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Fig. 4. Smoke opacity vs brake mean effective pressure for
REE fuel blends

more at higher loads than that at lower loads for blended
fuels. This is quite practical as more fuels are supplied for
the large load and short time is available for preparation of
the air/fuel mixture as already mentioned. This factor leads
to the improvement of combustion quality for blends when
compared to diesel fuels. These results are in agreement
with the results reported by Puhan et al. [26].

It has been observed that smoke opacity for diesel
and REE 100 are 82.4 and 71.2% respectively suggesting
that smoke opacity for REE 100 is significantly lower than
diesel. In case of REE 30, smoke opacity is 59.9%.

5.4 CO Emissions

Fig. 5 illustrate the brake specific CO emissions versus
brake mean effective pressure for different REE fuel blends.
For all the test fuels, CO emission decreases slightly with
increasing load but at higher load it increases. The increase
in CO emission levels at higher load is due to rich mixture at
higher load condition than those of lower load which results
in incomplete combustion of fuel. The lowest CO emissions
have been observed on medium loads for all fuel blends.
This is typical with all internal combustion (IC) engines

since air/fuel (A/F) ratio decreases with increase in load.
The CO emissions increase with increased fuel/air (F/A)
ratio greater than the stoichiometric value. CO is the ideal
emission product assessor since when a homogeneous
mixture is burned at stoichiometric A/F ratio mixture or on
the lean side of stoichiometric, the exhaust concentration
of CO is negligibly small. The lowest CO emissions have

been observed in case of REE100. This is due to increased
A/F ratio of higher concentration biodiesel/diesel blends
because of inbuilt oxygen content. These results obtained
in the present investigations are also similar to the results

obtained by Usta [27] in their studies.

Fig. 5. CO emission vs brake mean effective pressure
forREE fuel blends

5.5 UBHC Emissions

Fig. 6 illustrate the brake specific UBHC emissions
versus brake mean effective pressure for different RME
and REE fuel blends respectively. Hydrocarbon emissions
are mainly caused due to the incomplete combustion of
hydrocarbon fuel. It is clear from both the figures that there
is significant reduction in UBHC emissions of different
biodiesel-diesel blends in comparison to neat diesel fuel at
lower and medium load conditions. At 60% load, a reduction
0f 10.2 and 10.5% in UBHC emissions has been observed in
case of RME 100 and REE 100 respectively in comparison
to neat diesel. At higher loads, this gain was offset since at
higher loads, more fuel is injected resulting in richer air fuel
mixture. The pattern of UBHC variation follows the same

trend as reported by Canakei [28].

The variation of UBHC emissions of all the test fuels
at full load is shown in Fig. 6. It has been found that UBHC
emissions of diesel, RME 100 and REE 100 are 0.125,0.13
and 0.131 g/kW-h respectively suggesting that emissions
of REE 100 are similar to diesel. In case of REE 30, UBHC
emissions is 0.121 g/kW-h respectively.
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It has been found that CO emission for diesel and
REE 100 are 3.38 and 1.87 g/kW-h respectively suggesting
that CO emission for REE 100 has been significantly lower
than neat diesel. In case of REE 30, the CO emission is 2.82

o/kW-h.
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Fig. 6. UBHC emissions vs brake mean effective pressure
for REE fuel blends
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5.6 NOx Emissions

Brake specific NOx emissions of diesel engine f}ngied
with different REE fuel blends at different load conditions
is illustrated in Fig. 7. Kineties of NOx formation is gO\v'eTflecf
by Zeldovich mechanism. The principal source of NOx
formation is the oxidation of atmospheric nitrogen at
sufficiently high temperatures. The NOx emissions‘are
determined by equivalence ratio, oxygen concentration,
combustion temperature and time [29].

NOx are formed in cylinder areas where high
temperature peaks appear mainly during the uncontrolled
combustion. The NOx emissions of all the biodiesel-diesel
blends have been found higher than diesel at higher loads.
It has been found maximum in case of REE 100. It is quite
obvious, that with biodiesel addition in diesel more amount
of oxygen is present in combustion chamber, leading to
formation of higher quantity of NOx in biodiesel fueled
engines. The results related to NOx emissions are very much
similar to earlier studies reported by Nabi et al. [30]. It has
been found that NOx emissions for diesel and REE 100 are
2.41 and 3.29 g/kW-h respectively suggesting that NOx
emissions for REE 100 are significantly higher than diesel.
In case of REE 30, NOx emissions is 2.67 g/kW-h
respectively.
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Fig. 7. NOx emissions vs brake mean effective pressure
for REE fuel blends

6. Conclusions

Biodiesel was made from high free fatty acid rice bran
oil using a two stage integrated acid-catalyzed pre-
esterification of FFA and base-catalyzed !mnsest-eriﬁc;mon
process. Optimized parameters for production of biodiesel
through two stage process resulted in maximum v teld of
91% for REE. ;

.Viscosil_\' and density of the biodiesel were similar to
the diesel. The calorific value of biodiesel was around 7
lower that of diesel. The flash point of the b
high as compared to diesel is an important feature in term
of reduction of SO, from the exh : The HFFR
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