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www.SID.ir

ol OlgeS 9 sl S el (gl puo SBB9P a> c(S0o0 de>g

b jere A5l Gl slaygige jo eolital sl dee ol o olyieas HCCIL lyiml copl s92g b [V-Flogs
Juisl loj sl comlie (S8 s b JFIVL (gl 41 550 ()15 0game 518 alor 5l s00sie sla lly
el axlge [V=FI'UHC 5 o S S sige slooany¥T ol i 5 20l

Wb (Bl S cnl il plfan o IV ] plents St & HOCT il ayod (Sols & x5 b
s ) ol Slasle glo o Blpiol Jao o @ Jate ploord St Jloel Lol gt a8 )5 a0 oloond Sitins
@ b e Jomdhins Aol S i pliend St a3l )0 39290 455 2 il ) wasoe IPN 6 pSKeis
Semalindge i slo Jus o) Gedo Bl o Jow 5l oolwl &yge 10 50 B )b 5l ogd oo adlo] alivs oS> SYolee
S5l ey solainl a5 Cawl mSlg e, ol 51l aalss ol Slawlre (loj s (Gamaiz o Joe b sladlaionis
aS o p oo YU sligSa 1) sl (loy Budo Bl Jow G g S sl ol b fase gloand Seitw #5015
olas Lol L a5 a3 S plowl gy Slallls 5556 ane) cnl o [V Vag oo St e 3l (sluancs
ol DY el s e baJoe ploants St ailge 4  YVob Jloas (Slonlo (o) gl 5l (slodas s a5 wilosls
Al 5330 ileancd lp (il ;5 35290 Sla 23Sy g laaisS slass ;0 Sjlea) p3dlse o3Il 2ol )90
pielSe (alS anld 08 o plail psliie ul &) a5 Slles dsgorme 4 (GHRs% (il 35dse el £9094 HOCT
Al ol b

oad o piie el 5 TS (2als 5l aker o 51 a5 09 plal Sslite pob 53 Wi pilSe 2alS
drvaaleates Jdos DF] gl anains (yzmen ilize gla g, 5 05356 sl ool 5l S p2 0 [V Flew
Bi> e peiiee s ig, [YEYY] Sley ebiae Jlow ANV Jaie pals Y] STy Sl o
CaS lgee S Heba el oad oslinl [Y¥Y¥ony o dulos o YY] 28Ty oL, Judos [YV-VAXYO-) Fllawsss
5 003 poley aiSly Saal oo 5 (VY] ol 22 (oot alozsl) ol Sl « gloas aipaios aiile olo b,
g ol als JulSul mhaws B als” Koo slagty, 3l (o @ 1) Jade ppilSe bl dag) sl eoliwl 51 L3 cunl 224
laaisS Bi> s madins (slo by, (JUlSal 20057 sl g, alaz s [1Y-1Flogas Jlael ol @ 1) gy ol o
Sasi b o g ol Slewbre sy oslls L DRGEP § 'DRG (sl g, s ol 5o e b 25Ty (gloay
Dy flusloaibio Jlos )5 lapplse 4y Jloel sl V0]l 25T,

Cgu Jabo p3ilSe Yoo Jlo o Glieiass olp GWge ol ,0 45 9,5 o catid g 5 o) LIS IDRG s,
|, 095 Slinios Samgh 98 0l wm slale o [VFlassls pals cudge b ogs eloul 3g, 5l oolizwl b 1, oLl
ol 508,5 GIDRG gy sladol Yo oA Jlo )0 gus 5 Sgemn [1V-10]050ls aslsl DRG 3, (slacalils o,
Jaie slop;ilse 4 ®PCA s DRGEP i, 55 Jlgie Jlosl b ¥+ 1+ Jlo o 2l Sen o o3 [Y#]asasl DRGEP |,
HCCT ;5390 50 Glpot Ll pd Gulul 1) ladly oS slapsliio wagilss Joto g (S5l Jlo s (b Eogm 4
6laygige Bl Ll sl Boas bappslse (malS sliwl) )0 suiualonl sla S a5 59 o oaalive [¥V s 5T consay
B g 50 Glysl Gl gaellls St Jae S5l eslawl b opols IS ey cpl 5l o HCCL (J3ls 5l
Sl pgise » oS Lt o) bedaw ol Bl oleed St Glappille ol (Jloy gl 5 (b
A aleS sy yeise | g (60,8das Lyl dLiul) cpl o 0 S aals JLss HCCI

1. Unburned HydroCarbons

2. Skeletal reduction

3. Directed Relation Graph

4. Directed Relation Graph with Error Propagation
5. Principal Component Analysis
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1. Co-operative Fuel Research
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An Automatic Mechanism Reduction Process in Order to Model the
Combustion in an HCCI Engine Fueled with Natural Gas and N-heptane
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HCCI combustion engines due to their low fuel consumption and pollution have been studied by many
researchers in recent years. Along with several experimental researches performed on these engines,
mathematical modeling has also been utilized as a tool for prediction of their combustion, performance and
pollution behaviours. Although use of detailed chemical kinetic mechanisms in the combustion models will
result in a proper prediction of the above-mentioned behaviours, a significant increase in the computational
time particularly for the more accurate combustion models will also”occur. In order to overcome this
challenge, mechanism reduction process in HCCI combustion engine conditions has been considered in the
current study. In this direction, an optimized single-zone combustion model has been used as a necessary tool
for simulation of combustion. Based on the studies performed in the current work, the Directed Relation
Graph with Error Propagation (DRGEP) method, thanks to its. low computational time while having high
accuracy, has been selected as a proper method for the mechanism reduction process. Additionaly, instead of
the traditional single-stage reduction approach, a novel approach based on gradual reduction with error
propagation has been used. Therefore, the mechanism reduction process has been executed fully
automatically in a wide interval of operating conditions of HCCI engine on GRI-Mech3.0 mechanism for
simulation of combustion of natural gas, and on the Golovichev’s mechanism for simulation of combustion of
n-heptane. At the end of this process, the sizes of these two mechanisms were reduced from 53 species and
325 reactions, and 57 species and 290 reactions to 24 species and 95 reactions, and 42 species and 146
reactions, respectively. The errors caused by reduction, however, were remained less than 1 percent at all
conditions.

Keywords: Mechanism reduction, DRGEP, HCCI, Natural gas, N-heptane.
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