Bl g S s Sk - ele a0
VEY Sl o Jol o)leds ool Jlo Ol ! @l it crazmif

g b RCCI g5 90 NOX (gouiu¥T jLicisl g (g0 ySloe sl yolyl (goue I
iz 65l cams 9 il slagle) yo Jmo-plie

TS s3mg0r9 ol pws T POl Slg2r (515 e G0
mahdi.sarfarazi@birjand.ac.ir cuz 0wz o olKisls (SlSe  pwaige )l wlid IS )
jkhadem@birjand.ac.ir iz o iz o olKisls (Sl gdign ¢ Luisls =Y
iman.pourmousavi@yah00.com (i o «diz ol (Sl gvdige (6 55> (ggomils -V
cbolre odi gi

OFYAYA G5 AP Y AN - solodlal )3T il s AP Y-FNF il o &b

el (A3 Gl o ygiga 059> Slidos j0 ape Blaal 5l gige 805k 5 Glg il 56 g ean YT (g bras ials ol
5 S ilaid 513 ks a8 500 by Lo Gl 039> 0 iz (655l S plsieds ((2iSTy J5S oS Sl sl ygise 059yl
s NOx ‘50.).;.3_5” Slaasl g g0 Sloe slo el (goae cwy 4 dlis cpl jo Lol Gl M]).B JrsS omb Lo Gl 059 oMo
IF0 5 YO < IVD 5lep Camd A g =00 5 -YO Y Ve il slagley jo o —pbie caaSTy S8 o515 Jledl gise
&S5l Gl ilwand Glyp 5 435 Ohso z)lS Slaslbre OYLew Ssliys Jl38le 5l eolaul b (gilwans sl ool aisls
olsl b ses o ylis el vl oo soliiwl 2iSTg FPA § 4555 V8 Jold oloowd S 15 g 5o G ol jon 4 SAGE 3l 2>
el aS ols Jlos a1y jlad Lmals -0+ ¢ -0 jiil slagle) ;o sy wilsT b g sl oo ol jLad =Y a=Ve 5l Jpno cdgu iil
ars o ialial 1y Gt ol Jsb 5 Jlamsl o p 3l mel)l Jlade (s S g (bl Guilsl aizmen 05 o layle ol jo a8l Gl
Sl S g sl Gulsl b (B 5]l Cgllae 3lasl S5 oS 04 o 5005 Vb Fye alaii 4 CABO jial)l oo Yo 2l oyl 40 5
sl yoll al33l oo 8lul o33k Gl cely (5 jokar (63 ke S (aal B b oo 2al53 NOX ouia¥T lie Yo 4 -V (e
ol o @ 1y &yl (oilwslsT #5 gals /T a0 /YD 5 gyl ol Gl wizen 09 0 CABO ¢ 5l st o3l Jobo o Jlensl jo ),.>b

S5l

AVL 5402 5550 g Guly ol somly boo 3l s238Ty J 8 (o515 Juns) 1 5lgaads

doddo
23 sl 035y bl (sl STss iz 5 Giale )T el Caz 6551 e it Bl o5 Cel Jlo e iz
2 S @l slaygige il (e anelz o Joo el (JB 5 Jo (05 5 VAL Lo yo (SIS Gl ol sl gige
I (Sogll 5 ey aleyS ooy S (co)l5 qle (Sl )Sg e S g b a5 aiien 525 VL Ol5 il (Solo s
0395 SdeaST 5 (0 S anSTss wile IS slasls Ll winn Mlos whw 55 )l slocon G it
sloaxly G5 5 cil lRagVl 0lfyys colad Sl o G35 al Wisdioe 92 (Fogll 5 eej ale)S Esly
# oolbsb s 3b st lon (Sogll igdige 25y Ism 50 lagyopg laails IS wiile taio S1e 5 candy sk
30 Gl s Ol ya0 g uled Wigd oo Cons ) dasme 4 6 p Ll JBT Hael sezg 4 cely g W ls Lo lusl cedles
Cansj oo 5l cbslas WlsT YoV e Jlo o el ool 1>l g 5580 ylam puol js 10 0398 9 NOy 0ais¥T g0 ,Lactl 9,90

p,5 1Y g cele Slg oL 5 0,5 /YA jlre o> 0 1) 0590 9 NOy su¥T jiSTas jlaie (EPA) \l.ii),ol ode YL

! Environmental Protection Agency (EPA)



S Sgmgarg plol s ol Slsz (318 (s

G5l YU 5 o03h & o b il aliime 31 50 boaYT als sbial, o V] )5 s g 5LS
b ysise Olsin B Coul 0ol ploul glos i alans o Sligiss b &)l |l Lo @l pb ay udiizes Lawgd (soya
sl andls Jlds a1 Vb 035l b 0ogd g (35958 gl 125 (e (S 45 0,8 adg (glaid iy o515 3l 5
Sl p ol Lo 5l I8 ol Lol ol Lo Gl 51 ooliiwl NOk (slvoas¥T zalS sl Sae slaig, 5l (o
057 9 ond Gl dlaime slod halS o (3l bslie (30,5 58, sl Cgu (p35ed el Gl 5 09,5 345,
» b L rimen koo Rl caVI ol Gl )l (VL Lo b 6551 @ 5l Ol slaseaST oY fSCis
0090 ooVl 4 o g ail el 5lisl alime 3l S bl pxe g (0,8 Al i 5 | Jlendl
I¥Tost o s5550 plasily 28, Wb el &l > JUl &5 5 315 loj e alS e el JUS po oo alS

SSe &5 b Lo il 69, 2 oob) lagiagh (atme Cewj g olatl gladiie (ludige jshiien
ol Lo (Bl 5Tyl ds (yme 4y i gy (ol el 00 plosil el y5ige aio 5o L (slasglid

" Sen o515 sl gl )

Tl i ooST5 Jleal sl Y

el oot © 28Ty S o815 Jlensl gl sl ¥

B9y &5 Sy 4B (nl & Ol oo (BT Slas il (59, g GeBiizee Lawgs oud plonl Dlidod gl 4 4z g b
Y s sae s S g eiiens 28l 5 (5355 015l 53 (mly (53 25T9) VL ST sae s e g sl
T3 S ol 2Ty S8 a8 Jlansl 3l sl Sige wlgioe 3l alaime J5 15 & (VU 6 iy 25Ty)
G il b cogu o 5l ol &)l g 00l 5ome Vb 6y STy b Cgus il 0,8 o0 IS il 095
Omb oSty (g 4 Vb e pd STy (el polae seb 4 Gl isygld Gl po S (oo By Ty il
GHhSen 5 (xS bawgs g5l (nl aesge alS T jLad al8l slag S Gise jsb Azl jo WS e iy
JuS a5 axtes HCCL jgige o9 @dly, baygige ol [V]0 0uel RCCI Jlazst ay by o2y 8 oSTy5 Jlacs
2550 ol 3 S s s iy STy )l loan VT g s Bpae palS gl b g 4Bl BT (5, 2 s
4 25 on i oad planl (gue 5 (20 lalllae g S sl Jsb s "ol oley i s g5 b
YL o3k 5 oo VT mhas ials a5 ol Lads U1 JLas a5l &5 2Slas 5 &lisl J,u8 oSl RCCH gl
ool I¥lecsl HCCI 3151 51 poansS Jlgansl sl (o551l cnl a5 conl cpl [Sls Julge ol S o wolp Egun
55 il g o CE g peian il 5l ookl b oojle Cogu QLG ey jo 2y BB s pdiAllasl g 5ls
9 & S 1) S Gl 5 0sdse Jol> (g8 (Sa¥T 5 VL 005l «(609)9 Wshets o Joilil g Joibie (b
[flass o 45, PCCI 4 HCCI 5 2]

Lol (Gl 003l il ST a5 0090 5 (59 SaaST Glroan ¥ rals (o3l il (nl poe Slaal

o 03 )So Slaal A ydew 6‘).‘ u.‘>5.w L.S"))J UL°) 4.1.0} )‘ L_ﬁ"))" 6}"‘)’““" gysey) 9 u}}w 99 ‘_;l.&bwu s d,d\) p...la.u

Low Temperature Combustion (LTC)

Ignition Delay (ID)

Homogeneous Charge Compression Ignition (HCCI)
Premixed Charge Compression Ignition (PCCI)
Reactivity Controlled Compression Ignition (RCCI)
Low Reactivity Fuel (LRF)

Hight Reactivity Fuel (HRF)

Start of injection (SOI)

Combustion Duration (COD)
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! Conventional Diesel Combustion (CDC)
2 Gross Indicated Efficiency (GIE)
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Table 2- Injector specification
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Table 1- Engine geometry

Piston top 543 K Included angle 142 Bore 85 mm
temperature Nozzle hole | 0.170 mm Stroke 90 mm
Cylinder wall | 413 K diameter Original 17
temperature Total injected | 6mm?*/cycle comprgssion
Cylinder head | 513 K Mass ratio
temperature InJect_lon 1.35 CAD Injection Common
duration or 150us system rail
Diesel fuel 1250 IvVC 46.5 ABDC
injection EVO 51.5 BBDC
pressure Crank speed 1500
Temperature 341K Number of 5
_ diesel nozzle holes
Injection Connecting rod 148
Nozzle tip -0.0018
protrusion
Spray con 10
angle
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Figure 4- Comparison of HRR of numerical solution with

D)0 228 @B b o3 (o Bl ol IS (g5lwand

5
4.5E

4

Pressure(MPa)
. N w
- [$3] N (6] w (4]

o
3

Present work

Experimental[22]

T ———
0 1 | ! | 4l
-50 50 100

crank(deg)

Figure 3- Comparison of pressure diagram of numerical

experimental results [22] at TDC injection time and equivalence
ratio of 0.15
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Figure 5- Variation of pressure in different SOI at ®=0.25
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Figure 6- Variation of pressure in different SOI at ®=0.35
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Figure 11- Variation of HRR in different SOI at ®=0.35
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Figure 12- Variation of HRR in different SOI at ®=0.45
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Table 4- Parameters affecting the combustion phase in equivalent ratio 0.25

SOl Start of Ignition Combustion CA5S0
combustion Delay Duration
-10 -0.76 9.22 15.43 2.28
-20 -4.50 15.49 16.3 -1.19
-35 -6.58 28.41 27.31 12.12
-50 -0.21 49.78 87.81 23.88
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Table 5- Parameters affecting the combustion phase in equivalent ratio 0.35
SOl Start of Ignition Combustion CA50
combustion Delay Duration
-10 1.40 11.40 16.24 5.42
-20 -2.46 17.54 18.41 1.99
-35 -1.87 33.13 35.75 13.26
-50 5.86 55.86 12.24 11.36
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Table 6- Parameters affecting the combustion phase in equivalent ratio 0.45
SOl Start of Ignition Delay Combustion CA50
combustion Duration
-10 3.67 13.67 13.93 8.45
-20 -0.19 19.81 20.52 5.47
-35 8.49 43.49 12.35 14.06
-50 No combustion | No combustion No combustion No combustion
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Figure 15- Variation of Temperature in different SOI at ®=0.25

YO 6 pB Sy Wgliio iily sl ylo) jo Lod Hloged Wl s -0 JSCi

1600

1400

1200

1000

T(K)

800

0
Crank(deg)

Figure 16- Variation of Temperature in different SOI at ®=0.35
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Abstract

Reducing fuel consumption, pollutants, and increasing engine power and efficiency are important in the field
of internal combustion engine research. Nowadays, reactive control compression ignition engines have
attracted the attention of researchers as a new technology in the field of low temperature combustion. One of
the problems in the field of low temperature combustion is the control of the combustion process. In this
research, the numerical analysis of performance parameters and pollutant emissions of a methane-diesel
reactive control compression ignition engine at injection times of -10, -20, -35 and -50 in three equivalence
ratios of 0.25, 0.35 and 0.45 has been paid. CONVERGE CFD software was used for simulation. The results
show that with advanced injection of diesel fuel, the pressure increases from -10 to -20, and with more
advance at injection times of -35 and -50, the pressure decreases, which causes incomplete combustion. Also,
advance injection of diesel fuel increases the parameter value of ignition delay and the length of the ignition
interval, and at the time of 20 injection, the CA50 parameter value is closer to the top dead point, which is
desirable. On the other hand, with the fuel injection advance from -10 to -20, the amount of NOx pollutant
increases. Increasing the equivalence ratio, increases the indicator efficiency, ignition delay parameters, the
length of the ignition interval, and CA50. Also, increasing this parameter from 0.35 to 0.45 reduces the heat
release rate.

Keywords: Reactive Control Compression Ignition, Low Temperature Ignition, Start of Injection, AVL
5402 engine



