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SUMMARY

A four cycle diesel engine performance test was performed with four
kinds of oils such as rape seed oil, effective micro-organism rape seed
oll, activated clay rape seed oil and light oil. The experiment was
conducted at full load condition with constant injection time of the

engine and the test oil temperature was maintained at 70+2C.

1. The torque and the horsepower with rape seed fuel is increased
about 1026 compare with light seed oil at full load condition of the
engine. High viscosity of the rape makes oil films in the
combustor which leads to higher compression ratio and explosion.
The results of the high viscosity make higher torque of the
engine. The brake specific fuel consumption of the rape seed fuel
increased 8% ~10% than that of the light oil. This effect could be

the difference of heating value between the two kinds of oil.

2. The emission of the smoke gas was decreased 29%, 38% and 52%
compare with light oil in rape seed oil, effective micro-organism
rape seed oil and activated clay rape respectively due to the low

volatility and high viscosity of the soot. The NOx emission with

_vi_



rape seed oil is twice larger than that of the light oil at full load
condition. The reason is that the fuel temperature increment effects
on the combustor temperature and it makes thermal NOx of the

engine.

3. The test engine could be started over 40C of the rape seed oil
Engine inspection results shows that the soot adherence amount of
the cylinder head piston head is higher in following order; activated
clay rape seed oil > effective micro-organism rape seed oil > rape

seed oil > light oil.
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Table 1 The properties of fuels
Fuel EM - CA-
Light oil Rape seed Oil ) .
Property rape seed Oil | rape seed Oil
Lower calorific
10,500 9,720 9,740 9,790
value(kcal/kg)
Specifi it
pectic gravity 0.82 0.92 0.93 0.94
(at 157C)
C % (wt) 87.50 78.20 79.19 79.28
H % (wt) 12.50 11.70 12.00 12.40
O % (wt) 0.00 10.09 8.80 8.30
Kinematic viscosity
. 4.80 51.70 56.60 59.00
(cSt, at 15C)
Table 2 The property of rape seed oil
X : Unsaturated fatty )
0il High fatty acid(%) , Glucosinolate
acid(%)
Cultivars |content
o Oleic | Linoleic | Linolenic |Eicosenoic| Erucic e
(%) . . . . ] BI | PI" |OZT
acid acid acid acid acid
A Sa Hi 419 12.7 125 9.3 9.1 53.1 522 | 0.69 | 3.78
Yeong San| 439 66.0 171 9.2 15 0 0.03 | 0.01 | 034
Han Ra 445 64.8 189 9.7 0.7 0 045 | 030 | 0.75
Dan Kyo 13| 435 54.2 28.9 89 14 0 063 | 029 | 059
Dan Kyo 19| 44.8 61.0 21.6 10.7 15 0 036 | 047 | 0.06
* 3-Butenyl-isothiocyanate.
wxx  4-Pentenyl-isothiocyanate.
=kt HB-Vinyl — 2- oxazolidinethione.
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Table 3 Composition of activated clay

SiOg Alg 03 F e 03 CaO MgO N030+K30 Ig

(%) 60 70 | 10 -20 14 05-3 1 05-4] 06-4 1] 4-10

S

Photo. 1 Photo of activated clay rape seed oil manufacturing process
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Table 4 Variation of kinematic viscosity with temperature (unit : cSt)
Temperature(C) [ Rape seed oil EM= ) CA- ) Light oil
rape seed oil | rape seed oil

15 51.70 56.60 59.00 4.80
25 49.00 52.40 54.20 4.40
35 39.20 43.00 46.40 3.30
45 24.50 30.60 34.80 2.80
55 19.60 24.20 29.50 2.30
65 14.70 18.70 22.30 1.40
75 9.80 12.40 17.20 1.10
85 6.86 9.70 11.40 0.80
95 5.88 7.80 8.80 0.70
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Fig. 1 Schematic diagram of the engine performance test system
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Table 5 Specifications of test engine

S

™

Engine model 4 Cylinder diesel 1 Cylinder diesel
Items engine(J2) engine(ND100)
. . Pre-combustion
Combustion type Swirl chamber
chamber
Engine displacement(cc) 2665 79
Borexstroke(mm) 94.5x95.0 96x110
Compression ratio 215 20
Max. power(PS/rpm) 80/4000 14/2200
Max. torque(kg * m/rpm) 17.5/2000 10/2200
Specific fuel
i 200 190
consumption(g/ps * h)
Injection timing ATDC 7° BTDC 17°
Firing order 1-3-4-2 1
Valve Inlet 0.30 0.35
clearance(mm) Exhaust 0.38 0.35
Nozzle injection pressure(kg/crf) 135 135£10
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Photo. 2 Diesel engine & dynamometer
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Table 6 Specification of eddy current dynamometer
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START (Engine & Controller)
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Torque calibration
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Warming up engine maintain 750-800rpm

\

Setting Engine speed
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Setting load
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measurement

Fig. 2 Flow chart testing dynamometer
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Fig. 3 Torque vs. engine speed for each fuels at full load
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Fig. 7 NOx vs. engine speed for each fuels at full load
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Fig. 8 HC vs. engine speed for each fuels at full load

_25_




=

SO2(ppm

o N b~ OO

s &

—-LO 8RO A+ CARO -5-BHVRO

Fig. 9 SO vs. engine speed for each fuels at full load

_26_




B 8 #

Smoke (%)
8

o o B &

Fig. 10 Smoke emissions vs. engine speed for each fuels at quick

acceleration

_27_



—4—10 3-R0 ——CARD ——BVRO

Exhaust gas temperature(J )
58E538888

1000 1500 2000 2500 3000
Engine speed(ipm)

Fig. 11 Exhaust gas temperature vs. engine speed for each fuels at full
load

_28_




dEH R AEA AE

R

& A&3%
3 A= 1000450 rpm, 7] &% 2

4-6-1 7

z71 ANEA ]

10C, 60%

Bt sl =
H -1

ol 41 9]
o

171721 Photo. 33} H] a3}

o

2]

i

—_—

o

a4

ke
T

i3

tel 30413 &4

S

A

40T~50C= w4

d

&%

Fol By Soot A3/ #o] Photo. 49} 2t}

7Y v}

%

Soot7} A9 Sl =

%
TR
o]

|

i

@ Oaree ¢

ax

7HA I 4ol E ©UbE U A FZIAZ T

o =
=

2}

A 100%

o
T

4-6-2.

=
=

Fod Soot A

S|

A=g A

Photo. 5 WER ST},

L
R

R L

3

——
fite)

o
u

]

3+
s}

i

N

=

te] oo

o] 3]

Aol HER

o
T

HE T, £AF ooy =lA]

= A&

g

s

8¢

o =F

E dgg 3l AFS

A+ 100%

bl ot

3|

of wEFEA F

2]

] 7]

o ol

=
€]

=
=

71AE0] oY AlFHZ H(quick starter)

=

o ket

B

Fo] 40C~50TC o]4o] =

3|

Ades 7t

Z71e w=Aeo] Bol LA

o] 7}

=
]

x7] A

LR

3}
ol

| ol f5A4e]

=L =]
ERE

7t

1 3}

el

o]J

HEg Wojmelol

RS

5

_29_



oy

B8

ol

7] =7}

fu

1

A elFoHar W7 2=7F A7k wro

]

A+ 25

A ol A <]

oz kvae]
L AL

212141

0

AR

7kt el A E

=
=

uj

L

R

2 45
gaz#e ¢4

}

o]
A

g

o =
NIR=)

4-6-3. EMF A

50C7F

M
4|z

el

2)

op

&t

S

7N v

=

_/;\_/\]

A
Ul Alzto]l 29 ool

=
™

A 7L gel EA T
A - H e
7C, ZdHFE 60%C4 447kl 304

o

o
2=

I

gAasee £3
7

o

}

O]
pul

i

olojs] 7] 2ge]
A

=

to] B Soot F&r#o] Fals Hrtl f ®rtl Photo. 643 Soot

<

|

&l

=

WE FA 6

@4 A7)} 3
4-6-4.

o]
o
__A_I

o+

1}, Soot

op

o

=

[e)

A== AL Photo. 72

=13
=

I

HA

3

[e]

i

_30_

FAfRE O ol



BE R SR C S-S A
T o b W om & =
= om oW ,zmi =
m e o
N ~a mw LAY ~
AT o @E T 1_t —_
wo i,_ X o= % o
il T < b3
o MM oo MmN oo
X~
o S owm Ao H T
T BN 0 . X Pl jud i~
X ™ op .= o
AT R S TR
B ¥ o o oxm ©5 o
nT o4, SNk iy
I Foo
. oo @ <
L
0N 2w ooy v
2y S i °m )
z o) ~ 2T
g O 0| m ™ T B
S H S W oo o R
= M W Ho
e o m o o
<+ No i & o~ H |
woT X owm T T oy
a0 = il
SRR I R -
&y iy .
N oE ﬂxlm oy o OMv T
T R m_aw T W = W
B A~ I M
o o T T 8 o ol =
5} -
oM 2oxow oA oo Y
TOMon T TR OE RN o
W ESI S R
oo " % R T %

Piston head

Photo. 3 Shape of cylinder head and piston head before test

_31_

Cylinder head



Cylinder head Piston head

Photo. 4 Soot emissions after test by use of LO

Cylinder head Piston head
Photo. 5 Soot emissions after test by use of RO
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Cylinder head Piston head
Photo. 6 Soot emissions after test by use of EMRO

Cylinder head Piston head
Photo. 7 Soot emissions after test by use of CARO
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