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Summary

Orange oil can be extracted from the peel of citrus. In Japan the production of orange oil as about
2000 tons per year. However, no orange oil has been used for any specific purpose.

The main ingredient of orange oil consists of d-limonen.

About 0.6-1.0% oil can be extracted from the peel of “Unshu orange”, which is a kind of typical
Japanese tangerine.

Orange oil has 106-140 research octane number which is good for runing the CER engine.

The flash point of orange oil measured by Pensky-Martens method was at 56°C. In the use of orange
oil only as fuel without blending, some difficulty was found in engine startability under cold conditions.

1 Properties of Orange Oil

Orange oil can be extracted from the peel of citrus at normal temperature. It is obtained as a
by-product during the process of producing juice, by use of the in-line system which is called C.P.O.
(Cold Pressed Oil).

The yield of extracted C.P. Q. is about 0.2-0.5% of total weight of citrus. The main gredient of
C.P. 0. (Orange oil) is d-limonen (C,oH,s) of which chemical structure is shown as follows.

N
H,C CH,

2 Physical Properties of the Orange Gil

Table 1 shows the physical properties of the orange oil tested. In general, orange oil has high octane
value enough to run the CFR engine.
The flash point of the orange oil measured by the Pensky Martens method was in the range of 54-56°C.
Some difficulty was found in startability especially under the cold weather condition.

3 Distilation Curves of the Orange Oil

Fig. 1 shows the distillation curves for the gasoline, orange oil and their blended fuels. The initial
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Table 1. Properties of orange oil.
.
e Sample No. Orange oil Orange oil Orange oil Orange oil
Item \‘\ 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 54 56 54

Calorific value Cal/kg e 10814 — —
Viscosity 30°C/cst 0.99 0.95 (25°Cjcst) 1.05 0.939
Octane value (R.O.N.) 137.7 140 106 135

distillation point was 175°C for d-limonen (Orange oil) and 45°C for gasoline.

The distillation characteristics of 10% orange oil blended with gasoline showed the value nearly
equal to the pure gasoline. The blended fuel of 109 orange oil with gasoline is expected to have good
startability, better acceleration and less vapor lock tendency, which are desirable for the spark ignition
engine.

200 ¢
Table 2. Specifications of the engine tested.
O 150 Gasoline engine with air
- Type cooled two stroke cycle
1
w Model TEA0660
g 100
g Number of cylinder One cylinder
- bore x stroke m/m 45x%38
50 Capacity 60 c.c.
Continuous rated PS 1.8 ps/1660 r.p.m.
Maximum horse power 2.8 PS/2000 r.p.m.
1 ! 1 L 1 Maximum torque 1.08 kg.m/1330 r.p.m.
0 20 40 60 80 100
Quantity of Distillation
(Volume %)
Fig. 1. Distillation curve of the orange oil

4 'Two Stroke Cycle Engine Test

Tab. 2 shows the specifications of engine model TEAO660. This type of engine is normally used for
the garden tractor and the rice transplanter in Japan.

Fig. 2 shows the engine performance and the specific consumption of fuels with various blending
ratio. The use of the blending fuel of 10% orange oil with gasoline increased the engine performance
than the case of gasoline only.

Fig. 3 shows the carbon monoxide and hydrocarbon contained in the emission gas. The addition of
orange oil into gasoline could reduce about a half volume of hydrocarbon content in the emission gas.

5 Isowater Tolerance Line of Orange Gil

Fig. 4 shows the isowater tolerance lines of Gasoline-Orange oil-Ethanol. In case of no water exist-
ence in the fuel. Three kinds of blended fuel has good mixingability on each other.

Orange oil has less isowater tolerance than eucalyptus oil. The case of 33% ethanol, 33% of orange
oil and 34% gasoline blended fuels, that the isowater toletance line should be 295 only.
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Fig. 2. Engine performance.
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Fig. 3. Variation of CO and HC in the exhaust gas.

Fig. 4.

Fig. §

Temperature
(25:£2°C) \VA\VA
L YAVAVAVAVARA |
¢ DA
éVAAYVA\YAVA
SANNY AN
S WAVAVAY NV,
20 15 10 7 54 3 2
Gasoline

o
105 100

Isowater tolerance lines for system; Gasolin-
Orange oil — Ethanol.

6O

T~
e

o: SP-IP1
a: 1P1-1P2
o [P2-IP3

50

i

Gioo G7o  Gs0 0 G30
030 050 070
Blend Ratio (%)

. Flame propagation velocity for G700 engine.

Flame Propagation Velocity (m/s) Ignition Lag (x 10 *sec)

0100

6 Flame Propagation Velocity of the Blend Fuel of Orange Oil

The flame propagation velocity of the blended fuels of orange oil was measured by the using of ion
plug installation method. Three ion plugs apart a particular distance from the spark plug were installed
on the cylinder head of the engine used for the test. The method utilized the high ionization of the
flame front of the mixture. The electric potential of about 100 volts was applied between the insulated
electrodes of the ion plug. When the flame front reached an ion current was caused between the

electrodes.

The time required for the flame to travel from the spark plug to an ion plug also between the ion

plug was obtained on an oscilloscope.

The flame propagation velocity between the spark plug and the ion plug No. 1 was unable to be
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evaluated since the time required for the flame propagation of this distance included certain ignition
lag.

The ignition lag was estimated by assuming that the propagation velocity from the spark plug to the
ion plug No. 1 was same with the avarage velocity between the ion plug No. 1 and No. 3.

Fig. 5 shows the flame propagation velocity for G700 four stroke cycle air cooled engine at the
crankshaft revolution is 3050 r. p. m.

7 Automobile Enging Test

Table 3 shows the specification of the two stroke engine used in this tests. Engine performance
showed the result nearly equal to the gasoline. (Fig. 6)

Hydrocarbon contained in exhaust gas was was slightly reduced than gasoline in case of the orange
oil used.

Nox in exhaust gas showed about 50% decrease as compared to the gasoline only usage. It was
attributed to the higher velocity of flame propagation than gasoline. (Fig. 7)

Table 3. Specification of engine.

T5B-(V) Water cooled 2 ~w-- 1 0100
Model 2 stroke cycle HE ,
1 (gr/km) G100
bore stroke No. of Cylinder 610%™ x 61,5"m x 3 T
Piston displacement 539 cc 0"
Max. horse power 28 ps/5500 r.p.m. -
Max. torque 5.3 kg.m/3000 r.p.m. 3+
. . 2 CO (gr/km)
Compression ratio 7.0 1 : e G100
0t
2, 1.0 Nox (gr/km) G100
220 0.8 TS,
815 0.6 -
é o= ¢ G100 0.4% . . .
%1 G50 050
10 %=1 Lo U 0/100 50/50 0/100
4 5 -6~ Q100 Kind of Fuel 0O/G
Rl

ey 1(;0 Fig. 7. Variation of CO and NOX in the exhaust gas
Sp(c)a%d (km ;1’8 (2 Stroke cycle engine).

Fig. 6. 2 Stroke-cycle bench test result,

Conclusion

a) Distillation cure of the 10% orange oil blended fuel showed almost the same characteristics as
gasoline.

b) Engine performance showed similar horsepower for both fuels, and specific fuel consumption showed
also the nearly equal results.

¢) The orange oil fuel showed the higher flame propagation velocity than gasoline.

d) The octane number of the orange oil showed 106-140. It can be used as one of the octane
booster additive by blening in to the lower octane fuels.
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