E

240775

g o a4 a a " [ 3/
NUITBTAnYINANsENUYBINAYNENsRAaromds Ty Tedwareguanymzmsm Indves
A o = g v A =1 Ag - ¥ v & o
1nTBI8UAYATZITAAIEMITANTs s UDRAT AWV UNBI 1939 TAuNATD LIS BI8UARIY

=1 ar g = 4
ANWIITOV 1600 rpm ANUAUMIRAOINGS 90 MPa nuldn1szinTesoud 70 Nm uaz 140
a A = S a & o 3/ = = o
Nm uazmsiaomauiuuniuar mefnyigudnyszniswn ludvesluledwa laufivudu
lﬂy = 3 o 4 = ‘gy = 1 =4 ; =
Fomdadaa wisuiufnyINanszNUYeYNSMAnsMsAaFamaTsnINmMsRaFaImasy
¥
asudeuazunuuen Tavldanuaulunssuenguuazdasimsdandaesanuiewiudoya

lumsfinygadnyaemstn Ind

= g = 3 = = = ¥ =1 ¥ =1 P A 5
WaMsNATIUMIRABMAAILUAT AR NS suRsus e INAratay 10 Tediranaeamis uay
= -g - | a u’: 1 = a o " =] = LY
MINATOINAAALINU AR -16 D9 0 BIFHAIGUIAIBUYL (ATDC) Wi TuTedmaiinnuau
gegalunszuenguidinifmwatszuia 0.5 59 2.6 115 N0138195090UA 70 Nm tag -0.5 9 2
o et A o [ @ 9 ' W1
115 NN152IATB90UA 140 Nm uazmsiantasendsaiuanuioulusaamsen Indesaausn
. . ' : 3 1%
(Premixed Combustion) 188N NASA500AL 32 D4 42 NNTLIATBIVUA 70 Nm A5 0802 5.4 D9
H 4 4 ¥ 1 = = 3 L]
23.6 IM32IAT00UA 140 Nm ¥29m191 umsgaseidia (gnition delay) voeluTofaduni
=4 3 A ad ¥ =2 = g} = Vet
AANIADINITZIATOWUADYITZHIN 1 D4 3 09 UszAnEniwnisanuouvesly Tofa Tudl
v o el = i o 1 N ¥ =
ANUUANATINVAFANNITLIATOIOUA 70 Nm UANMIZIATRIOUA 140 Nm Wit 1 Tefrall

- - L i o as cf
Usgdnsnmmeanuiouganifiaiosas 0.14 89 1.32 0619 150mu Sasanududeausn



240775

] 4 Y o
vosluledmaganimwaluynnsdimsfinuiosas 15.6 i 19.5 In1521AT090UA 70 Nm taz
ot 4 s 1 o
Zowaz 9.7 89 11.5 IANIZIATI0UA 140 Nm msilanildeeeenloaveslulaswuveslulofiva
¥ " H 4 o 1 A o
dnhaadovas 4.1 54 30.8 NN15LIATEIOUA 70 Nm azTosas -4.7 04 14.7 AnsinToous
1 o o o v o ' =
140 Nm wamistlantldesaisveunsuuenlaq laTasaisveusiw uazaiud wuh'lulefia

fnhRaieuypnsdinsnagey

=1 =3 o = c‘g = 3 = ] =) d? =
asiffvuieugnsmanimitadomaununiufeazuuuuen ($r93umsdaiiomaa s,
T k4 ] 3 4 -
12 waz 16 8aen) 1o 14 1y ToAwaluiamasNosmG udumsRalomaufeInu daueq -16 69
1 o 4 - 3 =1 T ] [ =
-8 ATDC WU gnsAmaasmMsnaromtansassuiinadesnmdi lumaqasziia uagms
daadassndsnuanuioulusrsnmsm nderwsn liuanareiy anudumelunszuengy
1 - c'v 4 = 3 o i
FIEAVDINTTRAFNTVVLIARINTINMI RABIMBuAS A 2.68 §39.22 115 Ainse
A ¢ ’ = o A 7 a a 9 )
I5090US 70 Nm 1Az 0.5 D4 6.5 U715 NN152IATDI0UA 140 Nm Uszaninmmeanudounun
A o (=1 1 s ﬂ‘. d’l o ' =
7ol@n1521AT090UA 70 Nm 141AINUANA1NAY 1agiNISATBIoUa 140 Nm WUIINIsRa
¥ ¥
WomaswuuneniUseaninwnisanudsudminnluueanensnageuus Winudsuay 2
t a ¥ 4 W
HAZ NUNMITRAF DNV VLENUNTAIIEMINATOUNBIUNOAITIANNT UL Ao UFOINGS
= c‘; 1 = d? = u’: = [ 3 =
WIH IMAINIIMsIaFamawuuaTudel nsdanildsssen laavedlulaswuusinisia
A’l’ = S 1 = g = 3 = 3 = = & o
WRINAAUULENMN NS RAFDINAWVUATUAYI oA 18.0 D4 46.1 NHITLATDIOUA 70 Nm
{ Y & ' 7 o
wazsouay -10.9 14 23.1 NN1ITIATEWUA 140 Nm  nsvanddssarsueuneuusnlaa
o w o v 4 1 qs: 4 -
TaTasasvou uazatud nuluuia@eu lumsnagoumiiuyeInIsRAINAI VLB T

' - v A ' a A a J a
miﬂaﬁﬂaﬂﬂuawymmumm‘lmsﬂﬂlﬁ.ﬁﬂmmtmuﬂﬂmm

MARanINATe N INTeavesn1s 19 luTedsaiion)I Ry udisamuiioanns
aaildes a1sueunsunenled lalasaisven atudr1dilued19d uazansen ledves
TuTaswulueanienaaou uEmmﬂi’:sﬁaﬁumqmmﬁﬁ{mﬁﬁm%mwﬁmuuuﬂﬂm‘l%'
$auiuluTediwa ansnanmsdaaildeseen ledves lulasnuldidustdifounnaniay
MInaaen 8619 15Aa1w fl‘]ﬂﬂﬁﬂ‘t'lzfﬂi'ﬂﬂ’s‘T’r]‘lJLﬁ?&ﬂﬁﬁwaﬂ‘l‘iﬂaﬂﬂdﬁlﬂnaﬁyﬁiﬁﬂﬁ'u‘}
dudwidenSvuifousudira guiy ﬂ1§1%8“51’111ﬁTﬂ@l{ﬂﬁ‘i‘iﬂl.‘:]:;’m‘l"lﬁﬂull‘tmﬂﬂ%'i!fcl‘luﬁi]\‘t
finsanomBudums iaromas uazdiaiums iademas Wmangaufumszmamay
vountassudinz Iwauainiid1 et dumsiademas-12 ATDC uaggaedunsia
oA 8 pern FMSUN1IHIATEOUS 70 Nm ST RAEBINGS -8 ATDC Hagdraiunsta

d? a ar & o Y
IWDINGAY 12 89A1 IHTUNITSIATOIOUA 140 Nm !{h«mu



240775

This research is to study the effect of injection strategies using biodiesel as a fuel on a combustion
characteristic of common rail injection system compression ignition (CI) engine. The experiments
were tested at constant engine speed and injection pressure of 1600 rpm and 90 MPa, respectively,
for all test conditions with different engine loads of 70 and 140 N-m. The combustion
characteristics of single injection of biodiesel are compared to those of diesel fuel. The effect of
injection strategies on combustion characteristics are also compared between single injection and
split injection. The cylinder pressure and heat release rate are used as parameters for the study of the

combustion characteristics.

The results of the single injection strategy of diesel and biodiesel at the same injection timing
between -16 to 0 After Top Dead Center (ATDC) shows that the peak cylinder pressures in cases of
biodiesel are lower than those of diesel by 0.5 to 2.6 bar at 70 N-m and by -0.5 to 2 bar at 140 N-m.

The peak heat release rate of biodiesel is lower than that of diesel by 32 to 42 percent at 70 N-m and
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by 5.4 to 23.6 percent at 140 N-m. The ignition delays time of biodiesel for both loads are shorter
than diesel between 1 to 3 degrees of crank angle. The result of thermal efficiency is not
significantly different at 70 N-m; whereas the 140 N-m show that the thermal efficiency of biodiesel
is slightly higher than that of diesel by 0.14 to 1.32 percent. However, the brake specific fuel
coﬁsumption (BSFC) of biodiesel is higher than that of diesel by 15.6 to 19.5 percent at 70 N-m and
by 9.7 to 11.5 percent at 140 N-m. The exhaust gas emissions of biodiesel are lower oxide of
nitrogen than those of diesel by 4.1 to 30.8 percent at 70 N-m and by -4.7 to 14.7 percent at 140 N-
m. Carbon monoxide, total hydrocarbon and smoke of biodiesel are lower than diesel for all test

conditions.

The comparison of single injection and split injection strategies (dwell time as 8, 12 and 16 degree
of crank angle) using biodiesel as fuel at the same start of injection between -16 to -8 ATDC show
that the ignition delay time and heat release rate in premixed combustion period show
insignificantly difference between split and single injections. The peak cylinder pressure of split
injections is lower by 2.68 to 9.22 bar than that of single injection in case of 70 N-m and by 0.5 to
6.5 bar at 140 N-m. The thermal efficiency is not difference in both strategies at 70 N-m, but
thermal efficiency in case of the split injection at 140 N-m is by 2 percent lower than single
injection. In addition, the results show that BSFC in some cases of split injection are lower than
single injection. The oxide of nitrogen amounts are reduced in range of by 18.0 to 46.1 percent at 70
N-m and by -10.9 to 23.1 percent at 140 N-m. Nonetheless, carbon monoxide, total hydrocarbon

and smoke emissions in case of split injection are lower than those of single injection in some cases.

From the experimental result, the advantage of the use of biodiesel, when compared diesel, can
reduce the carbon monoxide, total hydrocarbon, and smoke but the oxide of nitrogen can be reduced
in some cases. The combination of biodiesel and the split injection can significantly reduce oxide of
nitrogen emission in most of the conditions. Therefore, the use of split injection strategies is
necessary to consider the start of injection and dwell time to optimize with engine loads and
emissions for example -12 ATDC of start of injection with dwell time 8 degree of crank angle for

70 N-m or -8 ATDC of start of injection with dwell time 12 degree of crank angle for 140 N-m.





