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Abstract-This paper studies the effect of utilizing crudeerbran oil methyl ester (CRBOME) and its blends
with diesel and domestic kerosene oil on a singlimder direct injection diesel engine. In this wahort term
performance and emissions test on diesel engine waried out using CRBOME and its diesel and lextes
oil blends. In the first place B20, B40, B60, B8@ruls were prepared by varying the amount of metkigr
and conventional diesel blend. In the second phaethyl ester, diesel, kerosene blends were prepaiedel
proportions in the blends is reduced by adding ddimé&erosene oil in the proportions of [MethylersDiesel:
Kerosene] 20:75:5, 40:50:10, 60:25:15, 80:0:20. €hgine tests were carried at 0%, 25%, 50%, 75% an
100% rated loads by keeping speed constant (15Q0fime brake specific energy consumption (BSEC th M
/KW-hr), brake thermal efficiency (BTE %) and exbbemissions were evaluated to determine the optimu
fuel blends. The results show that B20 and B20 &&hminimum BSEC of 27 MJ / kW-hr and 22.48 MJ /KW
hr respectively at 100% rated load. B20 has maxin®ire [28.81%] at 75% rated load. B100 and B80 K20
have minimum CO emission of 0.02% and 0.03% regpygtat 0% load. B100 and B80K20 have minimum
UNBHC emission of 5 ppm and 8 ppm at 0% load. Bh&8 a maximum NQemission [774 ppm] at 100%
rated load. B20 K5 has a minimum N®mission [210 ppm] at 0% load.

Index Terms- Crude rice bran methyl ester, Diesel, Domestic $ene oil.

1. INTRODUCTION 2. MATERIALSAND METHODS

Edible and non-edible vegetable oils have been usédthe first stage, crude rice bran oil was treakéith

as an alternative to conventional diesel oil. Tee af methanol (15% v/v) in presence 0$0, (0.5 % Vv/v)
neat vegetable oil in diesel engine causes engias an acid catalyst. In the second stage, the sampl
related problems such as injector choking and pistavhich has lowest FFA from first stage is treatethwi
ring sticking, severe engine deposits [1] due tmethanol (7% v/v) in presence 0L%0, [0.5% v/V]
increased viscosity and low volatility of vegetableas an acid catalyst to bring the FFA level of crride
oils. Considerable research has been done on bildiebran oil below 1% (0.4%). In the final stage, the
and their performance in unmodified diesel enginesample which has FFA level less than 1% (0.4%) is
[2]. Several studies have noted that biodiesel hamseated with methanol ( 25% v/v ) in presence of
lower energy content and different physical prapert NaOH ( 0.5 w/v) as alkaline catalyst. Maximum gliel
than diesel oil. This may cause changes in engired 94% was obtained at the optimized process
performance [3]. Studies also show that biodiesglarameters.

fuelled engines have similar performance and A single cylinder direct injection diesel
combustion characteristics as that of diesel ojl [4engine was used in this work. Table 1 shows the
The use of biodiesel in conventional diesel enginspecification of the engine.

results in considerable reduction in emission of

carbon monoxide (CO), unburnt hydrocarbons Table 1.1 Specifications of the engine
(UNBHC). Type Four stoke

The objective of this study was to investigate i
the performance and emission characteristics efctir Make Kirloskar AV-1
injection diesel engine operating on crude ricenbra
methyl ester [B100] and blends with conventional Bore 80 mm
diesel oil [B20, B40, B60, B80] engine test areoals Stroke 110 mm
conducted on domestic kerosene oil and its blends
with conventional diesel oil and crude oil methgter Swept volume 553 cc

[B20K5, B40K10, B60K15, B8OK20]

Cylinder capacity 624.19 cc
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Dynamometer

Electrical, Swinging
Field Resistive
Loading

Cylinder pressure

By Piezo Sensor,
Range: 500 psi

Compression ratio

16:1 to 25:1

Rated power

3.75 kW @ 1500
RPM

Loading type

Direct current
generator, Voltage
140V,

Max current 23
amps

Torque, Fuel Flow

By transducers and
Digital Sensors

Cooling system

Water cooled
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Fig. 1.2: Effect of load on Brake Specific EnergynSumption
when diesel engine has run on B20K5, B40K10, B6QREDK20

and diesel.

The engine was operated with B20 [20% Fi

) g. 1.1 shows that the effect of load on
methyl ester and 80% diesel], B40 [40% methyl est@§ge \hen diesel engine has run on B20, B40, B60,
and 60% diesel], B60 [60% methyl ester and 409 80 and B100 respectively. Fio.1.1 and Fig.1.2
diesel], B8O [80% methyl ester and 20% diesel], and _. > fesP y. Hg.%- g+
finall ’ th B100 [1000 hvi h . dicates that with increases in the percentageauf
inally wit Bll ([jl /jj.'“.”e‘ y de;ter]. Tc? eng'Eeon the engine BSEC has decreased from no load to
was run in no load condition and its speed was ecEj" load for all the samples. The decreases in B&E

constant [1500rpm]. Then it was gradually loade igh at part loads [0 to 20%] and low at high laads

The experiments were conducted at 0%, 25%, 500/Sample B20 has similar BSEC as that diesel in all

75% and 100% rated load. For each load conditien trI10ad ranges. BSEC has increased with the incréases

engine was run for at least 5mints. The experimen rcentage of methyl ester in blends. B100 has
were replicated twice under all conditions. Th%faximum BSEC as compared to all other samples.
performance were evaluated in terms of brake speci This may be due to the factor of lower calorifiduea
energy consumption (BSEC) and brake thermals g1 B2( [195.72MJ/kW-hr] has BSEC 4.73%
efﬁmenpy (BTE) as a_functlon of load. The resuite higher than that of diesel [186.46MJ/kW-hr] whereas
shown in Fig.1.1 to Fig.1.10. B100 [236.02MJ/kW-hr] has BSEC 21% higher than
that of diesel at 0% load. B20 has minimum BSEC
[27MJI/KW-hr] which is 40.74% higher than that of
diesel [16MJ/KW-hr] at 100% rated load. All samples
have minimum BSEC at 100% rated load.

Fig.1.2 shows the effect of load on BSEC

3. RESULTSAND DISCUSSION
3.1 Effect load on BSEC

250

when diesel engine runs on B20K5, B40K10,

E?”“ o Diesel B60K15, and B80K20. Fig.1.2 indicates that BSEC

2 decreases with increase in the percentage of load o
=0 520 the engine, the decrease is high at part loaddwutt

s uau high load. Fig.1.2 also indicate that B20K5 (20%

;100 biodiesel, 5% Kerosene, 75% diesel) has minimum

. ==B60 BSEC than B40K10 (40% biodiesel, 10% domestic

a —¥—D80 Kerosene, 50% diesel), B60K15 (60% biodiesel, 15%

0 8100 Kerosene, 25% diesel), B8OK20 (80% biodiesel, 20%

0 50 100 150 Kerosene, 0% diesel).B20 K5 has minimum BSEC of

22.48MJ/kW-hr which is 28.83% higher than that of
diesel and 16.74% lower than B20 at 100% rated.load
17% decrease in BSEC was observed by replacing 5%
diesel with kerosene in B20. B80 K20 has maximum
BSEC (220.68MJ/kW-hr) which is 15.51% higher
than that of diesel and 1.97% lower than that o® B8
at 0 load. Fig.1.2 also indicates that BSEC in@sas
with increase in the percentage of methyl estahn
blend.

Load (%)

Fig. 1.1: Effect of load on Brake Specific EnerggnSumption
when diesel engine has run on B20, B40, B60, B8D)0Band
diesel.
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3.2 Effect of load on Brake Thermal Efficiency rated load. B80K20 has minimum BTE (7.06%)

(BTE) which is 46.2% lower than diesel oil at 25% rated
load. Fig.1.4 indicates that BTE decreases with

increase in the percentage of kerosene in B40, B60,

35 .
3 B80 blends. Thus may be due to lower calorific galu
°: 30 Diesel of kerosene.
g 25 —4—Diese
5 20 -#-820 .
£ 3.3 Effect of load on CO emission
v 15 =e=B40
m
E 10 >e=B60 04
25 0.35
- ==B80
% 0 03 =4 diesel
£ 0 50 100 150 =% B100 ~005
@ P =820
Load { % } ?_, 0.2
S =fe=B40
Fig. 1.3: Effect of load on brake thermal efficignehen diesel 0.5
engine has run on B20, B40, B60, B80, B100 ancetlies 01 =+=B60
0.05 82 —#—B830
35 0 ~0-B100
-~ 0 50 100 150
2 30
e Load (%)
£ 25 ‘
5 =4=Diesel Fig. 1.5: Effect of load on CO emission when dieswjine has run
£ 20 on B20, B40, B60, B80 and diesel
7 =l=B20K5
w15
£ 0 BAOK10
-]
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]
E —#-B80K20 0.5
g 0 03
=4=diese]
0 50 100 150 0.5
Load (%) 2 03 4 ~-B205
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Fig. 1.4: Effect of load on brake thermal efficignehen diesel
engine has run on B20K5, B40K10, B60K15, B80K20 diegel 0.1 =¥=B60 K15
_ 0.05 =i=B80 K20
Fig. 1.3 shows that the effect of load on BTE 0
when diesel engine has run on B20, B40, B60, B8C 0 0 100 150
B100 and diesel. Fig.1.3 shows that B20 has
maximum BTE and B100 has minimum BTE at all Load (% )

loads. B20 has minimum BTE (28.81%) which is et of load hen digsine h
6.82% lower than that of diesel at 75% rated load:'9- 1.6: Effect of load on CO emission when dieswine has run
B100 has minimum BTE (19.85%) which is 35.8% on B20KS, BAOK10, BEOK1S, B8OK20 and diesel
lower than that of diesel at 75% rated load. B28 ha

minimum BTE (12%) which is 8.54% lower than that_. .
of diesel at 25% rated load. Fig.1.3 also indic#tes tF'g' 1.5 shows the effect of load on CO emission

ey : en diesel engine runs on B20, B40, B60, B8O,
athy?eezee;fr;\?re]z?h;vgrer:gcrease inthe percentage ]t1100 and diesel. Fig. 1.5 indicates that CO emissio

Fig. 1.4 shows that effect of load on dieseincreases with increase in percentage of load and
engine fuéllea With B20K5. B40K10. B60K15 decreases with increase in percentage of esterQ B10
B80K20 and diesel which also indicates that BZOKQas _mlnlmgg CO. e_mlss(ljongt h"’}"hlpa%‘; ||320 has
has maximum BTE than all other samples at all load aximum emission ( o “yhich is 6% lower
B20K5 has maximum BTE (27.26%) which is an that of dles_el_at 100% rate(_j Io_ad. B100 has
11.84% lower than diesel and 5.4% lower than that inlmmum CO_ emission (0.02%) which is 75% lower
B20 at 75% rated load. Replacing 5% diesel wit han that of diesel at 0 load.
kerosene, 5.4% decrease in BTE was observed at 75%
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Fig. 1.6 shows the effect of load on COB20 has maximum UNBHC emission (26ppm) which
emission when diesel engine runs on B20KS5s 7% lower than that of diesel at 100% rated load.
B40K10, B60K15, B80K20 and diesel oil. Fig. 1.6B100 has minimum UNBHC emission (5ppm) which
indicates that B80K20 has minimum CO emissiolis 64% lower than that of diesel at O load.
than all other samples at all loads. B20K5 habkig. 1.8 shows the effect of load on UNBHC emission
maximum CO emission (0.33%) which is 3% lowewhen diesel engine runs on B20K5, B40K10,
than diesel and 3% higher than B20 at 100% ratd860K15, B80K20 and diesel oil. Fig. 1.8 indicates
load. B80OK20 has minimum CO emission (0.03%}hat B8OK20 has minimum UNBHC emission than all
which is 63% lower than diesel and 17% higher thaather samples at all loads. B20K5 has maximum
B80 at O load. UNBHC emission (27ppm) which is 3.6% lower than

diesel and 3.7% higher than B20 at 100% rated load.
B80K20 has minimum UNBHC emission (8ppm)
3.4 Effect of load on unburnt hydrocarbons \hich is 43% lower than diesel and 12.5% highentha

(UNBHC) emission B80 at 0 load.
30
3.5 Effect of load on NOy emission
25
20 == (liesel
g —#-820 900
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Fig. 1.7: Effect of load on UNBHC emission whensgikengine =0=B100
has run on B20, B40, B60, B80 and diesel 0
0 50 100 150
Load (%)
30
Fig. 1.9: Effect of load on NOemission when diesel engine has
25 run on B20, B40, B60, B8O and diesel
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Fig. 1.8: Effect of load on UNBHC emission whensgieengine ¥
has run on B20K5, B40K10, B60K15, B80K20 and diesel 100 B8O K20
0
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Fig. 1.7 shows the effect of load on UNBHC
emission when diesel engine runs on B20, B40, B6' .
BSQ’ 3109 and dlese'.' F!g. 1.7 mcﬁcates that L'”\IBI_K:Fig. 1.10: Effect of load on NiGemission when diesel engine has
emission increases with increase in percentageaof | run on B20K5, BA0K10, B60K15, B8OK20 and diesel
and decreases with increase in percentage of ester.

B100 has minimum UNBHC emission at all loads.

Load (%)
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Fig. 1.9 shows the effect of load on NO [3]
emission when diesel engine has run on B20, B40,
B60, B80, B100 and diesel. Fig. 1.9 indicates that
NOyx emission increases with increase in the
percentage of ester. B100 has maximum xNO
emission at all loads. B20 has minimum NO
emission (220ppm) which is 9% higher than diesel ol4]
(200ppm) at O load. B100 has maximum JNO
emission (774ppm) which is 16% higher than diesel
oil (650ppm) at 100% rated load.

Fig. 1.10 shows the effect of load on NO
emission when diesel engine has run on B20KS5,
B40K10, B60K15, B80K20 and diesel. Fig.1.10
indicates that BBOK20 has maximum N@mission
than all other samples at all loads. B20K5 has
minimum NG emission (210ppm) which is 5%
higher than conventional diesel oil and 5% lowemth
B20 at 0 load. B8OK20 has maximum N@®mission
(730ppm) which is 11% higher than conventional
diesel oil and 3.6% lower than B80 at 100% rated
load.

Conclusion

The following conclusions are derived based on the
investigation carried out on a single cylinder dire
injection diesel fuelled with crude rice bran oiéthyl
ester and their diesel and kerosene oil:

1. Three stage transesterification process was
successfully used to convert high free fatty acid
crude rice bran oil into methyl esters.

2. Methyl ester can be blend up to 20% with
conventional diesel oil without loss of power and
efficiency. Higher proportions of methyl ester in
the diesel blends lead to decrease in efficiency.

3. Domestic kerosene oil from 5% to 10% can be
used without appreciable changes in efficiency as
compared to methyl esters and diesel blends.

4. Considerable reduction in CO and UNBHC
emissions have observed with methyl ester and its
diesel and kerosene blends.

5. Appreciable raise in NQemission was observed
with methyl ester and its diesel and kerosene
blends.

6. Biodiesel blends cost can be reduced by replacing
diesel proportion in the blends by using kerosene.
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