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Preface

Citrus oil (Orange oil) has higher octane number enough to run the spark ignition engine. This
paper presents the results of engine performance test and the specific fuel consumption of it in case of
using various blend ratio of citrus oil into regular gasoline.

Citrus oil can be extracted generally from the peel of citrus, as a by-product through the process of
In-line extracting at orange juice manufacturer.

There are sixteen in-line systems working in Japan, and about 600,000 tons of Orange (Tangerine)
were processed in 1980.

The recovery of Citrus oil is about 0.2-0.5% of total weight of citrus. The main ingredient of Citrus
oil (Orange oil) is d-limonen (C,oH,s) of which chemical structure is shown as follows.

CH3
|
Tab. 1. Constituent of Citrus oil. ¢
. H.C CH
Constituent  Unshu orange  Summer orange ’ [
d-limonen 87.06 84.51 HC CH.
y-terpinene 5.01 7.31 CH
myrcene 2.31 2.78 ‘
. C
a-pinene 1.21 0.93 N
HaC CH2

Fig. 1. Chemical structure of d-limonen.

1. Properties of Citrus oil and distillation curves of fuels with various blend ratio

Table 2 shows the physical properties of the orange oil tested. In general, citrus oil has a quite high
octane mumber enough to run the CFR engine.

Tab. 2 Properties of Citrus oil

T

e Sample No. Citrus oil Citrus oil Citrus oil Citrus oil
Item TT— No. 1 No. 2 No. 3 No. 4
Specific gravity 15/4°C 0.8467 0.8450 0.854 0.845
Flash point by P. M. Method 56°C 54 56 56
Calorific volue Cal/kg — 10814 - -
Viscosity 30°C/cst 0.99 0.95 (25°C/cst) 1.05 0.939
Octane Value (R.O.N.) 137.7 140 106 135
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Tab. 3. Kind of fuels used.

FUEL Gasoline 323@2 Sé’gl%%r Ethanol
G 100, 100 0 0 0
G 90,010 90 10 0 0
G 70,030 70 30 0 0
G 50,050 50 50 0 0
G 30,070 30 70 0 0
G 10,090 10 90 0 0
o 100* 0 0 50 0
G 50,0(s)50 50 0 50 0
O(s)100 0 0 100 0
G 34,0 33,Et 33 34 33 0 33
G 34,0(s)33, Et 33 34 0 33 33

* G: Gasoline O: Unshu orange O(s): Summer orange %)

The flash point of the citrus oil measured by the Pensky Martens method was in the range of 54-56°C.

Some difficulty was found in engine startability, especialy under the low temperature condition. Fig.
2~1 shows the distillation curves of the Citrus oil (Unshu orange, Summer orange), gasoline and ethanol.
Both citrus oil, Unshu orange and Summer orange show the similar tendency.

Fig. 2-2 shows the distillation curves of citrus oil blended with gasoline. The distillation characteris-
tics of 10% citrus oil blended with gasoline showed almost the same value nearly equal to the regular
gasoline.

The blended fuel of 10% orange oil into regular gasoline can be expected to have good startability,
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Fig. 2-1. Distillation curve. Fig. 2-2. Distillation curve.
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Fig. 2-3. Distillation curve.
Tab. 4-1. Property of various fuels.
SUMMER
Fuel GASOLINE ORANGE OIL ORANGE OIL ETHANOL
Molecular formula - CioHy, CioH g C,H;0H
Molecular weight — 136 136 46
Specific gravity (15/4°C) 0.74 0.85 0.85 0.79
Octane number (RON) 80~50 106 135 110
Flash point (°C) —40 56 56 13
Low calorific value (keal/kg) 10500 10560 10560 6500
Theoretical
air-fuel ratio (kg/kg) 14.9 14.1 14.1 9.0
Calorific value of theoretical
mixture (kcal/kg) 660 699 699 650
Tab. 4-2. Property of blended fuels.
Specific Low calorific Theoretical Calorific value of
gravity value air-fuel ratio  theoretical mixture
(15/4°C) (kcal/kg) (kg/kg) (keal/kg)
G 90,010 0.75 10510 14.8 665
G 70,030 0.78 10520 14.6 674
G 50,050 0.80 10530 14.4 684
G 30,070 0.82 10540 14.3 689
G 10,090 0.84 10550 14.2 694
G 50,0(s)50 0.80 10530 14.4 684
G 34,0 33, Bt 33 0.80 9200 13.5 634
G 34,0(s)33, Bt 33 0.80 9200 13.5 634
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Tab. 4-3. Distillation characteristics of blend fuels.

G900 G70 G50 G300 G110 G 50 G 34 QG 34

G 100 O 100 Os100 O 33 0533

010 O30 O50 070 09 Os 50 Et33 Et 33
Startability O O O ay X X X AN X A A
Unti vapor lTock O O O O © © © O © O O
Warming up O O O X X X X X X A A
Unti icing O O O © @) © © © Q O O
Acceleration O O O X X X X X X A A
Burnability O O O A & A A A A X X
Unti fuel dilution C O O A A A A AN A X P

© best A good Where O: Citrus oil (Unshu Orange)

O better X unsuitable Os; Citrus oil (Summer Orange)

better acceleration and less vapor lock tendency, which are desirable for the spark ignition engine.
Fig. 2-3 shows the distillation curves-of the citrus oil, gasoline and ethanol blend fuels.

The kinetic viscosity shows 0.6 cst in gasoline, and 0.94~-1,06 cst in the case of the citrus oil. For that
reason, it might be difficult to use the citrus oil only as fuel.

When using the blended fuel of citrus oil with gasoline, the better effect can be expected. Table. 4-1
shows the property of various fuels, and Table. 4-2 shows the property of blended fuels respectively.

It can be therefore concluded from Table. 4-3 that the engine startability, until vapor lock resistance
and other characteristics of using ten kinds of fuels.

2. Two cycle engine performance fest

Table. 5 shows the specification of engine model TEA~0660. This type of engine is normally used
for the garden tractor and the rice transplanter in Japan.

Figure. 3 illustrates the diagram of experimental apparatus.

The test were done on the engine performance, fuel consumption rate, air fuel ratio, and analysis of
exhaust gas. Figure. 4-1, Figure. 4-2 shows the relationship between the excess air factor and the
engine performance, fuel consumption rate and CO, HC density in emission gas at 5000 rpm engine
speed.

Tab. 5. Tested engine.

TEA-0660 (SHIBAURA)
Type Gusoie enne of it ool

Number of cylinder—bore X stroke 1-45%38
Total displacement 60 (cc)
Continuous rated horsepower 1.8/1660 (ps/r. p. m.)
Maximum horsepower 2.8/2000 (ps/r. p.m.)
Maximum torque 1.08/1330 (kg*m/r. p. m.)
Compression ratio 6.5
Ignition plug B-6HS (NGK)
Reduction gear ratio 1/3
Standard main jet nozzle diameter 0.650 (mm)

Lubricating system Mixed lubrication (Mixture ratio 30: 1)
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Fig. 3. DIAGRAM OF EXPERIMENTAL APPARATUS.

Citrus oil and blended fuel of it could show the better performance than regular gasoline only,
because the carolific value of citrus oil is 60 kcal/kg higher than gasoline. The engine performance
showed maximum value at 0.9~ 1.0 of the excess air factor.

The blended fuels of which the ratio of 30% of citrus oil and 70% of gasoline can be expected to
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Fig. 4-1. Engine performance test. Fig. 4-2. Analysis of exhaust gas.
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Fig. 4-3. Engine performance test. Fig. 4-4. Analysis of exhaust gas.

show the better operation. Fuel consumption rate showed almost the same tendency in case of using
various blended fuels.

HC density in emission gas was decreased 30% in case of using the citrus oil fuel, but CO content
involved in the exhaust gas was increased when using the citrus oil.

Figure. 4-3 and Figure. 4-4 show the relationship between the engine performance variation due to
the blend ratio at 5000rpm. The blend ratio 30% of citrus oil and 70% of gasoline showed the
maximum performance, fuel consumption rate and HC density in exhaust gas showed satisfactory
result respectively.

3. Discussion and conclusion

Citrus oil fuel showed the better performance than the case of using the gasoline only, due to the
higher carolific value of it. The fuel consumption rate showed almost the same tendency for the fuels
with various blend ratio.

HC and CO density in exhaust gas was decreased, for the case of using citrus oil. The suitable
blend ratio, 30% of citrus oil and 70% of gasoline can be recommended, for the better operation of the
spark ignition engine.
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