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Abstract

The performance, emission, and combustion characteristics of kapok methyl ester biodiesel in the base engine were analyzed.
The kapok methyl ester oil is heated up to 110 °C employing a preheating method to reduce the fuel’s viscosity and density. The
preheated oil is blended with the base fuel (i.e., diesel) to make various fuel blends. Many research findings have shown that the
B20 (i.e., 20% biodiesel and 80% diesel) blend reveals superior performance, emission, and combustion characteristics in the
diesel engine. Preheated oil was mixed with cobalt chromite nanoparticles in the different dosages of 50 ppm, 100 ppm, 150 ppm,
and 200 ppm, respectively. When using this biodiesel in a diesel engine, the oxide of nitrogen increases. To overcome this
problem, the injection timing concept was used. The injection timing was varied by 19 crank angle degree (CAD) bTDC
(Retardation), 23 CAD bTDC (Standard), and 27 CAD bTDC (Advanced). The brake thermal efficiency increased with the
blends B20 with cobalt 200 ppm in Retardation by 7.2% as compared with the started ignition delay. The hydrocarbon and
carbon monoxide decreased in the blends B20 with cobalt 200 ppm in Retardation by 37.86% and 41.66% as compared to the
standard injection timing. The oxides of nitrogen and carbon monoxide of blend B20 with cobalt 50 ppm in Retardation
decreased by 16.45% and 9.5% when correlated to normal injection timing. The biodiesel of kapok oil methyl ester is utilized
as an alternative fuel in the base engine to obtain better optimum results.
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Abbreviations BTE
SIT KC1 - RET

Brake Thermal Efficiency

B20 with cobalt 50 ppm in Retardation BSFC

Brake Specific Fuel Consumption

SIT KC2 -RET  B20 with cobalt 100 ppm in Retardation HC Hydrocarbon
SIT KC3 —RET  B20 with cobalt 150 ppm in Retardation NOx Oxides of nitrogen
SIT KC4 —RET  B20 with cobalt 200 ppm in Retardation D100 Diesel
SIT KC1 — ADV  B20 with cobalt 50 ppm in Advanced A Algae biodiesel
SIT KC2 - ADV  B20 with cobalt 100 ppm in Advanced BS 5% biodiesel + 95% diesel
SIT KC3 - ADV  B20 with cobalt 150 ppm in Advanced B10 10% biodiesel + 90% diesel
SIT KC4 — ADV  B20 with cobalt 200 ppm in Advanced B20 20% biodiesel+ 80% diesel
Cco Carbon monoxide B30 30% biodiesel+ 70% diesel
BSEC Brake Specific Fuel Consumption B100 100% biodiesel
CO, Carbon dioxide C Camelina sativa and neem seed oil
ID Ignition Delay S sunflower oil methyl ester
K20 20% Kapok methyl ester+80% diesel
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1 Introduction

The industrial and transport sectors want an alternative diesel
engine fuel considering its availability in the local market and
lower emissions. The crude vegetable oil can’t be directly
utilized in the diesel engine due to its greater viscosity and
density [1]. Using raw vegetable oil leads to some problems in
the engine i.e., oil deposits in the combustion chamber. To
reduce the viscosity and density preheating process is used.
The trans-esterification process takes more time to produce
biodiesel as compared to the preheating process. The process
of preheating takes place at the optimum temperature of
110 °C. Many researchers have prepared various blends of
B10, B20, and B30 to B100 etc. [2]. Among the various
blends, the B20 blend gives the optimum results when corre-
lated to base fuel (i.e. diesel) [3]. The algae biodiesel is used
without any fuel modification in the base engine. The biodie-
sel algae are mixed in various proportions with the base fuel to
prepare A10, A20, A30, A40, and A100 blends. The A20
blend shows lower emission and best performance character-
istics correlated to the diesel. The blend A20 shows grater
BTE, and TFC is 28% and 10%, respectively, when correlated
to the base fuel. It can be attributed due to the less ignition
delay and more fuel injected during the combustion process.
The algae biodiesel enhances the cylinder pressure by 15% as
correlated to the neat base fuel. The hydrocarbon and carbon
monoxide are declined by 62% and 38%, respectively, for the
blend A30 when correlated to neat base fuel, because of the
oxygen availability within the fuel. The opacity of smoke
reduced by 30% for the blend A100 when correlated to the
neat base fuel because of lesser combustion temperature. The
oxide of nitrogen decreased by 39% for the blend A20 when
correlated to the base fuel due to improvement in the
combustion process [4].

The Camelina sativa and neem seed oil are utilized as
biodiesel fuel in the base engine. The four different types of
fuel blends were prepared by mixing biodiesel with diesel B5,
B10, C5, and C10, respectively. The blend C10 gives a better
outcome when compared with the remaining tested fuels. The
carbon monoxide and hydrocarbon emissions are lowered by
12.09% and 20.37%, respectively, when correlated to the base
fuel due to an improvement in the fuel’s atomization. The
carbon dioxide emission decreased by 6.74% for the blend
C10 compared to the base fuel because of the proper air-fuel
ratio and rapid combustion process. For the blend C10, the
oxides of nitrogen increased by 19.78% relative to the base
fuel because of the greater in-cylinder temperature during the
combustion process. The blend C10 showed a 3.8% rise in
brake thermal efficiency when correlated to the smooth base
fuel due to oxygen availability within the fuel [S]. The sun-
flower oil was blended with the base fuel in this experiment.
The S10, S20, and S30 blends are produced utilizing the stir-
ring method. The S20 blend reveals a 7.8% rise in-cylinder
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pressure when correlated with the base fuel because of the
better oxidization of the fuels and elevated temperature
through the process of combustion. The S20 blend shows an
elevated heat release rate of 5.6% when correlated with the
base fuel because of the high temperature produced through
the process of combustion [6]. Rapeseed oil was utilized in the
base engine. The oil was mixed with the diesel to prepare
various blends such as B10 and B20, respectively. The B10
blend exhibits the maximum torque when correlated to other
fuel blends. The blend B20 reveals lesser CO and NOx by
12.31% and 9.7%, respectively, when correlated with the neat
base fuel. It can be attributed due to shorter ignition timing and
the oxygen availability within the fuel. The blend B20 exhib-
ited 6.7% enhancement in brake thermal efficiency when cor-
related to the neat base fuel because of the greater number and
the fuel’s oxygen availability. The B20 blend showed a lesser
Specific Fuel Consumption of 8.9% when correlated to the
neat base fuel [7].

The mixing of nanoparticles in biodiesel exhibits better
performance, emission, and combustion characteristics in the
engine. It is due to the availability of oxygen in the fuel and
nanoparticles, which provide assistance in fuel’s rapid com-
bustion. The fish oil was utilized in the experiments and con-
verted to biodiesel using the trans-esterification process. The
nanoparticle of 60 ppm graphite oxide was used and mixed
with various blends of ethanol and biodiesel. The mixtures
were prepared with graphite oxide of 60 ppm, 10% (by vol-
ume) biodiesel, and 90% (by volume) diesel, and ethanol was
added in different percentages of 2%, 4%, and 6% keeping
diesel volume constant. The engine’s torque and power in-
creases when nanoparticles are blended with biodiesel as the
oxygen becomes accessible inside the fuel. Hydrocarbon and
carbon monoxide emissions were lowered by 42.05% and
35.21% for B10 + 6% of bioethanol +60 ppm of graphite ox-
ide when compared to diesel fuel. For blend B10 + 6% of
bioethanol +60 ppm, carbon monoxide and nitrogen oxides
were increased by 20.09% and 15.23% when correlated to
base fuel, because of the insufficient oxygen and peak com-
bustion of temperature through the process of combustion [8].

The Pongamia methyl ester was converted into biodiesel
using the trans-esterification process and utilized as a fuel for
the engine. The nanoparticle used was aluminum oxide, which
was mixed with biodiesel. The nanoparticle was mixed with
biodiesel at a different doses of 50 ppm and 100 ppm. The
biodiesel blended with 100 ppm dosage of nanoparticles en-
hanced the brake thermal efficiency by 11.5% when correlated
to the neat diesel because of the availability of oxygen in the
fuel. The biodiesel blended with 100 ppm dosage of nanopar-
ticle enhanced the cylinder pressure and heat released rate
because of the shorter ignition delay and more fuel was
injected in the in-let manifold. The hydrocarbon, carbon mon-
oxide, and opacity of smoke emission are lowered by 65%,
54%, and 38%, respectively, for the biodiesel blended with
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Table 1 Various Biodiesel used in the conventional engine
Feedstock Fuel blends Performance Characteristics Emission Characteristics Ref.
BTE BSFC CO, Cco NOx UHC

Jatropha B100 1(5.12) 1 (14.46) - 13.14) | 452 1(18.52)  [16]
Soybean B35, B20, B50, B85 1(7.14) 1(17.45) 1 (4.56) 1(38) 1(12) - [17]
Waste oil BS5, B10 1(6.14) 1(12.14) 1(4.12) INE2Y) 1 5.11) 1 (31.21)  [18]
Jatropha B10, B20, B30, B50 1 (5.54) 1(8.98) 1(13.14) | (16.16) | (7..46) (37.54) [19]
Jatropha B5, B10, B20, B30 1(6.2) 1(14.12) 1(5.47) 1(28.14) | (16.54) 1(4.12)  [20]
Waste oil B25, B50, B75 1 (4.21) 1(7.54) 1(17.12)  1(20.14) 1 (13.46) 1 (11.58) [21]
Chlorella protothecoides ~ B20, B50, B100 1(7.14) 1(14.36) 1 (8.46) 1(19.85)  1(2014) 1 27.14)  [22]
Chlorella vulgaris B10, B20 1(5.17) 1(17.58) 12845 | (31.12) | (1437 1 (8.45) [23]

100 ppm dosage nanoparticle compared to the diesel of
the higher evaporation rate and oxygen content within
the fuel. The oxides of nitrogen increased for biodiesel
blend with 100 ppm dosage of nanoparticle compared to
diesel due to peak combustion temperature during the
combustion process [9].

Pongamia methyl ester was used in the diesel engine. The
nanoparticles of iron oxide were added in different concentra-
tions of 50 ppm and 100 ppm to the biodiesel. The biodiesel
was blended with diesel and nanoparticles of 50 ppm and
100 ppm. The blend B20 with iron oxide nanoparticle of
100 ppm shows an increase in brake thermal efficiency of
14.71% compared to the neat diesel fuel. It is due to an in-
crease in surface area and nanoparticles act as oxygen agent
leads to better combustion. The increase in-cylinder pressure
and heat release rate for blends B20 with iron oxide of
100 ppm causes rapid combustion in the premixed combus-
tion stage. The hydrocarbon, carbon monoxide, and smoke
opacity emissions decreased by 24.14%, 58.12%, and
24.18%, respectively, when the blend B20 and 100 ppm iron
oxide was used engine instead of diesel. It is due to the shorter

ignition delay period, availability of more oxygen content in
fuel and fuel burns rapidly during the combustion process.
The oxides of nitrogen emission increased of 18.36% for the
blend B20 and 100 ppm iron particles as compared to diesel
due to the high elevated temperature during the combustion
process [10]. The various oils were used in the diesel engine
and mixed with diesel in various blends. The two blends, 5%
(by volume) of biodiesel and 95% of diesel and 10% of bio-
diesel and 90% of diesel, were prepared. The nanoparticles
were added in various concentrations of 50 ppm and
100 ppm with the biodiesel. The brake thermal efficiency
increased by 3.36% for the blend of biodiesel 5%, diesel 95%,
and 100 ppm of cerium oxide as compared to the neat diesel
because of the increased surface area to volume ratio and shorter
ignition delay period. The hydrocarbon, carbon monoxide, and
opacity of smoke emission reduced by 4.5%, 13.33%, and
7.46%, respectively, for the blended of biodiesel 5%, diesel
95%, and 100 ppm of cerium oxide when correlated to the base
fuel due to the presence of nanoparticles in the fuel. The oxides of
nitrogen emission for the blended of biodiesel 5%, diesel 95%,
and 100 ppm of cerium oxide increased as compared to the base

Table 2  The Various nanoparticles mixed with biodiesel used in the conventional engine
Nanoparticle additive Performance Characteristics Emission Characteristics Combustion Characteristics Ref
BTE SFC Cco NOx UHC HRR PP

Alumina Al,O3 1 (5.38) 1 (11.46) 1(58.12) 1(9.8) 1 (42.8) 1 (20) 1(2.5) [24]
AL, Fe, Bo nano particles 19.12) L) 1 40.14) | (®) 1(12) 1 (11.41) 1 (11.29) [25]
Cerium oxide 1(6.5) 19.1) 1 37) 1(30.12) | (40.54) | (8.14) -- [26]
Fecl; powder 1(@3.1) 1 (18.4) 1 (52.6) 1(6.5) 1 (1.8) 1 (4.6) 1(4.2) [27]
Silver - - 1 (54) 1 (36) 1 (28) 1 (24.12) 1 (12.4) [28]
Nano organic additive Glycerin 1 (12) - 1 (34) 1 (30) 1 (68) 1(3.2) | (4.65) [29]
CNT 1 (14.7) 1 (13) 1 (29) 1 (6.4) 1(15.25)  1(10.21) 1 (15.68) [30]
CNT 1(6.38) 1 @27 1 @41.21) 1 (65) 1 (26.14) 1 (16.54) 1 (33.11) [31]
Ceo, 1 (.21 1 (12.14) 1(3854) | (21.54) - 1 (5.68) 1(6.12) [32]
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Table 3  Various biodiesel used in the injection timing

Injection Timing FUEL USED Performance Emission Characteristics Ref
Degree °C BTE BSEC HC CO NOx Smoke

22 Isobutanol/diesel 1(2.5) 1(8.4) 1(144) 1 (244) 1(18.4) 1 (14.1) [33]
23 Isobutanol/diesel 14.2) 1(12.4) 1(17.2) 1 1.7 1 (13.4) 1 (15.5) [33]
23 n- Pentanol/diesel 1 (5.1) 1(11.4) 1(15.2) 1 (18.5) 1(12.25) 1 (14.5) [33]
21 Waste Plastic oil 1(1.8) 1 (4.6) 1(124) 1 (122) 1 (13.6) 1 (14.1) [34]
23 Waste Plastic oil 1(4.5) 1(6.1) 1(104) 1 (20.1) 1(134) 1 (13.7) [34]
25 Waste Plastic oil 1 (8.7) 1(12.4) 1T (11.4) 1 (214) 1(104) 1(14.3) [34]
19 D94WS5S1 - SI25 124 1(7.1) 1(8.9) 1 (13.5) 1 (5.6) 1(10.2) [35]
21 D94W5S1 — SI150 1(1.2) 1(10.5) 1(9.5) 1(14.2) 1 (12.9) 1(9.5) [35]
23 D94W5S1 - SI75 1 (4.6) 1(11.2) 1(12.3) 1(15.3) 1 (14.5) 1(13.2) [35]
19 Algae — BHT 13.3) 1(8.4) 1(84) 1 (12.6) 1(6.2) 109.2) [36]
21 Algae — BHT 1@ 1(10.2) 1(10.2) 1 (14.56) 1 8.5) 1 (14.5) [36]
23 Algae — BHT 1(6.2) 1(13.2) 1(11.2) 121D 1 (11.6) 1(17.6) [36]

fuel, because of the elevated cylinder temperature produced dur-
ing the combustion process [11].

Many researchers have suggested introducing the injection
timing (IT) parameter into the biodiesel with nanoparticles to
give the optimum results. When using, the oxides of nitrogen
increased for the blend of biodiesel with nanoparticles. The
injection timing parameter was introduced to overcome this
problem [12]. The pyrolysis oil was combined with plastic oil
and used in the engine. The various biodiesel blends B10,
B20, and B30 are prepared. The brake thermal efficiency for
blend B20 was 14.56% higher as compared with the base fuel,
because of the advanced IT, shorter ignition delay, and avail-
ability of oxygen in the fuel. The hydrocarbon (HC), carbon
monoxide (CO), and opacity of smoke emission in the blend
B20 are decreased by 21.12%, 18.87%, and 22.45%, respec-
tively, when correlated with the base fuel because the proper
combustion of the fuel takes place. The HC, CO, and opacity
of smoke emission increase when the IT was retarded. The
nitrogen oxides (NOx) emission increased by 12.56% for

Table 4 Composition of

Kapok Oil Name of the Acid Percentages
Myristic Acid 0.25%
Palmitic Acid 24.31%
Palmitoleic Acid 0.40%
Steraric Acid 2.65%
Oleic Acid 21.83%
Linoleic Acid 38.92%
Arachidic Acid 1.00%
Malvalic Acid 7.18%
Behenenic Acid 0.44%
Sterculic Acid 2.96%
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blend B20 when correlated with base fuel because of the ele-
vated temperature during the combustion process [13].

The tamarind seed was utilized as an alternative fuel for the
diesel engine. Various blends were prepared and IT was var-
ied to 21 CAD bTDC, 23 CAD bTDC, and 27 CAD bTDC.
The IT was advanced and the brake thermal efficiency for the
tested fuel B20 increased by 3.78% when correlated to the
base fuel because of the shorter ignition delay period. When
IT was advanced the heat release rate and in-cylinder pressure
were also increased when compared to diesel because of the
greater temperature and more fuel burns during the process of
combustion. When injection timing was retarded, the HC, CO,
NOx, and opacity of smoke emission for the blend B20 were
decreased by 11.76%, 10.53%, 32.34%, and 25.47% as com-
pared to diesel [14].

The petroleum-based diesel fuel was combined with diesel
and used in the experiments. The tested fuel blends B10, B20,
B30, and B40 were prepared and injection timing was varied.
The brake thermal efficiency was higher by 3.17% for blend
B20 when correlated with the base engine, because of the
shorter ignition delay period and more fuel injected in the inlet
manifold. The HC, CO, and opacity of smoke emission are
decreased when correlated with the base fuel due to the avail-
ability of more oxygen in the fuel and shorter ignition delay

[ Kapok Tree ] [
( Woody Pods ] (

[ Collection of Seeds J

Filtration of Oil J

Oil Crushers J

f{ Drying Under Sun Light }

Fig. 1 Extraction Process for Kapok oil
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Fig. 2 Preheating Process

Valve

period. When IT was advanced, the NOx emission increased
by 8.32% when correlated with the base fuel due to the ele-
vated temperature during the combustion process [15].

From the detailed literature survey, it was found that the bio-
diesel blend B20 showed superior performance, emission, and
combustion characteristics than the other blends. This is due to
the shorter ignition delay period and complete combustion of the
fuel. The addition of nanoparticles with biodiesel resulted in
better engine characteristics. The main motivations of the present
research are discussed further. (i) Diesel-powered conventional
compression ignition (CI) engine produced high NOx and smoke
emission. Many researchers reported that biodiesel operated CI
engine emits lesser smoke emission but shows high NOx emis-
sion. (ii) The partial or full replacement of diesel fuel with bio-
diesel can achieve reasonable power and emits low HC and CO
emissions but high NOx emission. (iii) The utilization of biodie-
sel and nanoparticles in the engine produced more NOx emission
because of the higher in-cylinder temperature which resulted in a
better combustion process. (iv) To overcome the formation of
NOXx, injection strategies were utilized to reduce the NOx
emission reasonably. (v) The combined effect of

200 nm
Fig. 3 Cobalt Chromite for SEM image
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nanoparticle and varying the injection timing leads to pro-
duce significant improvement in performance and reduction
in emission characteristics. The ultimate objective of the
present research is to investigate effective use of kapok bio-
diesel as a fuel in CI engine. Subsequently, assess the im-
pact of nanoparticles addition with kapok biodiesel on the
engine. Finally, analyze the engine characteristics by vary-
ing the injection timing at a constant speed.

Various biodiesel was used in the conventional engine as
shown in Table 1. Two symbols have been used in the table,
one is upward and another is downward. The upwards symbol
shows the increase and downward symbol shows the decrease in
the parameters.

Table 2 shows the various nanoparticles mixed with biodiesel
used in the conventional engine. Two symbols have been used in
the table, one is upward and another is downward. The upwards
symbol shows the increase and downward symbol shows the
decrease in the parameters.

Table 3 Various biodiesel is used in the injection
timing. Two symbols have been used in the table, one
is upward and another is downward. The upwards sym-
bol shows the increase and downward symbol shows the
decrease in the parameters.

Table 5 Cobalt Chromite property

Color Blue

Chemical Name Cobalt Chromite Blue-Green Spinel

Chemical Formula Co(Al, Cr),04

Particle Size 1.0 um

Density 47 g/em®

Refractive Index 1.560-1.662

Oil Absorption 5 goil/ 100 g pigment

@ Springer
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6H,0 9H,0

Dissolved in

Stirri
tirring Process Water

- Solution (CO
' tCr—1.2)

Ethylene Glycol | —

950 degree C /
6 h

Drying at 120
degree C

Cobalt
Chromite

Fig. 4 Preparation of Cobalt Chromite

2 Materials and methods
2.1 Overview of kapok oil

The oil is yellowish in color with a lovely scent smell
like consumable oil. Kapok oil is not suitable for con-
sumption because of the quality of cyclopropenoid
greasy acids [37]. It contains 39 unsaturated fats that
can be utilized as a fuel for the base engine in the form
of kapok oil methyl ester (KOME). Table 4 shows the
composition of kapok oil.

2.2 Extraction process of oil

Kapok Woody units were gathered in Tamilnadu, India. The
seeds of kapok are isolated from the silky fiber in the woody
cases [38]. These seeds were dried under the daylight until
their shading changed and taken care in an enormous extractor
limit compartment. The extraction of oil from Kapok seed was
accomplished using a mechanical crusher. The raw crude ka-
pok oil was collected and filtered to eliminate the

Fig.5 Fuel preparation for the oil

Preheating

Process 110
degree C

Injection Timing

=19 deg bTDC
njection Timing

—23 deg bTDC

njection Timing

=27 deg bTDC
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contaminations. Figure 1 shows the flow diagram of the
Kapok seed oil extraction process.

2.3 Preheating process

The crude vegetable oil cannot directly have utilized in the
engine. Thus, viscosity and density of the fuel were lowered
using the preheating process. The trans-esterification process
is the oldest method; nowadays, many researchers have sug-
gested the preheating method [38]. In the preheating process,
biodiesel is produced with less time as compared to the trans-
esterification process. The preheating process can be done by
two methods, one is heat exchanging and another is by a
heater. The preheating temperature was maintained between
60 °C to 120 °C and the optimum result was achieved at
110 °C. Figure 2 shows the preheating process of the oil.

2.4 Nanoparticles of cobalt chromite

Figure 3 shows the SEM image of cobalt chromite. An ordi-
nary co-precipitation strategy was utilized to incorporate co-
balt chromite nanoparticles. Arrangement of cobalt ni-
trate (0.5 pum), chromium nitrate (1 pm), and smelling
salts arrangement (25%) were set up in 25 ml volumet-
ric jars independently by dissolving suitable measure of
them in refined water, separately. The required amount
of cobalt nitrate arrangement was taken in a 100 ml
measuring glass, and afterward, chromium nitrate ar-
rangement was included gradually to it under persistent
blending. The blended arrangement was mixed at room
temperature for 2 h. At a particular point, fluid smelling
salt arrangement (25%) is included in a dropwise man-
ner to the blended arrangement till the pH of 9. The
hydroxide accelerate was shifted and washed for few
times with refined water till the filtrate accomplishes a
pH of around 7 [39]. The acquired hasten was dried on

Flow Chart for Fuel Preparation ]

K20 (B20)

| Stirring Process -

Biodiesel with
Nanoparticles

80% Diesel + 20% Kapok
(o]]]

N
Eobalt Chromite 50, 100, 150 |

nd 200 ppm )

K20+50ppm,K20+100ppm,
K20+150ppm,K20+200ppm
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Table 6  Fuel Properties of the fuel

Property Diesel Raw Oil B20+50 ppm B20+50 ppm B20+50 ppm B20+50 ppm
Specific gravity(40 °C) (kg/m®) 0.85 0.875 0.861 0.856 0.857 0.849
Density (40 °C) (kg/m®) 822 931 845 856 875 867
Viscosity(40 °C) mm? /S 3.1 42 3.8 37 39 34
Calorific Value 44 38 39 38 40 42
MJ/m?
Cetane Number 54 48 49 51 52 56
Acid Number - 0.2 0.5 04 0.6 0.2
Fire Point (° C) 74 174 154 162 165 161
FlashPoint(° C) 59 170 145 151 159 165
Fig. 6 Experimental Setup H - I3
Bio diesel Diesel fuel
N ——

Controller

a stove at 120 °C for 16 h and calcined at 600 °C for
4 h to get well jasper green powder. The nanoparticles
of cobalt chromite was chosen in the present study

Table 7

Specifications of the Engine

Specification of Engine

Brand and Model
Number of cylinders
Cooling Types
Stroke volume
Engine speed

No. of strokes
Clearance volume
Rated output
Diameter of Bore
Length of Stroke
Lubrication system
Compression Ratio

Kirloskar, SV1
1
Water-cooled
661 cc

1800 rpm

4

37.8

5.9 kW

87.5 mm

110 mm
Forced feed system
17.5:1

SLE

Flow meter@

Dynamometer

because of its higher oxygen content as compared to
the other nanoparticles. Table 5 shows the property of
cobalt chromite. Figure 4 shows the preparation of co-
balt chromite.

Table 8  Uncertainty Analysis

S. No. Parameters Systematic Errors (%)
1 Speed, rpm 1

2 Load, N 0.2
3 Time, seconds 0.1
4 Brake Power, kW 0.5
5 Temperature, © C 1

6 Pressure, bar 1

7 NOy, ppm 9

8 CO, % 0.03
9 CO,, % 0.03
10 Unburnt hydrocarbon, ppm 10

—_
—_

Smoke, HSU

@ Springer
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Fig. 7 FTIR Analysis for Kapok
Oil

Transmittance (%)

2918 cm™

/ 898em !
1

B30’

f / 1247m?
g /
9™ (U 1sm?

’ \
T
/ 1161cm i

1508 m™

1
1637 cm ~{L/Y

13%m’

2.5 Fuel preparation

The preheated Kapok oil was utilized in the base engine
with no significant adjustments. The oil was heated up
to 110 °C with the help of the preheating process to
decrease the density and viscosity of the fuel. The ka-
pok biodiesel was blended with the base fuel and vari-
ous blends are prepared [40]. The nanoparticles were
mixed with the kapok biodiesel using mechanical stir-
ring. The B20 blend was mixed with the nanoparticles
at various dosages of 50 ppm, 100 ppm, 150 ppm, and
200 ppm. The different blends were prepared by varying
the injection timing, such as 19 CAD bTDC, 23 CAD
bTDC, and 27 CAD bTDC. These results were correlat-
ed to standard injection timing. Figure 5 shows the fuel
preparation from the oil. Table 6 indicates the properties
of the fuel.

Fig. 8 XRD Analysis for Kapok 2500
oil
2000
g 1500 —
=
2
()
= 1000 —
o

3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

500 F

Wavelength number (cm™1)

3 Experimental set-up

The single-cylinder four-strokes direct-injection conventional
engine was utilized for the experimental purpose and Fig. 6
shows the base engine set-up. The specification of the base
engine is shown in Table 7. After inspection, instruments were
arranged, the exhaust emission parameters were calibrated.
The base engine was coupled with the eddy current dynamom-
eter. The base engine speed was maintained at 1500 rpm and
5.1 kW of rated power. The AVL 444 N gas analyzer was
utilized to quantify the emission parameters like CO, CO,,
NOx, and hydrocarbon. The power of the smoke meter is
estimated with the assistance of the AVL 443 N smoke meter.
The IT was varied by impeding and propelling the position
when contrasted and the standard IT. The RIT (19 CAD
bTDC), SIT (23 CAD bTDC), and AIT (27 CAD bTDC) were
used in this investigation.

20
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3.1 Uncertainty analysis

Uncertainty analysis was used to calculate the range of
errors. The reading of the diesel engine varies slightly
with the instruments’ condition and vibration. To reduce
these types of errors in the diesel engine, uncertainty
analysis is adopted. The engine was started and operat-
ed for up to half an hour, and reading was taken from
the diesel engine [41]. Five times with the same blend
readings were recorded, and the average values were
used to plot the graph. The range between the measured
value plus or minus to systematic error gives the uncer-
tainty values. Table 8 shows the uncertainty analysis.

3.2 FTIR analysis

The sample is loaded in the FT-IR spectroscopy, and a
relevant peak for Kapok oil was generated and the re-
sult is plotted in Fig. 7. The Kapok oil has some feeble
peaks from 1700 to 3000 cm ', which is consistent of

C-H band. FT-IR results in the N-H band at 1236 cm ™'
that support the presence of biomolecules besides cobalt
chromite. Then, the sharp peak 3492 cm™' reveals the
N-H band’s existence in the sample, and it is broader
than the other generated peak in this region, namely,
aromatic ring and carbonyl stretching modes. At
1746 cm™ a scissoring in-plane twisting approach of
NH, amine group is available.

3.3 XRD analysis

Figure 8 displays the XRD analysis of Kapok oil. The deflec-
tion peaks at 20 0f 40, 46, and 66 related to (1 1 1), (2 0 0), and
(2 2 0) were associated with the planes. The deflection peak (1
1 1) mean particle size is inveterate by Scherrer’s method. The
inveterate mean particle size is about 5.2 nm. Finally, the
result accepts the presence of kapok oil in the sample with a
corresponding nanometer size and boosts the reaction’s cata-
lytic activity.
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4 Result and discussion

4.1 UBHC

Figure 9 shows the variations of hydrocarbon and brake
torque of various fuel blends, i.e., K20 and 50 ppm, K20
and 100 ppm, K20, and 150 ppm, and K20 and 200 ppm for
different injection timing. At retardation of fuel injection
timing deposited into the cylinder walls was high, and at lower
fuel injection timing, the fuel spray penetration on the surface
piston is high [42]. The presence of cobalt chromite nanopar-
ticles to reduce the hydrocarbon emission in the combustion
process due to the presence of nanofluid. When IT was ad-
vanced (27 CAD bTDC), there was a drastic reduction of
unburnt hydrocarbon at all load conditions. The presence of
nanoparticles within the fuel is responsible for proper com-
bustion. The nanoparticles in the tested fuel K20 led to higher
surface tension, which resulted in lesser compressibility and

greater viscosity of the fuel. The nanoparticles led to a greater
surface area to volume ratio, which improved the fuel’s com-
bustion, thereby lowered the hydrocarbon as correlated with
diesel [43]. When IT was retarded, the hydrocarbon emission
increased. When the IT was advanced the hydrocarbon emis-
sion for the blends SIT KC1 -ADV, SIT KC2 -ADV, SIT KC3
-ADV, and SIT KC4 -ADV decreased by 31.33%, 33.32%,
35.72%, and 37.68% when compared with the 23 CAD bTDC
(i.e., standard injection timing) due to the oxidation reaction
and shorter ignition delay.

4.2 CO

Figure 10 shows the variations of CO and brake torque of
various fuel blends, i.e., K20 and 50 ppm, K20 and
100 ppm, K20, and 150 ppm, and K20 and 200 ppm for
different injection timing. When IT was advanced, it resulted
in a drastic decrement in carbon monoxide and a higher
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carbon monoxide when fuel injection timing is retarded.
Many researchers had proved that CO can be decreased when
biodiesel was used as a fuel in the base engine because of the
availability of oxygen in the fuel and shorter ID period. The
methyl esters have adopted a sub-atomic structure of
oxygen ions. When IT was advanced, it resulted in
higher in-cylinder pressure, temperature by the oxidation
process between the oxygen and the carbon atoms,
thereby increasing the ignition delay [44]. When the
IT was advanced, carbon monoxide emission for the
blends SIT KC1 -ADV, SIT KC2 -ADV, SIT KC3 -
ADYV, and SIT KC4 -ADV decreased by 25%, 29.12%,
33.33%, and 41.66%, respectively, when correlated to
the 23 CAD bTDC (i.e., standard injection timing).
Adding the nanoparticles at lower load conditions into
the fuel has not decreased CO emissions, whereas at
higher load conditions, there was a significant reduction

in carbon monoxide. It is due to the nanoparticle that
acted as an oxygen buffer and provided sufficient oxy-
gen for complete combustion of the fuel.

4.3 CO,

Figure 11 illustrates the variations of CO, and brake torque of
various fuel blends, i.e., K20 and 50 ppm, K20 and 100 ppm,
K20, and 150 ppm, and K20 and 200 ppm for different injec-
tion timings. When the IT was advanced, there was higher
carbon dioxide emission, and when the IT was retarded there
was a decrement in carbon dioxide emission. At the SIT, the
carbon dioxide was higher, because of oxygen availability
within the fuel. The carbon dioxide decreased for all load
conditions when the IT was retarded to 19 CAD bTDC.
When the injection timing was retarded the carbon dioxide
emission for the blends SIT KC1 - RET, SIT KC2 - RET,
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SIT KC3 - RET, and SIT KC4 - RET decreased by 6.45%,
3.4%, 7.2%, and 9.5%, respectively, when compared to the 23
CAD bTDC (i.e., standard injection timing) due to better ox-
idation of fuel in the process of premixed combustion and
resulted in shorter ID period. The biodiesel with 50 ppm and
100 ppm dosage of nanoparticles at 23 CAD bTDC and 27
CAD bTDC produced similar results. At 23 CAD bTDC,
biodiesel with 150 ppm, 200 ppm dosage of nanoparticles
provided slightly higher carbon monoxide emission than ad-
vanced injection timing.

4.4 NOy
Figure 12 shows the variations of carbon monoxide and

braking torque of various fuel blends, i.e., K20 and
50 ppm, K20 and 100 ppm, K20, and 150 ppm, and
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formations of oxides of nitrogen happen at high in-
cylinder temperature during the process of combustion.
During the retarded position, some reduction of oxide of
nitrogen was obtained. It was also found that the oxides
of nitrogen decreased when there is an increase in en-
gine load due to a shorter ID period, lesser combustion
pressure, and lesser duration of combustion [45]. When
nanoparticles were added into the fuel during retarded
position, there was no formation of oxides of nitrogen.
When IT was retarded, the oxides of nitrogen emission
for the blends SIT KC1 - RET, SIT KC2 - RET, SIT
KC3 - RET, and SIT KC4 - RET decreased by 9.34%,
12.12%, 14.21%, and 16.45%, respectively, when com-
pared with the 23 CAD bTDC (Standard injection
timing) due to shorter ID period and lower temperature
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prevailing through the process of combustion. When
AIT, there was an increase in the oxides of nitrogen
emission when correlated to the SIT.

4.5 BTE

Figure 13 shows the variations of carbon monoxide and brake
torque of various fuel blends, i.e., K20 and 50 ppm, K20 and
100 ppm, K20, and 150 ppm, and K20 and 200 ppm for
different injection timings. When IT was advanced, the brake
thermal efficiency increased, whereas when IT was retarded
the brake thermal efficiency decreased. The 27 CAD bTDC
shows the highest brake thermal efficiency due to additional
time consumption through the process of combustion. Similar
studies showed that the depreciation in brake thermal efficien-
cy for various fuel blends with various injection timings.
When IT was retarded, more depreciation was observed as
compared to advance IT. The methyl esters have an elevated
ignition temperature and higher molecular weight due to late
combustion during combustion, which resulted in greater
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brake thermal efficiency [46]. When the IT was advanced,
the brake thermal efficiency for the blends SIT KC1 -ADV,
SIT KC2 -ADV, SIT KC3 -ADV, and SIT KC4 -ADV in-
creased by 3.2%, 3.7%, 4.5%, and 7.2%, respectively, when
compared with the 23 CAD bTDC (i.e., standard injection
timing) due to the presence of nanoparticles in the fuel and
fuel burns completely during the combustion process.

4.6 BSFC

Figure 14 illustrates the variations of brake specific fuel con-
sumption (BSFC) and brake torque of various fuel blends, i.e.,
K20 and 50 ppm, K20 and 100 ppm, K20, and 150 ppm, and
K20 and 200 ppm for different injection timings. When fuel IT
advanced, the maximum BSFC was attained when correlated to
the retarded IT. It is due to the effect of turbulence in the later
phase of the combustion process. When the IT was advanced, the
BSFC for the blends SIT KC1 -ADV, SIT KC2 -ADV, SIT KC3
-ADV, and SIT KC4 -ADV decreased by 11.76%, 15.45%,
16.76%, and 21.23%, respectively, when compared with the 23
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CAD bTDC (i.e., standard injection timing). It is due to the
availability of nanoparticles within the fuel and shorter ID period.
The nanoparticle concentration increased the BSFC in both ad-
vance and retardation injection timing conditions [47].

4.7 In-cylinder pressure

Figure 15 illustrates the deviations of in-cylinder pressure and
braking torque of various fuel blends, i.e., K20 and 50 ppm, K20
and 100 ppm, K20, and 150 ppm, and K20 and 200 ppm for
different injection timings. When the IT was advanced, the in-
cylinder pressure increased due to the elevated in-cylinder tem-
perature. When the IT was advanced, the in-cylinder pressure for
the blends SIT KC1 -ADV, SIT KC2 -ADV, SIT KC3 -ADV,
and SIT KC4 —ADV increased by 5.12%, 3.12%, 5.24%, and
5.72%, respectively when correlated to the 23 CAD bTDC (i.e.,
standard injection timing). It is due to the oxidization reaction
within the fuel and complete combustion of fuel during the
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combustion process [48]. The cobalt nanoparticle mixed with
the biodiesel increased the in-cylinder pressure when the dosage
of nanoparticles was higher in the blend.

4.8 HRR

Figure 16 illustrates the variation of HRR with braking torque
of various fuel blends, i.e., K20 and 50 ppm, K20 and
100 ppm, K20 and 150 ppm, and K20 and 200 ppm for dif-
ferent injection timings. Generally, the HRR increased with an
increase in the dosage of nanoparticles due to the higher in-
cylinder pressure [49]. When the injection timing was ad-
vanced, the HRR for the tested fuels SIT KC1 -ADV, SIT
KC2 -ADV, SIT KC3 -ADV, and SIT KC4 ~ADV increased
by 3.2%, 4.54%, 4.12%, and 5.09%, respectively, when com-
pared with the 23 CAD bTDC (i.e., standard injection timing)
because of the availability of the nanoparticles within the fuel
and resulted in completely combustion of the fuel.
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5 Conclusions

The Kapok oil methyl ester biodiesel with nanoparticles
was used in the base engine by varying the injection
timings (IT). The nanoparticles dosage increased the
thermal efficiency, in-cylinder pressure and HRR by im-
proving the combustion process along with a drastic
reduction of the emission characteristics when the IT
was advanced and retarded.

> For the advanced IT, brake thermal efficiency (BTE)
was 7.2% higher for the blend KC4 —ADV at standard IT
(SIT) than the SIT. It is due to the presence of nanopar-
ticles in the fuel and complete combustion process.

> When the IT was advanced, the brake specific fuel con-
sumption of the blend SIT KC4 -ADV decreased by 21.23%
compared with the 23 CAD bTDC because of the availability
of nanoparticles within the fuel and shorter ID period.

> HRR and in-cylinder pressure in the blend SIT KC4 -
ADV was higher by 5.09% and 5.72%, respectively, when
correlated with the IT of 23 CAD bTDC due to the
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oxidization reaction within the fuel and complete combus-
tion process.

> The hydrocarbon and carbon monoxide emissions in
the blend SIT KC4 —~ADV at advance IT showed a dec-
rement of 37.86% and 41.66%, respectively, as compared
with the SIT due to the oxidation reaction takes place and
shorter ID period.

> The nitrogen oxides and carbon monoxide emis-
sions for the blend SIT KCI —RET at retarded IT
decreased by 16.45% and 9.5%, respectively, when
compared with SIT due to the shorter ID period,
availability of oxygen within the fuel and less
amount of fuel injected during the combustion
process.

6 Summary of results

Figures 17 and 18 show the comparison result of advance and
retard IT with standard IT.
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