9 v a = A (=
ﬂﬁmaauamiauznmm"!ﬁusmz:mﬁﬂa@ﬂuawH"lmi;mmmmimﬂuﬂﬂwa

d'd v v J % 9}&’ a A =
‘i’mmiﬂi‘lJE)ﬂ‘ﬂﬁ”ﬂ!m‘ifz)ﬂiﬂfﬂ‘li!‘Uﬂ!WﬁQﬂMﬂ!mg’lﬂiﬂﬂWﬁ

HIYUNAD I Iﬂﬂuﬂﬁ

a a i < [y a v A
InentiwusiiluaiurtisvesmsanmmunangasiSygIaInssumansuriadia
MNINIAINTINATOINANBIZUVUNITZUIUMNS
uvIngnagmalulaggsus

Umsdnu 2562



PERFORMANCE TESTING OF COMBUSTION AND
EXHAUST EMISSION ON VARIABLE COMPRESSION
RATIO DIESEL ENGINES USING DIESEL

AND BIODIESEL FUEL

Yongsathon Khotbut

A Thesis Submitted in Partial Fulfillment of the Requirement for the
Degree of Master of Engineering in Mechanical and
Process System Engineering
Suranaree University of Technology

Academic Year 2019



Y] ' a - - da
NMINaaalayIInUe ﬂ‘l'ﬁ!”]ll'ﬂﬂl!ﬂg N 'i‘l.lfl ﬂﬂuﬁ“‘ﬂﬂﬂ!ﬁﬂ VDIAIDIUUAGLDA

c;.:l s ar J (7 y&' == =
numsdsudanarumsealaglyiyamasdsanas lulefiaa

= o = =t g 3 e & = L. z{d 1 = =
yrIngdema luladgsuts sulaliiuIneuwusav vt uaIuniaueamsany,

auvangassyamiuda

ity ok dy/

(57. 5.9. A5.NUATS TTlszrman)

= 1 a o =
8985013 Ug] PhEJ:I TMITUaZnwelu 1ﬂ31n!ﬂu aina

AMENITUMIABUINGIINUT

g

51
(571, a3.1n03a1 aalade)

Usgsunssuns

M7

o o
Wet. a3.n138 Wagassasng)

] - = o
NITUNII (ﬂ']i]"l?ﬁi“!’ill?ﬂ?:}'l']'?’lﬂ'lﬁ?iﬂﬁ)

J//////{—f

(WA, A7.71a55 5331UN)

ATIUMI

=

(WA, 5.NT2 MIDIUTIA)

NITUNIS

—Z

(0. 95.3%0 AaI%Y)

nIsun1g

e

(57, AS.NTAT 290A)

a @ = = 4
ﬂﬂlﬂﬁﬁ‘luﬂ]“ﬁ?]fﬂﬂﬁﬁﬂﬁ—lﬁﬂﬁ



93755 lAALyAs : MInadeudussauzmsn lnduazmsildesuaiiy ledaves
d't et e @ i o g/ gf = e =
wspssuaaraninslsudandiumsoa laslfemasdimanas lu Tefiwa
(PERFORMANCE TESTING OF COMBUSTION AND EXHAUST EMISSION ON
VARIABLE COMPRESSION RATIO DIESEL ENGINES USING DIESEL AND
BIODIESEL FUEL) ;1913611301 : femansnansd as.myny Wegassasay,

250 ¥,

luffigdumswanndszmanazmsi@uTamuasygna lANagaa AT s U@L 9
= d‘?’ = ] & = ' 1. e 3 Y A < a ar o
uduiludumnn Fanslesoussgnlumsvuddudwaz 1asessuadmivm
Y A o=t i A ot L oo = = o Yt y
msnyas lagldinieseuadma esninmniessuadaiullss@ninmgoihlding1y
dalf | [} v 1 q 3 g = oo = | r =
FoImasAand1sunIvatw uans lyemasiranneadaiinisdaniaesuany

J = ° ) = A = ° = = a
Auazens PM2.5 1Wudiuiuuin uagaipaudisendiuu laumsduyomas luTofira

o

] o g = ot ! 7 d’i’ = (=} Jﬂf o LA ! e
l¥5rnduemddiranu i msldgemdslu Tedwanausomasfmasivaadun Jud

o3 1 ' oo =y v 4 ¢4 2 = i '
13ilued19d uazrroilsz@niaBennius ouvounsesoudiiuiu e lasdulnguda

=

¥ 3/
lyTeRwaliquauiamedwanunilauazieumailvesmsszivsdingeninyemasia

3

4 =3 = [ = 1
AralimsfanauiyamandiduemadanudumoRoduuazifamswn nd 1ddaen 1
4 oA : [ o o H g
FaMAsAIa FIMsszvead ldonves luleamasidludadlsanudeuluieumn Insinuniiu
.-_’-'1 c!‘ [ ] yg = = o I ng = o T o di e
wenvzeIvromas lulsfmaszivoda 18a3u TaemsiuenI1aIUNToAYIATDIUUA

5/ yé? oy = A 1 o =
e MFemae iy leAwaniiriuand1any 3 e
v B Yna &L q = N v 1 sy =
asiu gaveldllanuaulednuiaussaus mswn lnd uaznsilaesuaiin ledeves
B o=t = o ' 2 1 . ;93 L | = A L) o =
[nInsudAaNndaITIuMIoans & laglmsemas iyl odtlyannnwnuanaienu 3 sila
1 s o ¥
14un 1143 (POB100), 519713 (RBB100) tazuzn3i13 (COB100) naaou laslfiasossuaaia
& a ol = Y o o 34 v = 3
4 37z 1 qu e lefd Tag 1iszuudaonma meldeulumsnageuiinnusisou

= o 1

1,500 0UADUITN BASIAIUNITOA 16:1, 17:1 uaz 18:1 uazilasuuilailviaai 25%. 50%,

3 3 3

3 £
75% ung 100% U fﬂ?N'ﬁ‘FIL%ﬂ!ﬂﬁdqﬂiﬂﬂlﬂﬁﬁﬁﬂﬂ&%ﬂmﬂQﬁ"]i‘ﬂi 3 ¥URA "Lm%ﬂ'izllimﬂ'l‘i
4 = a = @ ' v =
‘l’lﬁ']uﬁl’ﬁ]ﬁ!ﬂ@iﬂtﬂ‘ﬁu &]WﬂﬂﬁﬂaﬁﬂﬂUi%ﬂﬁ:’ﬂ?ﬂﬂﬁﬂ&ﬂﬁ'l’)ﬂﬂ’ﬂ HaKaa (%Yield) U949
. 3
1113111 JA381 POB100 HAGINGA 96.36% Lazwan13nII0Ia o uliauauyainas

T = ds; | g -y 3 ' o ] =)
1‘]JTE)§1L°]J’E1§]'IﬂL"]I?JLWﬁQw¥1’IG 3 YUA ﬂizﬂﬁmﬁ'&ﬁl AU I, AUV UUUY, AU UA,

4

AINAY, A¥UFNU tazAIAN LS ouVeUFBINA T W11 COB100 a1y laawuludiu

"o 3 1
anunilafdinduFainaediva ¥3919910 POB100 az RBB100 Aiflaanuniiageni
4 - =5 é = 4 =1 1 L} o 4
Wornasdra Feguauiidemasdanadeaudnsuznae lngd, aussouziaTesoud



'3
uazmsddesuaiinlasnss Nnnamsnagsuquanyuzmswn lnfveusemdsluTefia
=1 = 4‘.?!' = 1 r =) 1 g-‘ 1
WsuAuemafiranu POB100 Lag COB100 ianwalumsyasziia (ID) Iadun
AJ = A ar = o= = ::; o 1 o 1
FOINAIALYA LazaaAnd N U IZ AN MMFIANLS oLILTA (BTE) NOAS1@IUMIOAA1N 9 V04

- " J = o -] s 1 = 3
POB100. COB100 fimganiuFeimdsda dmsumsideswaiiv lulasiuesnlod (NO)
1 1 g = =5 ) = 1 l:; L 1 4 % =
494 POB100 tag RBB100 HA1ganInFamdsdwa ud COB100 ImAdmninyanasdiya
= 1 ﬂi 1 J = = lﬂl oS 1
mivouvouen la@ (CO) POB100, RBB100 ttaz COB100 IAMgINIMFamanmanons1au
w1 J = 7 1 .&’ - |
mssaan q lalasaiivou (HC) iFomas POB100 ag RBB100 fif1ganinemasdima
1 ' 'g ' d‘!’ - 1 & a "
L@ COB100 finsassdninsomasamadniios 0.20% taznsldesniudi (Smoke Opacity)
o 3
W31 POB100, RBB100 az COB100 Insaniassndiningemasarrasdaiivedingy
o 3’; ° é‘l’ = | = Yo d‘! o=t ar [ a
aanumawamas lulefmam lynuni ewuaamsa lagn3a0199203 Mg auuIniin
¥ cw ¥ Y S Ymwa = = P -
frowannnsItedieduil §IseddianuaulaAnyinansznuvaINs 1 FFaIwas
=t = = e 1 o ar 4 o
TuleRsatianaundadiy 20% uag 40% Iasifsuias auday TngnaasununIesoua
o o 1 & i 1
RN UAUNITNATIUADUNI FINANITNAADUNUIT POB40, RBB40, COB40, POB20,
: ¥ 1 1 - = T
RBB20 Az COB20 Tasindesis 3 sas1daumson Hamauarinlumsyasziiadesni
&’ = o = ' ‘ﬂ - '
- ioInasALYa uazlia1 BTE ganinsemadncya ludiuued BSFC Y94 POB40, POB20, RBB20
= :, 1 4 - 1 = a "
1Az COB20 HARINIUFIWAIALFA D819 15AA NS RBB40 L1ag COB40 1A BSFC
' &’ - | - 3 9 ] = A‘Ay o) = 3
ganFemasdradnios Tudumisdesuaiiy NO, veu¥einas B20 uag B40 Huua Ty
L 1 g =) 1 = b ::. T rg = = T = 9y :,
AnIFamada msdass co uuarlnugininyemasdiewa msilase HC Juul Tiua
1 & e ' o e A 9 e N o = & ' W e
AemaRra tiaznsdesntumBuud ludiniusemasawra din1siassaiud1ves
;-.“!’ = = g = o L] ar 3 ] oo o
wonae 1y lofyanaismasatyarivanniu lasgaiiiod ngy
d & B o ' o =1 ' 1 o
dlainsannavasntsUSudandiums o 161 du 18:1 wu ¥wlsullyeaussaus
4 o ' o dad = g = 1 g
yoaAsassuAtazmsassuaiynatu lagmdsnnyamaann Inan aAnuardlunis
- = ' =
95210AAAAY 16.40%, BTE WL 5.98% LAz BSFC anad 4.93% Nsdaseuaiiy CO anad
32.08%, M3lassuaniy HC anad 29.40%. N1slassniudianal 44.06% uanisdaseuaniy
E:‘l g : o o 1 o = 3 1 c:'l J -
NO, AU 22.20% F3Tag5 15U USAs 181U SoARLTUTIBNUA ST DU VDAUTDINGY
|1 - wes & P o a A s P v N
vledwaliavulndinvanudsemasaua lasmmz@amasninnurilagniuyamasaa
-t ' v o w ' o %32 v o ' @
Timantaliiod 1Ay wu RBB100 Iransulaouuilas BTE minduninmslsudasidiumson

16 13]u 18 84 33.62% 1Az BSFC aaad 25.68%

A% IANITUAIDINA awiloverinAny W Z?\/
= & A ot (Vf/l}/
Umsdnu 2562 meilevemsdniliomn (M2~




YONGSATHON KHOTBUT : PERFORMANCE TESTING OF COMBUSTION
AND EXHAUST EMISSION ON VARIABLE COMPRESSION RATIO
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BIODIESEL/COMPRESSION RATIO/PERFORMANCE/COMBUSTION/EMISSION

In general, biodiesel has higher viscosity and enthalpy properties than diesel
fuel. Resulting in a homogeneous fuel injection into the air and generate less
combustion than diesel fuel. The difficult evaporation of biodiesel requires more heat
in the combustion chamber to help the biodiesel fuel evaporate better. By increasing
the compression ratio of the engine to the use of biodiesel fuel from 3 different plants

| Therefore, the researcher is interested to study the combustion capacity and
exhaust gas emission of diesel engines at various compression ratios using biodiesel
from all 3 vegetable fuels. namely Palm (POB100), Rice Bran (RBB100) and Coconut
(COB100) tested under the conditions at speeds of 1,500 rpm, the compression ratio of
16:1 to 18:1 and change' the load at 25% to: 100% and in the production of biodiesel
fuel from All 3 fuel fuels used the transesterification process from the production. Using
that process, the yield (% Yield) of the POB100 reaction was the highest 96.36% and
From the test of combustion characteristics of biodiesel fuel compared with diesel fuel,
it was found that POB100 and COB100 had the ID which was shorter than diesel fuel.
And in accordance with BTE at various compression ratios of POB100, COB100 is
higher than diesel fuel. NOx emissions of POB100 and RBB100 are higher than diesel
fuels, but COB100 is lower than diesel fuels. CO emissions of POB100, RBB100, and

COB100 have higher values than diesel fuel at various compression ratios. HC fuels



POB100 and RBB100 are higher than diesel fuels, but COB100 has lower emissions
than diesel fuels. Slightly 0.20% and smoke opacity shows that POB100, RBB100, and
COB100 have significantly lower emission than diesel fuel. It can be seen that the direct
use of biodiesel fuel with diesel engines may not be suitable.

With the results of the above research, the researcher is interested to study
the effects of fuel use. Biodiesel, diesel mixed at a proportion of 20% and 40% by
volume respectively, tested with the same engine as the previous test. The test results
showed that B40 and B20 on average, all 3 compression ratios. There is a delay in the
ignition. Less than diesel fuel and BTE higher than BSFC diesel fuel. POB40, POB20,
RBB20, and COB20 are lower than diesel fuel, but for RBB40 and COB40, BSFC is
slightly higher than diesel fuel. In terms of emissions, NOx emissions of B20 and B40
" fuels tend to be lower than diesel fuels. CO, HC and Smoke emissions tend to be lower
than diesel fuels. When considering the effect of adjusting the compression ratio of 16:1
to 18:1, it was found that its improved performance and improved emissions. On
average, every fuel, every load ID decreased by 16.40%, BTE increased by 5.98% and
BSFC decreased by 4.93%. CO emissions decreased by.32.08%, HC emissions
decreased by 29.40%, smoke emission decreased by 44.06% but for NOx emissions
increased by 22.20%. In summary, an increased compression ratio to improve the
performance of biodiesel fuel close to diesel fuel. In particular, fuels with a higher
viscosity than diesel fuels have a significant effect. For example, RBB100 has a BTE
effect that increases from adjusting the compression ratio 16 to 18 to 33.62%, and BSFC

decreasing by 25.68%.
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T=Fb 2.4)
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M3 2.4 35msean 1uToRmannumMaIngAua 1 < (Tamilselvan et al., 2017; Verma et al., 2016)

v A danadulua | gumgi | szazne | wawdn
AN BARIZNIZNE ﬂ?!iﬂﬂ{]ﬂiﬂ] '

’ (Oil : Alcohol) °C) #Nn) | (%)
Jatropha Methanol | KOH 5:1 60 1 -
Mahua oil Ethanol Sulfuric acid 20:1 72-75 5 -
Palm oil Methanol | NaOH 6:1 65 3 87.00
Pongamia Methanol | KOH 20:3 55-65 0.75 -
Neem oil Methanol | NaOH 3:1 55-61 6-7 95.00
Rapeseed oil Methanol | CaO 15:1 65 3 94.60
Rice bran oil Methanol | KOH 6:1 70 1 94.00
Rubber seed Methanol | H,SO, 3:1 60 2 91.05
Soybean oil Methanol | KOH 9:1 60 1 93.20
Sunflower Methanol | NaOH 6:1 60 2 97.10
Waste cooking oil Methanol | 10%MgO/TiO, 50:1 170 - 91.60
Castor oil Methanol | KOH 8:1 25-80 120 87.30
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2 X = g o
Y991y ToRraluaIuNIATgIU ASTM D6751 uaz EN14214 Fuiluwiasgiulagna i
o [ = A ) U A J a g @ o A wa
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youluTedmaainundasingduaie q anarsuaenanezmu ldnguauinvesluTedma

Y A v ¥ o oa
v Inaneeanuiiuaa (Eetal., 2017)
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v 2 1
M350 2.5 aaauiaremasveslu Tedsannananingaua1e q (E etal, 2017)

o & Uszanvesingau

LI PIELINIEN] > 5 s 5

) Wiluazia wduthdy | dhdfudamdes | dhsfuagm
Ao (MJ/kg) 37.6 37.2-39.9 37.3-39.7 42.67
ANUAUILIY (kg/m) 928.7 870 - 878 855 - 914 873
AUNIA (mm’/s) 16.67 4.50-5.11 4.06-39.5 423
TUIUFNY 48.9 50.0 - 62.0 37.0-51.3 -
yalviam (°C) - 8 - 42
9910 (°0) - 173 69 -163 148
yaan il (0) - 182 - -
90U (°C) - 14 - 10.2

= a s 2 o = Y 4 @
F991nmIunszesntseneuvensa lviululuTeRwadomTeuna
Tasu1Tnn51W (Gas Chromatography : GC) wu31 nsa lvsiuvaninululuTefigasin
LY a ] A a a a Jan A A aaAa a
HHAIARALAI 9 A NIaTolaon Naaa luasn nInl1alan nIadALTN NIATT IUaon

A a a a I 9 [ A
nsathad ladn taznsaa lwain uau AvA519n 2.6

A J o =
A15197 2.6 89fsznouveensa luiulululedmsa (E et al., 2017; Mubofu, 2016)

n3a Ty sufiazia viafuthéu difuiamdes sifuadn
n5alo15on (C18:1) 3.00 38.60 21.27-23.26 41.62 —49.39
N39a lUadn (C18:2) 4.20 6.60 53.70 — 55.53 33.00 — 36.99
nsathdnan (C16:0) 1.00 49.80 11.70 - 11.75 13.23 - 16.00
NIATIAYIN (C18:0) 1.00 2.90 3.15-3.97 5.40 —7.00
n3athaiilamdn (C18:1) - - - 0.85
n5Aa lwatin (C18:3) 0.30 0.40 6.31-8.12 0.22>0.80
N5ABZIITAN (C20:0) - - 1.23 0.20
N3ANI13N (C17:0) - - - 0.10
nsa luSaan (C14:0) - 1.10 - -
N5AA05N (C12:0) - 0.20 - -
N3A3% 1Uadn (C18:1 OH) | 89.50 -
nsalalansendainesn 0.70 -
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Research Engine Test set up Product 240 PE

Diesel Mode

Note: Do not enter values in cells with yellow background.

System constants

Orifice meter diameter(m) 0.02  Cylinder diameter (m),D 0.0875

Dynamometer arm length (m) 0.185 Stroke(m),L 0.11

Coeff.of discharge for orifice,Cd 0.6 No of cylinders 1

Ambient temperatue (Deg C) 31 No.of rev./cycle 2

Fuel density(kg/m3) 830 Specific heat of exhaust(kJ/kg0K) -0.6279

Fuel Calorific value (KJ/kg) 46487

Experiment 1: Engine performance test at preset compression ratio

Compression ratio 18

Observations

Speed |Load [Mano. (Fuel Jacket |Calorim [Engine |Engine |Cal. Cal Ex. Ex.

(RPM) |[(kg) Deflectio |flow water |eter water |water [water [water |temp. temp.

n (Secs/ [(LPH) |water |in out in out cal.In  |cal out
(mm) 10ml.) (LPH) [(DegC) [(DegC) [(DegC) [(DegC) |(DegC) [(DegC)

1506 3.17 61.485 50 150 200 | 34.255 | 46.069 | 34.68 | 35.63 | 209.524 | 145.15
1506 | 5.869 | 70.194 |34.50259| 150 200 | 34.264 | 59.144 | 39.012 | 37.099 | 287.862 | 219.71
1501 8.929 | 60.999 |[25.44098| 150 200 | 34.246 | 63.82 | 40.16 | 37.854 | 352.358 | 260.57
1502 | 11.866 | 56.126 | 17.295 100 200 34.24 | 71.259 | 41.963 | 39.375 | 451.577 | 318.66

Results

Air density(kg/m3) 1.16

BP BMEP |BSFC |BTheft |Air Fuel Voleff |A/F Heat Heat Heatby [Unacco

(%) [flow flow (%) Ratio |Equi.of |by exhaust |unted

(kW) [(BAR) [kg/kWh (kg/h) |(kg/h) work [jacket | (%) (%)
091 1.09 0.66 11.76 | 25.37 0.60 73.27 | 42.45 | 11.76 | 26.702 | -10.48 | 72.02
1.68 2.02 0.52 15.02 i)\ 0.87 78.29 | 31.30 | 15.02 | 38.805 | -11.21 57.38
2.55 3.08 0.46 16.80 25.27 1.17 73.23 | 21.52 | 16.80 | 34.012 -9.77 58.96
3.39 4.09 0.51 15.19 24.24 1.73 70.19 | 14.03 15.19 | 19.295 -8.54 74.06

= ) | 4
qﬁjﬂﬂ 3.16 ﬁ'li']\‘]"ll@y]aﬂ'ﬁ!“]fﬂﬂwlﬂiﬂ\jﬂugl

90



YN 4

o a\ a v a
NaNMIANHHUMIINeazMsentsena

41 NN

v X

1 ] I a = a ao' ] =)

“lumwuawaﬂlamﬂumsaﬂﬂswwamﬂmiﬁﬂmmsWaﬁumu”lﬂamcvmm

o s ¥ o D] 7 an o o o
Wgulay vening wazsivn Tﬂfﬂﬂfﬂi%“ﬂ'JuﬂTﬁVlﬁ']uﬁ!’f)ﬁWl@ﬁwmsb'uuﬁzu"lulﬂWﬁllﬂ‘U

ao' o dy Aa a o 1 1 o 1Y) A I A <
umuwamaQmmaﬁlua@mmummw g IﬂEJVHﬂ'I'i‘ﬂﬂﬁ@‘]JﬂULﬂi@ﬁﬂuﬁﬂ!%’aﬂﬂ’ﬂﬂﬁ’)ﬁﬂﬂ
A J A Y A A A s @ ' [

IATDIYUAAIN ﬂ'lEJGl)G]N@‘th"Uﬂ1§L‘]JﬁEJULL1Ja\1I‘Viﬁﬂﬂlflﬂlﬂi@\?ﬂu@]uﬁ3ﬂ@]i'lﬁ’)uﬂ1iﬂﬂ@1\1 9

o a 4 vAa { = ¥y o f a Y
1/11mi’3m513wﬂmﬁmuwﬁugmmﬁmamwuazmqmmﬂlmumm%mwm ﬂigﬂ@llﬂ'w

' v
ﬂ')'lllﬂ’Nfﬁ'lLW'lz, ﬂ’J'lll‘ﬂﬁﬂ, AITUHUILUU, ﬂ'liﬂﬁlu, AYUHFLNU LLﬁZﬂ'lﬂ’)'liJ%}'E]uL‘?fﬂLWﬁ\?
gl.: 2 £ 4 a a 4 1 ?,} o
5'33J‘I/Nﬂ’NN‘]JTQ[‘VI‘ﬁW%"E’Jﬂﬂﬂﬂi%ﬂ@ﬂﬂl@ﬂ“ﬁuﬂln‘ﬂﬁl@ﬁ!ﬂ’E’Ji (Methyl Ester) 114 9 Gluumu
= A 9 = A %’ @ =) =] ~ 1 9 9
ul‘]JI@@L“]fﬁ LW@GI,WW‘TI’U’LNWai]'lﬂﬂmﬁhﬂﬁﬂ]@ﬁu’]ﬂuUlﬂjﬂﬂlcﬁﬁﬂﬁmﬁ%? 9 mﬂanuﬂummu
= Yt = a s Y A % o 9
iNh],ﬂiJﬂ'li‘ﬁﬂ‘]elTW'lii'lﬂJLG]’E]5ﬂ'l‘LlﬁiJiiﬂugﬂlﬂﬂlﬂiﬂﬂﬂuﬁllagﬂmﬁﬂHm%ﬂWiLW'lvlﬂiJ
9 [ Qy A dy a o Aa A a 9 %
ﬂiZﬂ@‘Uﬂ'}‘(’J ammuLﬂammmwmmmwmm ﬂ‘igﬁﬂ‘ﬁﬂ'l‘WL‘]Nﬂ’NiJif]urUiﬂ ATUAU
v Y

Gl,uﬂi$ﬂ@ﬂﬁ;f‘ﬂ amwmiu,‘wnﬁummmmwuiuﬂizuaﬂqu ammwﬂmﬂaaamm%’eu

=

uaznsastvdevdSuiamsdassuany loide ldun lulaswuoonles lalasaisuou

Y
o A

J s v o ?,' a 1
msmumuan"lcm HagnIUAN mﬂmﬂ%’umuwmwmﬂszLmnma 1 AMNAANITNATDN

a 25 1 = o 1 dy
uazmiaﬂﬂswwamsmammmmzﬂmmﬂuamma”lﬂu

42 mseaauazwananihifiluledmalaaldl§azemnuaesmesiling

9 [

a ?,’ Ly = Y (aaa 4 aa % g’;
m‘mumzmumiwa@]umu"l‘uiemcﬁaiﬂﬂ%ﬁJ;]ﬂiﬂmsmamammwmsnuuu

'
[ a A 9

Y a ¥ o 2 A o oA a y 1 ¥ o 4 Y o o
m@umclsﬂumiWaﬁumullﬂamma A0 UINUNY 3 BUA h],ﬂllﬂ widuihay idusiin wag

q
b4

. v ¥ o e A " v Y
iiuwznd 1 Fennmsdudunuininiuisie 3 vie TuaTuanaminy 846.94 nsu/lua
(Yli-Jokipii et al., 2002), 868.05 n5u/1ua (Sinha et al., 2008), 661.67 nN51/1ua (National Center

o w I 3}1 o aaa
for Biotechnology Information., 2020) mmfmmJu,azslﬂfﬁmnmamﬂumimﬁ’umﬂgﬂim
o any % o Y] 1 1 g Y] 1 a 1 [
ﬂﬁ'luﬂlﬂﬁl‘ﬂ@ﬁwm“lfu Tﬂﬂﬁmﬁm‘wuﬂammauTuaummaamummmawumgmmmu
A Yy ' Y o s ) Yo 1 -
Gl'lﬂJﬂWiﬁ‘UﬂusUﬂylﬁWU’J'l Gluumuﬂmml,azuzWmﬂ%ammauTuammuaamumu

A 1 g v o 9 9 A Y a aan 4 ana v A 4
M 6:1 Tua armiius19171% 9:1 Tua e liinal §nsemaudieamai iagunauysal



92

@ 1 aaa 4 . o
nazldanselfnserTduamdeonulensonlad (Potassium Hydroxide) 1indoeag 1 v09
1 o %o 2 a [ aan J an @ ! a
Wiinihfuisne 3 sia uihl§asemsudiedmes insuigaungl 60 oeruvaTod
< =~ ) g y o = = ES A a
Wunai 60 wii nagluvuasunisuenyuveniniuluTodwatazndesoaiiy tofa

g// 901 o = Aa ] Y 1 = v 9 A
nmsuenguiiiuluTedaninnunuiniuiesniindireseatzasseda uuuMile

<3 H ] @ J ) a ? o
naeseadINIsaNouuNsuendu ldodedanualsanilal udniwanaamnizigu
= ° I Y a ¥ o 2 = Ay v
TuTedmaumurmnuiludosazmanainiuloTedaa Fawan ldvinnisnaassszudas
% d'
AR 197 4.1
~ o 'Y a ¥ o =) o Jd a
MNA151N 4.1 Msmuramimiegazvosmanaiigiu 1y Tedmasniniuhduay
A A g ) Y I = Y o
MINAUMIN 4.1 Ao Tumsnaaeane 9 ase vz lanamsnaaesesnuuiluliuiaveaiigu
2 Y o s o Y v vy a2 % o 4
TuTeavninminiuihdy $191 vazugwieg 1ddosazmanainiumae 96.36, 89.39 uaz
o v =2y a = A o A =KX o a ¥ o
90.28 A a1y Fedeeazwanan lulofiaa (%Y) Ao JateNlsvendesuIunanaaiiiu

ToTefmansa (v,) Wieuisunuwanaa luTodwanunguf nande luToRiwaisangug

act

s 2 & a - ° ' g
(Y,) taziesisuananan luTediaa (% Y) ansasivia laninaumsae 1l

_ N X MWFAME X mcrudsuil
Y, = 4.1)
crude oil
Yact
%Yth - (42)
Y
th
I A A 2 11 I 2
avN Y, A9 WARRUUNUNNYBY VD 1V ToRIwa (g)
=) o = 1 o g v A A
N Ao uuTuaved luTeAwaned1uau TuavestiniunyaL
A ?,’ v A A
m, .. Ao WINTUNFAY ()
%} Y] g o a o
MW, v umiin Tuanave i iawanes (g/mol)
9 F
MW, v umin Tuanave i unsay (g/mol)



~ a 901 ] = 901 v A gj a 9 Aann 4 any %
f1319N 4.1 wamswammu‘lﬂemcﬁamﬂumuwwa 3 HUA mﬂﬂ;]ﬂiamﬁmmaamaivxhwu

. o | shwinlaanaves vishuhdu Muea Tunmdealansenlsn Y, Y, %Yield
i s (05 Tua) n3u Tua n3u Taa (n3%) (n3W) (n3%)
1 846.94 4000 4722 917.4 | 28.63 40 3912.200 4046.624 96.678
2 846.94 4000 4.722 917.4 28.63 40 3865.180 4046.624 95.516
3 846.94 4000 4722 917.4 | 28.63 40 3921.500 4046.624 96.908
3N - 12000 14.166 2752.2 85.90 120 11698.880 12139.873 96.367
- ﬁmﬁnimaqamm Ytusin HMUDA Tluaadenlansenlsa Y, Y, %Yield
i Vit ("51ua) NN Tua n5u Tua (n5N) (n5%) (")
1 868.05 4000 4.608 1328.77 41.47 40.00 3698.870 4004.064 92.378
2 868.05 5000 5.76 1661 51.84 50.00 4377.340 5005.080 87.458
3 868.05 4650 5.357 1340.951 41.85 46.50 4112.020 4654.725 88.341
59 - 13650 15.725 4330.721 | 135.16 136.50 12188.230 | 13663.869 89.392
. *jmﬁnimaqmm sz MUoa Tlupmenlansenlaa Y,, Y, %Yield
i Vit "5 lua) nsu Tua n5u Tua ("5%) (n5N) (n5N)
1 661.67 5000 7.5566 1452.688 | 45.34 50.00 4656.190 5143.803 90.520
2 661.67 2965 4.482 861.62 26.89 29.65 2768.270 3050.275 90.755
3 661.67 3632 5.4893 1055.263 | 32.94 36.32 3346.580 3736.458 89.566
33U - 11597 17.5279 3369.571 105.17 115.97 10771.040 11930.536 90.280
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RBB40 600 400 1,000
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COB20 800 200 1,000
COB40 600 400 1,000
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100 4

50

23.916-C14:0
—— 34.750 - C18:0

21.256-C12:0

= 25.711-C15:0

£.29972-C16:1
| 30.846 - C17:0

{
T

riaE Cifhe
46.174-C20:1+C18:3n3

» 51.261-C22:0

Peak Retention Name C No. : Dbl.LBnd | Molecular | % FAME

NO Time Weight
1 21.256 Lauric acid C12:0 214.351 0.21
2 23.916 Myristic acid C14:0 242.405 0.90
3 25.711 Pentadecanoic acid C15:0 256.432 0.04
4 28.214 Palmitic acid Cl16:0 270.459 39.18
5 29.972 Palmitoleic acid Cle:l 268.459 0.18
6 30.846 Heptadecanoic acid C17:0 284.486 0.16
7 34.75 Stearic acid C18:0 298.513 4.25
8 37.913 Oleic acid C18:1n9c¢ 296.513 43.88
9 42.059 Linoleic acid C18:2n6¢ 294.513 10.57
10 44.234 Arachidic acid C20:0 326.567 0.29
11 44.946 Y-Linolenic acid C18:3n6 292.513 0.05
12 46.174 Henicosanoic acid C20:1+C18:3n3 324.567 0.22
13 51.261 Behenic acid C22:0 354.621 0.05

ry
=]
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T
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miry

Retention Time(min.)

310

4.1 Gas chromatograph profiles voa11u 1y TeRsaihdu (POB100)
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Retention Time(min.)

Peak | Retention Molecular
Name C No. : Dbl.Bnd %FAME
NO Time Weight

1 23.901 Myristic acid C14:0 242.405 0.41
2 28.067 Palmitic acid C16:0 270.459 20.44
3 29.924 Palmitoleic acid Cl6:1 268.459 0.20
4 30.803 Heptadecanoic acid C17:0 284.486 0.08
5 34.68 Stearic acid C18:0 298.513 2.10
6 37.765 Oleic acid C18:1n9¢ 296.513 40.25
7 42.174 Linoleic acid C18:2n6¢ 294.513 33.26
8 44.104 Arachidic acid C20:0 326.567 0.85
9 44911 Y-Linolenic acid C18:3n6 292.513 0.07
10 46.152 Henicosanoic acid C20:1+C18:3n3 324.567 1.57
11 51.062 Behenic acid C22:0 354.621 0.28
12 57.961 Lignoceric acid C24:0 382.675 0.44

pA § g?,

150*7 ‘ :E;

] || @
RER - R -
g 2 ‘ g 3 §g} < g
EIR W G | - B -
" 5 P Py % -

d' %} CY = o
g‘]J‘VI 4.2 Gas chromatograph profiles voariniulu Tefrasivn (RBB100)
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Peak | Retention Molecular
Name C No. : Dbl.Bnd %FAME
NO Time Weight

1 12.149 Butyric acid C4:0 102.135 0.06
2 14.643 Caproic acid C6:0 130.189 0.50
3 16.87 Caprylic acid C8:0 158.243 7.60
4 18.946 Capric acid C10:0 186.297 6.14
5 20.005 Undecanoic acid CI11:0 200.324 0.03
6 21.159 Lauric acid C12:0 214.351 47.52
7 22.391 Tridecanoic acid C13:0 228.378 0.03
8 23.902 Myristic acid C14:0 242.405 18.37
9 27.98 Palmitic acid C16:0 270.459 9.24
10 34.567 Stearic acid C18:0 298.513 2.75
11 37.349 Oleic acid C18:1n9¢ 296.513 6.56
12 41.792 Linoleic acid C18:2n6¢ 294.513 1.21

L £ 8 F

z 7o o

50 - } % i %

150 %

o] g | &

x| |83 ' ‘
! o _J\_ &) g rI. \‘ - _
Retention Time(min.)

31

7 4.3 Gas chromatograph profiles voaru luTedanznin (COB100)
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RBB20, COB20), 151 luTedisanaunuaisaludaaiyu 40:60 %Vol (POB40, RBB40,
COB40)
% A (% A g @ 9 ' ?:} v A ?;’ o =
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FoINAY M3 mMInaaay Diesel | POB100 | RBB100 | COB100 | POB20 | RBB20 | COB20 | POB40 | RBB40 | COB40
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431  ANuHiAvamans (Kinematic Viscosity)
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[ 4 A 3 {
n139n Inif (Self- Ignition) 8@ dewalimism ludanysaluingadu 91na15199 4.4 naz
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15.52% aud1ey et luTefmaninugndia COB100 ATANMHAAINI1ALYA
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[ RBB20 A coB2o POB40 RBB40 COB40
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H v ¥ i
A13°99 4.9 HaMInadeUANNTU AR UFBINAIT UNIZIUTN (BSFC) 11 THangaga

Load BSFC (kg/kWh) amsnlasunlas | % anunlasunlag

100% CR16 | CR17 | CRIS8 CR16-CR18
Diesel 0.43 0.42 0.42 -0.02 -2.33
POB100 0.46 0.45 0.40 -0.13 -12.60
POB40 0.38 0.36 0.36 -0.05 -5.26
POB20 0.42 0.37 0.36 -0.14 -14.29
RBB100 0.60 0.53 0.45 -0.26 -25.68
RBB40 0.43 0.41 0.39 -0.09 -9.30
RBB20 0.43 0.39 0.38 -0.12 -11.63
COB100 0.54 0.53 0.49 -0.09 -9.13
COB40 0.42 0.41 0.39 -0.07 -7.14
COB20 0.43 0.38 0.39 -0.09 -9.30
g 0.45 0.42 0.40 -0.11 -10.67

M15199 4.10 vamsnadoulszansauwFaanuieusn (BTE) i Ivaagaga

Load BTE (%) amanlasunlas | % ammlasumlas

100% CR16 CR17 CR18 CR16-CR18
Diesel 18.08 18.36 18.50 0.02 2.32
POB100 19.21 19.95 21.98 0.14 14.42
POB40 21.34 22.71 23.10 0.08 8.24
POB20 19.19 21.41 22.02 0.15 14.75
RBB100 14.90 16.83 19.91 0.34 33.62
RBB40 19.30 20.18 21.29 0.10 10.31
RBB20 18.63 20.48 21.24 0.14 14.01
COB100 17.29 17.61 19.11 0.11 10.51
COB40 19.87 20.63 21.29 0.07 7.15
COB20 18.85 21.23 20.52 0.09 8.86
!ﬂa'ﬂ 18.67 19.94 20.90 0.12 12.42
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£l

Wl ANuaMIRUFRINAISUWIZIVTH (kg/kgW-hr)
£ . | Mz

(%) PNAIUMION 16 | OATNAINMIOA 17 | dATIEIUMION 18
naaeu

25 0.76 0.76 0.82

50 0.51 0.52 0.53
Diesel

75 0.45 0.44 0.44

100 0.43 0.42 0.42

25 0.85 0.80 0.80

50 0.56 0.53 0.54
POB100

75 0.46 0.44 0.45

100 0.46 0.45 0.40

25 0.76 0.75 0.73

50 0.48 0.48 0.48
POB40

75 0.40 0.40 0.40

100 0.38 0.36 0.36

25 0.65 0.62 0.71

50 0.48 0.46 0.47
POB20

75 0.40 0.37 0.38

100 0.42 0.37 0.36

25 0.92 0.92 0.88

50 0.61 0.60 0.58
RBB100

75 0.54 0.51 0.47

100 0.60 0.53 0.45
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A [ Qy A Lg a o A 4 ~ 1
A5 197 N.1 KANMINATOUOATINT AU A UTOINAITUNIZILTNVDUATOIGUA PYan 1 (919)

YAtVIY] ANuaMIRUFRINAISUWIZIVTH (kg/kgW-hr)

5 . | MmIznIIw

(%) PNAIUMION 16 | OATNAINMIOA 17 | dATIEIUMION 18
naaey

25 0.84 0.81 0.80

50 0.53 0.51 0.50
RBB40

75 0.44 0.44 0.42

100 0.43 0.41 0.39

25 0.79 0.74 0.76

50 0.51 0.50 0.49
RBB20

75 0.43 0.41 0.40

100 0.43 0.39 0.38

25 0.89 0.87 0.91

50 0.60 0.62 0.58
COB100

75 0.55 0.53 0.50

100 0.66 0.53 0.49

25 0.79 0.83 0.80

50 0.53 0.53 0.52
COB40

75 0.44 0.44 0.43

100 0.42 0.41 0.39

25 0.84 0.78 0.80

50 0.52 0.50 0.51
COB20

75 0.44 0.41 0.42

100 0.43 0.38 0.39
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M9 1.2 HaMINAFoUUIZANTMINTINNUS0UUINUDAUATDIIUS FAN

q

HINY U3z anEMITIANNZF0UUIN (%)
PR MILNITN
!ma!waq w J U w J U U \ w
(%) 9MIAIUNTOA 16 | DATIAIUNIITON 17 | DASIAIUNSTOA 18
naaoU
25 10.15 10.15 9.50
50 15.20 14.86 14.51
Diesel
75 17.34 17.66 17.66
100 18.08 18.36 18.50
25 10.45 11.13 11.12
50 15.98 16.72 16.59
POB100
75 19.42 19.97 19.59
100 19.21 19.95 21.98
25 10.87 10.94 11.31
50 17.09 17.10 17.20
POB40
75 20.59 20.56 20.63
100 21.34 22.71 23.10
25 12.28 12.82 11.20
50 16.75 17.33 17.14
POB20
75 20.19 21.50 20.99
100 19.19 21.41 22.02
25 9.69 9.69 10.07
50 14.47 14.68 15.43
RBB100
75 16.35 17.32 19.08
100 14.90 16.83 19.91
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A [ Qy A Lg a o A 4 ~ 1
A5 197 N.2 KANMINATOUDATINT AU ADUFDNAITUNIZLUT NVOIUAT DIIUA YAN 2 (919)

STRENSY] U3z anEMITIANNZF0UUIN (%)
PR MILNTIN
!‘ne!waq w J U w J U U \ w
(%) 9MIAIUNTOA 16 | DATIAIUNIITON 17 | DASIAIUNSTOA 18
naaol
25 9.78 10.13 10.28
50 15.64 16.08 16.32
RBB40
75 18.80 18.75 19.78
100 19.30 20.18 21.29
25 10.14 10.76 10.54
50 15.67 16.14 16.41
RBB20
75 18.51 19.29 19.78
100 18.63 20.48 21.24
25 10.42 10.67 10.27
50 15.45 15.13 16.00
COB100
75 16.80 17.44 18.60
100 14.12 17.58 19.11
25 10.65 10.05 10.47
50 15.81 15.73 16.05
COB40
75 19.11 19.14 19.60
100 19.87 20.63 21.29
25 9.61 10.30 10.09
50 15.47 16.16 15.90
COB20
75 18.17 19.49 19.23
100 18.85 21.23 20.52
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{ 1 a 4 J {
A1519% n.3 Naﬂ"l'iﬂﬂﬁf)‘l]ﬂ'NN@'15195}'1611«!ﬂ13ﬂﬂﬁzlﬂﬂﬂlﬂﬂlﬂéﬂ\iﬂuﬁ YAN 3

£l

YR anuadlumsgasziia (CA)
5 . | Mz
!%a!waq w J U w J U U \ w
(%) 9NITIUMIOA 16 | OATIAIUMIOA 17 | OATNAIUMION 18
naaeu
25 17.46 17.17 15.79
50 17.59 16.38 15.75
Diesel
75 17.66 15.44 15.32
100 17.72 16.30 14.95
25 15.27 14.58 13.54
50 15.48 14.58 13.89
POB100
75 15.76 15.02 13.42
100 16.57 15.21 14.67
25 17.19 16.12 14.68
50 17.37 16.17 14.98
POB40
75 16.42 15.76 14.32
100 16.46 16.14 15.02
25 17.86 1621 15.42
50 17.53 15.97 14.82
POB20
75 16.88 15.83 14.45
100 17.75 16.71 1531
25 20.66 19.48 16.80
50 19.76 18.96 17.48
RBB100
75 19.69 19.04 16.41
100 20.14 18.44 16.69
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{ 1 1 a 4 4 § 1
A1519% n.3 Waﬂ1'§ﬂﬂﬁﬂﬂﬂ']ﬂ')']iJaWthGluﬂ'liﬂqﬂi&ﬂﬂﬂlﬂ\ilﬂ%@\wuﬂ G]c)"ﬂﬁ 3(99)

WY anuadlumsgasziia (CA)
£ . | ;MIznssu
!‘lja!waq w J U w J U U \ w
(%) 9NITIUMIOA 16 | OATIAIUMIOA 17 | OATNAIUMION 18
nAgoL
25 17.55 16.88 15.03
50 16.99 16.59 14.84
RBB40
75 16.69 16.18 14.42
100 16.98 16.85 15.02
25 17.58 17.51 14.58
50 16.97 16.23 14.46
RBB20
75 17.05 16.22 14.41
100 17.51 16.76 14.85
25 16.68 15.56 15.20
50 16.10 15.12 14.26
COB100
75 16.37 15.35 14.46
100 18.16 15.09 13.96
25 16.46 15.52 14.54
50 16.00 15.09 14.40
COB40
75 16.19 15.30 14.27
100 15.89 15.15 14.34
25 17.70 16.50 14.50
50 17.69 15.93 14.23
COB20
75 17.89 16.01 14.18
100 17.55 15.77 14.09
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=1

A Y s A 4
137190 V.1 wamimnm"l,uTﬁmuaaﬂ"lcmmmmiawu@ YAN

q

et Tulnsioueenlasd (ppm)
5 . | mIznIam
(%) | 9AT1EIUMION 16 | BATNTIUMIOA 17 | dATEIUMIOA 18
nAgeL
25 307 364 415
50 348 409 471
Diesel
75 329 371 435
100 299 342 385
25 367 390 387
50 425 475 448
POB100
75 398 414 429
100 298 354 355
25 263 345 393
50 354 373 436
POB40
75 332 378 443
100 297 322 395
25 275 321 391
50 321 360 439
POB20
75 326 355 438
100 279 305 392
25 319 339 429
50 443 442 460
RBB100
75 439 480 464
100 386 419 389




A [ s A 4 ~ 1
137190 V.1 wamimnm"l,uTﬁmuaaﬂ"lcmmmmiawu@ PYan 1 (919)

196

YAtVIY] Tulnsioueenlasd(ppm)
£ . | aznsw
!‘nelwaq > 1 > > J > > 1 >
(%) oNINAIUNTON 16 | BNTITIUMSIOA 17 | OATIEIUNTON 18
nageu
25 267 292 332
50 350 400 427
RBB40
75 329 373 420
100 263 341 409
25 257 310 358
50 323 370 418
RBB20
75 307 360 443
100 260 315 363
25 276 300 350
50 360 391 421
COB100
75 363 390 411
100 279 312 331
25 254 296 338
50 285 345 404
COB40
75 301 353 404
100 223 309 395
25 259 266 340
50 295 355 405
COB20
75 287 358 406
100 238 347 376




A o '3 s A 4 ~
AT NN V.2 Waﬂ1§§l§'§ﬂ'§ﬂ?ﬂﬁﬂﬂullf)uﬂﬂqcﬁﬂmﬂﬂlﬂﬁﬂﬂﬂu@ G]c)"ﬂ‘ﬂ 2

197

i m3veuneuen1sA (ppm)
5 . | MmIznIIw
(%) dNNAIUMIOA 16 | FATNEIUMIOA 17 | SATEIUMIOA 18
nAgoL
25 969 789 778
50 827 765 649
Diesel
75 957 782 698
100 2800 2591 2404
25 1283 1005 827
50 1104 865 762
POB100
75 1421 1311 1005
100 3011 2912 2633
25 970 933 778
50 846 711 665
POB40
75 887 746 632
100 2654 2396 2178
25 1035 966 886
50 888 718 661
POB20
75 1021 741 584
100 2362 2081 1986
25 1302 1102 845
50 1098 998 850
RBB100
75 1532 1336 1040
100 3125 2982 2754




A o s I A 4 ~ '
AT NN V.2 Naﬂ"l'iﬁi?ﬂ?ﬂﬂWﬁUﬂuNﬂuﬂﬂUlcﬁﬂﬂlﬂ\iLﬂiflﬂﬂuﬂ Gan 2 (99)

198

i m3veuneuen1sA (ppm)
g . | msznsw
(%) dNNAIUMIOA 16 | FATNEIUMIOA 17 | SATEIUMIOA 18
nagey
25 1014 943 789
50 854 728 654
RBB40
75 996 774 614
100 2562 2229 2162
25 1030 964 879
50 876 708 653
RBB20
75 987 722 570
100 2600 2400 2300
25 1226 1140 896
50 1047 695 690
COB100
75 1355 1281 1008
100 2423 1932 1807
25 1121 813 747
50 875 605 547
COB40
75 1000 633 512
100 2462 2351 1865
25 978 830 682
50 965 618 580
COB20
75 932 721 621
100 2564 2361 1872
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=1

q

199

et Talasmsven (ppm)
g . | mIznIam
(%) dANAIUMIOA 16 | ATAIUMIOA 17 | BATIEIUMION 18
nAgoL
25 26 25 22
50 30 28 26
Diesel
75 38 36 30
100 58 52 48
25 27 26 22
50 34 30 26
POB100
75 46 42 34
100 68 54 50
25 26 24 22
50 28 26 24
POB40
75 36 33 28
100 55 49 44
25 25 23 21
50 27 25 23
POB20
75 35 33 26
100 53 46 42
25 26 25 22
50 32 30 25
RBB100
75 46 45 36
100 72 55 52
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A [ J A o ~ 1
A3 1N V.3 Naﬂ"l'i@Iﬁ']ﬁ]'lﬂll?Jiﬂﬁﬂ'liﬂ@u‘llf’)\uﬂiﬂ\wuﬂ PYAN 3 (919)

i Talasm3ven (ppm)
g . | maznsIm
(%) dANAIUMIOA 16 | SATNEIUMIOA 17 | dAT1EIUMIONA 18
nAaoL
25 24 23 21
50 29 27 24
RBB40
75 37 35 30
100 60 48 45
25 24 22 21
50 27 26 23
RBB20
75 37 34 28
100 60 46 43
25 30 27 20
50 30 28 24
COB100
75 41 37 30
100 56 47 45
25 26 21 17
50 27 25 20
COB40
75 39 34 28
100 52 46 38
25 25 23 19
50 30 27 21
COB20
75 42 34 28
100 51 48 40
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=%

A9 U.4 NaﬂTiﬁi?ﬂfﬂﬂiﬂﬁﬁlﬂﬂlﬂ%@\wuﬁ BAaAN

q

TRy AU (%Opacity)
% . | MmIznIsw
!‘ljelwaq > 1 U > 1 > > J >
(%) AINAIUNMIOAL6 | OATAIUNTOALT | OATIUNION1S
Nnagol
25 9.7 8.0 7.6
50 7.6 7.0 6.8
Diesel
75 13.9 12.0 11.1
100 25.2 24.0 22.5
25 5.0 3.9 3.6
50 6.0 4.0 3.5
POB100
75 8.0 7.0 5.0
100 16.4 15.4 12.5
25 2.5 2.1 1.6
50 4.0 2.8 1.7
POB40
75 43 33 2.8
100 14.0 9.0 7.0
25 3.0 DS 2.0
50 4.0 34 2.2
POB20
75 6.0 4.5 2.5
100 20.0 13.3 7.8
25 5.0 4.5 24
50 6.0 4.2 33
RBB100
75 8.0 5.0 3.6
100 18.0 16.0 13.0




d‘ (% [ o d‘ 14 d‘ [
A1TNN V.4 HANITATIVIAAIUATVDUATDIIUA YAN 4 (919)

TRy AU (%Opacity)
z . | MmIzAssu
!‘lje!waq > 1 w > J > > 1 >
(%) 9NINAIUMIOA 16 | DANAIUNTOA 17 | dANAIUMIONA 18
nagou
25 3.0 2.9 2.0
50 4.1 3.6 3.7
RBB40
75 5.8 5.7 53
100 13.0 12.0 11.0
25 2.5 2.0 2.5
50 6.4 5.0 6.4
RBB20
75 9.1 5.0 9.1
100 21.6 12.3 21.6
25 1.7 1.7 1.6
50 4.0 3.6 2.9
COB100
75 4.0 3.7 3.0
100 10.0 8.7 6.2
25 1.5 1.4 1.3
50 2.9 2.5 2.7
COB40
75 6.4 4.5 33
100 16.4 12.0 10.0
25 2.0 2.0 2.3
50 4.6 43 4.7
COB20
75 6.6 7.0 8.0
100 9.0 11.0 13.8
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firg CO wuh unliussaadeiisutuiuiiea manduth wasmsdumsdusuTudiosnlsd(zno) dwalinmavdey
fing CO Beanasuandliiufomaulvdiiiitu sinmsinnilamnsoagldsn dinndsuiviulgaunmdlasnisndu
4 (Redistilled POB) uavmaiisansifiuuss Zn0 ansnsaaanaUdsuaivld Suudnuilmdnumadeniindmiveunn
Awman : uleiis, thinhduiy, nandniiiudh, msduuriuu@deanleinuaniivantomas unsmsUdessiaiiv

Abstract

Improving biofuels plays an important role in enhancing biofuels' ability to be as close to diesel as possible. It is
used as a sustainable alternative energy and reduces emissions. By improving crude palm oil to pure biodiesel palm oil (POB100)
by alkali trans-esterification In this study. Biodiesel from refined palm oil (POB100) was improved by redistilled POB100 and
added with redistilled nano-zinc additives. POB100 + Zn050) for use with diesel engines. All four oils have been tested for oil
properties under the American Society of Testing and Materials (ASTM). The properties of Redistilled POB are better than
biodliesel. (POB100), but still inferior to the characteristics of diesel. In the emission test section. Test at a constant engine speed
of 2,000 and 3,000 rpm. When biodiesel was compared with diesel, NOx emissions were slightly altered.
As with CO,, there is little change. In CO, it was found to be lower in comparison with diesel, distillation, and addition of ZnO
(Zn0) additives, which resulted in a reduction in CO emissions, indicating a better combustion. This study can be concluded.
Redistilled POB and the addition of ZnO additives can reduce emissions. It is a great alternative energy for the future.
Keywords: Palm biodiesel, fuel property, repeated-distillation, Nanozinc oxide and exhaust emission
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Table 2. Result of Palm Biodiesel Yielded

Table 3. Fuel Properties
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Diesel Engine with Variable Compression Ratio
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unhnga RE-01-155
@omdsianmilunumardylunmaunudemameatadmiulilusiosudfies dndufidldudatedniu
omdstan muszavmilineiunssuunmmaudieameitindu midteiiSaiuiudnuanssous audnusnsilng
wasnaivlaidovoundotsudioa 1 qu ¢ Sy meldiniswdsuwladnsiduiideda 16, 17 uas 18 fin1sznimm 9, 18
wa 27 N-m nwddty Tnelilulediwanmbituiivliudamerouiouiioutuhifuiwaiinnudisevaioswuiasit 1,500
RPM HamsagevaNTsnusvoniowuinydt dodusnmdumssadmalisarauaontomassumeiimanassoai
mmailumsyasninsvdunsiinssnsuioatu Usvanin il douistuidleius andauidasn mawnluduay
myvdesnafivlodonudt duiululaieasiniuluiivliuds (8100) Ussenaiivleidslulnsiausanled (NOY uas
msusumsuenled (CO) innninisuiion agdlsiin lelaspiveu (HC) uasisinaius (Smoke) fnindioneuiioy
oo wasmsiusasdrunssadanalsl CO, HC uaz Smoke ilwwTiuanas usdsmald NO, ﬁ\ﬁmmv'iuga'ﬁu e
wmiinmsiusnndunssaiaiusniswidunsiassavinssilniesiisamaiviedvouaiowun
Awan: dauiinliud, lulefee, Snadauridss, uaivleids

Abstract

Biofuels have an important role in replacing fossil fuel used in diesel engines. Which used vegetable oils
is biofuels through trans-esterification. This research was aimed to study the performance, characteristics of
combustion and emissions. The engine test was carried out on 1-cylinder, 4-stroke with varying compression ratio (CR)
of 16, 17 and 18 at constant speed of 1,500.ipm with varying engine operating loads of 9, 18 and 27 N-m respectively.
The experimental results showed that the BSFC decrease as the CR increase and ignition delay period decrease at
same load. The BTE increases as increase the CR. The combustion and emission found that NO, CO of used vegetable
oils more than diesel fuel. However, HC and smoke less than diesel fuel and increase CR lend to decrease CO, HC
and smoke but increase NOy. Hence Increasing CR alternative for adding combustion efficiency and reduce pollution
in compression ignition engine.

Keywords: vegetable oils, Biodiesel, Compression ratio, Emission
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Engine Specification
Model V1
Make Kirloskar oil engines
Engine type 1 Cylinder, 4 Stroke,

Water cooled,
Direct injection

Bore 87.5mm
Stroke 110 mm
Swept volume 661 cc
Rate output 3.5 kW at 1500 rpm
Compression ratio 12-18
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that loaded. 5.4,10.8,16.7 Nm on the compression ratio of 16,17 and biodiesel with smoke is 2 times less than

diesel. The effects of Increasing the compression ratio results in a reduced amount of CO, HC, and Smoke but

resulting in an increase in NOx. Using biodiesel and increasing the compression ratio is one way to increase

combustion efficiency and help reduce exhaust pollution of the engine.

Keywords: Palm oil, Biodiesel, Compression ratio, Emissions.
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Engine Specification
Model ™1
Make Kirloskar Oil engines
Engine type 1 cylinder, 4 stroke, Water

cooled, Direct injection

Bore 87.5 mm
Stroke 110 mm
Connecting rod length 234 mm
Swept volume 661 cc
Rate output 3.5 kW at 1500 rpm
Compression ratio 12-18
Dynamometer Eddy current, Water cooled
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Effect of using biodiesel on the performance and emissions of the engine exhaust

W O T 1 1 W CL AR, o .T 2
LUSE WUDTAIU BIABT AATYAT m;:y dﬂ"]?ﬂ'ﬂﬁnﬁ {3+ Q‘TLI'I WUDINAR

- - - s ¥ A a - o
! UM TNIAINTIUATDINAURSIZUUNTEUIUNT mun’rm'amnﬁumam' UHW?WUW@UKY]V\I“IM‘J‘H_?HW?
zmumimmsiamsgaannaskazinalulad aningmaaiuazmalulad amInnasmsigimandaiweom
*finsia: Karoon@sutac.th, twasinseawyi: 044 224 311

unaaga

Awispilaimsfnmanssousuaznsldenmsuafindie anlaiduvasindosudaies 4 FuIWIA
1753 4.4 vnmmaseufinnaniaseunsii 2000 seudawil inszInan 30, 50, 70 N-m Taglfaudisasouiioy
fudaiwluledaaiien 2 wiia Aeidululadwaanihdussninuazaninguiin Tessanaudisndanas
FumnzusnvasiiudimsdafivesniviiwluTefisaaniiuenin ussaniuidnm TﬂuﬁTmﬂg«qmﬁ‘lﬁu
Fumadisnfiosniinaululedies 21.95, 22.70% mudeu lua’nuwaoﬂszﬁﬂ‘ﬁmwL"'naﬂﬂu?aul.usnﬁ'[ﬂmgaqm
ihiudimadandunninihiwlulefianninduusnin uszaninduidin 18.01, 18.50% mwddy anmsiaa
ssuaRwanlodoreanisssudideliiwlulafioans 2 gfia nuiwnmniuduesiiunlulofsasassion
nivhaludios ludausestSunm co, uas NO, saskaululedisary 2 siadddunnihaudmauas e
snntumuTnaadiladly

o o ¢ o - 4 cat . a =
auan: muu'lu‘[amma, FUITIOUSLATDIUUAALTA, msusasansuaixlalde

Abstract

This research was conducted to study the performance and emission of pollutants from the exhaust of
diesel 4-cylinder 1753cc. The test at constant speed of 2000 rpm the load 30, 50, 70 Nm using diesel compared
Pure biodiesel are 2 types of biodiesel from coconut oil and rice bran oil. The brake specific fuel consumption rate of
diesel fuel with a value less than biodiesel from coconut oil and rice bran oil. The maximum load is less than diesel
fuel biodiesel 21.95, 22.70% respectively. The brake thermal efficiency at maximum load the more fuel is biodiesel
from coconut oil and from rice bran 18.01, 18.50% respectively. From the measurement of pollutants from the
exhaust of the engine when using biodiesel fuel the amount of the 2 types of black smoke of diesel oil fell less than
diesel. In terms of CO2 emissions and NOx of the 2 types of biodiesel fuel and more valuable with the increasing
load on the input.

Keywords: Biodiesel oil, Diesel engine performance, Emissions.
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Effect of Nano-TiO, Additives Blended in Palm Biodiesel
on Compression Ignition Engine Performance

Karoon Fangsuwannarak, Thipwan Fangsuwannarak, and Yongsathon Khotbut

Abstract—The property improvement of palm oil biodiesel
(POB) was investigated by mixing a nano-TiO, additive in
order to achiceve in the decrease of exhaust emissions of a diesel
engine. The different POB fuel fractions were used including
B10, B20, B30, B40, B50, and B100 which are compared with
commercial diesel B2 as a fuel standard. The results suggested
that the small amount of 0.1% wt nano-TiO, additive provided
the property improvement such as a decrease in kinematic
viscosity and an increase in flash point, cetane index, and
heating values. However, there are B2+0.1%TiO, and

B10+0.1%TiO, providing their properties to be accepted in
ASTM dard. The experi 1 results suggested that

engine power and torque increased during the range of low
engine speed (<2500 rpm) and became decreased during the

higher range of engine speed (>3000 rpm). Carben oxide (CO),
carbon dioxide (CO,), and nitric oxide (NO,) emissions were
measured directly at the tailpipe in order to observe the effect
of POB fuel used on the gas emissions. It was found that nane-

TiO, additive significantly contributed the reduction of CO,
and NO, emissions.

Index Terms—Palm biodiesel, nano-TiO, additives,

compression ignition, engine performance.

I. INTRODUCTION

In the present, environmental concerns increase due to
decreasing fossil fuel and increasing ambient air pollution
from gasolinc cnginc in particular high-speed diescl enginc.
Biodiesel fuels can clearly provide positive environmental
benefits because of one involvement of high oxygen content
in biodicscl fucl to be biodegradable through antioxidant
mechanism [1]. Biodiesel as an alternative fuel available for
dicsel engine is predominantly produced [rom virgin
vegetable oil or animal fats through the chemical reactions
to involve transesterification and esterification processes. In
Thailand, palm oil biodiesel (POB) fuel is playing an
important role on the bioenergy development due to having
a massive energy plantation. The renewable and alternative
energy development plan has set up the production target at
4.5 million liters/day in 15-year plan. Nevertheless, the
massive palm feedstock has been concerned and managed
for reducing adverse impact on the environment [2]. While
biodiesel is becoming cost competitive with fossil fuels
owing to the widespread availability of biomass resource [3],
[4]. Meanwhile, previous studies presented that a decrease
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in engine power relates to an increase in volume fraction of
palm oil biodiesel (POB) [5], [6]. These causes lead to more
studies to upgrade the fuel quality and engine performance
as well as reduction of exhaust emissions without modifying
diesel engine. In addition, there are many studies to focus on
the improvement of POB propertics by blending an effective
additive in the optimal diesel fuel fraction [7]-[9]. While
tailpipe emission from using POB fuel depend on the POB
blend in dicscl fucl used, the kind of additive used, and the
type of engine. Nano-titanium dioxide (TiO,) additive is a
kind of metal oxide materials to be claimed that it can
improve solid propellent burn rates. It would result from the
high surface-to-volume of the nanoparticles to provide a
better catalyst than traditional additives [10]. However, the
clTect of nano-TiO; additive on cxhaust cmissions have not
studied extensively in order to improve air quality. The
demonstrations in this study were performed without any
modiflying engine.

This work studied the effect of nano-TiO, blend into palm
biodiesel on the properties comparing with ASTM standard.
Moreover, engine performance test was demonstrated on a
FPS 2700 chassis dynamometer. Exhaust emissions such as
NO,, CO and CO. from operation of an indirect injection
pick-up diesel engine were studied under SAE J816B
standard. The exhaust emission results were presented.

II. EXPERIMENTAL PROCEDURES

A. Preparation of Palm Oil Biodiesel

In this study, the POB fuel mixtures of purified palm oil
and premium diesel oil were measured to verify their
properties. The various fractions of palm fuel in diesel were
investigated including 2%, 10%, 20%, 30%, 40%, 50%, and
100% palm biodiesel with the rest of diesel fuel fraction
denoted as B2, B10, B20, B30, B40, B50, and B100,
respectively. In this experiment, small amount of nano-TiO,
of 0.1% by weight was used as a catalyst. The properties of
the tested fuel were measured including kinematic viscosity,
flash point, cetane index, and heating values. The
experimental results were compared with the properties of
B2 (o be a commercial POB dicscl. The composed POB fucl
from the mixture of purificd palm oil, premium dicscl, and
0.1%wt nano TiO, additive was blended by means of an
ultrasonic shaker for 15 minutes in order to provide the
uniform suspension.

B. Engine Performance Testing
The uscd vehicle in this experiment was a standard pickup

car with a manual gcar box. The schematic of the
experiment setup is depicted in Fig. 1.
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Fig. 1. Schematic of experiment set up.

The tested engine specifications were listed in Table I.
The FPS 2700 chassis dynamometer under the simulation of
road load conditions with eddy current brake was conducted
in this experiment. Measuring accuracy of the chassis
dynamometer is of + 2%. The performance correction was
use by following a standard of SAE J. 1349. The accuracy of
wheel power of + 3% was obtained. Fuel consumption
system was sct upped and coupled with the fucl pump in
order to examine the amount of fuel consumption. Each
engine test was repeated 3 times to ensure the average data
calculation for the analysis. Owing to the different fuels
tested, cach engine test was on a standard of the operating
conditions.

TABLL L: SPECIFICATIONS OF THE TESTED ENGINE
TD27(New)

2663 cc

96.0 X 92.0 mm

Water cool

Natural aspiration

83.8 bhp@4000rpm
166Nm-@2200rpm

Engine
Displacement
Bore x Stroke

Cooling system
Intake Method
Maximum Power
Maximum Torque

C. Exhaust Emission Testing

According to SAE J816B specifications, exhaust
emissions were measured by a Testo 350 gas analyzer.
Measurement capacity for NOy, CO, and CO; is in the range
of 0-500 ppm, 0-10,000 ppm, and 0-50% vol., respectively.
Exhaust cmissions were measured directly at tailpipe by the
analyzer probe. The test cycle was repeated three times.

III.  RESULTS AND DISCUSSION

A. Comparative Properties of POB Fuels

The aim of using additive is to improve the quality of
POB fuel blend in order to possibly further use the less
dicsel. The propertics of the different POB fuels showed the
mecasured results (o involve their identity quality in Table II.
The results suggested that small amount of nano-TiO, of
0.1%wt provides the significant improvement of the fuel
quality to compare with different POB fuel blends with no
additive. It is noted that nano-TiO, contributed to increase
flash point, cetane index and heating value, in addition, to
reduce kinematic viscosity of POB fucls. Thercfore, the data
obtained from (esting POB fucls belongs to the ASTM
standards for B2, B10, B30, and B40 with dosing nano-
TiO,.

TABLEII: COMPARATIVE PROPERTIES OF POB FUELS

Fuel Kinematic Flash Cetane Heating
Viscosity point index value

(cSt) (‘°C) (MJ/kg)

ASTM ASTM D445 ASTM ASTM ASTM
Standard 1.8-4.1 D93 > D976 D240
52 >50 >42.5

B2 3.92 66 56.87 44.39
B10 4.02 65 55.99 43.79
B20 4.11 70 56.92 43.64
B30 4.16 85 56.30 37.25
B40 4.38 83 56.53 37.40
B30 4.52 90 55.22 3822
B100 5.46 135 49.04 37.62
B2+0.1% 3.64 76 57.05 42.74
B10+0.1% 3.80 74 57.36 41.69
B2010.1% 4.05 70 57.07 40.48
B30+0.1% 4.16 84 56.58 44.32
B4010.1% 4.34 80 55.91 43.12
B50+0.1% 4.38 82 54.90 4041
B100+0.1% 5.34 150 49.55 39.80

B. Comparative Engine Performance

Fig. 2 shows the cngine power from using diffcrent POB
fucl blend to be dosed by nano-TiO, additive. All tests
provided the maximum power at engine speed of 4000 rpm.
It was found that the increased trend of the power for POB
fuel mixing the additive is similar to B2. Almost all the POB
fucls mixing the additive provided the small increase of
power at the range of low engine speed (< 2500 rpm)
comparing with B2 but the mecasured power became lower at
the range of higher engine speed (>3000 rpm.) It is mostly
possible due to that the properties of heating value and
cetane index of POB fuel were improved from the blend of
nano-TiO; additive.

Brake Power

0- ~m- B2+0.1Ti0,
Brake Power —8—B10+0.1TiO,
554 —A—B20+0.1TiO,
v B30+0.1TIO,
507 < B40+0.1TIO,
45] > B50+0.1TiO,
Wheel Power 2= BINA0ATIO,
40
32 Whee! Power
= 354 B2
§ 30 *-B2+0.1TiO,
5 ——BI0+0.1TiO,
& 254 *— B20+0.1TiO,
~9—B30+0.1TiO,
20+ = B40+0.1TIO,
15 —e— BS0+0.1TIO,
A B100+0.1TIO,
10 T T T T T T
1500 2000 2500 3000 3500 4000
Engine Speed (rpm)

Fig. 2. Power of the engine to consume the different POB fuel blends
comparing with B2.

Fig. 3 presents the toque of cngine operation with
different POB fuel used. The maximum torque is 166 Nm at
engine speed of 2200 rpm. Similarly, torque curve for POB
fucls does by additive showed the similarity trend
comparing with B2 used. It was seen that engine torque
increased at the range of low engine speed (< 2500 rpm.)
comparing with B2. On the other hand, engine torque values
decreasc when the engine operates at the range of higher
engine speed (> 3000 rpm).
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Fig. 3. Toque of the engine to consume the different POB fuel blends
comparing with B2

C. Exhaust Gas Emissions

Carbon oxide (CO), carbon dioxide (CO,), and nitric
oxide (NO,) emissions were directly measured during the
engine was operating at 1500, 2000, 2500, and 3000 rpm in
order to observe the variation of exhaust gas emissions. The
comparison of CO results of POB fuel blend with additive
used and B2 used was illustrated in Fig. 4. The results
showed that the CO cmission quantity significantly reduced
at higher cnginc speed (2500-3000 rpm.) in particular
B10+0.1%, B20+0.1%, and B30+0.1%TiO, The main
cause would be from the increase of oxygen composition in
vegetable oil to result in more completely internal
combustion in the enginc and then lead to obviously
reduction of CO emission [4], [9]. At low engine speed of
1500 rpm., all POB fuel tests provided more CO emission
results than used B2 cxcept using B2+0.1%TiO, that
obviously reduced CO emission. Thus, 0.1% nano-TiO, in
the optimal POB fuel blend is a very effective use of CO
reduction for a high speed engine due to that nano-TiO, acts
as an oxidation catalyst.

240 4
2204
2004
1804
1604
£ 140 . -
2 120 * o @ B2+0.1% TiO,
Q P e 4 —A-B10+0.1%TiO,
S 5 —¥—B20+0.1% TiO,
80 . —4—B30+0.1% TiO,
60 e »—B40+0.1% TiO,
; —#—B50+0.1% TiO,
40- il ®B100+0.1% TiO,
20 T T '3 i}
1500 2000 2500 3000

Engine Speed (rpm)

Fig. 4. Variation of CO emission for different POB fuels with mixing
0.1%wt nano-TiO2 comparing with B2 standard fuel.

Fig. 5 shows the cffective decrcase of CO, cmission
during engine operation at 1500 — 3000 rpm. The results
suggested that the maximum CO, reduction at 1500 rpm is
by 23%, 33%, and 43% for B10+0.1%, B20+0.1%, and
B30+0.1%TiO,, respectively, that compared with B2.
Meanwhile, at 3000 rpm, the CO, emission results for
B10+0.1%, B20+0.1%, and B30+0.1%TiO, comparing

22

with B2 provided the decreased values by 11%, 14%, and
21%, respectively.

454 B2
—8—B2+0.1% TiO,
—A—B10+0.1% TIO,

4.0 v B20+0.1% TiO,

< B30+0.1% TIO,
> B40+0.1% TIO,

8541 *-B50+0.1% TiO,

) ——B100+0.1% TiO,
o
> 304
= 3.0
o
© 254
P
2.04 al
v
<
15 ¥

1 5‘00 20‘00 25’00 30b0

Engine Speed (rpm)
Fig 5. Variation of CO, emission for different POB fuels with 0.1%wt nao-
110, additive comparing with B2 standard fuel.

NO, emission can affect directly the corrosive in engine
system. The variation of NOy cmission under cngine
operation using the POB fuels was measured at the different
speeds and provided the results as depicted the in Fig. 6 It
was found that almost all the POB fuels with mixing nano-
TiO, additive provided the cffective reduction of NO,
cmission throughout the speed range, whercas B2+01%TiO,
fuel contribute the increase of NO, in the range of engine
speed at 2500 — 3000 rpm. It may occur the feature of the
inappropriate mixture of air and the fuel during combustion
at higher engine speed. The maximum NOy reduction was
obtained from using B30+0.1%TiO, by 61%, 49%, 29%,
and 17% at 1500, 2000, 2500, and 3000 rpm, respectively,
that compared with B2.

o
® B2+0.1% TIO,
140 A B10+0.1% TiO,
v B20+0.1% TIO,
130 ol . < B30+0.1% TIO,
50 ] > BA0+0.1% TiO,
—&— B50+0.1% TiO,
1101 —&— B100+0.1% TIO,
__ 100 )
g
& 90
o" 80
=
70
60 | -
50 «
40

2000 2500 3000
Engine Speed (rpm)
Fig 6. Variation of NOX emission for different POB fuels with 0.1%wt

nao-Ti0,additive comparing with B2 standard fuel.

1500

IV. CONCLUSIONS

The quality improvements of palm oil biodiesel fuel were
investigated in order to compensate the diesel fuel
consumed increasingly. There is not only the use of an
alternative POB fuel for above reason but the POB fuel also
contributes the reduction of gas emissions. In this work, we
studicd the cffect of nano-TiO, additive mixed in the
different POB fuel fractions on the performance of an
indirect injection diesel engine and exhaust emissions. The
results suggested that POB fuel properties were improved by
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nano-TiO, additive as a catalyst. The improved propertics of
the POB fuels related to the improvement of engine power
and torque that provided the similarity of the results from
using B2. Meanwhile, CO, and NO, emissions for
B30+0.1%TiO, extremely reduced by 43% and 61%,
respectively at the engine speed of 1500 rpm that compared
with the results for B2. While, the enginc operated at 3000
rpm, then B30+0.1%TiO, provided CO, and NO cmissions
reduced by 21% and 17%, respectively.
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ABSTRACT

Palm oil biodiesel (POB) has a number of beneficial propertics of the environment due

to less exhaust emission (carbon monoxide, hydrocarbon, and smoke). It can lead to a reduction
of pollution by decreasing the emission of harmful and hazardous substances to the atmosphere.
In this work, palm biofuel was produced in house from crude palm oil with transesterification
reaction carried out using a base catalyst. A low-speed agriculture engine under the variable load
range of 3-12kg at a constant speed of 1500 rpm was investigated the several combustion
characteristics under ASTM standards. The effect of a variable compression ratio (VCR) from 16
to 18 on low-speed engine performance and the gas emission was investigated in order to find out
the optimal values of compression ratio (CR)low-speed engine. The experimental results are found
that this engine fueled by the biofuel under test load at 12kg obtained the highest thermal
efficiency of 27%at the compression ratio of 18, while its brake specific fuel consumption reduced
with the increase of the test load. An increase up to CR18 presents the consistent explanation of
the higher heat release and the shorter ignition delay, while the amount of carbon monoxide and
hydrocarbon-emission effectively reduced down to 42% and 21%, respectively. The optimum
performance of the low-speed agriculture engine was found in CR value of 18 during full load

condition.

Keywords: Palm biofuel; Variable compress ratio; Combustion characteristics; Engine

performance; Fxhaust emission
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1. INTRODUCTION

The largest increase in the number of
automobiles for transportation and agriculture
machines has resulted in greater demand for
petroleum products with the trend of fast
depletion of world petroleum reserves (1. 'The
main point of the world energy demand in the
last two decades has encouraged the researchers
searching for new alternative energy sources such
as biofuels, solar ecnergy, wind energy, and
biomass [2]. Biodicsel 1s an alternative fuel due to
its various advantages, such as abundant biomass
resources, biodegradable and environmental
friendliness over fossil fuel (3. Moreover,
biodiesel predominantly produced from biomass
is becoming cost-competitive with fossil fuels
due to the widespread availability of biomass
resource [4]

In the present, palm oil is a trade
commodity to cause direct competition between
using palm oil for biodiesel production and using
for food. This reason leads to an increase in the
price of both uses. Nevertheless, the raw palm
has a massive energy plantation in Thailand and
the benefit of the environment and the local
population. For the palm oil biodiesel (POB)
production, trans-esterification of palm oil with
methanol to obtain POB was carried out using
potassium hydroxide (KOH) caralyst (5. ASTM
standard fuel tests performed on the POB, in
particular, POB  blend with nano-additive
material provided the promising results such as
improvement of engine power and reduction of
brake ‘specific fuel consumption and exhaust
emissions [6,7] Biodiesel with' high oxygen
content is biodegradable through antioxidants,
whereas petroleum has essentially none (3).
Furthermore, there are more studies to improve
the fucl quality and engine performance without
modifying diesel engine.

Towever, dicsel engine generally emits
exhaust more than emission from a gasoline

XXXX

engine, which causes higher pollution.
Decreasing fossil fuel and increasing ambient air
pollution force the research on cleaner
alternative fuels concern biodiesel for diesel
engines. Morcover, biodiesel  predominantly
produced from biomass is becoming cost-
competitive with fossil fuels due to the
widespread availability of biomass resource [71.
The previous researches were investigated the
waste cooking oil biodiesel to cffect on diesel
engines. Tt was found the better engine
performances with the low gas exhaust except
NOx gas. The torque and thermal efficiency
decreased by 9% and 11%, respectively, whereas
the fucl consumption increased by 17% as
biodiesel ratio increased up to 50% (891
Moreover, an increase in compression ratio has
an effect on the deterioration reduction of the
diesel engine performance fueled with the high
biodiesel blending percentage [101.

In this study, the palm oil biodiesel
produced from palm oils with varying blend ratio
of biodiesel was investigated. The experiments
were conducted on load condition 3, 6,9, and 12
kg or brake power 0.86, 1.71, 2.57, and 342 kW,
compression ratios of 16, 17 and 18 at an engine

speed of 1500rpm.

2. MATERIALS AND METHODS

Crude palm oil extracted from palm seeds,
usually exhibits high viscosity values, making
them unsuitable to be used as a fuel for
continuous running ‘Therefore, a process called
trans-esterification is performed so as to reduce
the viscosity by treating the crude oil with
alcohols  (commonly ethanol or methanol)
wherein a by-product is obtained in the form of
glycerol which has to be separated. The trains -
esterification reaction is a stage of converting oil

or fat into methyl esters




238

Chiang Mai J. Sci. 20xx; xx(x)

2.1 Biodiesel production from palm oil

Palm oils primarily contain triglycerides, and
their chemical structure is significantly different
from that of mincral Diesel Transesterification is
an efficient method to convert high viscosity
palm oil into a fuel with chemical properties
similar to those of mineral Diesel. POB was
prepared from palm oil and methanol by using
potassium hydroxide (KO as a catalyst through
transesterification process. In such biodiesel
production, the cffect of oil to methanol molar
ratio 1:6, catalyst concentration 1% by weight,
reaction temperature 60°C and reaction time 60
min on the yield of transesterification was
studied. The biodiesel yield percentage is the
factor that indicates the amount of actual
biodicsel  yicld (Yoo compared with the
theorerical  biodiesel yield. The theoretical
biodiesel yield (Yu and biodiesel yield percentage

%Y) can be calculated from the following

equations.

N N x MWy X M0 a

th
MW 01
Y,

%Y = b

% Y, 2
when,
Yii actual biodiesel yield @)
>4 = theoretical yield of biodiesel (g)
N mole number of biodiesel per mole

amount of crude vegetable oil

Msucicn crude palm oil mass ()

MW, molecular weight of palm ol
methyl ester (285.60g/mol

MW, .01 = molecular weight of crude palm
oil (846.94g/mob

From Figure 2, it shows the gas
chromatograph profiles of biodiesel, which can

conclude to Table3. The Table3 shows the main
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components are palmitic acid (39.18%), oleic acid
(43.88%) and linolcic acid (10.57%). We can find
the average molecular weight of palm methyl
ester from the table3 equal o 285.6 grmol and the
result of the transesterification reaction with
palm oil 4000 g reaction results in actual biodiesel
vield ( Y,,) of 3989.47 g. The results of the
calculation are able to obtain the theoretical yield
of biodiesel ( Y, ) of 6369.29 g and the yield
percentage (%Y ) of 62.64%.

2.2.Testing of fuel properties

‘This research measures the fuel properties of
biodicsel from palm oil and diesel oil. Thailand
has set the standard for biodiesel by the
Department of Iinergy Business, Ministry of
Lnergy. "T'his is due to the requirement of the
quality control for the engine using. The
experimental results of fuel properties were
measured as shown in Table 1. Specific gravity,
density and the flash point values are obtained in
the standard of the criteria set by the Department
of Linergy Business but viscosity value is equal to
557 cSt, which is higher than the standard criteria
(0.57 cSt) compared to diesel oil. ‘This viscosity
result of palm oil has related to the higher flash
point and its density.

2.3 Experimental test setup and procedure
In a single-cylinder direct injection diesel
engine with the naturally aspirared, water-cooled
system was used for the engine test to evaluate
engine performance and exhaust emissions. The
engine was operated by using diesel fuel and the
results were used as reference values. Thus, the
comparison results obtained from the engine
fueled with POB compared with diesel fuel ‘The
engine specification is shown in Table 2. The
experimental  installation  diagram is  drawn
schematically in Figure 1. An eddy current

dynamometer equipped with a load cell was used
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to load the engine. The engine was tested at a
constant speed of 1500 rpm with varying four-
engine operating loads (3, 6, 9, and 12 kg or brake
power 0.86, 1.71, 257, and 342 kW), which
represents the range of the engine operating
condition from low to high levels and variable

compression ratios 16, 17, and 18. Exhaust

XXXX

emissions were measured by standard exhaust
gas analyzers : Testo 350 for CO and NO,
Horiba Mexa-5841. for HC and WAGER
DIGITAL SMOKIL MIETTER MODIL 6500 for
smoke emissions. In each condition tested, the
engine was stabilized by the observation of
exhaust temperatures and exhaust emission.

Table 1. Properties of Diesel and Palm oil biodiesel (POB)

Property Standard test Diesel Biodiesel
Kinematic viscosity @40 °C (cSt) ASTM D445 412 557
Flash point (°C) ASTM D93 59 154
Specific Gravity 15.6 °C ASTM D1298 0830 087
Density 15.6 °C (kgim?) ASTM D1298 829.253 874.200
Cetane Index ASTM D976 56 50
Heating Value (M]/kg) ASTM D240 4648 40.54

Table 2. Technical specifications of diesel

Cl'ngﬂL‘ test

(e ) (B s

Charge Ampier |

Pgine Ok Temperature|

Figure 1 Diagram of the installation system of

Engine Specification
Modcl TV1
Make Kirloskar Oil engines
Engine type 1 cylinder, 4 strokes,
Dircct injection
Bore 87.5 mm
Stroke 110 mm
Connecting rod 234 mm
length
Sweptvolume 661 cc
Rate output 35 kW at 1500 rpm X
Compression ratio 1218 the engine test.
Dynamometer Eddy current, Water
cooled
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Figure 2. Gas chromatograph profiles of Palm Oil Biodiesel OB

Table 3. Total fatty acid methyl esters (FAMUHs) quantification in POB by 7890GC Gas chromatograph

together with all the identified compounds with their arca and retention time

Peak Retention C Molecular
NO Time Name No..DbLBnd Weight Area|pA-s) %FAME

1 21.256 Lauric acid C12:0 214.351 31.29091 021

2 23916 Myristic acid C140 242,405 138.63071 090
Pentadecanoic

3 25711 acid C15.0 256.432 6.62916 0.04

4 28214 Palmitic acid C16:0 270.459 61550523 39.18

Palmitoleic

5 29.972 acid Cl6:1 268.459 26.88735 018
Heptadecanoic

6 30.846 acid C17:0 284.486 15.14251 016

7 3475 ot oy C180 298513 67921252 425

8 37913 Olcic acid C18:1n9¢ 296.513 7053.6738 43.88

9 42.059 TLinolcic acid C18:2n6¢ 294.513 1624.8065 10.57

10 44.234 Arachidic acid C20:0 326.567 48.10182 029

y-Linolenic

1 44.946 acd C18:3n6 292513 727151 005
Henicosanoic | C€20:1+C18:3n

12 46.174 acid 3 324567 34.58462 022

13 51.261 Behenic acid C22.0 354.621 834671 005

3.RESULTS AND DISCUSSION
3.1 Engine performance

following rest results.

The results of engine performance were
tested, including the combustion feature and
pollution caused incomplete combustion.

The comparative results of using dicsel with POB

in a diesel engine, which are shown in the

3.1.1 Brake Specific Consumption
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Brake Specific I'uel Consumption (BSIC) is the
rate of fuel consumption by mass per unit power
produced from the engine within one unit of
time. Figure 3 shows the fuel consumption of the
brake. BSFC with tested POB has a higher fuel
consumption ratio than diesel under all load
conditions due to the less heating value of
biodiesel than that of diesel fuel. Thus, in order
to obtain the same thermal energy, engine fueled
by POB requires a greater amount of fuel than
diesel. When the compression ratio increases,
BSFC with tested POB becomes closer and
approach to BSFC with tested diesel fucl Tt is duc
to the increase in the ratio resulting in the shorted
ignition delay, which is able to compensate the
disadvantages view points of the higher POB
viscosity and the lower cetane index than that of
diesel as shown Table 1. An increase of the
compression ratio of an engine fueled by POB is
able to improve the easier ignition and more

combustion [11].

®Diesel RIS @POB CR1S
ODiesel CR1
BDisd CRI6  DPOBCRI6

OPOB CR1

)

Load (kg)

Figure 3 Brake Specific Consumption (BSI'C)

with load.

3.1.2 Brake Thermal Efficiency

Brake ‘Thermal Lifficiency (BTTY) of engine
is the ability to change the heat energy obtained
from the fuel into mechanical energy. As shown
in Figure 4, an increase of the compression ratio
results in a rise of thermal efficiency under all
load tests. In this work, the BTE value of the
engine fueled POB is similar to that of the diesel
at the compression ratio of 17 and 18. However,

XXXX

in the compression ratio test at 16, the engine
fueled by POB obtained a lower BTE value than
dicsel owing to the poor performance of POB
spray at lower temperature in the combustion
chamber. This condition results in the lower
cetane value of using POB than diesel due to the
presence of inconsistent combustion.
@Diesel CRIS @POB CRIS

©Diesel CRI7  @POB CR1

@Diesel CRI6 DPOB CR16
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Figure 4 Variation of brake thermal efficiency
(BTE)with load.

3.1.3 Exhaust temperature

As illustrated in Figure 5, the cxhaust
temperature of the tested engine obtained the
higher value with an increase of the load, which
relates to the higher brake power under
increasing the compression ratio condition. The
engine fueled by POB comparing with diesel
presents a few higher exhaust temperature values
from the POB test than diesel test under the load
test at 3 and 6 kg. On the other hand, at the load
test at 9 and 12 kg, the exhaust temperature
values from POB test provide more slightly
decrease than diesel testas illustrated in Figure 5.

® Dicsel CRIS OPOBCRIS

8 Diesel CR1 @POBCRI

A

W04

# Diesel CR16 OPOBCRI6

Gz

N
N
N
N
N
N
N
N
N

Load (kg)

Figure 5 Exhaust temperature with load.
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Figure 6 Relationship between combustion
temperature and ignition time.

In case of the fuel temperature higher
than  sclf-ignition temperature  (SIT) as
presented in Figure 6, the fuel is burnt after a
period of ignition delay (ID). At the higher the
temperature than the SI'T, the ID range obtains
the shorter time with a few thousand parts of a

second [12].

3.2 Combustion characteristic

The combustion characteristics examined,
including the cylinder pressure and the heat
release, which is derived from the equation (3),
based on the First Law of Thermodynamics
under hypothesis the polytropic process is shown
in the cquation 3

Ga IO L[, o°
Y 7-1("60]*7-1["30) T

3]
)
where

0

is the amount of heat transfer rate

(Jideg CA)V is the instantaneous volume (m?), P

is cylinder pressure N'm? of the cylinder, y is the

XXXX

ratio of specific heats, and 8 is crank angle (deg)
(13]

321 Cylinder Pressure and Ileat Release
Rate

I'igure 7 shows the variation of cylinder
pressure values and heat release rate with variable
combustion ratio (VCR) from 16 to 18 under the
variable crank angles at full load. It is found that
the combustion ratio of 18 (CR18) for the engine
tested by POB and diesel obtains the high
cylinder pressure at stable crank angle due to high
heat release, causing a good fuel evaporation rate
[14]. In case of the engine tested by POB, the less
shift of crank angle implies to the shorter ignition
delay than diesel test. However, POB test affects
fluctuation of the heat release rate due to its
lower volatility and higher viscosity than diesel
fuel. When the combustion ratio was adjusted at
CR18, it is able to reduce this influence.

—CRIG CRI7 CRI8
A'D ] 500
E Diescl 450 3
ét"" 1 400 £
¥ 350 ?
P 1 %0 §
3“‘ 1 250 8
| 00 §
E] 0 3
% 150
S 100 B
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)
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Rate of Heat Release (J/"CA)

35
838

g°e

Figure 7 Variation cylinder pressure and
heat release rate at the crank angles under
combustion ratio conditions comparing with
dicsel and POB conditions.

3.3 Emission analysis

3.3.1 Oxide of Nitrogen Emissions NOy)
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Nitrogen oxide (NOy gas is the main
exhaust components from engine combustion
consisting of nitric oxide (NO) and nitrogen
dioxide (NO,. ITigh combustion temperature is
able to affect the rise of NOy emission due to the
high possibility of nitrogen bonding with oxygen.
The oxygenated nature of POB provides the
slightly higher adiabatic flame temperature
resulting in the better combustion complete than
diesel test [15].

Figure 8 shows NOx emission with
varying loads and combustion ratios for POB
and diesel tests. It is noted that under all engine
load tests, the cffect of the decreased VCR of a
reduction of NOx emission is found for the
both of POB and dicsel tests. NOx as double
bonded molecules is brought to a slightly higher
adiabatic flame temperature. Thus, the high
combustion temperature has the effective
influence directly from increasing VCR.
Mcanwhile, the high viscosity of POB and high
flash point can cause the decay of fuel injection
and subsequently affect an increase in NOx
emission.

@Diesel CRIS  @POBCRIS

SDiesel CRI BPOB CRI

DDieselCRI6  TPOBCRI6
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Figure 8 Variaton NOx emission with loads
under variable combustion ratios.

3.3.2 Carbon monoxide emissions (CO)

Carbon monoxide emissions are mostly
dependent on the fuel properties, the amount of
oxygen, the combination of air and fuel,
temperature and turbulent airflow in the

combustion chamber. CO  cemissions  with

XXXX

varying loads and combustion ratios for POB
and diesel tests is shown in Figure9. Comparing
the CO emissions of biodiesel and diesel fuel, it
is found the decrease of CO emission from POB
test comparing with diesel test in all VCR and
engine load conditions. It 1s mostly possible due
to C-O bonds lightly occurring at combustion
temperatures and its shorter ignition delay also
results in better the complete fuel combustion
1161. Therefore, an increase in VRC relating to

combustion temperatures is able to reduce CO

emissions.
@ Diesel CRIS @POB CR1S
04 D Diesel CR17 BPOB CRI

B Diesel CR16 OPOB CR16

Figure 9 Variation CO emission with loads

under variable combustion ratios.

3.3.4 Hydrocarbon emissions (HC)

Hydrocarbon micro-particles are an organic
compound that is able to cause incomplete fuel
combustion. Figure 10 shows IIC cmissions
from the engine fucled by POB and diesel fuel at
various loads and VCR conditions. The results of
decreased  HC  micro-particles  significantly
indicate the fuel combustion efficiency duc to its
oxygenated mnature of POB leading to the
effectively complete combustion. It is consistent
with the availability of oxygen atom in biodiesel
117). Meanwhile, the increase in VCR is able to
provide the reduction of HC emissions owing to
the higher combustion temperature and  the
shorter ignition delay.
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8 Diesel CRIS @POB CRIS
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| @ Diesel CRIG QPOB CRI6

Figure 10 Variation HC emission with loads
under variable combustion ratios.

3.3.5 Smoke emissions

"The main cause of smoke formation is from
the incomplete combustion of the hydrocarbon
in fossil fuel due to the chemical reaction of
carbon component. Smoke emission has directly
related to with the results of CO and 11C
emissions. The POB test results present more
cffective decrease of smoke emissions than dicscl
test. The smoke emission generally increases with
the increase in the load tests as shown in Figure
11 due to the rich fuel mixture but VCR increases

with the decrease of smoke emission.

B Diesel CR1S @POB CR18

©Diesel CR17 BPOB CRI7

s |@Diesel CRI6 QPOB CR16

3.

Load/Kg

Figure 11 Variation smoke opacity with loads
under variable combustion ratios.

4. CONCLUSIONS

The engine performance and  emission
characteristics were verified under the tests of
VCR for the engine fucled by using POB and
diesel.
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* An increase in brake specific fucl
consumption less than 20% at CR 16 has been
found by using POB at all load tests comparing
with diesel test.

* The brake thermal cfficiency of the
POB testat CR18 provided the increase by 2.04%,
compared with diesel rest.

*  HC, CO and smoke emissions reduced
by 25.36%, 17.60%, and 16.39%, respectively at CR
18, whereas NOx emission increased by 51.02 %,
compared with diesel test.

*  The slightly higher viscosity and lower
volatility of POB resulted in the lower ignition
delay of the engine test. The ignition delay
decreased involved with the change of crank
angle about 4 degrees when CR was increased
from 16 to 18.

*  Finally, an increase in VCR at CR18 is
able to improve improved the performance,
combustion efficiency for using both POB and
diesel tests.
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Effect of Nano-TiO, Additives Blended in Palm Biodiesel
on Compression Ignition Engine Performance

Karoon Fangsuwannarak, Thipwan Fangsuwannarak, and Yongsathon Khotbut

Abstract—The property improvement of palm oil biodiesel
(POB) was investigated by mixing a nano-TiO, additive in
order to achieve in the decrease of exhaust emissions of a diesel
engine. The different POB fuel fractions were used including
B10, B20, B30, B40, B50, and B100 which are compared with
commercial diesel B2 as a fuel standard. The results suggested
that the small amount of 0.1% wt nano-TiO, additive provided
the property improvement such as a decrease in Kinematic
viscosity and an increase in flash point, cetane index, and
heating values. However, there are B2+0.1%TiO, and

B10+0.1%TiO, providing their properties to be accepted in
ASTM dard. The experi 1 results suggested that

engine power and torque increased during the range of low
engine speed (<2500 rpm) and became decreased during the

higher range of engine speed (>3000 rpm). Carbon oxide (CO),
carbon dioxide (CO,), and nitric oxide (NO,) emissions were
measured directly at the tailpipe in order to observe the effect
of POB fucl used on the gas emissions. It was found that nano-
TiO, additive significantly contributed the reduction of CO,
and NO; emissions.

Index Terms—Palm biodiesel, nano-TiO,
compression ignition, engine performance.

additives,

I. INTRODUCTION

In the present, environmental concerns increase due to
decreasing fossil fuel and increasing ambient air pollution
from gasoline engine in particular high-speed diesel engine.
Biodicscl fucls can clearly provide positive cnvironmental
benefits because of one involvement of high oxygen content
in biodiesel fuel to be biodegradable through antioxidant
mechanism [1]. Biodiesel as an alternative fuel available for
diesel engine is predominantly produced from virgin
vegetable oil or animal fats through the chemical reactions
to involve transesterification and esterification processes. In
Thailand, palm oil biodicscl (POB) [ucl is playing an
important role on the bioenergy development due to having
a massive energy plantation. The renewable and alternative
energy development plan has set up the production target at
4.5 million liters/day in 15-year plan. Nevertheless, the
massive palm fcedstock has been concerned and managed
for reducing adverse impact on the environment [2]. While
biodiesel is becoming cost competitive with fossil fuels
owing to the widespread availability of biomass resource [3],
|4]. Meanwhile, previous studies presented that a decrease
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in engine power relates (0 an increase in volume fraction of
palm oil biodiesel (POB) [5], [6]. These causes lead to more
studies to upgrade the fuel quality and engine performance
as well as reduction of exhaust emissions without modifying
diesel engine. In addition, there are many studies to focus on
the improvement of POB propertics by blending an cffective
additive in the optimal diesel fuel fraction [7]-[9]. While
tailpipe emission from using POB fuel depend on the POB
blend in diesel fuel used, the kind of additive used, and the
type of engine. Nano-titanium dioxide (TiO,) additive is a
kind of metal oxide matcrials to be claimed that it can
improve solid propellent burn rates. It would result from the
high surfacc-to-volume of the nanoparticles to provide a
better catalyst than traditional additives [10]. However, the
effect of nano-TiO, additive on exhaust emissions have not
studied extensively in order to improve air quality. The
demonstrations in this study were performed without any
modifying enginc.

This work studied the effect of nano-TiO, blend into palm
biodiesel on the properties comparing with ASTM standard.
Morcover, engine performance test was demonstrated on a
FPS 2700 chassis dynamometer. Exhaust emissions such as
NOy, CO and CO, from operation of an indirect injection
pick-up diesel engine were studied under SAE J816B
standard. The exhaust cmission results were presented.

1. EXPERIMENTAL PROCEDURES

A. Preparation of Palhn Oil Biodiesel

In this study, the POB fuel mixtures of purified palm oil
and premium dicsel oil were measured to verify their
properties. The various fractions of palm fuel in diesel were
investigated including 2%, 10%, 20%, 30%, 40%, 50%, and
100% palm biodicscl with the rest of diesel fucl fraction
denoted as B2, B10, B20, B30, B40, B50, and B100,
respectively. In this experiment, small amount of nano-TiO,
of 0.1% by weight was used as a catalyst. The properties of
the tested fuel were measured including kinematic viscosity,
flash point, cetane index, and heating values. The
experimental results were compared with the properties of
B2 (0 be a commercial POB diesel. The composed POB [ucl
from the mixture of purified palm oil, premium diesel, and
0.1%wt nano TiO, additive was blended by means of an
ultrasonic shaker for 15 minutes in order to provide the
uniform suspension.

B. Engine Performance Testing

The used vehicle in this experiment was a standard pickup
car with a manual gear box. The schematic of the
experiment setup is depicted in Fig. 1.
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Fig. 1. Schematic of experiment set up.

The tested cengine specifications were listed in Table I.
The FPS 2700 chassis dynamometer under the simulation of
road load conditions with eddy current brake was conducted
in this experiment. Measuring accuracy of the chassis
dynamometer is of = 2%. The performance correction was
use by following a standard of SAE J. 1349. The accuracy of
wheel power of = 3% was obtained. Fuel consumption
system was sct upped and coupled with the fucl pump in
order to examine the amount of fuel consumption. Each
engine test was repeated 3 times to ensure the average data
calculation for the analysis. Owing to the different fuels
tested, cach cngine test was on a standard of the operating
conditions.

TABLE I: SPECIFICATIONS OF THE TESTED ENGINE
TD27(New)

Enginc

Displacement

2663 cc

Bore x Stroke

96.0 X 92.0 mm

Cooling system

Water cool

Intake Mcthod Natural aspiration
M Power 83.8 bhp@4000rpm
A ‘Torque 166Nm-@2200rpm

C. Exhaust Emission Testing

According to SAE J816B specifications, exhaust
emissions were measured by a Testo 350 gas analyzer.
Measurement capacity for NOy, CO, and CO; is in the range
of 0-500 ppm, 0-10,000 ppm, and 0-50% vol., respectively.
Exhaust cmissions were measured directly at tailpipe by the
analyzer probe. The test cycle was repeated three times.

III.  RESULTS AND DISCUSSION

A. Comparative Properties of POB Fuels

The aim of using additive is to improve the quality of
POB fuel blend in order to possibly further use the less
dicscl. The propertics of the different POB fuels showed the
measurcd results (o involve their identity quality in Table II.
The results suggested that small amount of nano-TiO, of
0.1%wt provides the significant improvement of the fuel
quality to compare with different POB fuel blends with no
additive. It is noted that nano-TiO, contributed to increase
flash point, cetane index and heating value, in addition, to
reducc kinematic viscosity of POB fucls. Therefore, the data
obtained from f(esting POB [fucls belongs to the ASTM
standards for B2, B10, B30, and B40 with dosing nano-
TiO,.

TABLE II: COMPARATIVE PROPERTIES OF POB FUFRLS

Fuel Kinematic Flash Cetane Heating
Viscosity point index value

(cSt) O (MJ/kg)

ASTM ASTM D445 | ASTM ASTM AST™M
Standard 1.8-4.1 D93 > D976 D240
52 >50 >42.5

B2 3.92 66 56.87 4439
B10 4.02 65 5599 43.79
B20 4.11 70 56.92 43.64
B30 4.16 85 56.30 3725
B40 4.38 83 56.53 37.40
B50 4.52 90 55.22 3822
B100 5.46 135 49.04 37.62
B2+0.1% 3.64 76 57.05 42.74
B10+0.1% 3.80 74 57.36 41.69
B20+0.1% 4.05 70 57.07 40.48
B30+0.1% 4.16 84 56.58 44.32
B40+0.1% 4.34 80 5591 43.12
B5040.1% 4.38 82 54.90 4041
B100+0.1% 5.34 150 49.55 39.80

B. Comparative Engine Performance

Fig. 2 shows thc cnginc power from using diffcrent POB
fucl blend to be dosed by nano-TiO, additive. All tests
provided the maximum power at engine speed of 4000 rpm.
It was found that the increased trend of the power for POB
fuel mixing the additive is similar to B2. Almost all the POB
fuels mixing the additive provided the small increase of
power at the range of low engine speed (< 2500 rpm)
comparing with B2 but the measured power became lower at
the range of higher engine speed (>3000 rpm.) It is mostly
possible due to that the properties of heating value and
cetane index of POB fuel were improved from the blend of
nano-Ti0, additive.

Brake Power
7~ B2
60+ - B2+0.1T0,
Brake Power _ —e—B10+0.1T0,
b | A B20+0.1TIO,
50 v BI0+0.1TI0,
< BA0+0.1TIO,
V1 > B50+0.1TIO,
Wheel Power * B100+0.1TiO,
40 ;
H Wheel Power
T < B2
§ 309 *- B240.1TiO,
g - E|D'0.|TO:
° £ * EZM‘TO:
@ BI0.1TIO,
1 *- B40H0.ATIO,
4 ®-B50+0.1TI0,
A~ B100+0.1TI0,
"3 Y e T v T T
1500 2000 2500 . 3000 3500 4000

Engine Speed (rpm)
Fig. 2. Power of the engine to consume the different POB fuel blends
comparing with B2.

Fig. 3 presents the toque of enginc operation with
different POB fuel used. The maximum torque is 166 Nm at
engine speed of 2200 rpm. Similarly, torque curve for POB
fucls does by additive showed the similarity (rend
comparing with B2 used. It was seen that engine torque
increased at the range of low engine speed (< 2500 rpm.)
comparing with B2. On the other hand, engine torque values
decrcase when the engine operates at the range of higher
cengine speed (> 3000 rpm).
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Fig. 3. Toque of the engine to consume the different POB fuel blends
comparing with B2.

C. Exhaust Gas Emissions

Carbon oxide (CO), carbon dioxide (CO,), and nitric
oxide (NO,) emissions were directly measured during the
engine was operating at 1500, 2000, 2500, and 3000 rpm in
order to observe the variation of exhaust gas emissions. The
comparison of CO results of POB fuel blend with additive
used and B2 used was illustrated in Fig. 4. The results
showed that the CO cmission quantity significantly reduced
at higher cnginc speed (2500-3000 rpm.) in particular
B10+0.1%, B20+0.1%, and B30+0.1%TiO, The main
cause would be from the increase of oxygen composition in
vegetable oil to result in more completely internal
combustion in the engine and then lead to obviously
reduction of CO emission [4], [9]. At low engine speed of
1500 rpm., all POB fuel tests provided more CO emission
results than used B2 cxcept using B2+0.1%TiO, that
obviously reduced CO emission. Thus, 0.1% nano-TiO, in
the optimal POB fuel blend is a very effective use of CO
reduction for a high speed engine due to that nano-TiO, acts
as an oxidation catalyst.

240 4 3
2204
200 4
180
160
£ 1401 -3-82
§ 1204 v - B240.1% TiO,
8 it 2 4 —a-BI0+01%TIO,
-y ¥ B20+0.1% TiO,
80 . —4- B30+0.1% TIO,
60 —>—B40+0.1% TiO,
——B50+0.1% TIO,
40 s —#— B100+0.1% TiO,
20 T T 4 T
1500 2000 2500 3000

Engine Speed (rpm)

Fig. 4. Variation of CO emission for different POB fuels with mixing
0.1%wt nano-Ti102 comparing with B2 standard fuel.

Fig. 5 shows the cffective decrcase of CO, cmission
during engine operation at 1500 — 3000 rpm. The results
suggested that the maximum CO, reduction at 1500 rpm is
by 23%, 33%, and 43% for B10+0.1%, B20+0.1%, and
B30+0.1%TiO,, respectively, that compared with B2.
Meanwhile, at 3000 rpm, the CO, emission results for
B10+0.1%, B20+0.1%, and B30+0.1%TiO, comparing

22

with B2 provided the decreased values by 11%, 14%, and
21%, respectively.

45+ B2
—-B2:0.1%TIO,
—A—B10+0.1% TiO,
4.0 v B20+0.1% TiO,
< B30+0.1% TIO,
» - B40+0.1% TiO
354 @ B50+0.1% TiO, .// A
g —#—B100+0.1% TiO, / v
> 3.04 gt -
B3 : == -
s
O 254 i & '
204 ad
-
<
15 ¥
1500 2000 2500 3000
Engine Speed (rpm)

Fig 5. Variation of CO; emission [or different POB fuels with 0.1%wt nao-
110, additive comparing with B2 standard fucl.

NO, emission can affect directly the corrosive in engine
system. The variation of NO; emission under engine
operation using the POB fuels was measured at the different
speeds and provided the results as depicted the in Fig. 6 It
was found that almost all the POB fuels with mixing nano-
TiO, additive provided the cffective reduction of NO,
cmission throughout the speed range, whercas B2+01%TiO,
fuel contribute the increase of NOy in the range of engine
speed at 2500 — 3000 rpm. It may occur the feature of the
inappropriate mixture of air and the fuel during combustion
at higher engine speed. The maximum NO, reduction was
obtained from using B30+0.1%TiO, by 61%, 49%, 29%,
and 17% at 1500, 2000, 2500, and 3000 rpm, respectively,
that compared with B2.

o
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v B20+0.1% TIO,
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=

704

60 pr
50 4 -
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20‘00 25'00 30‘00
Engine Speed (rpm)
Fig 6. Variation of NOx emission for different POB fuels with 0.1%wt

nao-Ti0; additive comparing with B2 standard fuel.

1500

IV. CONCLUSIONS

The quality improvements of palm oil biodiesel fuel were
investigated in order to compensate the diesel fuel
consumed increasingly. There is not only the use of an
alternative POB fuel for above reason but the POB fuel also
contributes the reduction of gas emissions. In this work, we
studied the cffect of nano-TiO, additive mixed in the
different POB fuel fractions on the performance of an
indirect injection diesel engine and exhaust emissions. The
results suggested that POB fuel properties were improved by
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nano-TiO, additive as a catalyst. The improved propertics off
the POB fuels related to the improvement of engine power
and torque that provided the similarity of the results from
using B2. Meanwhile, CO, and NO, emissions for
B30+0.1%TiO, extremely reduced by 43% and 61%,
respectively at the engine speed of 1500 rpm that compared
with the results for B2. While, the engine operated at 3000
rpm, then B30+0.1%TiO, provided CO, and NO, emissions
reduced by 21% and 17%, respectively.
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