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Performances of the Used Frying Oil on a
Small Diesel Engine
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SUMMARY

This study was carried out to investigate the usability of the used frying oil, which was extracted from
soybean, as one of the alternative fuel of a small diesel engine. For the experiment, NO. 2 diesel oil [D],
used frying oil [UF], and their volumetric blends were applied and analysis of the properties and
compositions of the experimental fuels were conducted. A four cycle diesel engine with single cylinder, water
cooling system, maximum output 8.1 kW/2,200 rpm was selected and a direct injection chamber and a
precombustion chamber were attached alternately.

The results obtained were as follows:

1. Engine power (BHP) were increased from 4.13~4.27kW to 9.08~9.15kW for diesel oil, from 4.05~4.19
kW to 8.44~8.92 kW for UF, and from 4.01~4.48 kW to 8.69~9.16 kW for blend fuel, as the engine
speed increased from 1,000 rpm to 2,200 rpm. The BHP in case of the direct combustion chamber were
fluctuated higher than those of the pre-combustion chamber.

2. With the engine speed increased, torque of the engine were increased from 39.50~40.80 N - m to 42.89
N-m, then decreased to 39.44~39.77N - m for diesel oil, and increased from 38.73~40.04 N - m to 40.12
~40.82 N -m then decreased as 36.53~38.76 N -m for UF. Torque of the blend fuels were increased
from 3875~41.76 N-m to 40.47~4289 N -m then decreased to 37.73~39.78 N -m. There is no
significant difference of torque between the type of combustion chambers.

3. The specific fuel consumption of the UF was increased about 20 percent depending on the engine speed
variations. And in case of direct injection chamber, about 12 percent lower fuel consumption was observed
than that of precombustion chamber.

4. NOx emission of the UF was higher than that of diesel oil at above 1,800 rpm of the engine speed. In
case of the direct injection chamber, NOx emission was revealed higher about 59 percent than that of the
precombustion chamber. depending on the range of the engine speeds.

5. Smoke emission was decreased in case of UF compared with diesel oil on direct injection chamber. When
using precombustion chamber smoke emission was a little higher than that of the direct injection chamber
were showed at the engine speed range.

This article was submitted for publication in February 2001, reviewed and approved for publication by the editorial board
of KSAM in June 2001. The authors are S. T. Kim, H. K. Chung and Y. B. Kim at Gyeongsang National University.
Corresponding author is Sung Tae Kim, Professor, Major of Agricuitural Machinery Engineering, Gyeongsang National
University, 900 Gaja-dong, Jinju City, 660-701, Korea. E-mail:<kimsungt@nongae.gsnu.ac.kr>.
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6. At all the engine speed range, exhaust gas temperatures were decreased 2~37C for UF used engine

compared with those of the diesel oil. The exhaust gas temperature of the direct injection chamber was
higher than that of the precombustion chamber by 727C.
7. Unbumt materials remained in the cylinder in case of the pre-combustion chamber was smaller and softer

than that of the direct combustion chamber.

8. The feasibility of the blend fuel B-1 and B-2 were verified as a direct combustion chamber was attached

to the diesel engine, with respect to the power performance of the engine.
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Table 1 List of the experimental fuels

Symbol Experimental fuels
D NO. 2 Diesel oil
UF Used frying oil
B-1 Diesel 2/3 + UF 1/3
B-2 Diesel 172 + UF 12
B-3 Diesel 1/3 + UF 2/3

Table 2 Specifications of the tested engine

ftems Specifications
Combustion chamber in?ézt:ic;n coml:)r:s-tion
Bore X stroke (mm) 92 X 95
Displacement (cc) 631
Rated power (kW/rpm) 5.9/2200
Max. output (kW/rpm) 8.1/2200
Compression ratio 19 : 1 l 22 . 1
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Table 3 Physical properties of the experimental fuels

Item Test Method D UF B-1 B-2 B-3 Limit
Cetane index ASTM D4737 47.38 36.34 43.30 41.59 37.66 45 <
Copper corrosion KSM2018-97 1 1 1 1 1 >
(100/3h) (ASTM D130)
C ASTM D5291 86.21 76.87 82.68 80.1 79.5 -
CO“EL’/SS‘“O“ H ASTM D5291 1321 12.0 13.1 12.5 13.8 -
N ASTM D5291 0.13 0.15 0.15 0.15 0.15 -
Higher calorific KSM2057-97
value (kJ/kg) (ASTM D240) 45,585 | 39,222 | 43,492 | 42446 | 41,483 -
Viscosity KSM2014-95
(40C. cSt) (ASTM D445) 3.628 39.19 7.876 11.78 17.63 | 20~58
Pour point () &3:5“41%218'9975) -150 | 50 | -100 | -65 | -25 | -5>
Flash point KSM2010-94 q
(pm. C) (ASTM D93) 74 244 82 85 94 | 50C<
Specific gravity KSM2002-96 B
(15/4C) (ASTM D287) 0.8515 ] 0.9203 | 0.8733 | 0.8856 | 0.8974
Carbon residue KSM2017-96
(10%) (ASTM D524) 0.001 0.56 0.18 0.26 0.34 | 0.2%>
KSM2004-95
Ash (%) (ASTM D482) 0.001 0.03 0.01 0.01 0.01 | 0.01%>
Distillation KSM2031-95
(90%, C) (ASTM D1160) 346.7 293 305 331 343 | 360TC >
Acid number, KSM2004-95
Total (mg KOH/g) (ASTM D664) 0.01 0.72 0.29 0.38 0.54 | 040>
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