Bl g S gu cigly - sole 4 i

YYAP 50l peo ojled eos Jl ol ! @it cramif

2 S g il iy srdastin Ol 2l Che (SRod oy (5 5 )B4
ol (05155 Jltlsl Hoige S 0 ySlos 09 g Igp g S g LIS il ,d codns
Olyg3 y YU sy o

Y. *) s . s
QMO SR 9 Sy S
r.mobasheri@abru.ac.ir «,> «(o,) 63,25, calaallaln] & o olfiils (SilKe waige boliwl -)
MahdiSeddig@gmail.com s 25,3 «(o,) (53, (selaalldllg] & s olKils (SilSe (pwaign ¢ puliis IS =Y
;»Jal}be EVSWEPtE
CEIANY o pds AFIAN D :ldlal o ST 2l 0 QONYNY weél o & )b)

38kes dga g S g LIS wilp p ABL iy ooley 5 Gt S g e Olojen SLSL oS
ol 00 oy 1 95 5 YL s peo (orditiae el (oS5 il g0 S5 50 g5 sloean YT jlade 5 5350
LMosl anlyd coasS byl ) sas g ke Glgicds €« aRen o po» pb b gloadmdal el )l 5l jskaie ol (ol
d)UaJ 9 Sl 00 MLM ‘51).71.1 Lgl.mo.)b l; Lg)LM:w )l J»al} @Lu 4‘@‘ R PR 00 3 0400 |5,® 9 u}}w
oas Jol> sodgi slooss¥T polie g oadoli]l &yl e oidew 3l lad polie ot lp ol
Slade diion (S g (bl i loy (ilaileda b aS ggmtids w0l g il s gale b awslie jo lee
oal3 JUi] S 55an osbie sl sl (8 iy oloj Suke 5 o0 ol sims o laj 53 €K ey

ST gige o Shoe o il i o Ko oy (oS5 Jlail jgige 1oy 5lganls

dodlo

YLz oo )lly 5 plss b o) eol eyl (sols Ji¥oss Vb g s (bl oS5 Jlxil (slagise
S s )T 3S183 5 ()T 8T 50 (755 S STARYT 05 o e (rizpe 5 7S CE g Bpan sl Ol
€9 bt Sliogas cleay N]wlad 5 )15 azgi 5550 jlos (g5lugyos die) )0 (i 5 G sloygise @
olyon sobj sles b baygige 4is5 (nal jo 31l anld aSCul izmen 5 (o515 Jlisl slajsige 5o osliinl 390 g
Shoslatwl j5 0o 1SS Jele g0 lgieds a5 ol wlys LSad g BB 5e,s sloawST g 0590 sl YT el
s SlasenST 5 o053 iVl 90 (aBJSE5 Gl oduzy ably 0525 o Waye slodes ysise 455 oyl
V]l souzmn g lais sol,d 0oVl g0 ,o Hlojed Lials 5 a8 (NOX)
ol (o515 Jaidl slaygige ;0 0390 g () slosmST slaoan YT rals jslaieds @iddS slaJle (Lo 5o
b CS g (il @ lgiee a5 Conloalh 4285 Sy 5 gy 63k e hawgs ok slahs; g bS]y i

1. High Speed Direct Injection Diesel Engine
2. Soot

oY



Brhe GMe 9 (S e B

3 e fFled g il aly 0 s [FOJ(GEAb o 5 dbiie) lal> ez lagasl jleslinul [Y]YL Lad
0,5 o)l oyt s [VV] (29,5 slayl5 Sly5 50 )+ Al gty anlS avain jo s V] il &5

Gl alaime s )8 alo e wiz B gs b g B ans e |y o6l ol b jeniz sla il Sl 5l eslil
993050 oty peims (RS o515 Ul glaygige po (Sl gl 2alS sl ge sl 5l S5 995 ey
S5 ]y 4y e ,0 SSgw [ ke I ReS L we)d VO ogus oS aily ol alo e 4 plal> peain pily 5o
slabamde JB jobay (bl iy Sl eslaial Cotte )10 ,80 (e (b (nl b o sS (o0 Bl iS00 olaiS]
sl &l T gl 9 S (e (S GRIiey  Aaiie 99 4y

i gige Bl o 1y Alfss Gl iy Sl ookl Syl woss (025 Gy oo [V Vlsewgrel 5 )13
oS el ools lis la)T slaimgty 5 Lol b wilos,S addllae oS5 Jlidl j5ise oKy Cgus a5 SoY]
el 95 S sl 53505 Ll 5 (ol (2l L ol e (glali pag (bl i) slalis o GA3L 3l 5 el
3 Gl izmes g S g Spae JalS oS sile by £ ande a5 (Gl el anld lad i gl 4 e
5 b oS Lyls s alfes il 5l eslil a5 Wlosls yl55 W] il mogdle ol oads bl ,o 3l ke
oozl cglas 51 Gyl ghao g 0395 san¥T (il s wsd so a5 crannS] ooV 2l el Lagie s pus
ot 90 oeize 9 SVl s (halS g S sl cilos ST (g l0l VY] 5 g el (o85G 5y 0l ]
0L 5590 Hge Jbg 590 b cawlite Wl (Rl iy CSga e gige

odl JSad soas ¥ (i 9 0,8es p |y g (il syl glgil 5l eslatwl Ol 36 [VF] ) Ko 5 (6t
sy bl sy 5l el o8 losls G55 ol lon S (s s A5l aST5 Bl yise Ko s
b g il 5l Jolo (sloyT (s3luln, B 05 o el ol 351 anld  Cote 3 sl ansgy ol Gl
@S Geb 058 (595 slasenST oa VT alS (izmen 5 ol sles (el csl azmii ;s 5 05 plail al>pe 5
ke (95 Sl Sl il ol 5l eslitl olpemay (1Bl ey alye 4 C g rlis i ol platsl dag)]
alie agh 5o V0], Ken g Ly ol atsls Liolidl (59,00 soownST aST ey 0ol 090 SVl zals
slagsluJoe 5 5,5 65 oslul laoliws 3l eolarwl L1, o jmdl gamle; o bl i 5l eolawl &l 56 (6,50
09° S35 5 @le sl sgge 5 JSaT i 28U L G sples Wlosls (LA L] iles S ) s
Syl josdew

g5 5o bovgs (Fan¥l g Glimt glos 1) (adly sty 5l ool st VPS5 (s o Ghgly S 50
Gl sles Bl iy S e Gl b ol 0l LS 25 lis losS (myp s 5 s g
Gl 5 Jol glos ot 5 Jno o g @l Gl dnlio b ailos,S7 o)Lal (izran dag] .coul il rals
el 0ol Jol> S50 Gl b aglie 3 53 (65005 0095 00V rizren g 039 i JRoe

Jb ol b ey el FanNT S5 lS 5 SRS (sl omolin 3nl, bl o ) o0lisd (Jmna jsbay
O3 SranST 5 0350 (slroun VT Sy (el b 8l (T (il ganplej 5 0y9 (bl S Glies
edies Gl a1 Sl g Sy 5o ol jeniz slosiily 5 8Lty ) Sleyes sslizad Sl [1V]s s
JS 5l aop0 10 Togas lie polsolazs! 4 wlools (5,135 lag] [NA]Cw! oo (gwyp o500 5 (6 o oy
25U 0y90 hals el ipgs dl> o 0 432 52 )3 ESgu 0,0 YO Sgan (Al olyendy (AL iy al>ye 4 ES g
il by assly el canly o paly cnl Jlisay (5g s oSt Glime o 3] loo Grizres g Conl oad Jlazil o
Ol ol slass Sl a8 wilesls )15 copizan dagyl sl atilas 00g0 SVl zhu e 0 5,86 Jl

Of



YYA2 50k cpgo ojlod (e Jlu (3l gl g S g gl - oode 4y i

5 0355 slaa¥l (lie (2alS o (aljes 53U Wl oo (4552 2 50 3L & bz Sl Ghe) 4552 2 0 S
el (£28L 5 pal) cnl oslitul colre 51 (S 5 Hgise S g Span Glime (Bl (g il andls (5955 slaasnsS]

0 S B e jebas aST il slaysige 1o 3yl CarkeS sl o0 asiiie 45 Canl (50L) gloaa
shoslital fzmen 9 Vb gla)lad b e g AL [VA]0))0 (S lyiol abadze (950 o 5 S g oS 5l
5 g oS ) haw B cenl oals oolaiul coads o)Ll ol 4 YU (o aS 4l 5o (OB gn plal> jedis il sles yeal,
b dgee 3l alaize (49,0 CE g DlihaE olaa wlp Giren o l9a

2 (el il 5 Gdba) il al> e 90 b alilaa o il l esliinl Ol 56w o) LEI NS oS joblen
ol ol ons aslllae (plos 1S jsbay s (5L 5015 JUndl sise (2o, slaoai VT Glis 5 0 Shes
Slooan VT LS5 (bl sanple; 5 Gadloin S g lie Olojer Dl (soae adlllae 1) 395 35 a5 ciagh
oghiie red & Zewl o3l 3 (ESgu Bpan g (JE0 Bl Heige 3 Slas g (0398 9 (Jg 8 SlasnST) H9ige (29>
oolitul aslllae (pl )3 S oo oy ) 98 5 C g oS 5 oS law &S ‘\as"i"-“ s pb L osdpdlal yelily Sy
Shoslenal b j5ise ol5 gy 551 5o 5 Woat¥T S (reizmod 5 3l il (g2 Sl g )l B sl 0
s (Frwione 4 Giod Jsl Ceend il ol LSS (ol Cond 90 51 5 jeboar (gl cal Bl el
Do oo omyyp Cudmgus Liily aliBee 5l ) A5l Jeol> gl o] Jlos 4 el ool sols (platsl goas 5 oy

aid ), T el g (Flawlomo 4l

oo sl AVL ESE slwle o Saliys 153l 5 langs ylo anllias plosl gl ollims a5 plo gl 5o
P o9z Jedods (rizeed g jatlew s 3550 30 o (5558 5 S ge Siudly wilols e qwaie e Jdoay [V -]l
plxl Sl oy awls mhaw Cwl apdy Sjp0 axyo 7rogllad S 65, Slewbre (SL able )3 Elygw
550 (5l 5 Anslone ygliieds el o SOLASAD 6yl 5 g1 Y s b 5 880 > Jli] Sloasloe
abaione aly JS5 (gl @Sl 5l gl Pl go) S Sl 485 Sjp0 az s 10 p5 L (gileaned (3l net a8
S loads ools ylas ) USCS jo a5 w4 )3 Lo Sglate (gamdn (g ojlail ke b Slewloee 4l ¥ 5l 2]
g e oaaline ¥ S8 3ab amo e olis jaikew oy L uSolie dig, 5 1y (Slls 4t (glacS sl olas il Y
Gndn (g5 olaas L3 5| Jine oadigloand ool Cavdts @S e e £ ojlail (Sl b Glislone 4t sl
ol oo eolatil  Slawloee aSl (pl 5l ety cpl s ilwans plil sl p i fuod 4y Coul

Uy o :
Coarse Grid Medium Grid Fine Grid
TDC: 71135 Cells TDC: 102697 Cells TDC: 142936 Cells
BDC: 21568 Cells BDC: 39134 Cells BDC: 45263 Cells
Average Cell Size: 8 mm Average Cell Size: 6 mm Average Cell Size: 4 mm
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Figure 2- The effects of number of computational cells on In-cylinder mean pressure trend
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1. Coherent Flame Model

2. Flamelet

3. 3-Zone Extended Coherent Flame Model
4. Shell Auto-ignition Model

5. Durbin’s elliptic relaxation
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Table 1- Describtion of parameters used in the formulas

DOH Degree of Heterogeneity
[} equivalence ratio in the computational cell i
®q overall average equivalence ratio of total mixture
Neels total number of computational cells
Smy mass of the mixture in the computational cell i
M mass of total mixture
AFR stoichiometric air—fuel ratio
HeterF (0) Heterogeneity Factor
HF(6) Homogeneity Factor
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1. Kennedy/Hiroyasu/Magnussen
2. Premixed Charge Compression Ignition
3. Homogeneous Charge Compression Ignition
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Table 2- Engine Specifications[36]

Engine Type HSDI Turbo-charged diesel engine
Number of cylinders 4

Bore x Stroke 86 mm x 86 mm
Geometric compression ratio 18.2:1

Displaced volume 1998.23 cc
Connecting rod length 160 mm

Squish clearance 0.86 mm

Engine speed 1600 rpm

Piston shape Central bowl in piston
Nominal bowl volume 21.7 cc

IVC/EVO 217 CA /491 CA
Intake Manifold Air Pressure 0.162 MPa

Intake Manifold Air Temperature 345 K
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Table 3- Diesel fuel Injection System Specifications [36]

Injector type 2" generation Delphi common-rail
Injection pressure 110 MPa

Number of nozzle holes 6

Nozzle hole diameter 0.159 mm

Injector cone angle 154 degree

Fuel temperature 350 K

Total fuel per cycle 20.5mg
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Table 4- Diesel fuel Specifications [36]

Test Method Result

Flash point (degC) IP-34 71

Carbon residue on 10% IP-14 0.2

Ash content % (m/m) P-4 Lower than 0.005

Water content (mg/Kg)

ASTM-D1744 61

Particulates (mg/kg)

DIN-51419 13

Oxidation stability (g/m?)

ASTM-D2274 14

Sulphur, % (m/m) 1P-336 0.19
Lower calorific value (MJ/Kg) [36] Around 42
Density @ 15 degC (Kg/m°) ASTM-D4052 853.8
Cetane number ASTM-D613 49.1
Cetane index 1SO-4264 47.3

Carbon % (m/m)

ASTM-D5291 86.2

Hydrogen % (V/V)

ASTM-D5291 13.4

1. Ultra Low Sulfur Diesel
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Figure 3- Comparison of calculated and measured in-cylinder pressure [36]
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Table 5- Initial conditions and considered assumptions

In-cylinder Temperature (K) @ IVC 395
In-cylinder Pressure (bar) @ IVC 1.65
Swirl Ratio (-) @ IVC 3

Piston Top Temperature (K) 560
Cylinder Head Temperature (K) 560
Cylinder Wall Temperature (K) 420
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Figure 4- Comparisons between the predicted and calculated engine-out soot and NOx emissions [36]
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Table 6- Numerical and Experimental Emissions Values

Results Soot NOx
(gr/kg. fuel) (gr/kg. fuel)

Experimental 0.96 28.5

Numerical 0.95 29.17
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Table 7- Engine Baseline operation case

Engine Speed (RPM) 1600
Pilot Fuel (mg) 0.5

Total Fuel per Cycle (mg) 20.5
Injection Pressure (bar) 1100
Pilot Duration (CA) 121
Main Duration (CA) 10.45
Main SOI (CA BTDC) 0.65
Separation between Pilot and Main Injections (CA) 30

Fuel Spray Angle (Degree) 154
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Table 8- Operating conditions provided for the engine
Pilot fuel quantity (mg) Pilot injection timing (CA) Seperation between Pilot and main injection (CA)
339.35 20
05 329.35 30
324.35 35
339.35 20
25 329.35 30
324.35 35
339.35 20
4 329.35 30
324.35 35
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Figure 5- Engine-out soot and NOx emissions for all the studied cases
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Applying the Homogeneity Factor to Evaluate the Effects of Pilot Injection
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In the current research, the simultaneous effects of pilot fuel quantity and pilot injection timing on the air-fuel
mixing process, engine performance and pollutant emissions have been investigated in a High Speed Direct
Injection (HSDI) turbo-charged diesel engine. For this purpose, a modified parameter called “Homogeneity
Factor (HF)” has been applied as a new measure for analyzing the air-fuel mixing process. The simulated
results have been compared with the experimental data and a very good agreement has been achieved for
simulating the in-cylinder pressure, heat release rate and pollutant emissions. The results show that the pilot
fuel quantity is more effective on air-fuel mixing quality than pilot injection timing. By advancing the start of
pilot injection timing, the maximum amount of Homogeneity Factor during pilot injection, is achieved at an
earlier time. As a result, for earlier SOP timing, a sufficient mixing is available to achieve a more
homogeneous mixture at the time of ignition.

Keywords: Diesel Engine, Homogeneity Factor, Pilot Injection, Engine Performance, Pollutant Emission
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