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A Study on the Usability of Used Vegetable Oil
as a Diesel Substitute in Diesel Engine
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Abstract

In recently, lots of researcher have been attached to develope various alternative fuels and to

use renewable fuels for solution of the exhaust emission problems. In this study, the usability of

used vegetable oil as alternative fuel for diesel engines has been investigated. This paper was

compared with the exhaust emissions and performance in diesel engine with used vegetable oil

and conventional diesel fuel. Since the vegetable oil includes oxygen of about 109, it influenced

the combustion process strongly. So, the smoke emissions of used vegetable oil were exhausted

to be lower than those of diesel fuel. Also, the used vegetable oil was much the same cycle to cycle

variation with diesel fuel except Papiaamax, Dut the cycle to cycle variation of used vegetable oil

was reduced significantly by preheating of the fuel and swirling of the intake air. It was concluded

that used vegetable oil could be utilized effectively as renewable fuel for diesel engine.

LA E
HE AAAH 2 AFa d52 AHgsle 4
o HAGE 1wl 71%5];1, Ag 2k vy 7]
7ha2 Qg HlEa] Alefe) Fspetawa St

2E3 Az A A4 S 5ol Wl W
AapAl bt gk mhebd, Be o FaEol
olgl Avl FAES Ay Y8t Welew AF
a Azt AAdAge] #t ATEL 595t
go, Aol AgstriAlel ok =
4ol e,

=
OE.}TL

tHzi]O#iixi AlEfoll gt ATEe] el AYH
3. 9own, (1,2) o]u] Heldo) Al Alglssg o)
gl oF AExprb AE3kEl T i

Al Bfoll T3 AT HAvae] weixle] £ E
2 YA®L Ao g 1948 ERATAD o3
o] Folxg er], C. Adams,® S.C. Borgelt 5672

M 64

v

Aok AfE sl shedm,
Vinyard 59 485 43 9 289 £
REE olfdel ZolrE AdSAHeE 43
of Elae B4 2ASG £E, A
& o Ffel oladz ol gol

2] K. W. Scholl 5®&
dd ATFE Agor], Sl gt A 5O
o) AE5e] ol fol Wb AFsh o Foln gk



A AT Bl e
A4 485 o180

7 4] ‘ :
of&dol Hal AL Asjshd ALFet Ao A4
o] wlszdte] YAlr|e] Az 2A AT 4 Udt
= ke Ae R stoh AEdfe s AR AR
st AMsgozael 715 skl 7] s ofof
shedl, ®E b ZRelv SAH , A% Al
SN wEA s AR AV ds=

ol get, sA7uEe AR 4 ALe FE,
472 welA oz A BALH] syt
Ae WA ¥ 4 Ye Aoz dnd, =3, A
U] Sl ok Aol $5Y ¢

F5E ABAe A5z ol Fe}
W ooluA A $EE uFY £ UL solv,

g} wlol A A8 2A

1
|
ot
S~
>
ofo
e
o
_\TL
N
"
2
o
o
ol
y
X
0
ofo
o
e
£ 2 Fo d
2 ofN

2.0 Al =bx| 9l gi
Alglol A&
%, 4394, 7&%‘.%4&' A7 7
Table 1of ZA14 whep 23, Fig 12 AgAA e
MNeke & »PEM Zlole},

A2 7o 7 sldgmold FH5E, 25%F
t 50%%-3h 75%sh, AR3E Abejol A 7|4
, HZIoks el 54
et AALER oAH = Aol tale] A
stgdet, wl717ks B4R w7 7bs B4 7] Mod.
8000-F A-&3le] CO, CO, HC, NOx, =z|i wj
717k el 2R abs ghEke EHAskgl e, wjdd
o gAfAZA 7] (MDO2) & AMR3she] ZA sty
ch, o=, odAwE di4e dsAlel AblEl ghEAl

f
i
r_\;:]‘
rlo
ot
2
o
>,
jo o
Ly
B
%0
rir
oy
fo X

ol

g% ae ofr
° 1> NE-

Table 1 Specification of test engine.

Item Specification
Engine Model HD D4BA
Bore x Stroke 91.1x95 (mm)
Displacement 2476 (cm?®)
Compression Ratio 21
Combustion Chamber | Pre-Combustion
Type Chamber
Injection Timing ATDC 4°
Coolant Temperature |80°C

OAP,MP,MT.Bb
P.EAT. it

Fig. 1 Schematic diagram of experimental apparatus
(4 cylinder engine).
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Fig. 2 The viscosity of diesel, used vegetable oil, and
methyl ester under varying of temperature.
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Table 2 Properties of fuels,

Used
Used 1y Sf bl
a
Parameter Diesel | Vegetable . ge ©
) Oil Methyl
Oil
Ester
Specific 0.832 | 0.9304 0.8625
Gravity (20°C) ' ) '
Net Calorific ) o) | 39 55 39.54
Value (MJ/Kg) ’ ’ ’
Carbon Wt.(%) | 86.76 76.45 77.25
Hydrogen Wt.(%) | 13.05 11.07 11.83
Nitrogen Wt. (%) 0.05 0.05 0.03
Oxygen Wt. (%) 0 11.34 9.89
o : Torque(Diesel)
e : Torque(Ester)
o : Power(Diesel)
s : Power(Ester)
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Fig. 3 Engine performance curve.
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Fig. 4 Engine performance under varying engine
speed at load 75%.
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Fig. 5 Exhaust emissions with ester fuel and diesel
fuel under varying engine speed at load 75%.
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Fig. 6 Pressure, dP/dg, dQ/d¢g and Q versus crank
angle at engine speed 1500 rpm, load 25%.
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Fig. 7 Pressure. dP/d¢ and dQ/dg versus crank
angle at engine speed 2000 rpm, load 25%.
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Fig. 8 Pressure. dP/dg, dQ/d# and Q versus crank
angle at engine speed 2500 rpm, load 25%.
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Fig. 9 Engine performance under varying load at
engine speed 2500 rpm.
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Fig. 10 Exhaust emissions with ester fuel and diesel

fuel

under varying load at engine speed 2500

rpm.
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Fig. 11 Pressure. dP/d¢ and dQ/d# versus crank
angle at engine speed 2500 rpm, load 50%.

at, w7lvkael A9, siedo] Afael o x| ze
eob wAe drseles), Aae Ages

%o AeE 824 2AaAA ol £v)
ARE LT AL 8 EAE 2HabA gk

U

r_u.

]FU o

;‘_rﬁu
_&

aM 2 T ME dAdaE AL o
AWE3 2 Aol HAsle 7Esluzl gl
Fig. 12¢9}132 #+417|MBT, 3} 1100 rpm,
Aol F-FadsE 0.3 MPao & 504}o]F B2 =z
YAEE o83l Ao AlEFfe 2xwd o
Fd57lel o FE A S A4 WEdx
FEFAAE Ve aglo]r}

Fig. 12el 4= dg-x7b 200 o 418 (s. 0)
o] AL AR ASLHcl Akl A1 (dQ/
d@)max = FHgHAEE (dP/dF)max ] ﬁ_f
Halzh ofzk Frlsle] damEo] o4 F
ol 4 glo} ogexE 100CR2 719 o &

% 447 A¢E Aae Ao AR

o
o},

o N w
L ;o
2’.9, m,r

Q

e
4

o) APl W #% 487
° : (4Q/d0)
» : {ap/de) .,
Inj.T : MBY
RP.M : 1100
BMEP : 0.3MPa
2.0 . SR - 20
1.5 . 41.5 Diesel 0l
1.0 T 20C
05 Ste : i:.;;
0.0 i
2.0
1.5 5.0 100%
1.0 T : 20%¢C
—~ 05 bt
g 0.0
s 20
2 1.5 5.0 100%
‘;\ 1.0 T : 100°C
Std e : 012
w— 05 . : 0.03
@ 0.0
o
} 2.0 T i
SR WWM 15 50 100%
1O - et = 541 0 T:20°C SWIRL
0.5 bngidsn ; P 3 Std ¢ : 0.5
0.0 i) » : 0.03
0 10 20 30 40 50

Cycle Number {[Cycle]
Fig. 12 (dQ/d8) max, (dP/d8) max versus cycle number,

° : Pmax

* * Pranssopme
in).T : MBT
RP.M: 1100
BMEP : 0.3 MPan

T T T
Diwsel 0il

g T: 20°C
o “A{ -] stda » : 013
- s 1.0

8.0 100%
T: 20°C
Std o :0.23

[ MPa ]
AU LRW AUNMALEO SOOI OO DW

$.0 108%

T : 100°C

Std o : 0.09
* 0.1

5.0 100%
T:20 SWIRL

. . Std o : 0.09
o . i ] . 012

Pressgsure

0 10 20 30 40 50
Cycle Number [Cycle]

Fig. 13 Prox, Plaraomax versus cycle number.

Zwch ojeke Pmax 9 2dgh

Fig. 1304 = odg2x7t 200 o AEf7}
|
Elvi= Aol ab# P(dP/dg)maxs) t

2
r‘\)*
N:
)
N



488 2

7hate] dagol <kzb FohEe 4 & glend,
AELE 100C F F3357 955 YA
24 2389 ZAfo A4erch @43 zbol olaw
Fol ol MA=YUES o 4 sleh webs, 4
R daE Moz dsg sd o F
AF7lel &FE FA4 Alvle el QadEAA
of & @gg v Ader Az, og e
AES T3t & wl, AR dFq HALR
£ dAe 471% HAZI] valelgz o847

ALUFE AN el clnel Ad W F
S5 HAAIE ol o FHlofof ¥

4.4 B
Sk oheh A4l A
oA @il g sl

Ae et e A

Z

daelzdizz HgA|7

L E

R Ho

RN

_?L
Ho2
o Ff” o Z
Ao 2oy e S
o NP X o
R R L
- oft 4= o Jo 32 dn mn
= rlo ofo
2 o
A e
>
op
e
ol
.{
o
H
x

=)
== ¢
i
oo

(4) wehA,

A el ol g hsslbehe

E wie AN s AZlE dT4 A3
AAAZA A Ay e A8 =
& T F AdelA A =3

AR

(1) Norbert h., Volker K., Herwig R., and Gunter
S., “Performance, Exhaust Emissions and Dura-

K

H

bility of Modern Diesel Engines Running on
Rapeseed Oil.” SAE paper, 910848.

(2) Kyle W, Scholl and Spencer C. Sorenson, 1993,
“Combustion of Soybean Oil Methyl Ester in a
Direct Injection Diesel Engine,” SAE paper,
930934.

(3) R. C. Strayer, J. A. Blake and Craig, 1983,
“Colona and High Erucic Rapeseed il as Substi-
tutes for Diesel Fuel: Preliminary Tests,”
JAOCS, Vol. 60, No. 8, pp. 1587~ 1594.

4) EEBATE, “To—E e &L TOHOMR
W, " HAESMEE s Vol 51, No. 354, pp. 37~
44, 1948.

(5) C. Adams, J. F. Peters, M. C. Rand, B. ].
Schrder and M. C. Ziemke, 1983, “Investigation
of Soybean Oil as a Diesel Fuel Extender,”
JACOS, Vol. 60, No. 8, pp. 1574~1580.

(6) S.C.Borgelt and F. D. Harris, 1982, “Effects of
Soybean Oil-Diesel Fuel Mixture in Small Pre
-Combustion Chamber Engines,” ASAE paper,
No. MCR82~144.

(7) S. C. Borgelt and F. D. Harris, 1982, “Endur-
ance Tests Using Soybean Qil-Diesel Fuel Mix-
ture to Fuel Small Pre-Combustion Chamber
Engines,” ASAE, Proceeding of the International
Conference on Plant and Vegetable Oils as Fuels,
p. 364.

(8) S. Vinyard, E. S. Renoll, J. S. Gooding, L
Hawkins and R. C. Bunt, 1982, “Properties and
Performance Testing with Blends of Biomass
Alcohols, Vegetable Oils and Diesel Fuel,”
ASAE, Proceeding of the International Confer-
ence on Plant and Vegetable Oils as Fuels, p. 287.

(9) S.odewlel 391, 1984, T 4 —EJLEERE °io‘l‘)}g
RS A A Eﬁ’?"bﬁﬁ%‘ﬁ, HA BB ES S 20
GO, 842017,

(10) Oh Young Taig et al, 1984,
Flower Build-up, Low Smoke, and Efficient

“Low Carbon

Diesel Operation with Vegetable Oil by Conver-
sion to Mono Ester and Blending with Diesel Oil

or Alcohols,” SAE paper 841161.



