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Development of Technology for the Practical Use
of Biodiesel Fuel as a Fuel of the Agricultural

Diesel Engine
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SUMMARY

I. Title

Development of Technology for the Practical Use of Biodiesel Fuel as a Fuel of the

Agricultural Diesel Engine

ITI. Objectives and Necessities

Recently, due to precarious supply of conventional petroleum oil, it is necessary to
study the practicality of biodiesel fuel derived from vegetable oil in agricultural diesel
engines. But there is no support and interest to study the effect of biodiesel fuel in
diesel engine by the government. The rapid increase in the use of agricultural
machinery due to industrialization and the manpower problems of agriculture, has
resulted in soil and water contamination from petroleum oil spills, reducing the growth
of vegetation. Biodiesel fuel is generally more environmentally friendly, ; as it is
biodegradable, it will break down quickly, preventing long-term damage to the soil or
water sources in the event of a spill. However, there is no basis to use biodiesel fuel
to the agricultural diesel engine because of few studies on the effect of biodiesel fuel
in agricultural diesel engine.

The objective of this study is to investigate the effects of biodiesel fuel derived
from vegetable oils when burned in agricultural diesel engines. The engine performance
and the exhaust emissions characteristics of biodiesel fuel were compared with those of
conventional diesel fuel in agricultural diesel engines. And the durability test of engines

with biodiesel fuel was performed during 300 hours.



M. Contents and Scopes

In the first year, the engine power output, brake specific fuel consumption, and
exhaust emissions to evaluate the performance of engines with biodisel fuel were
measured and analyzed according to the biodiesel fuel content in diesel fuel and engine
test conditions. The blending content of biodiesel fuel to diesel fuel was optimized for
the use in agricultural diesel engines.

In the second year, to evaluate the durability of engine with biodiesel fuel,
agricultural diesel engines used to cultivator and tractor were fueled with 20% biodiesel
fuel(BDF 20) in excess of 300 hours. Engine dynamometer testing was completed at
regularly scheduled intervals to monitor the engine performance and exhaust emissions.
The combustion characteristics and exhaust emissions were sampled at 1 hour interval
for analysis. The engine oil and engine parts were also analyzed to investigate the
effect of biodiesel fuel. The cold flow test of biodiesel fuel at low temperature condition

was performed to improve the pour point and the cold filter plugging point.

IV. Results of Research Development and Comments for the Applications

1. Results of Research Development
(1) For all test engines, the torque and power decreased slightly when biodiesel fuel
was used, as compared to neat diesel fuel. But, when biodiesel fuel was mixed
with diesel fuel, BSEC with biodiesel fuel was similar to or slightly improved

than that with diesel fuel.

(2) For a DI diesel engine with toroidal chamber, the smoke emission increased as
the engine load and engine speed increased. But, the smoke emissions of IDI
diesel engine with swirl chamber increased as engine load increased, but slightly
decreased as engine speeds increased. For all engines, however, the smoke

emissions with biodiesel fuel were less than those with diesel fuel.

_’7_



3)

(4)

)

(6)

(7)

The NOx emissions for the DI diesel engine increased as the biodiesel content of
the diesel fuel and the engine load increased, but improved by EGR method.
However, there were no remarkable trends for the IDI diesel engine as the
biodiesel content was varied. The NOx emissions with biodiesel fuel were similar

to those with diesel fuel.

In the effect of biodiesel fuel concentration in diesel fuel, a blend(BDF 20) of
20% biodiesel fuel and 80% diesel fuel was very effective to reduce the exhaust

emissions without any decrease of engine power.

During the durability test, the combustion characteristics of BDF 20 on all
test engines were very stable because the standard deviations and standard
errors of combustion variation factors were neglectable. BSFC of DI diesel
engine with BDF 20 slightly increased more than that with diesel fuel, but
BSFC of IDI diesel engine decreased and it's value was not variable during

long—-time durability testing.

The smoke emissions of DI diesel engine and IDI with BDF 20 were
reduced by up to 40% and 20% respectively, and the values of smoke were

not variable during long-time durability testing.

For a DI diesel engine, the NOx emissions with BDF 20 increased more than
those of diesel fuel, but decreased as the engine operating time increased. The
oxygen concentration in the exhaust gas with BDF 20 also increased than
that with diesel fuel. And the exhaust gas temperature and the carbon
dioxide(CO2) were reduced by using BDF 20 under all test conditions. For a
IDI diesel engines, however, the NOx emissions with BDF 20 were similar to
those with diesel fuel, but the CO and CO: were reduced by using BDF 20

during all test conditions.



(8) There were no special problems for all engine parts such as piston rings,
intake and exhast vales due to BDF 20 during the durability test, except for
the fuel injector of DI diesel engine with a little soot detected. The soot was
slightly detected around the hole of fuel injector at the DI diesel engine, but

was not at the IDI diesel engine.

(9) After finishing the durability test with BDF 20, the qualities of engine oil for
all test engines were not deteriorated because biodiesel fuel had good

lubricity.

(10) The cold flow characteristics of biodiesel fuel varied with the raw material of
biodiesel fuel and the wax anti-settling flow improver(WAFI). The WAFI greatly

affected the cold flow characteristics of rapeseed oil ad rice-bran oil.

Based on these results, we conclude that biodiesel fuel, which are derived from
farm crops, can be utilized effectively as a renewable and low-pollution alternative fuel
for agricultural diesel engines. Furthermore, biodiesel fuel can be good for farmer’s

health and contribute the prevention of air pollution.

2. Comments for the Applications
(1) To use the biodiesel fuel as an alternative fuel for the agricultural diesel engine,
the government should improve various laws and regulations to use the biodisel

fuel and to support the industry of biodiesel fuel.

(2) The government should inform the usability of biodiesel fuel in agricultural

diesel engines and encourage farmers to use the biodiesel fuel.
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Table 3-1 Specifications of test engines

Specification
Item

1 cylinder engine 4 cylinder engine
Engine model ND130DIE TD1700
Bore x stroke 95 x 95(mm) 82 x 82(mm)
Displacement 673(cm) 1732 (cnt)
Compression ratio 18 21
Combustion chamber type Toroidal Swirl chamber
Injection timing BTDC 23TA BTDC 25TCA
Coolant temperature 30+2C 80+2C
Injection type Direct injection In—direct injection
Rated power 13PS/2400rpm 35PS/2800rpm

Table 3-2 Specifications of auxiliary apparatus

Description

Specification

for 1 cylinder engine

RDTek 15kW

Dynamometer
for 4 cylinder engine

HE-130(35kg - m/9000rpm, eddy current

type, water cooled)

Torque detector

Load cell type(JW-U2SB), sensitivity
2mV/V, combined error<+0.2%

Speed detector

Contactless magnetic RPM pick up
(toothed disc with 60 teeth)

Intake pressure sensor

VPMH-760mmHg

Exhaust pressure sensor

VPRNP-2K

Charge amplifier

KISTLER 5011, sensitivity £0.296 >

Pressure pick—up

PE-100K], engine pressure transducer,

Smoke meter

GN-VDS 100

Exhaust analyzer

Eurotron Greeline MK

Fuel metering gauge

3 bottle type(150cc), stop watch
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Table 3-3 Specifications of GC with measurement conditions for C; ~ Cg

GC Hewlett Packard 6890GC
Column HP-PLOT/Al:0O3 30mx0.53mmx15.0xm film thickness
Carrier He, 3m¢/min constant flow
Oven 30C for 7.5min, Programmed at 20C/min to 180T
Injector Split (15:1), Inlet 250C
Detector FID, 250C
=
Test engine Dynamometer =

L Dynamometer Controller

coolent
NOx i
BSFC Noise

mesurement mesuremen
mesurement esurement
Flow Engine
controller “. O coolent
>
' Smoke meter
l Carrier gas
bottle (He)

[

Injection port —§7<}—‘

GC 6890

Detector

Fig. 3-1 Schematic diagram of experimental apparatus with GC
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1=
Test engine Dynamometer
L Dynamometer Controller
coolant
NOx
measurement Noise
’ Filter trap ‘ measurement
— Smoke meter _
Engine
coolant
H
BSEC
measurement

COOled EGR l’;‘%‘l Exhaust Recorder

Fig. 3-2 Schematic diagram of experimental apparatus with EGR

Fig. 3-3 Experimental apparatus of 1 cylinder engine(ND130)
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Fig. 3-4 Experimental apparatus of 4 cylinder engine(TD1700)

Fig. 3-5 Gas Chromatography(HP 6890)
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Fig. 3-6 Experimental apparatus(smoke meter)

Fig. 3-7 Experimental apparatus(Exhaust gas analyzer)
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Table 3-4 Properties of test fuels™

Al %] ) 3}
: nho] & o] Alufe] & o] A5 :
/\]?155]‘601—»‘3—' 73% %20% 5()%) ]’;;}‘—g—rq }\] ﬂqu&-%
+ +
% 80%| A% 50% | 100%
S (wt. %) 0.031 0.025 0.018 0.008 KSM2027-98
3 E(wt. %) 0.01°]3} | 0.01°]3} 0.01¢] &} 0.01°]3} | KSM2044-95
10% 7o) ZHFeka
o " 0.02 0.02 0.03 0.09 KSM2017-96
(wt. %)
AstH(PM, C) 74 78 38 168 KSM2016-97
H] % (15/4C) 0.8373 0.8464 0.8576 0.8796 KSM2002-96
fred(C) -20.0 -125 -5.0 5.0 KSM2058-95
FHAE(B0T, cSt) 3.0 3.2 34 4.2 KSM2014-98
=2 F
} 337 338 338 338 ASTM D 86
QO%FE%=, C)
A9 =4 %(Mj/kg) 45.88 445366 425215 39.163 KSM2057-97
A erA] 4= 54.8 54.4 54.5 54.6 KSM2610-96
A gk} 514 53.6 53.6 579 KSM2040-95
A &+% 4 (CFPP, C)| -20 -9 -9 8 KSM2411-96
Carbon 85.83 84.63 81.65 76.22
A8 A |Hydrogen| 13.82 13.54 13.20 12.38
ASTM D 5291
(wt. %) |Nitrogen| 0.16 0.18 0.17 0.14
Oxygen 0 161 4.95 11.24
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Table 3-5 Test conditions

AEH
Engine speed(rpm)
Engine load(%)

Operating condition
BDF content in diesel fuel(vol. %)
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Fig. 3-9 Engine performance versus engine speed

——=e—— Diesel fuel
O Diesel fuel 80% + BDF 20%
v Diesel fuel 70% + BDF 30%
——-——Diesel fuel 50% + BDF 50%
—-—a— — BDF 100%

Engine speed[rpm]
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Fig. 3-10 BSEC versus engine load at various engine speed

—@—— Diesel fuel 100%
@) Diesel fuel 80% + BDF 20%
——-v—— Diesel fuel 70% + BDF 30%
v Diesel fuel 50% + BDF 50%
— -8 — - BDF 50%

1000rpm

2500rpm

20
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Engine load[%]
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Fig. 3-11 Pressure, dP/d6, and dQ/d6 at engine speed 2500rpm and load 100%
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—@—— Diesel fuel 100%
O Diesel fuel 80% + BDF 20%
——-w—— Diesel fuel 70% + BDF 30%
Y/ Diesel fuel 50% + BDF 50%
— -8 — - BDF 100%

50
40 |~ 1000rpm

Smoke[%]

40 | -1500rpm

40 |~ -2000rpm

Engine load[%)]

Fig. 3-12 Smoke versus engine load at various engine speed
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—@—— Diesel fuel 100%
O Diesel fuel 80% + BDF 20%
——-w-—— Diesel fuel 70% + BDF 30%
Y/ Diesel fuel 50% + BDF 50%
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Fig. 3-13 NOx versus engine load at various engine speed
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—@—— 1000rpm and load100%
— -O— 1500rpm and load 100%
v 2000rpm and load 100%
——=~—- 2500rpm and load 100%
[ | 1000rpm and load 0%
O 1500rpm and load 0%
———— 2000rpmandload 0%
——<C-—= 2500rpm and load 0%
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Fig. 3-14 Smoke and NOx versus oxygen contents in fuel
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Fig. 3-15 Smoke and NOx with and without EGR

versus engine load at engine speed 2500rpm

_43_



o1 %

=
=

3. 7} AmvlEey

| ARk wekA, g

] %] 5

=
Rl

3% 24X v w77k w54 A Ay videl

S 7t A

A

0
R

tel Ci~Co7bA1 8] A2 &

Al 8-

=
=

ZrtE YY)

, Ahel et Al 20% B = vhol et Aol o

T

2500rpm ©]

s

o] W=

i
=

73

<
A

G
ES
ol

el

H

1500rpm ] 74 $¢-H.t}

=5

T

il

2ol ulo]

o] AA AFHAY] Wz AZE

o A% 7500149l m¥

G7h Fhgel el

s

tol A 718 31 d

S

[e]
, A

I

= =
= °

2000rpm %} 2500rpm ] 3L 3]

FAIRE, HRo] & v Al

5|

il

el

s ok o ool A )

R e

&t7] o

oA dA

SEE

=]
g2l HF

g

ol

T

=
[¢)

1 B (load 10096041 71+ 3]+

H =)
Zﬂ“ro

at<l

F(load 0%)%} a4

S

Fig. 3-177} 3-182 F++5

Qi

dr

Ble] B-¢-=A, AnlsH
Fol7b glglew, ainls

Z

s

=R
T

KN
T

Fig. 3-17

7 2

o %
Sl e,

[e]
A

Hola Sltf

=
=

24, Ci(methane)2 #]9]

o
T

e o] 7

s

1=}
T

Fig. 3-18& #

_44_



i)

-

!

%

A el A

AT NMOG®]

437%7F A 7r= 1

1

= 53.9%, Cs= 50.2%, Cs=

L

63.6%, C4

L

R

[e)

o B¢+ 74.4%, Cs

A
oW
el
ojn
o

1

el
N

—

o

—

B

)

M
Ho
f

I

A %

Fig. 3-129]

o]l;__

oy
oo

N
Ho
<0

0

-

o
=

—_—

o] WA o

€]

of H

o

e

A 7

g =
5=

R

&

1
wjeie] Aol u]

L

JE

SFA] ]

S

=]

al

T

o] wel
R
20% %

= A]

=3

=
= AdE midel
ad

&t A ]

of 85%0°l]7e] 4k3} -

S

A=)

shal, g2 wj
A 5

53

L

wheb A, o] 2.t A
of BHECGE, A8 ol siE hx

B} 5 4]
o]

i
7A

3

hs

o] Tl

o
T

]
ek o] 2.1
ERLE

I

bl 2
Ao

°©

2

& 75%°ll A Hpo] o] A4

S

_45_

7% Aess 1y

o 542 g

1o
T

[e]
=
1=

Z
o o 20~30%7 A

%23}

5

]

A gl | A 229

A

3

71 3 HdE % 2000rpm, 71 7

-
h=i}
=
E
=

Fig. 3-19+
mj 3 NOx
=

wj 7] 7k 2wl

=
=



—@— Diesel fuel 100%
O-- Diesel fuel 80% + BDF 20%
v—- BDF 100%

& 60
: 1000rpm
o 40
(3]
2 2¢ 0
© v
O i
I 0 Q’ : . L L |
80T 1500rpm
60 |
40 |
o)
20 | it
o L2 e e .
120
90 | 2000rpm
60 |
30 |
0
150
120 } - 2500rpm
90 |
60 |
30 t
0 L—2——
0 20

Engine Load[%]

Fig. 3-16 Total area of hydrocarbon by chromatogram analysis

versus engine load at various engine speed
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Fig. 3-19 Smoke, NOx, and BSEC versus biodiesel fuel content in fuel

_49_



T

Jlo
X

)
~

K

1(100% load)Al 71

H =)
HqAEs

KR
T

Fig. 3-20

el Ax =9}

of 4 2}

2
1=

UEbd Aot 1

Al 9]

=
=

A AR BDF 100%

ol

BHoe 2AT Mg =1 A5z AFas

A%

3 59)

]

W o

)

Fig. 3-20+}

KeR
T

Fig. 3-21

Bojxrt <

o A5 AAHem 3 B

T

;ot

-
2

el

o))
Bl

7
Njo

el

*

shel 1A

=
T5

Aol oA

oot AR oF 11%7

o

w

il

o]

1A 7 7] o

p e

=R

B

N
N

ojy

%o

uho] £ ¢ 4 9]

L
R

dl, °l

A 77}

A

RS

Kol
=

N A 4B &

A stol] of

gl

1=}
o

of lojAl 7]

1
Ar
%)

d

Fig. 3-22+= 7t 3]

Bt} oy

& A%

of wet AHE AE

7

=
[e)

§eol

A

s

=,

_50_



——e—— Diesel fuel
O Diesel fuel 80% + BDF 20%
v Diesel fuel 70% + BDF 30%
——-—— Diesel fuel 50% + BDF 50%
—-—a— — BDF 100%

-
—_

10
— 9l
£
o
X 8f
R
S
o7t {22
1
o
- 6} {20
5| -18§'
~
R
4t 116 &
5
20 | 114 o
—
< 18} {12
= 16} 110
S
=,
O 41
0
m12'
10
8 L L L L L L L

1000 1200 1400 1600 1800 2000 2200 2400 2600

Engine speed[rpm]
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Fig. 3-23 Smoke versus engine load at various engine speed
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Fig. 3-24 NOx versus engine load at various engine speed
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Fig. 3-25 CO emissions versus engine load at various engine speed
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Fig. 3-26 CO2 emissions versus engine load at various engine speed
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Table 4-1 Specifications of durability test vehicles
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Table 4-2 Properties of engine oil sample(1 cylinder diesel engine

)61)

Item Test results™ Standard
Water content(Vol.%) < 0.05 -
Flash point(COC, C) 252 > 180
Kinematic viscosity 40C 83.43 -
(cSt) 100°C 11.62 > 56
Viscosity index 131 > 85
Viscosity ratio 1.02 <15
Oxidation stability
Lacquer No detect < thin
Apparent viscosity (-20C, P) 4.65 < 45.0
Pour point(C) -375 < =225
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Fig. 4-14 Photography of fuel injector tip
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Table 4-3 Properties of engine oil sample(4 cylinder diesel engine)62)

Item Test results™ Standard
Water content(Vol.%) < 0.05 -
Flash point(COC, T) 226 > 180
Kinematic viscosity 40C 77.14 -
(cSt) 1007 11.77 > 56
Viscosity index 147 > 85
Viscosity ratio 0.99 <15
Oxidation stability
Lacquer No detect < thin
Apparent viscosity (-20C, P) 35.0 < 450
Pour point(C) -375 < =225
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Fig. 4-25 Photography of engine parts after tear-down
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(k) Valves 1 (1) Valves 2

Fig. 4-25 Photography of engine parts after tear-down(continued)
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Fig. 4-25 Photography of engine parts after tear-down(continued)
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Fig. 4-28 Cultivator fueling BDF 20

il

el

BDF 20°.=

L
fE

Fig. 4-29

ol

)

.
1o

o] Qg W Fo] HAH ol
o, EdE g AAEE s H4

B

]

Asre o

Ao 2 Fig.

eb

R
R

Fig. 4-30(a)°ll A #¥ Fig. 4-30(d)

B

(b) Teardown 2
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Fig. 4-29 Engine parts after tear down
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(g) Cylinder block 3 (h) Cylinder

Fig. 4-29 Engine parts after tear down(continued)
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i ¥ i |

(i) Piston (j) Cylinder head 1

(m) Fuel injector(tractor) (n) Fuel injector(tractor)

Fig. 4-29 Engine parts after tear down(continued)
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(a) Fuel injector 1 (b) Fuel injector 2

(c) Fuel injector 3 (d) Fuel injector 4

Fig. 4-30 Engine parts after tear down(for cultivator)
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Table 5-1 Test results of biodiesel fuel on pour point and CEFPP

63)

Fuel Wax ar'1t1—setthng Additive Pour point(C) | CFPP(TC) | W]
flow improver | amount(ppm)
MES - - -125 -8
MER - - -15.0 -6
MEP - - -125 -10
MERB - - -75 -12
BDK - - 75 -6
_ _ ,15 _
300 -175 -9
R~743 800 -175 -12
MES 20 . 300 -10.0 7
dodiflow 5221 200 s 10
300 -15.0 -10
CP-7134 300 75 -8
— — _15 —
300 -25.0 -17
R-749 300 275 -20
MER 20 . 300 -25.0 -18
dodiflow 5221 300 300 19
300 -225 -17
CP-7134 300 -25.0 -16
- - -125 -
300 -15.0 -9
R-749 300 -15.0 7
MEP 20 . 300 -15.0 -9
dodiflow 5221 300 150 10
300 -15.0 6
CP-7134 800 -15.0 -10
- - 75 -
300 -20.0 -14
R~743 800 -20.0 14
MERB 20 . 300 75 -13
dodiflow 5221 200 100 13
300 75 -14
CP-7134 300 75 -14
_ — _10 —
300 -175 -16
R-749 300 -175 -18
BDK 20 . 300 -15.0 -16
dodiflow 5221 300 05 17
300 -15.0 -16
CP-7134 300 -20.0 -15

« o] FA7E UAf AL 53 -175T, FEHHAA -16T ol
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Table 5-2 Wax anti—settling flow improver
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