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1. Particulate matter
2. Homogeneous Charge Compression Ignition
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Table 1- Properties of the fuels

Fuel DME Methane
Chemical structure CH3;0CHjs CH,
Cetane number 55 0
Boiling point -24C -161/5C
Stoichiometric A/F ratio 16/82 9
Lower calorific value 28/8 (MJ/kg) 50/3 (MJ/kg)
1. Misfire
2. Knock

3. Natural gas
4. Dimethyl Ether

£5


www.SID.ir

lp el w0 S (cwyp amaiz Joo Gl esliinl L 1) HCCH slaygige jo (oamb 555 Gl il oS g ISLugS
gl ol 18 eolanal 550 1) (bl (2ST9 B0 ) 5 (ol 35 VO ol (055050 ¢ ploand Jabo S (g 2
I ]sls olas oo Jow slo sim i b duslie j0 a5 > jLad g Los iSTae o i 40 1) (6350 oy o]

Fless cogu LHCCH j5i50 Sop0 1) (SandT s Glyimt gige o,Slas 2 0515 S 13U oo 5 Silo
250 @815 S a5 Bl 0 5 Wo S bl Sldiiess bl sae g s pd et Sdeds gl oS o) 0
IVEls s JLasd g Lo (9, (comiins

Solhesliinl b ) patee (286 b (Sen S (o515 JUSl jige o (San¥ g Gl ohSes 5 San
Ol b (Rer S g (oSTy Jlndl jgise 45 000y enalive gyl i S (cy ldeiags S g b jailin ST 5ise
IY0lasS o Joe YL (5305 003 L g Sgmg 0,8 o 50 5l iecsd Cgun b pordiions

ooty GHES g Sl 5 Sl sl et s abws 4 HOCH y5ise 3l iol 05 g an 5 bl
B0 Brae &y byrpe S asly i2lnl Bgmir Uy (Si5 0 (29,5 slajl g Jolbl (o Sadlal a5 wio S pdlel
o5 SV g Vb ool Loolyad Kot C g o515 Jlil j5i50 (63 ,5has s3gama b S 9 (CABD) i gu 5l duoyd
Iyslewls 1,

SEge b ygige S o |y (Ker S g (o515 JLidl jeie Bl n Sldetess lie S 58U Ol 5 g5l
b oRKod g (o515 Sl 5ig0 3l (5008 (y 0 b oSan g Sila [YVIW0 S s 0 e 5l itass 4il5go
Sl s &5 Gloj Lal el oo (Rl8 aS 9590n,S Glime s hles S (Rl L a5 w8l )0 Sl fitess C g
IYAL sl oo (2018 0nS gigacn S ol unsl S35 oo

Oyl g5 g Lo Glad dlexjl 63 Shee slayiall Sliss » OB @ Sldetegs g9l 58U anlllae cnl s
Sl a4z gl b oy mbiond ol St @505 554 by CFD ) oolicial L HCCH 530 San¥T 5 5 saal]
SVl Sealiod gy b g s00e Dygotr plagingn! las S 0 s (Senlindga 5 laJulod 5| anidS slagiagyy yiien
Dy gloonds JalS St gy Sz 0SS B8l b ond oS AVL FIRE Jf5dle 5 5l ooliial b 5 lowlons
oo JolS Son (g5l Gl place] Jae aYolee g (Siwga i O¥olas Jold o5l SO¥olae ol azdpdy
Ivalea a5 )18 oolinal 5,50 alie ol yo 28T ¥+ 5 aisd AY Lols

395 90 Wlasin

W) C.:),wa Y de.} 3o )5.)9.:: U“‘ Slasiiwe a5 009 CAT3500 u.\iuu J))o )9)5,0 s_i) axdlas U“‘ B )y Sy90 )5"9‘°

[¥e] 970 wlasin -Y Jouo
Table 2- engine specification

Parameters Specification
Bore 170(mm)
Stroke 190(mm)
Compression Ratio 17
Engine Speed 1500(rpm)
IvVC 20(ABDC)
EVO 40(BBDC)

1. CHEMKIN
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Figure 2- generate mesh at TDC Figure 1- generate mesh at BDC
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Figure 3- Mesh independency based on the in-cylinder pressure history
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Table 3- Results of the mesh independence study

Case | Number of Cells | Max Pressure (bar)
1 8000 108.027
2 15000 136.236
3 17000 141.170
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Figure 4- Comparison of measured and predicted in-cylinder pressure histories
(Tive=430K, Pivc=2bar, N=1500rpm, phi=0.3)
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1. High Temperature Reactions
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Figure 5- predicted in-cylinder pressure
(Tive=430K, Pivc=2bar, N=1500rpm, phi=0.3)
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Figure 6- predicted in-cylinder Temprature
(phi=0.3, Tive=430K, Pivc=2bar, N=1500rpm)

&Jq,'}wﬁué—fﬁ

Olie 5 plaiecss 5l ikt slaas,o b slacuS 5 glp 1) K argly cow p Lo)S (s3lwdlsl #55 Jloges ¥V S
\C}.:.J“lilﬁb GloisSTy al>yo « Jao o0 Vo U il foego 0958 b ol 09l co cdwlive a5 jgblen Lm0 olis
Fy S 4z 0 YPO 5 YO 050> 10 i pay (HTR) Yibeo sl iaSTy ailSgs Jolpe o KJ az 0 YT 550> ;0 (LTR)
O 42,0 A6 0 3l 56 HTR Jolye 5 S a0 90 U Sy 51 LTR (gl oo g0 duoyo Voo 5l s 09381 L aws o0
LBl i T Jds 45wl oo 2alS Yhles slajiaSTy &5 oo yolieS 5lyil o5l ¢ 31 Lita s (ylime Lyial33l b osidl o
Db oo Hmbles GlajiaiSTy jo calolil & lm Jlade iolidl s 5l sl

1. Low temperature reactions

\A


www.SID.ir

Olilez ael g Bl a3 ¢ g5l o

ol (ol a8 05 o el K ax 0 Y aggly og0> 5l (3 uiesd duoyo YO 5 i L) Gl a5 05 o samlive

ady) sloo b 3ol opllan (6 ,u8 USE 500 e 4555 el Jaitlogs 4 5l Leiecss ol Joles 5 VU olias sae 31 o5l
1048 obilan ks plowl sl slS F1 e gloo b Ll e 5] eslital Lulid o a5 o o sianl sl VY
e L g 50 S5 Bre cage g w0 &) 095 Bl (e )d Vol i) Sltess 099381 L el S

e
500
5 450
< 400 . !
=
S 350 I :
@ : 0% DME
g 300 i
2 “ I | LR 20% DME
& 250 1y
- -l = === 250 DME
T 200 | 1y
- |}' : 30% DME
t.a 150 e : €+
: — - 350 DME

¢ 100 l‘.] l,':
5 . 1Y 40% DME

50 \ ‘1 “f 1

0 AP

320 340 360 380

Crank Angel (CA)

Figure 7- Computational heat release rate
(phi=0.3, Tivc=430K, Pivc=2bar, N=1500rpm)
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Figure 8- NO Molar fraction
(phi=0.3, Tivc=430K, Pivc=2bar, N=1500rpm)
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Figure 9- CO Mass fraction
(phi=0.3, Tivc=430K, Pivc=2bar, N=1500rpm)
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Figure 10- CO, Mass fraction
(phi=0.3, Tive=430K, Pivc=2bar, N=1500rpm)
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Figure 11- Fuels and Emmisions Mass fraction
(phi=0.3, Tive=430K, Pivc=2bar, N=1500rpm)
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Homogeneous charge compression ignition (HCCI) is regarded as the next generation combustion trend in
terms of high thermal efficiency and low emissions. It is difficult to control autoignition and combustion
because they are controlled primarily by the chemical Kinetics of air/fuel mixture. In this study, a
homogeneous mixture of natural-gas and air was used in a compression ignition engine to reduce NOXx
emissions and improve thermal efficiency. In order to control ignition timing and combustion, a small amount
of Dimethyl Ether (DME) was mixed with the natural-gas. In this paper, a multi-dimensional computational
fluid dynamics (CFD) model coupled with chemical kinetics mechanisms was applied to investigate the
effects of various temperatures, pressures, equivalence ratios and fuel compositions on the combustion
performance and emission characteristics of an HCCI engine. The mixture could run the engine quietly and
smoothly over a wide range of loads. Under the present test conditions, finite amount of DME was necessary
in order to achieve ignition of the mixture. In addition, thermal efficiency was higher than that of methane
fueled engine, when the DME proportion was optimized. NOx emissions were extremely low, however, the
emissions of total unburned hydrocarbon were high.

Keywords: HCCI, DME, Fuel composition
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