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Abstract

This paper presents the biodiesel production from Tung oil, prepared by transesterification using potassium
hydroxide (KOH) as catalyst. Biodiesel properties was also investigated. Engine performance and emission
tests were conducted on a single-cylinder diesel engine fueled with Tung oil biodiesel blends (BD10, BD20,
BD30, BD50 and B100) compared with conventional diesel (B7) fuel at a full-load engine speed range of
1,200-2,000 rpm with intervals of 200 rpm. The Tung oil biodiesel contained the fatty acid methyl ester (FAME)
0f 97.38% wt., viscosity of 7.46 cSt at 40°C, acid value of 0.41 mg KOH/g and a heating value of 42.53 MJ/kg.
The experimental results showed that the increase of Tung oil biodiesel blend ratio decreased in torque, power
and thermal efficiency (B100 showed average decrease 7.57%, 7.49% and 13.72%, respectively) but increased a
specific fuel consumption (B100 showed an average increase 16.92%) compared to diesel. Exhaust gas emission
results indicated that diesel blend of increasing Tung oil biodiesel gave a reduction in carbon monoxide (CO)
but an increase in carbon dioxide (CO,) and oxides of nitrogen (NOy). Sulphur dioxide (SO,) has not been
detected all of fuel blends.

Keywords: Tung Oil Biodiesel, Diesel Engine Performance, Exhaust Gas Emission
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Property Equipment Manufacturer Test method

Viscosity @ 40°C (cSt) K21420 Koehler, USA ASTM D445
Flash Point (°C) K16270 Koehler, USA ASTM D93
Pour Point (°C) Cloud and Pour Point Tester Pyrex, USA ASTM D97
Cloud Point Cloud and Pour Point Tester Pyrex, USA ASTM D2500
Copper Strip Copper Strip Tester Applied Scientific, Thailand ASTM D130
Acid Value (mg KOH/g) Titration Pyrex, USA ASTM D664
Specific Gravity 15.6°C Hydrometer Brannan, UK ASTM D1298
Sulfur Content (%wt.) Oxygen Bomb Calorimeter Parr Instrument, USA ASTM D2622
Heating Value (MJ/kg) Oxygen Bomb Calorimeter Parr Instrument, USA ASTM D240
Ash (% wt.) Vulcan 3-550 Dentsply, USA ASTM D482

A13199 2 FNIZNIMITNNUBBILATEI GC-MS

dl v o & £alg o
fN13°9N 3 %ayamLWW:’DBOLﬂSaGﬂuGlY}sL‘HﬂﬂHW

Temperature Ramp

2°C/min 190°C (3 min)
2°C/min 220°C (3 min)
5°C/min 250°C (2 min)

Property Specifications Engine parameter Specifications
Carrier Gas Helium (1 S 1’1’11/1‘1‘11[1) Make of Model YANMAR TF75LM
Detector Temperature 300°C Engine Type Four-stoke, IDI, single cylinder,
Sample Volume 1 ul water—cooled
Column Dimension HP-INNOWAX Bore 80 mm
(30 m x 0.25 mm % 0.25 pm) Stroke 37 mm
Injector Type Split 30:1 - B
Compression Ratio 21.0:1
Injector Condition 250°C
- Rated Power 7.5 HP
Temperature 100°C (5 min)
Nozzle Opening Pressure 117.7 bar
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Exhaust gas ——»

1. Diesel Engine
2. Universal Shaft
3. Generator

4. Controller Box

5. Heater

6. Fuel Tank

7. Burette

8. Gas Analyzer
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< Sl DRTIEIBHEN (% vol.)
¥ Diesel Tung oil Biodiesel

D100 100 0
BD10 90 10
BD20 80 20
BD30 70 30
BD50 50 50
B100 0 100
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amwlsiuinauzasminasasitae

= Square root of {(uncertainty of P)
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Instruments Range Accuracy % Uncertainty
Gas Analyzer CO 0-1,025 ppm +5% of measured value +2.4
CO, 0-99% vol. - +2.4
NOy 0-446 ppm - +5.5
Speed Measuring Unit 0-900 rpm +10 rpm +0.1
Load Indicator 0-100 kg +0.1 kg +0.2
Burette for Fuel Measurement 10 cc +0.1 cc +1
Digital stop watch - +0.6's +0.2
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Method Property Diesel [11] Tung oil Tung oil Biodiesel | Biodiesel Standard
EN 14103 FAME (% wt.) - - 97.38 >96.50
ASTM D445 Viscosity @ 40°C (cSt) | 3.10 87.6 7.46 3.50-5.00
ASTM D93 Flash Point (oC) 72 248 189 >120
ASTM D97 Pour Point (oC) - =27 -14 <10
ASTM D2500 Cloud Point - - 4 -
ASTM D130 Copper Strip - - 1b <Number |
ASTM D664 Acid Value (mg KOH/g) - - 0.41 <0.50
ASTM D1298 Specific Gravity 15.6°C 0.845 - 0.892 <0.920
ASTM D2622 Sulfur Content (%wt. ) - - 0.0003 <0.0010
ASTM D240 Heating Value (MJ/kg) 45.36 - 42.53 -
ASTM D482 Ash (% wt. ) - 0.0300 0.0096 Max 0.02
2 [ =)
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a Py = g A = ° o 21 4 =9 BD30
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a A . —0—BD50
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uazanm e sl laiauysal (Incomplete Combustion) s

gonarilwussdasndiag [11]-[13] wazfinanuisa
muguﬁﬂﬁi:%w%mwL%aﬂ’%mmﬁéﬁniﬂ (Lower
Volumetric Efficiency) LLa:mSLﬁwﬁumaamigmLﬁﬁ
n19na (Mechanical Losses) 39a9navinlvussda
AAGNR [11], [12], [14] wssDafienannailodsum
lulefimaludawdonaufiniu losanluledios
fidnanusaniidinia [151-117] wasiiananitai
g@ndwﬁﬂﬁmﬂmnéﬁLﬂua:aamayvlﬁ@‘ﬁniﬁuﬁﬂﬁ
daranamwman nduazdsz@nsamwideanuian
Gma [18], [19] LLiuﬁ@ﬁmguq@ﬁﬂ'nuﬁa‘iau 1,600 rpm
Tagtihdudisa D100 Aty 25.39 Nom uas
vihsunaw BD10, BD20, BD30, BD50 waz B100 i
WAy 25.23, 24.63, 24.58, 24.40 uaz 23.94 N.m
MURIAURIBaARd 0.63, 2.99, 3.19, 3.90 Uaz 5.71%

1400 1600 1800 2000 2200

Engine Speed (rpm)

1000 1200

31N 4 ussbinvasieeuuanlihdunaNeaEIUmMI 9

ANIAY Watauny D100
gﬂﬁ 5 WRAINITLUADULYAINaIVRILATAILUG
{ =1 1 1 o el QI J =
NAMUTITOUAN § WUNTIRILNNDT RN NUITITOL
A & P A =
LAIBILUAIUDIANFIFANAINTITOY 1,800 rpm
o & A { = & {
MRINUUITNAARILIBANUITITOUFITY L1899
nanuTseugeazvlfiiausaioanu (Frictional
Force)ﬁgaﬂ'h[ll],[ls], [20] hasidanaaiadiunm
- & . o x4 -
Tulainaluiraindanauinadn thasantuladins
fenenusaunennn [12],[13],[16],[17] uaziianuniia
ﬁgam’wﬁﬂﬁﬁmwwéfmmumivl,mmau%mwﬁaﬁ

674



MNINTITIMINITZRUNIINIT=UATATE TN 27 aUUN 4 9.0.-5.9. 2560
The Journal of KMUTNB., Vol. 27, No. 4, Oct.—Dec. 2017

5.0 4
—e—D100
4.5 —s—BDI10
=40 --a--BD20
=
‘;’ -9 BD30
z 35 -
o
-~ —0 -BD50
30 -
e B100
2.5
20

T T T T T )
1000 1200 1400 1600 1800 2000 2200
Engine Speed (rpm)

A o @ o ey o8 o o : \
E‘.IJ‘YI 5 ﬂ']a\']ﬁﬂaﬁLﬂiaﬂU%@ﬂlmu’]uuwa“a@ﬁ’]mu@’w5]

GALPREY! navhlfiAamsaafisndini [12], [21] &
ﬁ@hgaq@ﬁmwm%asau 1,800 rpm TasvindTueioa
D100 fdnuvindiu 4.61 kW uaziingiunas BD10, BD20,
BD30, BD50 waz B100 §6WvinAu 4.54, 4.45, 4.43,
438 Uz 4.28 kKW auseiL wIaaasd 1.52,3.47, 3.90,
4.99 uaz 7.16% aNEaU Wafisuniu D100

33.2 sanmyawddasihdudamasiime

samsawd e uowassiwnza iy
AT IS AT TRAAT WA ANURIILLLE
anuwile uazAnauiousasEanas [22], [23] 9N
31J°71' 6 wuhfianuisasauens g datsumluladias
T o IwAonauLRndn 60311 3awUa095inaTn
L%@Lw'ﬁaﬁmwwzl,ﬁuga%u ROAANBINUNNIANEN [12],
[151,[17], [24] mm@lLﬁaaQWﬂvLuIaﬁLmaﬁﬂ"}mmﬁ”au
fighnn ﬁmwwﬁ@ﬁg\m'j'} uazlulafnadatiaandian
1u1ﬂ50a§ﬂa§andﬂﬁLmaLﬁmm"lmﬂ%aﬁﬂﬁ'gw,ﬂﬁaa
W T T eI WA ININNI18aTINs AN R0 95N T
L%aLwaaa‘i’um:ﬁ@hgoq@ﬁmmﬁ’;‘sau 1,200 rpm
Taginsudima D100 Heniriniu 0.375 ke/kW—h uas
vinsunaw BD10, BD20, BD30, BD50 &z B100 fid
Winfiy 0.383, 0.398, 0.411, 0.433 uaz 0.444 kg/kW—h
audeundatindu 2.13, 6.13, 9.60, 15.47 Uaz
18.40% eudnau Weafisuiiu D100

0.50 -
—e—D100
0.45
0.40 - —a—BDI10
= 035 1 --A--BD20
= 030 -
=
2 025 - - BD30
@]
£ 0201 —0 -BD50
0.15
onon! ---@:- B100
0.05
0.00

1000 1200 1400 1600 1800 2000 2200
Engine Speed (rpm)

31U 6 aanmIrwRehiiwsaindadinizzas
LATRILUAT LTI UNENEATEINEANI

40 -
—e—D100

35 1 —s—BDI10

--A--BD20
30 4

-0 BD30

Nin (%)

—0O -BD350

@ B100

20 -

15

1000 1200 1400 1600 1800 2000 2200
Engine Speed (rpm)
= a a a o & ca9 o
31]‘”7 UILRNTAIWITIANNTO WY DILATAIL Y 7]1‘]5
INAUNFNIAIEINAN

3.3.3 Y NS TN aNNTa %

g'ﬂﬁ 7 waasntasnulasdssansanide
AT IUTBILATOILUATIANNSITOLAT g WL
UseENT A NITIANNTau AN BAINANI5ITaL
Lﬂ%am@i‘auﬁaﬂ'ﬂgaq@ﬁmmﬁﬁau 1,600 rpm
%ﬁamﬂfuﬁua@mLfiam'mﬁ';iauga%u Bouds
MWL ATINNTRHLY A 89918318 0L WA LW
[16], [24] ‘ﬁmmL?diauﬁ'wLﬁ@mil,mvl,m“"l,aiaugirﬁ
[12] s9maviidszantmwiBsanufoudend saui

675



o A a S o A & A a ' o a {
17108 1ATE, “mInaa luladiwaantidnuusieiusacnavaddains lulefivadeausossuasielaifovegniaaud.

mmﬁa‘sauqaﬁmﬂﬁwﬁuma&muﬁmmuuaz
mIgyiRonenasIRaTnliiiansgyuanaian
(Heat Loss) Wananvlsz@ntmwiaanuiouanad
[24] UszansnimBsanusouiidianaiatsuno
Tulodiwaluwdondonautiudu Wasanlulodims
fenamnasauiichni [16], [25] uazdalmauandandu
azaadHay (Atomization) wazmsnaetdwlodinin
Lﬁaamnﬁm'}mﬁ@LLazmwmmLLﬂugmn'hﬁma [25]
mNaﬁﬂﬁmﬂm‘lﬁﬁﬁLﬁﬂ%uvlajawy‘mi UsednTaw
L%amw%auﬁ@hgdq@ﬁmmL%ﬁ‘a‘au 1,600 rpm lag
WTuaema D100 Senvindy 38.51% uazindunay
BD10, BD20, BD30, BD50 iaz B100 Javinnu
37.08,36.75,36.44, 34.26 Lz 33.62% ANRIALNRID
aaad 3.71, 4.57, 5.38, 11.04 s 12.70% AU
afisuiu D100

3.4 lardgannnmisnlnavasiadasunaatga

3.4.1 fer'laliy CO

CO (RaanuazaInI i bnain sy niuaz
o & o A ) \ & o '
S9UuI38 DU ) 8 L% ANNISITAL EATFEIUDIMA
@aLTaINEY (Air Fuel Ratio) W39a%N138 (Injection
Pressure) LRZITUZLIAINITAR (Injection Timing)
& A A oA ~ a & A
Fawwda UM 8 wuduledinnmlula@ialuirainds

A £ a ' A
NENIANIBYSNIWNSUaes CO 28089 LiHad9a1n
WwatnRI b lafiralUSu1 e anTLAULATANTING
(Cetane Number) igenin@ima 3avinliiiamainn lngd
fswyInind 121, [15], [17],[18] lasadoidiudioa
D100 An13taas CO WinNL 588 ppm WazNUWHEN
BD10, BD20, BD30, BD50 uas B100 Je1tvanu
474, 438, 387, 359 war 319 ppm ANENIURTDANR
19.42,25.48, 34.12, 38.98 1.z 45.68% ANEIAU LHB
Wsuny D100

3.4.2 malade CO,

CO, \JuauintsvaniiUszansawnnsiu lnsl

& A A a A P 2 A
104 Fawas mnfitSanm CO, Ngenitveniad

900 1 mDI00 @mBDI10 mBD20 mBD30 mBD50 @B100

CO (ppm)
e h
S

SN NN

1200 1400 1600 1800 2000
Engine Speed (rpm)

51U 8 YSu1mw CO Ndsavaanuianlaigovas

u

o &
LA DI U

850 mDI100

@BD10 @BD20

®@BD30 mBD50 =B100
3.00

2.50

2.00

<]

7]

CO, (%vol.)

1.50

1.00

0.50

AN

N

SESTESSEENSNSNSS

[

1200 1400 1600 1800 2000
Engine Speed (rpm)

0.00

35U 9 YTuam €O, Nddasaanuianlaidves
LA ILUG

msmﬂwﬁﬁauyjirﬁﬂiw [26] ﬁnﬂgﬁﬁ 9 wuinia
BnaluledmsludondmsuisdulSnamsdses
CO, azifiaiu [12], [13] lesanluladimadvsunm
aan%mugdﬂiﬁaLﬁ@mﬂmvl,mfﬁauyjirﬁniﬂ [12],
[15], [17], [18] wazfsiUsumnsltiainded
gand1dafia CO, ldgeni@im [27] Taoaapineiu
fuwa D100 §m3vsas CO, Winfu 2.24% waziingu
n&y BD10, BD20, BD30, BD50 Las B100 JéLvinny
2.40, 2.42, 2.44, 2.43 uaz 2.57%vol. MNEAUI
WAl 7.15, 7.95, 8.85, 8.40 uaz 14.83% aafei
\Wawisuniu D100

676



MNINTITIMINITZRUNIINIT=UATATE TN 27 aUUN 4 9.0.-5.9. 2560
The Journal of KMUTNB., Vol. 27, No. 4, Oct.—Dec. 2017

450 4
400 -
350 -

mDI100 ®BDI10 @BD20

BBD30 mBD3S0 @B100

300 -
250
200

NOx (ppm)

150 -
100 -
50 4

AN

1200 1400 1600 1800 2000
Engine Speed (rpm)

31U 10 USuam NOy Mddasasnunanlaiioves

LATOILUR

3.4.3 Melaldy NOy

gﬂﬁ 10 ugesdSunmnisdaas NOy 28 T8l waY
A = | ' ' o £
NaNuiIsauae g wuinmalaes NOy LW weNW

= A a a & a
ANIIT0U waztlatSunanlulofLna U Ta N R INEN
R . o ¥ -
WWaBnFinmmIdsen NOy azulunnaMailTey
(121, 128] luladimafivSanmeandianginingisa
WwRsdszanm 12% [18], [29] d9narinliiia NOy
Twszniamawn Indgendndia [12], [25] Msfnen
asshnunlasafssindudioa D100 Ansdaas NOy
Wi 257 ppm wazinawNay BD10, BD20, BD30,
BDS50 waz B100 J¢ntvinnu 271,297, 312, 304 Waz 337

e e w ¥

ppm MURGU RIBANUB 5.53, 15.50, 21.50, 18.38
WAz 31.13% aNAAU Watiauny D100

fwsumalads SO, wuinlifinsddesean
P1INLATOIDUA LUNIITNARALATIR LikadnUTuom
fuztw (Sulphur Content) lulula@imanzioniin
A v dl' a a =S 1
fauunn Waltfansauadisasialiny SO, lu
lalgevaanTosond

4. ﬁ‘gﬂ
NaNslENARLAIlIEnavandIulfen 56.0%
Nza1 18.1% Wazbuaa 25.9% lagiinin n13ane

dazienfiulagdsmsaianiana ﬁqm%nﬁmiaﬁ’@
80°C azvlﬁﬂ%mmﬁwﬁuml,mﬁugdq@ﬁ@Lﬂu 50.1%
Tagsinmsinuasitawaa
nswaalulediaaninduuziondulasls
sananlasluanas MeOH dornsiuuzignfinyinmy
6:1 uazlt KOH 1fluaansatfasenludSunm 1.25%
Tagsinsinuesinduuzionfin wudnguauaes
luledimaaglutrsarmuavasimuavadlulafiss
pnriuanuniaddiginitdedimuaianias
u9da fad wasdszEnTAIWIBIAINNTa U e
m'%'aaﬂuﬁa@aaiunnmammﬁ’nau WadSum
TuladialiBanaanauiiniu Aeanaiwias B100
wudussda fad wazdszEnTnwidianusauien
AR LALLARY 7.57,7.49 U 13.72% MUSIL LA LIt
Y098 TEMUBasin T alnass Wz AN Y
Worsinaluladiasludandsnauiiniu lagads
WRNAI% 16.92% iy D100
museshaladewon derusnmluladins
TwFowasnanannis s=Insdas CO anad ued
nydaas CO, uaz NOy Lﬁw;ﬁusl,unnﬁ'mmmﬁasau
fsamdimuay B100 wuiiimslsss CO anastade
45.68% wadn1vdaay CO, uaz NOy Rndwads
14.83% uaz 31.13% awsau Waifieuiu D100 lu
U84 SO, wudﬁvlajﬁmiﬂa'aUaaﬂuﬂunﬂé”@mﬁm
YOI D INBINTY
nndayadansndduuaasldiauiluladios
nnihuuzienAuaansa T WA WA 1IN
WWannaunudiaale lagldsdudasvinnsdsuud
L309uud uaanassnarn ldRuITOUIASasuUAaaRS
lantag

5. na@nssndsznae

HI98U0aUAMINAININAENTA I IuAE
29ANTLIMIEINIIRINZL ﬁlﬁnuaﬁum&umi
Seulunsail

677



o A a S o A & A a ' o a {
17108 1ATE, “mInaa luladiwaantidnuusieiusacnavaddains lulefivadeausossuasielaifovegniaaud.

LON&EIID19D9

[1]

[2]

[6]

S. Mori, “Development of utilization technologies
of biomass energy,” Environmental Engineering
and Management Journal, vol. 19, no. 2, pp. 67—
72, March 2009.

J. Werther, “Sustainable and energy-efficient
utilization of biomass by co-combustion in
large-scale power stations,” Environmental
Engineering and Management Journal, vol. 19,
no. 3, pp. 135-144, May 2009.

Department of Alternative Energy Development
and Efficiency, Ministry of Energy. (2016, March
19). Energy situation of Thailand 2015 [Online].
Available: http://www.dede.go.th/down-load/
state 59/frontpagedec2558.pdf. (in Thai).

B. Li and M.G. Gilbert, “Vernicia loureiro,” FI.
Cochinch. 2:586.1790. Fl. China 11, vol. 11,
pp- 266267, April 2008.

Y. H. Chen, J. H. Chen, C. Y. Chang, and C. C.
Chang, “Biodiesel production from tung (Vernicia
montana) oil and its blending properties in different
fatty acid compositions,” Bioresource Technology,
vol. 101, no. 24, pp. 9521-9526, December 2010.
W. Warakhom, “Growing factors of tung tree
and biodiesel production from tung oil,” Faculty
of Industrial Technology, Lampang Rajabhat
University, March 2015 (in Thai).

L. C. Meher, D. Sagar, and S. N. Naik, “Technical
aspects of biodiesel production by trancesterifi—
cation—a review,” Renew. Sustainable Energy,
vol. 10, no. 3, pp. 248-268, June 2006.

E. Lotero, Y. Liu, D.E. Lopez, K. Suwannakarn,
D. A. Bruce, and J. G. Goodwin, “Synthesis
of biodiesel via acid catalysis,” Industrial &

Engineering Chemistry, vol. 44,no. 14, pp. 5353—

(9]

[10]

[11]

[12]

[13]

[14]

678

5363, January 2005.

D.V.Manh, Y. H. Chen, C. C. Chang, C. Y. Chang,
C.V.Minh, and H. D. Hanh, “Parameter evaluation
of biodiesel production from unblended and
blended Tung oils via ultrasound-assisted process,”
Journal of the Taiwan Institute of Chemical
Engineers, vol.43,no. 3, pp. 368-373, May 2012.
Y. H. Chen, J. H. Chen, and Y. M. Luo,
“Complementary biodiesel combination from tung
and medium-chain fatty acid oils,” Renewable
Energy, vol. 44, pp. 305-310, August 2012.

W. Warakhom, “Effects of pyrolysis oil-diesel
blends on the performances and emissions of a
small diesel engine,” The Journal of Industrial
Technology, vol. 10, no. 2, pp 72—84, May-August
2014 (in Thai).

S. M. Palash, H. H. Masjuki, M. A. Kalam, A. E.
Atabani, 1. M. Fattah, and A. Sanjid, “Biodiesel
production, characterization, diesel engine
performance, and emission characteristics of
methyl esters from Aphanamixis polystachya
oil of Bangladesh,” Energy Conversion and
Management,vol.91, pp. 149—157, February 2015.
H. Aydin and H. Bayindir, “Performance and
emission analysis of cottonseed oil methyl ester
in a diesel engine,” Renewable Energy, vol. 35,
no. 3, pp. 588-592, March 2010.

A.M. Liaquat, H. H. Masjuki, M. A. Kalam, I. M.
Rizwanul Fattah, M. A. Hazrat, M. Varman, M.
Mofijur, and M. Shahabuddin, “Effect of coconut
biodiesel blended fuels on engine performance
and emission characteristics,” in Proceedings
100C-ECOC 5th BSME International Conference
on Thermal Engineering, vol. 56, pp. 583-590,
May 2013.



MNINTITIMINITZRUNIINIT=UATATE TN 27 aUUN 4 9.0.-5.9. 2560
The Journal of KMUTNB., Vol. 27, No. 4, Oct.—Dec. 2017

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

M. M. Rashed, M. A. Kalam, H. H. Masjuki,
M. Mofijur, M. G. Rasul, and N. W. M. Zulkifli,
“Performance and emission characteristics of a
diesel engine fueled with palm, jatropha, and
moringa oil methyl ester,” Industrial Crops and
Products, vol. 79, pp. 70-76, January 2016.

A. Atmanli, E. Ileri, and N. Yilmaz, “Optimization
of diesel-butanol-vegetable oil blend ratios based
on engine operating parameters,” Energy, vol. 96,
pp. 569-580, February 2016.

0. Ozener, L. Yiiksek, A. T. Ergeng, and M. Ozkan,
“Effects of soybean biodiesel on a DI diesel
engine performance, emission and combustion
characteristics,” Fuel, vol. 115, pp. 875-883,
January 2014.

J. Xuea, E. Grift, and C. Hansena, “Effect of
bio-diesel on engine performances and emissions,”
Renewable and Sustainable Energy Reviews,
vol. 15, no. 2, pp. 1098-1116, February 2011.
Z. Utlu and M. S. Kocak, “The effect of
biodiesel fuel obtained from waste frying oil on
direct injection diesel engine performance and
exhaust emissions,” Renew Energy, vol. 33, no. 8,
pp. 1936— 1941, August 2008.

S. Punyota and N. Krasaelom, “Performance
study of a small size diesel engine operated with
used palm oil and diesel blends,” Princess of
Naradhiwas University Journal, vol. 3, no. 2,
pp- 41-52, May—August 2011 (in Thai).

C. Hasimoglu, M. Ciniviz, I. Ozsert, Y. I¢ingiir,
A. Parlak, and M. Salman, “Performance
characteristics of a low heat rejection diesel
engine operating with biodiesel,” Renewable
Energy,vol.33,no0.7, pp. 1709-1715, July 2008.
D. H. Qi, H. Chen, L. M. Geng, and Y. Z. Bian,

(23]

[25]

[26]

(27]

679

“Experimental studies on the combustion
characteristics and performance of a direct
injection engine fueled with biodiesel/diesel
blends,” Energy Convers Manage, vol. 51,n0. 12,
pp- 2985-2992, December 2010.

I. Shancita, H. H. Masjuki, M. A. Kalam, 1. M.
Rizwanul Fattah, M. M. Rashed, and H. K.
Rizwanul Fattah, “A review on idling reduction
strategies to improve fuel economy and reduce
exhaust emissions of transport vehicles,” Energy
Convers Manage, vol. 88, pp. 794-807, December
2014.

M. J. Abedin, M. A. Kalam, H. H. Masjuki, M.
F. M. Sabri, S. M. A. Rahman, A. Sanjid, and
I. M. R. Fattah, “Production of biodiesel from a
non-edible source and study of its combustion,
and emission characteristics: A comparative study
with B5,” Renewable Energy, vol. 88, pp. 20-29,
April 2016.

I. M. Monirul, H. H. Masjuki, M. A. Kalam,
M. H. Mosarof, N. W. M. Zulkifli, Y. H. Teoh, and
H.G.Howa, “Assessmentof performance, emission
and combustion characteristics of palm, jatropha
and Calophyllum inophyllum biodiesel blends,”
Fuel, vol 181, pp. 985-995, October 2016.

M. Gumus, “A comprehensive experimental
investigation of combustion and heat release
characteristics of a biodiesel (hazelnut kernel oil
methyl ester) fueled direct injection compression
ignition engine,” Fuel, vol. 89, no. 10, pp. 2802—
2814, October 2010.

H. Sanli, M. Canakeci, E. Alptekin, A. Turkcan,
and A. N. Ozsezen, “Effects of waste frying
oil based methyl and ethyl ester biodiesel fuels

on the performance, combustion and emission



o A a S o A & A a ' o a {
17108 1ATE, “mInaa luladiwaantidnuusieiusacnavaddains lulefivadeausossuasielaifovegniaaud.

characteristics of a DI diesel engine,” Fuel,
vol. 159, pp. 179-187, November 2015.

[28] A.Keskin, M. Giirii, D. Altiparmak, and K. Aydin,
“Using of cotton oil soapstock biodiesel-diesel fuel
blends as an alternative diesel fuel,” Renewable

Energy, vol. 33, no. 4, pp. 553-557, April 2008.

[29] P. K. Devan and N. V. Mahalakshmi, “A study

680

of the performance, emission and combustion
characteristics of a compression ignition engine
using methyl ester of paradise oil—eucalyptus oil
blends,” Applied Energy, vol. 86, no. 5, pp. 675—
680, May 2009.



