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Abstract: Experimental investigations on performance and sionscharacteristics of internal combustion
engine fuelled by polanga oil diesel fuel blend evearried out in this research work. To enhancectigine
performance, iron oxide nanoparticles were dopdt polanga oil-diesel fuel blend as additive. Penfince
and emission characteristics of diesel engine wrdied for 10%, 20% and 30% (by weight) polandavih
neat diesel. Iron oxide nanoparticles were addetirize difference concentrations viz., 100, 200 30@ ppm
levels in all the three polanga oil — diesel fuleinols to study their effects on engine performainte. engine
was loaded at five different brake powers for easlanga oil — diesel — iron oxide nanoparticle foleinds. It
was observed that the presence of iron oxide natidpareduces the ill effects of polanga oil iresil. At 25%
polanga oil blend with diesel and iron oxide namtipies concentration of 150 ppm, the engine pentorce
was observed to be similar to that of running oatriesel. Hence doping of iron oxide nanopartiglth
Polanga oil — Diesel fuel could be one of the pigsubstitutes for diesel in running Cl engines.
Keywords: Polanga oil, iron oxide, nanoparticles, IC engine.

1. Introduction

International Energy Agency (IEA) projected thag tlobal oil reserves are sufficient enough to noegtthe
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demand up to the year 2030 [1]. Burning of fossél$ also causes severe environmental deteriordtierto
built up of green house gases. The wide-spreaditpmil caused by these fuels and fast depletionilof o
resources led to develop better and cleaner steatégwards continuous energy supply. To sustaéndih
supply, it is necessary to find out the suitableraktives/substitutes. Engines running on diesel &re the
main energy source for heavy duty vehicles, agucal pumps for irrigation, power generators etbug,
finding out suitable, efficient and sustainablestitbtes to diesel fuel is essential to meet tlvesiasing energy
demand. Non edible Vegetable oils (NVOs) are vesgdysubstitute for diesel fuel in internal comboisti
engines because of their abundant availabilityeweble in nature and lower emissions. Agarwal e{2l
classified the problems associated with using N\W@sfuel in diesel engines into two groups namely
operational and stability. High viscosity, presenég@oly unsaturated fatty acids and extremely imiatility

of NVOs are responsible for these operational atabilgy problems. To overcome these challenges,
transesterfication of NVOs and direct blending & @& with diesel were identified as the suitablehteques.
Even though transesterification of NVOs gave goesults in engine performance and emissions but the
increased production costs associated with ititstithe widespread usage of biodiesel. Hencegtdidending

of NVOs with diesel becomes very attractive in terof production and cost. Many researchers [34,5,6
studied the performance of diesel engines usin@wsrNVOs (rape seed oil, karanja oil, jatropha eii)
blended with diesel fuel. It was observed that éheas improvement in emissions levels but the engin
performance was severely affected by these NVOsgesetblended fuel due to poor fuel atomization and
inefficient mixing with air [7,8,9]. Newer technaies have to be developed to increase the perfaenah
engines using these blended fuels.

Polanga seed oil (PSO) was chosen for blending eighkel fuel owing to its comparable calorific valwith
diesel and also its high percentage of saturattty &ids (24.96%) when compared to other NVOs thic
increase the cloud point, cetane number and dtabllransesterfication of PSO is difficult and clardome
process due to its high saturated fatty acids coniesen though PSO is available in large quastitietropical
countries like India, Malaysia, Indonesia and Rgiitles, utilization of PSO as fuel was restrictee: do high
viscosity and acid value [10]. Hence, the main dije of this research work was to experimentallgleate
the possibilities of using PSO directly blendedhwitiesel. To overcome challenges associated witb PO
blends and to enhance the engine performancepim® nanoparticles were used as additive. Redadies

on tribological behavior of nanoparticles addedutaricating oils concluded that the addition of aparticles
reduces the friction between the moving surfacestduwleposition of nanoparticles in the scars andwes on
the surfaces [11]. It was also reported that irgid@® nanoparticles form condensation sites in catibn zone
and burn more carbon which reduces soot formati®]. [Based on these scientific investigations, the
performance of Cl engines was studied using POD indh oxide nanoparticles additive. To study tffeat of
iron oxide nanoparticles concentration in the eagiarformance, the amount of nanoparticles in tbedowas
changed from 100, 200 and 300 ppm in POD blend.

2. Materials and Methods
2.1 Materials

Polanga oil and diesel were purchased from locppléers. Polanga oil was produced from the seedseef
called punna belongs to the famiGtusiaceae and its botanical name Salophyllum inophyllum L. It is a
medium to large size tree with shining leaves aniden seeds grow in sandy land near coastal b@jt The
properties of polanga oil and diesel were analyaeger ASTM standards and given in (Table 1). {tbiil)
Oxide nanopatrticles of size < 50 nm (TEM) were pased from Sigma Aldrich. The specifications of
compression ignition diesel engine used in the exy@ntal study were listed in (Table 2).
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Table 1. Properties of Polanga seed oil and neat diesel

Properties PSO Diesel
Specific gravity @ 15°C 0.9374 0.84
Kinematic viscosity @ 40°C in cSt 57.8 3
Flash point (°C) 227 68
Fire point (°C) 238 106
Cloud point (°C) +14 224
Pour point (°C) 7 6
Gross calorific value kcal/kg 9945 10580
Cetane no 48.1 54

Table 2. Engine specifications

Make

Kirloskar TV-1

Type

Vertical cylinder Direct Ignition diesel engine

No. of cylinder

1

Bore x stroke

87.5mm x 110 mm

Compression 17.5:1
Cycle Diesel
Speed 1500 rpm
Rated brake power 5.4 kW

Fuel injection pump

MICO in line with mechanical governor and flange
mounted

Injection pressure

220 kg/cnt

Ignition time 23’ before TDC (rated)
Ignition system Compression ignition
Dynamometer Eddy current

2.2 POD - iron oxide nanoparticles blend preparatio

1301

The weighed quantities of iron oxide nanopartichere dispersed in certain quantity of neat dieséhgu
ultrasonic stirrer to have homogeneous mixtureves observed that the iron oxide nanoparticles tetely
dispersed in diesel. This nanoparticles diesel umiis used to make up the required quantity ofediand
blended with polanga seed oil is different promorsi as given in (Table 3). This mixture of diegmlanga
seed oil and nanoparticles was used as fuel foerigene performance test.

Table 3. Composition of POD — iron oxide nanoparties fuel blends

Trial Neat Polanga QOil Iron oxide Specific | Kinematic Calorific
No. Diesel (9) nanoparticles gravity viscosity value
(9) (ppm) (cSt) (kJ/kg)
1 960 109 100 0.8353 3.49 44084
2 960 108 200 0.8373 3.62 44028
3 960 107 300 0.8375 3.39 44003
4 862 217 100 0.8475 4.38 43647
5 862 216 200 0.8483 4.45 43609
6 862 215 300 0.8489 4.51 43584
7 760 329 100 0.8545 5.92 43310
8 760 328 200 0.8554 6.01 43275
9 760 327 300 0.8556 6.02 43266
10 1000 0 0 0.834 2.8 45240
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2.3 Experimental set up

A vertical, water cooled, single cylinder, fourakte direct injection KIRLOSKAR TV — 1 engine wasedsfor
this research work. The engine was coupled witle@dly current dynamometer for applying differentdioa
conditions as in (Figure 1). The specification loé test engine was given in (Table 2). The fuetdtpn
system consisted of three-hole type injector withI€O plunger pump of 8 mm diameter operated by the
camshaft. The injection timing recommended by tlamufiacturer was 23°C before TDC (static) was foldw
The operating pressure of the nozzle was set atateel value of 220 kign?. Cooling of the engine was
accomplished by supplying water through the jackatthe engine block and cylinder head.

Fuel Tank Monitor
Burette harge Amplifier

Indimete
% [

Exhaust Pipe line

= ]
e [© O]
AVL Di-gas
analyser
Eddy current
Dynomometer AVL Smoke
- Meter
4{_

Kirlosker TV I
Engine [ \ 1 1

Figure 1: Schematic representation of engine set up

2.4 Experimental procedure

Performance and emission tests experiments wegucted using the different proportions of iron axitano
particle and PDO blends. Important operating pataraesuch as engine shaft speed, generator oditlt,
consumption rate, airflow rate, exhaust gas temperaand engine cooling water temperature were uneds
and performance characteristics such as brake #heetfficiency, specific fuel consumption etc were
determined using fundamental relations. The teginenwas coupled with an eddy current dynamometex a
loading device. A Photo sensor with a digital rprdicator was used to measure the engine speedodatef
the engine was obtained from dial gauge reading fie discrete load conditions, varied from 0%@0% in
steps of 20%.

During each run, the engine was allowed to run wéht diesel and blends at a constant speed ofrpa®@or
nearly 30 min, to attain the steady state conditiah the lowest possible load. The temperaturehef t
lubricating oil and temperature of the engine ampliwater were maintained constant at 65°C and 70°C
respectively to eliminate their influence on theules. The flow rate of cooling water was maintdireg 7
I/min. Temperature of the exhaust gas was measugiag Chromel-Alumel (k-Type) thermocouples. A thdi
indicator with automatic room temperature compeéasafacility was used. Carbon mono oxide (CO),
hydrocarbon (HC), Carbon-di oxide (@QOxygen (Q) and NQ were measured using exhaust gas analyzer.
AVL smoke meter was used to measure the smoketgleriggxhaust gas. The exhaust gas sample waseadlow
to pass through the cold trap (moisture separaiud)filter element to prevent water vapour andquically
calibrated with standard gas as per the instrugironided by the manufacturer. Smoke density waasoned

in terms of Hartridge Smoke Unit (HSU) and Oxidésitrogen was measured in terms of ppm.

All the measurements were recorded by a data atqoisystem. Each experiment was conducted traroe
average values were taken for further calculatidriee possibilities of errors that could arise dgrithe
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experiments were measured to prove the accuratyeomeasurements. Hence the error analysis wagdarr
out based on the accuracy and percentage uncesagitthe instruments used in these experimentsTfgé
total percentage of uncertainties of these experisn@ere calculated to be + 3%.

3. Results and Discussion
3.1 Properties of POD — iron oxide blended fuel

The specific gravity, viscosity and gross calorii@lue of POD (10%, 20% & 30% by weight) — Iron ai
nanoparticles (100, 200 & 300 ppm) blended POD ¥ezie tested and listed in (Table 3). The spegifavity

of the blends was observed to be 2.5% lesser timeat diesel specific gravity. It was observeat the
viscosity of the blends increased with the increagee concentration of PSO. Increase in viscaggulted in
poor atomization of fuel in the cylinder. Hence tilending of PSO with neat diesel was restricteth hie
maximum 30% of PSO by weight. The calorific valudsPOD blends were only below 5% lesser than the
calorific value of neat diesel.

3.2 Performance studies

Engine performance was studied for each fuel blgndsn in Table 3. Brake thermal efficiency (BTH)da
Brake specific energy consumption (BSEC) were dated based on the experimental investigationsvat f
different load conditions. All the experiments werrformed at constant engine speed of 1500 rpitoviag
equations were used for calculating the BTE and®SE

p = - wRNT (1)
~ 60 = 1000
FC = CV
BTE = oo 100 )
T HI

Where, R — dynamometer arm length = 0.195 m; Needpn rpm; T — torque in N.m; BP — brake power in
kw; FC — fuel consumption in kg/hr; BSEC — brakedfic energy consumption in kJ/kW.hr; CV — Calrif
value of the fuel blend; HI — heat input in kW; BFBrake thermal efficiency.

Figure 2 shows the changes in the brake thermaiefty of different blends at five different engitoad
conditions (brake power). The BTE of the enginecheal maximum of 27% at 4.2 kW brake power i.e., 80%
load, for all the POD blends and neat diesel. Thsws that the performance of the engine fuelle®®p —
iron oxide nanoparticle blends was on par with thfaheat diesel. It was observed that the increadbe
polanga oil content in the blend decreases theiefiity marginally by 5%. This was due to the inseein the
viscosity of the POD blend which influenced the bwostion process negatively. It was known from the
reported research works, presence of iron oxidepeticles in POD blends [13,14] affected the BTiEhe
following ways., (&) Enhancement of thermal prapsrsuch as thermal conductivity, thermal diffusivand
convective heat transfer co efficient, (b) The detpof the fuel blend is ignited at lower tempearatthan pure
diesel, (c) Increase in vapour pressure of thedbiedicating increased evaporation, (d) Helpedotonf micro
emulsion and improve spray characteristics byasipé vapourization, (e) Improved lubricity of thiends by
reducing friction between moving parts, (f) Reduapdtion delay of the blend by donating oxygenorirthe
(Figure 3), it was observed that the brake spe@fiergy consumption was same for both neat dies®l a
blended POD fuel. At minimum load condition, theEESreached the maximum of 26 MJ/KW.hr. From the
60% load condition, the BSEC was constant at 131&W.hr. (Figure 4) shows the changes in the exigas
temperature for different load condition. It waari@ that the exhaust gas temperature for the bteR®OD was
slightly higher than the neat diesel above 80% lo@utlitions. This might be due to the enhanced thaasfer
properties by the addition of iron oxide nanop#etc
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Figure 2: Brake thermal efficiency at different load conditions
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Figure 3: Brake specific energy consumption vs engg load
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Figure 4: Variation in exhaust gas temperature
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3.3 Emission studies

Emission parameters such as ££00, NQ , HC and smoke density were measured and reprelsantbe
(Figures 5,6,7 and 8) respectively. It was noted the trail runs 5,6,7,8 & 9 resulted in lower Ggnission
when compared to neat diesel whereas in otherrtrag, the C@emission were found to be slightly higher
than the neat diesel. Higher polanga oil contethénfuel blend led to lesser g®mission due to the presence
of oxygen content in the polanga oil and iron oxidanoparticles act as catalyst for combustion of
hydrocarbons [15]. Carbon monoxide emissions fernbat diesel and blended fuel were representéaein
(Figure 6). It was observed that up to 65% loaddit@n, the CO emission was within in the + 5% raraf
diesel whereas from 80% load condition, it increlaesgponentially. This may be due to incomplete costibn

at high load conditions. Hence it was suggested tti&a engine should not be loaded above 80% load to
maintain the CO emissions. Bajpai et al. [3] repdrthat 20% blend of karanja oil with diesel was no
recommended for diesel engines as far as CO emisgis concerned. But from these experiments, it was
observed that the CO emissions were within thet lohneat diesel at 65% load condition for 30% PR&nd.

It was reported that the iron oxide present infthed form condensation sites before the formatibrcarbon
particles in the combustion zone and enhance thewiog combustion process [14]. The presence ofi ir
oxide nanoparticles reduced the CO emission byyzatg the combustion process which resulted in piete
combustion at 70% load condition. In above 80% loaaditions, the CO emission increases exponentialé

to higher fuel content in the combustion chambed poor atomization of fuel which leads to imcomelet
combustion. It was known that the most importasitytants from the diesel engines are ,N@d smoke. The
NO, at different load conditions for all the blenddameat diesel was represented in (Figure 7). Thg NO
emissions were significantly reduced for all theCPBlend composition above 80% load. Formation ofyNO
strongly depends on the temperature of combustiamber. Increase in the combustion chamber temperat
increased the NQCemissions. Iron oxide acted as catalyst for tlaetien between hydroxyl radicals present in
the polanga oil and carbon atoms in the soot andried the oxidation temperature [13,15]. Hence\idg was
reduced to 50% of that of neat diesel at higheangd oil content in the blend due to presenceouf axide
nanoparticles. Presence of unburnt hydrocarborikerengine exhaust gases were an important panatoete
study the emission characteristics. The variationntournt hydrocarbons at different load conditieas given

in the (Figure 8). The unburnt hydrocarbons for tleat diesel fuel reached maximum 60 ppm at 10G#d lo
condition. The unburnt hydrocarbon content in tkieagist of 10% POD blend with 1% iron oxide handpked
fuel exactly matches with that of neat diesel buhigher POD blend (i.e., above 20%), the hydrosarb
emission is lesser than the neat diesel by 10-Z0%6. showed that the presence of iron oxide narticfes
enhanced the combustion process by overcomingdberse effect of high viscosity of blended fuehagher
concentration of polanga oil in the diesel.
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Figure 5: Carbon —dioxide concentration at differen load condition
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Figure 9: Smoke density

The variation of smoke density at different loaddition was presented in the (Figure 9). The snuEdesity of
20% blend with 1% iron oxide nanoparticles was étuaeat diesel. At 10% polanga oil blend with g

iron oxide nanoparticles content, the smoke dengity equal at all load conditions. Increase inirttve oxide
nanoparticles content in the blend significantlgueed the smoke density by 10 — 15% with that of déssel

up to 80% load condition. This was due to the preseof oxygen in polanga oil and iron oxide whiahiped
complete combustion and reduced the elemental samahe exhaust. But the smoke density increases
significantly at 100% load for all the blends.

4. Conclusion

Many researchers studied the performance of dexsgihes using various NVOs — diesel blend but vevwy
reported direct blending of polanga oil with diesiele to its high viscosity and acid value. In thresent
investigations, different POD blend compositionsreverepared and tested with a single cylinder @mst
speed diesel engine. To enhance the performaneagie fuelled by POD blend, iron oxide nanopaetcl
were used as additive. From the exhaustive expatahstudies, it could be concluded that the PGéhdbhwith
iron oxide nanoparticles additive could be adoptea@n alternative fuel for existing conventionaiséi engines
without any major modifications in the engine. Atilth of iron oxide nanoparticles considerably ieficed the
engine performance and emission at high POD bletid. Many of the performance and emission pararsete
were equal to that of neat diesel above 20% polanilgaontent in diesel with iron oxide nanopartilat
different load conditions. Performance of blend900 ml diesel, 300 ml polanga oil and 100 ppm nano
particles was observed to be closer to neat dpsérmance at 80% load conditions. But it was alsserved
that the change in the iron oxide nanoparticlescentration in POD blend fuel did not have major atip
either in performance or emission of engine. Heitce&as concluded that the iron oxide nanopartiahethe
fuel blend can be maintained at its lowest coneiotn. Further to these experimental studies, tny&sons on
the escape of iron oxide nanoparticles throughettieust gas and engine corrosion studies were tared
out before using nanoparticles as additive in laggle. Theoretically, all the iron oxide nanomdes present

in the fuel blend took part in the combustion psxdy supplying oxygen and agglomeration of iron
nanoparticles would take place due to high tempegain the combustion chamber. Experiments were in
progress to characterize the exhaust gases anosicorraspects of engine fuelled with POD blend viribim
oxide nanoparticles. High costs of iron oxide naartiple do have major impact on the economy of elies
engines.
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