increase of injector opening
pressure with test fuels. This was due to improfued spray characteristics and evaporation at
higher injection pressures leading to marginal @ase of volumetric efficiency. This was also
because of decrease of exhaust gas temperaturéeaoel combustion chamber wall temperatures.
This was also due to the reduction of residualtimacof the fuel, with the increase of injector
opening pressure.

Preheating of the biodiesel marginally decreasddmvetric efficiency, when compared with the
normal temperature of biodiesel, because of redmabdf bulk modulus, density of the fuel and
increase of exhaust gas temperatures.
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CONCLUSION

At recommended and respective optimized injectiminigs with biodiesel operation,

1. Peak BTE with LHR combustion chamber with biodiesgleration was higher in
comparison with conventional engine at recommer{d®g and optimized injection timings
(5%).

2. BSEC was lower with LHR combustion chamber withdiésel operation in comparison
with conventional engine with biodiesel operatidnrecommended injection timing (1%)
and optimum injection timing (4%).

3. EGT with LHR combustion chamber with biodiesel operationswaarginally lower in
comparison with conventional engine at recommer{dédand optimized injection timings
(6%0).

4. Coolant load with LHR combustion chamber with besl operation was lower (23% and
14%) at recommended and optimized injection timingspectively in comparison with
conventional engine.

5. Sound levels were lower (11% and 9%) with LHR costlmn chamber with biodiesel
operation at recommended and optimized injectioings respectively in comparison with
conventional engine.

6. Volumetric efficiencies were lower (7% and 10%) lwitHR combustion chamber with
biodiesel operation at recommended and optimizgdction timings respectively in
comparison with conventional engine.

Increase of the injection pressure with both versiof the engine with test fuels.

Peak brake thermal efficiency increased. At fulldaperation- brake specific energy consumption
decreased, exhaust gas temperature decreased, etoturafficiency increased, coolant load
increased and sound levels decreased.

With preheating of biodiesel with both versiongtw engine

Peak brake thermal efficiency increased, at fudbl@peration- brake specific energy consumption
decreased, exhaust gas temperature increased, etolunefficiency decreased, coolant load
decreased, sound levels decreased.

LHR combustion chamber was more suitable for bmeli@peration than pure diesel operation
Research Findings and Suggestions

Comparative studies on performance parametersdiigiat injection diesel engine with high grade
low heat rejection combustion chamber and conveatioombustion chambers were determined at
varied injector opening pressure and injection rignivith different operating conditions of the
biodiesel. Experimental results were compared witine diesel operation at similar operating
conditions.

Hence further work on the effect of injector openipressure and injection timing on exhaust
emissions and combustion characteristics with LidRilgustion chamber with biodiesel operation
IS necessary.
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