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1. Homogeneous Charge Compression Ignition (HCCI)
2. Partially Premixed Combustion (PPC)
3. Reactivity Controlled Compression Ignition (RCCI)
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1. Ignition Delay (I1D)
2. Start Of Injection (SOI)

Yy



VEY Sl pgw ojled oozl Jlo (3l ol g g oty - (ool 4 505

odrdly b 13 el joboay g T 50 a5 (S Sy eSSt aiile nbles (slagslil 5o Logas
d‘)_o‘ J)....S Ls‘)" )f.n) db)ﬂo.c )LS B ‘dilfﬁé u_’>5...u L)'“"""l" LSJ-")-A—A—AJ‘ [Y\—\ﬁ] é)jsn )‘)3 oalazwl Sjy90 @5.“‘50
LS| g s LS 50 G g il ganple; mizmen [YVAY] 04 o eolitnl Simaisusl i oS5 Ll
56 laglgw yeite g5le Jlad 0,05 o )18 eoliul 3)50 (St Cigu aST 5 il il S8 gl s s g
e 051y G 555 g oaibedl sboj8 J uS jelaies  J S Slawl jo elasl pl oo jgige it p o e
IYY] 0,5 o0 1,8 ool 0590

S8 oolatnl 0,90 o515 (sl o slol [ lga g g bglsue slos JyuS jshate 4 (ST By 2loS Cupde
ol (68955 Oy Slar e jo (SO S S S5l sslainl ca jw (ol )5 o i 4 glitws lahs, 5l (SO 08
-Jbell Gl S jelaie a oy gj.L‘Q)f S e .ojl.kf‘so 30U umbles Gl gannle) p al 4 (69g,9 sleo
IV T 05 o0 )18 ool 050 (Siz aibee] o (oST5 il g (Koo bglsee o515

L Lo cpl Judo med 4y il odw ) CS g Jliiilogs (glos 4y bgloes a5 aao o0 7, sboj (0554095 i
Gauoley U8 jokaie 4 e g oS )5 5l eolaiul ISG] slias a5 095 a5 WS g0 s Dol A CS g oS T i
L Co g g ik ;0 pullins Ojgody YL (6 0y STy b G gus o J S 2aSTy coST 5 Jlasl 5l ol jo wcl 5l
‘_91).,91 Ala'.é:u)a Jasbm ‘5.\;.34%3! ol;ul L e Yl.: QL..M; W}.w ')5'“"6" P 89959 olibb 5o }““S ‘5).:..\;&“5‘9
Cod Syl Sy jaddew Bl 0 S gw sudgananl sl pdy STy pl a4 58 sl el el
Syse Szl el 55 5ise Jbs @lial Guanpley JyuS jskiie 4 qeeiis AL gl 5 CS g DS iy
5w IS eyl 5 JruS (egas )0 oad pll Sl jgp0 9 (owyp 4 aelsl )3 [IY] 08 oo )15 oslinul
Bgd oo A0 ubles LoST Jltil jgige o Sl I35 50

S 5 S i3n p  J S STy (SIS i e o aslie & (VY] fSan 5 eSS
WKWh 5l 56 s s 3590 SB,g350 £95 90 2 6l O3l oS SanVT mhaws aSols las lag] uls ailasls
YE] 6,508 sandllas 1o ool cimmon ol 70+ 51 i 35 oyl 6,500 Lol cmioros o ol axily alS +/0
P S Sy 5 adsl sles o5 len s S s & RRLT O o 5595 Sl I oslinal L
Gl e S 50 LIl Jele adgl g o CS g (somas aS ol lis Loyl andllas guls aslaisls oo ol &)l >
GiSTy ooST 3 sl 3l alfiolesT 5 om0 oy p 4 [YOl Lo 5 o3 .ail o STy aml o) e pun g
Srdu STy og SYL cdeas a5 ol ylid byl )5 bl ailaslo ol S5 o Cdgu g0 5l solatul b JuS
Bl o bl sl so (2olS 55 &l g5lwsli] le) e g ool Jol> (6 5L HLad (o Co g 4 Cod Jjp0gm
u.».n‘ ] 00 );)L.\.:b d‘)""" 9 Mo ).:YL: L;Las)l.g o u"?"-"“-’ 6;».4)5 ‘SDPMOP u_:‘).u.a.: ol Gp..lo)lf 9 J).:J
&ygo 45 CATBA00 Ko S50 45350 S5 50 |y (Fanicgu (o515 Jisl 3l g5l mal [Y8] o5 5 Lawss
eyl o Jpo cogw il o5l )_..>L' Wols 1,8 sy 950 Ll a8 assl Sols 1,8 anlllas 050 () g (s00s
S (A gus Sl S )0 g (25 S gige (Vb gl (g Je ol (ol cae 90 (0,5 il (sl s5ige o
G Vel e S g il oley o lail gl b 5o Co g ST il Sl o ol lis o] anlllas bl g
033l g LualS do 0 FY o ) ojluil Cud S ] S GenSgige g Al g e YU S e a5l L8 K 4z 0 V-
il oy sl 0 S0 cimgn 0 [YY] K o iy cpael am3 o I3l doye £ o3laila |, )l >
5 @il Sleogas » (YU 550 B b 599 5D Solite j5ige 595 Guizmed 9 (3b) U o8 ) il slaygige jb )0 g
B i a8 wols lid lag ] aiB s 0,25 g (g0 O ygods CATB400 Ko Jp0 s9590 o SVl liee
G2l g (il 0ol Gl el (g Sediz el YU Lo s g Lawgie Jb )0 9 08 S g oS L 0 GOl e

ARl



TN Il ggl B0l JLalS cpols olsz (SIS (Smga,9r loa! dns

Cugh (23l 55 oml Cepe lld 0 Vb g bwgie lajl 0 rizees gd e a3 gud slogSs0e (SanYl]
b oo Gl 4B gus Gl Sl cnl o Lol 098 o0

s (25l 5 b S5 BlKa, Cgs b atS g 50 sige S i) iy dil> 508 4 [YA] S 5
api GRal38 &5 SRS 4 U5 Siges GREL 0,90 b et izmen 5 (i3l £9,% (loj e b sl aS oy Ui
el Gilize Slalizél b ol e oad wll JnS SUlg Sl sise )i o,Slas ozt CABO o Lid
@ 10 S eSS o g lopmCdgas S oS gl Cond L 1T 005l a8 ol (lad jlaly Al Sleslre Grizeen
idged J 7S 1y nalled gige Sy Bl (S (19,0 (S G, S @I L Y] Ker 5 Sk el ool s
b iy il S @plal 51Y] ohen 5 Sl ol it 5550 Sllog sralcniise (als Sily Ll b
5 S daeals Sl ol gulis slosgas solitial mbiles il sloysize 8 s Ol ol 553555 (55515
g5 Ol iy il S sk 5l aitged lagn Sg e (SanYl (elf g oly Wl ombles 3l sll vsme
Lalyd jo dliml ganole; JiS @3lil anwgs & GT-POWER . Jow jl eolitul L [YV] )00 5 g5 ool ;5350
b 5o YL LISy Ced 5l oolinal LT ilassls y (IS STy o815 bl jige 1,38 5L el 5 a8l
a LYV] e g peaSs ol slyri ) L3S L bl b s 55omly WSy o 5l eslinal 5 L3S L zals
o) anlllas ;o wilazslsyy xl 55 5 S50 glocssu b (J s 1iSly (oS5 Jlanil 32 e S8 (g5l
ol i ltel Joo (nl (29,5 Sl oad Sl ploend Jade St (585 Sl 50 b slabair il e b,
£ Crl sse Joe J5uS dnnsi 50 e (S Ol 4 oS Cenl ooy jeme 4l (S ATy (oS5 Jlidl Jae S
D9 o0 ASUD Hgige

5 Gl Gy D (@l il g9,8 alad (oSl e jeme J7ES Joe o sanwgs b YY] e 5 sololas
&by S (Egm 5 e condpdlal (piusST JISEN Jas Sl gme ST e Gal )3 slesged (da i |, CASO
Do o3l ol goyh abaod oyt 30 Joe ()l Cslhe CBs Sl adllae ol 5l fols gl el sl colaiul \%3
51 ooliziad b ¥F] o), San 5 gosle, ] ol S aygly VY 9 /Y o/ o5 4 ke slas L CASO 4 2>l olo;
aalllas yo anSlsy (S STy (eS1E LSl Elial J5S 4 (g5 izl (689, wiz dte dil> (J S (g
s 63509 mite Oy 4 oad eunily (oab S ke (nizmen 5 S S g ke (S S s (RSL Ol o]
5 Silotend @S ot (Byme (JuS (slajiel )l lpie 4 LS| e 5 o S g Sty 5B gge ogllas
BL seo e i 1) (s aasly oSl lesl Glpal Jous po ead (bbb Jrus (g8 o Shes gl adllas
Sy (oS1EJLEl Hgge o Gl Gloy JAS Cwz semmedie JRUS Sy drwgs 4 093 b, o ([TO] (Slaoss
3 @l ol ot 4 e S5 (Seslus oo g (0Kl e Joo Sl L gy ity (J S
L @l sanpley Jlade cod jshaeas |, JIS0l (ol JouS S5 am o8 5o 5 el 135 5 Ll o0 ,Shee Ll
IS Ul Sy mienylitel Sl Jolo bt oSl (il 5,5 olej 5 Al g LIS iy Capm el
O V7] LK g LS el S 4w (b o S az 0 90 5l eSSl b lel ganple) cudes j0 ouls 21k
Sl dapl Gua wlaislsy 935)5 Pligw plRiR 0 paddiny lulpd )3 digugs j5ise S Uy 5 Sinld (o
SFI Al ) polaie Gred a4y 09 jatlew (39,0 ES g @i Dl 18l Cea ead AL CSgw lade J ST b,
Al o Dglas wls lid oyl ISzl .ais,S eolaiwl jaulew 4 joskew Olpss (1alS Caz g Joe Slu )i g
O A Loy ;0 LYA B YL 5 e alas 5l o 4z 10 AV . [0 (69955 Slhigw ol das loj 50 72 5 e yaidew )0 5,0

4.';.»‘).)0 )—OL J.Jé‘b u}ﬁ.w ).1‘).’[.: (':a)y OMOULM; as wl).u...oyla 5).9 4.[4.9.3)‘ Sy d> 30 7Y 39 (5999 ul.iﬁ.m

1. Weibe Function

A1



VEY Sl pgw ojled oozl Jlo (3l ol g g oty - (ool 4 505

ol (6399 Slga

STy eSS s Byl sirles ek e e 1S st 4 PV lSen 5 Sl
i Gl piiSTly b g il ylej g belsee (5,3 2iSTy J,uS b aS ols oylis b IS ol wlaslo,y J oS
ooy (i a8 ol las o8 slaioles] 5l ol bl Hezred (CBbuws A 5 cwlio Bl Hloy 4 gl o0
-Jlell [gige S jee Joe J S wer allu, jo [VA] Ol il ol e K aygly az 0 50 5l a8 ol L 5l
28 kg gl Gangle 432 w4 ad iz S ol el 55 ol I3 aalllas 9550 ) (S STy (eSS
5 B> 90 Ad e eSS Sl esliiul b az e coind jslaie 4 PEiole;l  oriw Lael s cwl oogy 1,35 Loyl )i
Loy @ 18 hyls jo Gollae (6,9500) lawgin ge 4Llzd g CABD aS ols lis jeome S ouiS comyien ) ouS
lyst JuS @l g sl Y] cseals g 1)) el cw s B KWl oS YO g Saz 0 V/E ! 1S slas
A8 o, Slas byl o iy Glysl ganpley 4 olows jelatedy J S 1Sy aST5 Jletil jgige G atuy adl>
00905 pudats 1,35 Lol i o ) (6,900l lawgie jige jLid g CASD lojen jsbay ouls >l b J oS wlasls, joige
Lyl,s 50 CABO (yiiloass cols ay ,ol6 suis >1hb Jyus a5 ol oylas by T allislesl  oviw Liel 5l Jool> zuls .ol

288 JpS Sty (oST sl Glaal atg adl> 7S canlie By, (op 9 Som a [Fr] L Sen 5 05000
bugie jge Jlad 4 g aslas ol (JpuS Glasell o St 5ol n waloss il bbb oy
Lol Sgad dmloes jaidew (5,0 jLid (6, Se3lwl 5,k 5l lgi e |y el )l () (sled .0 So Lol CASO 5 (5,950l
5Kl Sla by, dnmst 53 snm Alin () i LIS et 42 Casl S5 5 A5y o S S ] aolin
Slales ) g e Sllogs slie o Ll I oy, lasls Hgige Blusl Slasin 5,uSojlal cax 5ad o 9,k
JrsS 0 anse e b oS la K 5l oo a8 5 5 wledlbl oS 5 a5 a8 ols oylis lagy] zuls ool jg390 aSsh
sols wl)l obles Gl gl 1) jemme JyuS Jow S [FV] )L, Ko g Sl 0 05 1,8 ooliswl 0,90 ailygles slo gl il
iJse onl ooy el Gl 9 58 Jobs slaoe pj Jold (29,5 a9 (69959 99 b y9200S 28 Joe S Joo 0
- . .- S 5 A . : \ : .| & . . 2. - L
oS 5GPl hugle Sge lad CASD:Jus (nl slaizg> 5 (29,5 slojls (Shssil &5 9 Cepm E5
Ly Ombles Gl j5ige  (Soliud Slasin chog ol Jow (pl 45 aas oo plis oyl zls el (584,95
Sl soge sl Glpal s adl> S gy 5L FY] o) Ken 5 S sl caslin J 708 o Slos (gl g atils
GilwolsT 09,5 a4 Lo )5 (g3lwalsl ol o 5 il lagSIl wlul 1) (8ls] slaoge oyl ailosges ool ailfois
PO i (L,;:wa shls) g Sl g &)l > (_g)’L.u.)‘)”‘ 5 lixe lal> g0 &)l > ‘_g)’l...q.)‘)‘T (Sl 1o S5 &)l >
Ol yss 2alS (3l il ganpley JyuS 4 0B Jus o5l ol a5 caslosls ylis o] alfisle;] bt aisges
alllas 5 o) 2 4 V]2 5 Yoo 15 ool 02,0V 0 5) -+ 2S5k slasls 5 b 60 ,Shae Ll 18 )0 45 2 aas >
ol o lansls yy (Js 1aSTly (oS5 Jlidl jgige o CABD o liat £9,0 loj (i Stz s37ee JyS Joe
oslawl oz aloles 51 5l ol lo) Soe e jelaie 4y g oulpMol oiasS LRSI Jow 5l sl oo s sl o
5 Gyl g9, Gloy (Gt 0 owip 4 K a0 IYF 5 Y Glhe lawgie slas Sl Ll s ol sl
S ol A  jemma HLad S wiled g cud b ) [FF] kg SOLE el aliolesT slassls 4 s CABO
o )Ll (JyuS STy (oS Jlnsl gzmen ol (SanT 5 b ool b Glial jo jeme jLad 58 galS B 4
5 axwy & [FO] o, Ken g gl 0g0s oLl ‘_;MYT ool g 205k 8l 4 ol e o P LIS\ RN PR PN
DS Sy ST e 5 Gl e @S 4 S S elie 4 jsmeue S S s

1. Exhaust Gas Recirculation (EGR)

Yo



TN Il ggl B0l JLalS cpols olsz (SIS (Smga,9r loa! dns

Lsgia Jige i 5 CABD i iy iz e J55 Jon 5o i iisl 5 s & 15 5 Lo sl
L 1) CASO jlade yesite Joo 00iS (fmiom S S (Phb boaslol jo xSl jo5ge ()35 Lalyl )5 (6,510l
lodgal Cof ead (il Cgu S5 e oali by (6,30l Jawgie Fae jlid jlade g Coges bl (o) eelad
,lzd g CABD yolas cud ay jol8 ool )b it Jow o0 gmien S a5 sl ools las o o0 (ouw el
Sy A5 I 5wl 0 ISl YY) g K 4z 0 1/ 5l 2aS e 4 oolhs b (6,550l bagio Sige
] ALB10455 2,0 B 3l 6S (g4l0de jo |y (6,0 W gt g0 L

it 3 ol mls asloy jeite o,8les w35 50 550 sy Joo J5uS 4 [FF] oSen 5 gails)]
Soslainl b FV] o )an 5 xky .l Jpo g (b S8 K o jgige j0 colaiwl gl JaS cpl Jaily Sl
JrS ez il olo bl alas sy 55wailfss j5ise 3l J5uS & o )pilSenil bawgio jso Jlid g Gl 55
sly lagl ogd a8 3l Glosen ok il anld b asye polie (rized g jsliaS b Lo polie wil Gl
Slaal ) il 5 el S 5 longes solitasl §l2m] 35 s 31 Biml anl b sl 5 o6 51S00i] Lanwgie fige L 5l jgliis
1 S il 6,10l Lgte fan Lid Lulnd o LS oo Shee Ll aw o Slinles] el dalllae ol Lo
sla)l o a8 sl o Lol el oo, plonil & J S 3l ml 93 58 5l lages eslitul 5 cob Gl S e Ll
el Ol Vb slo)le jo rizmen cZel gt 3l 35500 b g (6,8l hangie fge JLad (8IS Cul ¢ S5
9970 S5 Joe S sanng b [FA] Ol )len 5 Dol 0)ls 352 Gl 5550 5 6y plel Lawgie Jge jlad (pLils
L 5 L35 bl 55 55 plSecdl Loyt ige L6 5 CABD J 555 5 oS &y e e oS i iy e b 555
@75 3 97 Soid Sl Joe I (oS 5 el )l jeme J5UST Jae Sl (J S STy (o515 Jlsl Hgise SO0
Eard oo 5 90 g LS s oyl E g e walits b CABO 5 o,55lS,0l Lamsgio o Lad .o
a JSalyslS V0 5 S az 0 VIF Sl S glas gonims i (o2 Slialel 5l ol gl 058 o0 S5 (i3
il Pl bawgie fge jLad g CASO oud (sl cos

oobles ol pyign 5 Shas 13 T JSS il guisplo) omil 1 plsiegs wih,T 590 Slallis & 45 b
b gl 68 5hee (gosgame i yinS 3yl 1S slolSal, Lol Gua i o)Lt Y cllas , 45 jsblas 2 o
U5 sl 0 S aply wsseie LS (slaeite s ol e 5 ol ombles o] (sla,gise sVl et
S asl; ol 2 epdle ool ables (Bl sl ygise po 3l ganpley slayell nyio )8 s 5 (CAS0) suiol;l
3 dgdes aB)S i sl gangley Sull s Glged Sl Gl (S 50 g8 3l dlhi aniiy Jlad
oilal a4y el oo Jtil jo 13U by e g St g BIS LM 51 liadsl jglateas (obiles Sl slagil il
3oy b rizmed el Gl¥l LB Jlisl 3 p5b oy g e 20l Gloj S b Bl ol IS
Con 53 Jlidl 5o 3l Coeal 1l a5 cul s BB ooy cnl 5 es09,9 S (25 a3l Bk 5l bl
it ey Jitl 5 ol S i asliial S Gsa bl g 55 g0men 3w patbles 5o 5
on sehie 4 &S Sl Gl el 7S Shee lgreds S g Bl pitacn JUS 50 jaiden SIS aiioy jlid 5 S s
el 438,518 (o) 0 9 S 3590 (9275 dalllae SH )3 peditns (2SL Gmbles (Sl jgige Sy o Sles

odlisw! 3 g0 (2K bo T &l s
ol o3 Slaseie col ot solil DF Y ot Lt 3l AVL 8,8 el yailos 5 30 ysise oo 5l i ol 59
O LM s jelaie 4y anl oad ools las (V) JSS& 0 &Laﬂ s 0,la 3o 5 00l oo)ﬂ V) Jgo= 50,5550
5 iz sobsw 4 Hise (o9 e 39y bl a8 S 18 jaidw ge e Fro alols o 95l g - ke

\id



VEY Sl pgw ojled oozl Jlo (3l ol g g oty - (ool 4 505

(23 Shaw Sl eslital o 0gboe 3l ol alaizs Sy (L2252 Olgw vy il e 5 g bglde (B0
[0+ Fa] sl oar,¥T jlacil 5 550 0 Shae ¢y azdlas (3 5 0951 o2l

obej pelas b ‘\u**JL.Z. St OsmYode JiSow 6,15 a3 2 ens Gyl 5l 63955 o5l jo eal &5 Gl e
S Sy gt sl Bl Heiee sl Ll a4 o) (A 4 gl pedls bioe st G e Bl padl
ool ool ool Gl sl alhass ol Glid e 655wl 61 QC33C Jaw AVL oS, cole G asdlg s
Jle jled Joaws a5 Jb j0 0,8 oo planl ST aggly </Y cds L 364C Jow AVL oS8 ,0 10480l dlwss (5l pools
4 3066A01 Jow L AVL o8 i ol jlad oaisS Cugds gl S oo )5 sy F ol S oz glas b jaidew
Sl oy IV L Jolee AID (5,15 0 00ls g ooly bawd sllas pizmes Gl do )0 V5l 1S 5o

Ol 0ed oo (6503l 733S Jaw AVL 8 i clus oS gus d5lg0 oSiws dliwgs S50 Cd g Jawgine B pan
CS g Bpan bawglo Jlaie Grizmen 09d o0 Sl i, Bl s VU 5o @8l (5 < TA G55 dbwgts e SS9
e 335 e (5Tl s | 51 S slb L DFC 36 s S ppl 5,8 ) e bz Gk o ol
Ol g @yl SY¥same g AVL oS i ol FLOWSONIX olfiws 1 oolaiwl b 0 ool B pas (59559 sl o,
ol 00 (6 S o3l AVL &S )i 3l AMAITB0 (9,5 (6550308l i olws aliwgay ooV o

Ax
Compressor
PLENUM |

Gas Pressure  One-Way-Valve

Regulator
Axr Pressure
tor
Fuel Fuel
* B )
EMISSIONS v sy Pud
MEASUREMENT | L g uectr —
THC YA
r i 17 RPM Coatroller
(.H., NOx Filver - CURREN
ENGINE DYNAMOMETER [
co

S S - AL LR L LR

2777777777 7777777 7777777, ]

Figure 1- Schematic of the Equipment used and their Relative Arrangement
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Table 1- Engine Specifications [50]

Specification

Nominal VValue/Description

Maximum Power 18 Kw
Bore 85 mm
Stroke 90 mm
Compression Ratio 17.1:1
Combustion Chamber Bowl with Valve Pockets and Flathead
Injection System Common Rail
Max Injection Pressure 1300 bar

Valve Timing Opening Closing
Intake 13.5BTDC 46.5 ABDC
Exhaust 51.5 BBDC 16.5 ATDC

1. Pulse Width Modulation (PWM)
2. Aalborg Instruments and Controls Inc.
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Table 2- Various parameters and variables during tests

Description Tested level
Methane Mass Flow Rate 15, 20 (sIm)
Engine Compression Ratio 17.1:1
Intake Charge Pressure 1.16 (bar)
Diesel Mass Flow Rate 8 (sIm)
Diesel Fuel Injection Pressure 1000 (bar)
Diesel Fuel Pilot Injection Timing -30, -20, -10 (CAD ATDC)
Engine Speed 1000, 2000 (rpm)
EGR Rate 0, 13 (%)

Bl > dogi b 2ol
Bedse (B b3S T ey (nl 5o eadesliinl Gl gl Grosi g 63, 8hes e sla el Sl (B e cnl o
Sl U5 5l e, 8 o1 5o oS lagly 5 sl 98 Oloy m lugly ©olds Glge 4 dD (Jlsdl po b
Oloxe a4 CABO (3l il 55 1o cosl oo o1 S &yl 5170 o1 40 a5 Glaggly oylsie & CAB (Gl il £g,0 sasloas
TN+ ol 50 a8 Glasgly Mzl lgie 4 (CAQD-CALD (5l il o g il oals ol51 JS" &l 5178+ o1 jo oS glasgly
IRCISPN TS RV PRV 1 I CORCO JES VA N

Ol SSle a5 Cl GAIBL (6,810l 035k (SIS Glyiml j5ige Ko sl 0 Shos (ogat )3 poe bl K00
85 Cge oy Bpas Grizen el CSgu (5 G ST 51230 eas 0 655 Dlies Sl 4 g 5l (Lo L8
S Sl 485 )15 ax g 0590 55590 63,8hee bl 508 (lyed s Sl o SIS wly jo (Bras gy 5l GlaS
Olej yo slad pSlas (ali8l &5 w0 S 8 e b (e s laygige jo Bliml ogas 10 &5 oo sloyual by
Dgd gmms Gl )0 gl Glsiear 0505 oo Sl (G5 g sl @5laslil 25551 a5 el nl ol gl

YA



VEY Sl pgw ojled oozl Jlo (3l ol g g oty - (ool 4 505

b cuvgaze sls &5 ol o] 0,5kae 0)50 Jsbo 30 j5i50 Dlabad 00l Sloso (2alS 5 32l )0 598 5l Slizl sl
a3 oo Las 2Ty Jlons ghly E g 2l loy s 4 aikew S5 JLad # anciny [OV] ol VO tbar/)
o Bl T St w58 8 it b catbles G L 5 o5 s laally K S
97 )b lade 28 Vb Sgo Dad o Jod mbles Gl 6lasgige o Sles a4 oS aas oo i Slidos
oSan bl o815 sl im cmbiles 3l amsiiie 5l e losiitns oy ol 390 42150 Cudgazma b y5ise
Sad plea b 3l gl g pw 05d 00 5ige jatles (gy0 byl pz 50 Ol Vb Sl sluslil lag s 5
abanly (mbles Gt Bl b slaygige ;0 b gy 0)ls JLad (3L (slag 5 (aljfl )0 s, dz ol D90
O R eo R CW S EJURVES- S T U oL JEN X SO RS C T Y
OBl E 5 252y plie cDge D sasdy gaialys Sl 50 s5ise 4 Glejal 4 0B (glid gloal b (ot
Gt w235 5 6r99 ey ol 5l izl caz 0 o8 sl 5 amd e 59, Gl 5o Sl VL sileslil 25 g L
oo il S5 JLib s (T S 50 [OY] sl mpms 5 YU La5 Lialdl slog 5 ol Jole 45 sl ois
Hlad llog vald « K o a0 Vo B =Y slilgs oogame o .canl ouls ools lis 5l fgs 0929 (Dm0 10 (60,8les
1345 (g ,Lid Zlaal alalyy Yo uilS 3 b Lid Slilog ol ol B S by g Sl Sz s alas 5l a5 sy

Pressure (Bar)

-2 -10 o 10 n 30 0
Crank Angle Degree (ATDC)
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1. Maximum Pressure Rise Rate (MPRR)
2. Ringing Intensity (RI)
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Figure 4- Heat Release Rate versus Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 15 slm
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Figure 5- Heat Release Rate versus Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 15 sim
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Figure 6- Heat Release Rate versus Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 20 sim
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Figure 7- Heat Release Rate versus Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 20 sim
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Figure 8- Maximum Heat Release Rate and Corresponding Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 15 sim
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Figure 9- Maximum Heat Release Rate and Corresponding Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 15 slm
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Figure 10- Maximum Heat Release Rate and Corresponding Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 20 sim
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Figure 11- Maximum Heat Release Rate and Corresponding Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 20 sim
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Figure 12- CA5, CA50 and Combustion Duration in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 15 sim
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Figure 13- CA5, CA50 and Combustion Duration in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 15 slm
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Figure 14- CA5, CA50 and Combustion Duration in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 20 sim
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Figure 15- CAS, CA50 and Combustion Duration in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 20 sim
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Figure 16- Maximum In-Cylinder Pressure Rise Rate and Ignition Delay in Different SOI’s

at a Speed of 1000 rpm and Methane Rate of 15 sim
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Figure 17- Maximum In-Cylinder Pressure Rise Rate and Ignition Delay in Different SOI’s

at a Speed of 2000 rpm and Methane Rate of 15 sim
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Figure 18- Maximum In-Cylinder Pressure Rise Rate and Ignition Delay in Different SOI’s

at a Speed of 1000 rpm and Methane Rate of 20 slm
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Figure 19- Maximum In-Cylinder Pressure Rise Rate and Ignition Delay in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 20 sim
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Figure 20- In-Cylinder Pressure and Temperature versus Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 15 sim
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Figure 21- In-Cylinder Pressure and Temperature versus Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 15 slm
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Figure 22- In-Cylinder Pressure and Temperature versus Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 20 sim
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Figure 23- In-Cylinder Pressure and Temperature versus Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 20 sim
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Figure 24- Maximum Pressure and Corresponding Crank Angle in Different SOI’s

at a Speed of 1000 rpm and Methane Rate of 15 sim
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Figure 25- Maximum Pressure and Corresponding Crank Angle in Different SOI’s

at a Speed of 2000 rpm and Methane Rate of 15 sim
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Figure 26- Maximum Pressure and Corresponding Crank Angle in Different SOI’s

at a Speed of 1000 rpm and Methane Rate of 20 slm
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Figure 27- Maximum Pressure and Corresponding Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 20 slm
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Figure 28- Maximum Temperature and Corresponding Crank Angle in Different SOI’s
at a Speed of 1000 rpm and Methane Rate of 15 sim
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Figure 29- Maximum Temperature and Corresponding Crank Angle in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 15 slm
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Figure 31- Maximum Temperature and Corresponding Crank Angle in Different SOI’s
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Figure 32- Indicated Mean Effective Pressure in Different SOI’s

at a Speed of 1000 rpm and Methane Rate of 15 slm
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Figure 33- Indicated Mean Effective Pressure in Different SOI’s
at a Speed of 2000 rpm and Methane Rate of 15 sim
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Figure 36- Indicated Specific Fuel Consumption and Gross Indicated Efficiency in Different SOI’s
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Figure 37- Indicated Specific Fuel Consumption and Gross Indicated Efficiency in Different SOI’s
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Figure 39- Ringing Intensity and Indicated Mean Pressure in Different SOI’s
at a Speed of 2000 rpm, a) EGR = 0; b) EGR = 13.
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Experimental investigation of the effects of the high cetane number fuel
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In recent decades, low temperature combustion engines have been the focus of researchers as an effective
strategy to achieve the optimal combustion model. In this method of combustion, initially, the fuel with high
octane is sprayed in the inlet manifold and then another fuel with a high cetane number is injected into the
combustion chamber at a different time. Combustion in reaction-controlled compression ignition engines does
not use direct control tools and depends on the reactions' initial conditions and chemical kinetics. Considering
the importance of ignition timing and its control in low-temperature combustion engine performance, in this
study, using the control variables of ignition delay, fuel injection time and maximum pressure inside the
cylinder, along with the fuel injection system as the ignition control operator, to the experimental investigation
of the performance of a direct injection low temperature combustion engine has been discussed. The results show
that the injection time of diesel fuel inside the cylinder is one of the most important factors influencing the
performance and efficiency of the engine. For low methane injection rate (15 slm), with increasing delay in pilot
fuel (diesel) injection time, the value of the maximum heat release rate and specific fuel consumption decreased,
while the mean effective pressure and gross indicator efficiency increased. By controlling the reactivity of the
mixture and the fuel injection time with more reactivity, it is possible to achieve the appropriate ignition time,
which indicates the importance of the fuel injection time as an essential control parameter in the ignition control
of a low-temperature engine. In general, the methane rate has a secondary effect on ID compared to SOI.

Keywords: Reactivity Controlled Compression Ignition, Combustion Control Parameters, Start of Injection, AVL
5402 Engine.
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