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6 ECU (Engine Control Unit)



VY=Y ] i g QWSoil cplimnol glacd g (58 Slasein jl (S0 1) Joi>

g g ”’“J ;’j "’d‘”"“ (7€) Jhzsl 395 (slos T
(v-°C) (v+°C) cP (v+°C) N.m (v-°C) kPa

by - A < FYA oo \ags yY- Y5

oS3l - VY VAT Iy 5,)

40CFR86.113 55 Yo . ¥5A - - -

9 (ob) yio ©ygo s Joio ol gias p2 09 dalgd dbis Sy
skl L)l il coly 4 cdl opl 5 &8 g dales (wde) S
el e

3ylbul 03105 b axad S5 51 (bl Aols 3] cavday jolaie 4
2 dshed bla sla sy g o0d (g)h e o dio Fox¥Fe slal b
Coddy g 03y0d (29393 doliy bawgi (63g0e 9 (BBl Slalinl,
o o axdad dlal b blas slass o3l 41,8 plyy 51 [VY] el salgs
s ybaie oyl 5l Golide oy dy9l Camsas |y ol oy
2398 Gos dlox | alidl (293 Clasuie L & Cunl Coenl
<0000 Jlabe gl coys ol e lo e Lo dlold Cons
A5 das e e

0993 LS5 (ell 4 by dbsls > oad 03D polial dluss
5 035 6Ll o 51 L o) 5 (ool 4wl 2 Ve
G yuSe bdgame ] @ o)l Sy ool B pixed
J8 Se SG L cplpll 5 35,18 Julod <l a5 o)
bl LS & dagi b) (S Ve BV g alidl S48 g9
g g0 035 00 oS yslite 4y ol Sl ey (392 dmls glie
Sl Lawgs [YF] TS bad gy J) sl Jubos ol
Jlos! ol & gl Bie bey ol 53 8 edliul Tk
D90 e 85 g 53 0 Cinyed "] s 4 a3 L g o
i) Sy 1y i o] e sl it Wil a aie I L
S e 5 0l pared & Glyis o) dai ol 5 (e
(olows <5 shoo |y i o e adly Wbl do J) inS 5o
kA5 (29390 4 S polar Al (nl 3 5 0b sales )3
S5 5l U pgal 0)lsd polai obad Jlosl Jl J3 295
S93 t 52,5 S 31 3 Jloel b a5 55 o] ) il
A orzen g psla 2 29290 (sl loial (g g ey
Sy 2l o)lgh gl 9 Bl slad il (geil b (gl
Sl

d9d s e O Aslae jgo &y (gimgd gl @B (55 09 2
Y0 o Y¥]

Z Canny
3 Matlab
4 Threshold

(Cosl) Cros) oy L2l

052 ol sl ot Glos Jeolsh 4 g b oS cépdy plox
3,5l 43 )3 YYEY Lod b baso bl s )3 L yg05] ol wyd
52995 Ol 590 SIS 5 dngi (a5 50 598 MBtles] 5o

Ly plx]

robai Juloo -Y-Y
o 9 4b® YYYXYY. el bl o (g)b e I Lols yglas
o=l headl s dais A VA &y l8le 5 lawgy )95 by ]
bl jl Sy 5 did (58S G904 il 3 pslas
dsbo A Gl b 5o 398 00 i y8 ol S Cjg0 4 gl
oLy o o (gl Dlgi o W sl ol j1 p1S 1 45 036,
Al jlade 5 039 (Ses s YOF (gLl el po ol pl il
L & o &5 Ojg0 il 4 Bl YOO U+ w5 e ol
o=l o ke ja g daled b S5y SOLE YOO 5 obus XS,
ol Cad ¢ yo)lAde 4y a5 b g 039 (g S B e 4 lade 40
ol ol pSesly Jolod jolaie dy 90 dalgs s (9.
o 29990 b 3 295 s | g9 polial 41wl (5281
LU 3as U il o] st 5 sl 3l 45 ok S Jgds

Sl ol 5l ggas p iomed g Casl WSe yp 88l g (o350

1 Binary



a VO-Y doxio ‘(\Yiﬁﬁ uLuwb) AR Z)mel' DY Olaudss Ty —‘_;QJ.G Aoldiad (O\)K\o@ 9 d)g}i? L;)Ja: e

b ),S5 sl ol el s ol 5 ol e S5 51 o0l
ol 0dds 0 V] g yo & dn g5

oled g 1 Caby 0yld lo (ASu (g 4 LS 3l ) 5
o)lgd odd pu yiSu ey g o3 @le o)led il s
5 (aBislojl [og, slacudgime Ju> ) cowl ons Clisl
1 Ll S b g milo oylgd Sg alold oy oprimad
A3 ab adlcds 3 Hlaise d5i e plyie 4 daxd o
loyses] cnl aBislej] Lo lon JLib 5 Lod > & 3503
sl 1535,8 Ja5 b B 5 035 32yl pis o

= -Y
pLel ygigent lyd 50 o)l 3l ()hyuse slo el
2 oy 0)ls8 59y 3 o Bl (Saadl Gl g coyy
Gglite (5yige ) Lulpd 53 baolgd (HBlg 3985 Ges o
b slp pise gl ol mls Jl ol b bl g aales
9 992 2lgs wre Hlas baLidl > Slos 0956 (cwjn 9 )9i9e
Sl [Y\ 9 Y'] é}l).n dbb.))‘.b‘.\.w] pel W) My u.oa) JI
B3905te Wby 0)lg8 JolS )y (gl &5 0 Siie Wb piomen
JMae U asl uiog cpl 50 odgiswe 3l 55,5 ()b ase
CobpunSe Aol g dgame S a4 bl ] cuna
o3l 3 o)l og selss oSes il Cliaes
Ly))) )lg ; 9 [ ‘\c 6‘”,& 6‘” £Y u>9m dLh)LwB lJ d)bﬁuic
sl V o 4 gl slo))S5 51 S e o clgw )5

Ly ploxl asl
P g duajom dhen ohdn Blg polai ¥ JSS
Py e glaple; 3 diej Bl e Gl g
adxgl bcaol odd o lis L F o ¥ Y 5,5 oleylis
o Ol it gla)lid pglal awlie 5 ¥ S
905 5 o oS slaglej > 32y LES Rl L S
d98 oo Olyess 8l alps GRlEl 0)lgd o pdy 325
alasl 9o dl).) s Y L;Lm)Lu.e JEl ULO) o> b)la.é
oald UL.MJ A} 9\" Lgl.leS\w Jrl W).a) Ul)?)" 9 ‘_;’.ub L)u&u
Hlid Lili8l b cd,S asess lgh o W jloged duwldo 1050 o
sgb 4 0yl9 93 3gis 5 Bl gy (RIS 35h e (S gu
Ll g M S gege 3)SHI ls oyl aslidl
ol duslie Lo Jg wils wpd 58 ¢ ols (slaveylgd dulio
Slzdl g3 ol 31 ksl a5 034 Mgl lue ol o allidl g
RS b alidl 9 (295 Ay Hhd LS g 039 alde MalS

®)
O Cliode 0 g laBue Y 9 X (g5 mb G o &S
B d dagi b oS e At bl s ogl8 b S5 80

x? + y?
202

G = exp <—

1y 39 o0 031> Laseis ad lgie 4 Canl ol Ly a5 glaslin]
0
S Gnx1=0 (%)
* 44\{.‘).3 dgas dl.’b»‘)n n dl.m;l) 2 L)"’?f é:b LB,UM Gn FLY
iz bla 0 wSe jo9 G Jodo T (b9l G ps cudle
ol
Cpwlus s (5 ey 4 psloal JbS (295 mls
sk 53 ol slaed J 3 8,5 o2 o ity Gl
L 0 ol g 098w Wl (o) @l g 0ad ljBle s Ly
S polal slagybual gl oyl as Soe8 b oS cunl
.)9.‘»@ u.)L.)LwJ 0)195 i;.J OLMA’] & blas )l L5'>)J P9 0Jud
S elgd pugluas 3 pload cuslie bl a8l jolaito 4
a1y paloat pllss cpl b oolisal gyl g, (sline 2 (o)
A R 9 005 (e A )3 e g )58 (i 93 g0
A0l o 1y D905 Anlgs L on 511y iSw 93 opl S gl
29yS g 43,5 a3 (i) 1) bl s g tr 1y Skl s )31
o (i < tr) )5S s sS aliwl as jlas wun bl s
D dinlgs (I > t1) 55,5 albwl s> cpl 5 K05 a9
sl gy g 09)5 93 (ul slene Szl (559 ggere JSla>
doalgs ol 1) d‘A.'le.o] J> gy opl cmicred 9 298 oo 030
IVl 0l o cand 4 Y Dslao jl g 34 o0 Jél»ai &S dgol

o5 (tr) = q,(tr)of (tr) + q,(tr)oZ (tr) (v)

tr 5l jSasS 5 35,5 sload g8y Jinl Gz 5 41 ol 12
09,5 93 3 sl Bly il jlome 0F 5 OF 5039 yugeai y2 )

ol 015 S
o 4258 b D9 Bes e Jl3dle s 5> oAb andgi doby
4 oyled £oyd loj &S M SAie WL ol ol iy oyled
9% o gloj Jl daxd ja )3 Cul (e g Cund paSuie (g
IS5k agsasl 5 S e culplly Bl oud ggyb (uSe
il o &) Sk g 4y ok ) 3gi Ges g okid
e 45 3)1 3929 (olo gl 93 2 o Sloj slalols (pgw
5 b dalgs Sloj alold ;3 o (b bl Hlade 4 Uas sl

1 Otsu Algorithm



Ve VO-Y doxts (WA (linl) O 8led (9550 ilinion ibgh — sole dolilad ¢ )Kad 5 (5595 (g k) (gape

polie a8 wd Anled odmlie Wb pamds (APOS) 4,5 Lid
5 s <ol L.wu solde eyl oS Al L odo] Cawddy
Jsb ox il Dskes 51 Juols uolio i &0 ¥ 5 ¥ Jpae

ity Oglate
K559 Jsb slaylages I coritine bolad jgee b (prizen
Dyal Canddy 1) Tage j 05,35 Lo dsles i o d JS o F
lodly I pslio (R?) s cupd b osd (bl bslad
Oloj b D98 Ges ClydS @ )3 g 03903 Soym (2
P g el W] e @l b glhe 5 (3 ©jpm
s9dome y ol (Bilp dek Jsbo (M) bl cod &5 ()90

- YVE

t (ms) P = 2bar P = 2bar P = 4bar

| P = 4bar | P = 6bar P = 6bar

- AvS

ARV

Y, 5.

YSVY

Y, AY

Y.v¥s

)b;g\c Y d))))dLh)Lwﬁ Mduu‘.ﬁ))bw)w d»)]

i b4
i .
.” .

2 ohsdn °)‘95 5 dizoji olped (yg  Bylgd gl JS



AN

Ohgp 8)lg8 398 Jobo 0 (3l Aoles | Jols palie i Joio

AP (bar) m R? ﬁ
v V0, YA - AAAY Ve SYYY

v VASYY - AQAF Ve VOVY

Yo 14,0F) .23 Vo ¥F)

. YYNAY - A3A% Ve 0070

YY VYA -,223) Ve SN

s YOAYY - AQYA V+,0AY)

5 53 59 o o bl Al 5] ol ol F Jpio

VO-Y doxio ‘(\Yiﬁﬁ uLw.ub) IS Z)‘.wf) DY uLS.:n}o Ty _‘_;QJ-C dolilad (O‘)K.o@ 9 ‘_;)595? d)-,ﬁ) e

°
» )2< %
[ ) /7 .
80 v X e m
° X454 a"
X [
70 1 / T
e 1
E 60 , ° "’.”
E C) & m
< 50 /xx..l
S V
£ 40 e = ... pressure 2 bar
5 ¥ - —& - pressure 3 bar
&30 ;é;' pressure 3.5 bar
&
A =+ = pressure 4 bar
20 A
24 —— ® — pressure 5 bar
0y f pressure 6 bar
0 i ; - . .
0 1 2 3 4
Time (ms)

0 1

80

70 1

Penetretion (mm)

sl

60 T

50

b S L2l ]y il

W
]
R ,of.-"
) /«.'
o SKaxa
o B
Yy rd
R'd &
Ak
XAl
X o
&= +-eoW .o pressure 2 bar
. — —& — pressure 3 bar
pressure 3.5 bar
— %= — pressure 4 bar
~— @— - pressure 5 bar
pressure 6 bar
2 3 4
Time (ms)

D8 3 Gl Gloj o 3985 Bas Oy 0 S5
u‘)?)’ sl LSI)'f b

sl s 3)led 303 0dd yo3ly Adles I Jols polde :Y Jaus

AP (bar) m R? (A;,nm
YA YN < A4yY VWAQVY

Y Yo ¥y < AAY VY SVA.

Y.,0 YV YV AR RRTA AR

¥ YYAYY - AAoF RaY:
YO,YVYA SAVYY VY, VFaY

5 YV,A05 < AAYD AARANE:

658 3585 Iy 025 iy Wolas | ol o g

Ok S g Glygs
m

AP (bar) m R? @aP)os
AIARZAR + 24y ARIRAALA
Y YAFAY R RVIVA Ve Y5
Y,0 YAAYY +A9AA YoV VFY

¥ LG - Aavs 3,240
YWY - 2308 RN
5 YOV £ 233) Ve Faay

Yo ¥ Jgin 55 odssl cuwsay m/(APOP) pslie jl &S 5)50 5
by las dsleo oSl oty & 1) 5uSilio jlaie g 29 43,5 Sibie
2903 SN dslro p )b 4y lg5 o 1y 0)lg8 3585 (sl loges o b3l

S = k(AP)°5t Q)
Sy A ol g e il Bylgd (gl ol Camsa b polie
bk 5l oslamnl ol &ipin g ditan Vo, 5+ FY g VYOV L,y
OhsBs 5 b T Bl gy i 4 Y 5 ¥ Jgue ol
Sl ol By U ol il gy aaled 70,0 o ZAF Lyl
bl dalgd demg L F LY 5,55 ,Lid 550 0 A doles I eolazul

AP (bar) m R? (A;nﬁ
Y AR +AAFA AAARNA)
Y VA - AAY V), FARY
Y.,0 Yy, yay £,2474 ARRARTA
¥ YYSYA < A4vy AAARN:
YE Y - ARFY Ve AYY-
5 YEFVY - 234 aa




Y VO-Y dio ‘(\Yiﬁﬁ uLuwb) 0 Z)‘.wf} DY Olaudss Ty —‘_;Q.LC Aoldiad ‘O‘)K“"“ 9 ‘_5)591? Lg).'a.: e

Copmd 3255 )Uid (Ll BI L 0)lsd (SWigd pisty (Il 4 e

Wl
12
A
/
10 )
/7
g /
g8 .
g 4
) -
3 R Bheeeeesenes a
g / Bl
< ;e
P S
£ /
8 E' /5,7 seeey E----NA
! injector
2 /
£
I
1 2 3 . : : |

Perssure (bar)

b 9 (b i BB g B)l98 bgy5e dygl; 2V S

Cygo 5D Canl ol 02 lis A IS (o laoyled islis gl
Ql3 e32)5 JLad (LlBI L oS 2980 saabie S (ol 4 a2lye
S 3y9m 93 48 giSs cdl dalys il S clls o Lialis
5 by syl Clynis & conl (l 3505 Gl WL A S35V

el (gro 5 8198 1 it (g3 Byle8 5 b

19 1
A
18 1t ’
@ /,
8 4
2 4
517 a-=---K
2 /
5 E}‘/"'ﬂ' .......... Beceeecanend g
g a- A
2 7
] d S e &---+ NA injector
, ;
15 [ S a - =& - TCinjector
1%+ttt
1 2 3 4 5 6 7

Pressure (bar)

Ohgd 9 (b s SLES CS g 85 alaa dygli A S
g Conl (b (i 5l G (g B (295 e 9 bl
9 )Lid 3 (b (i g ()95 0 858 3985 &S Cunl (Jb >
il s ol ob & o35 ol (gl laSy (slaslo;
Colue Ghlil caw ol JLE8 ) Glgs 868 Jl (295 P2
A5 dnl ol il 0)lgh 4 S o)l ] (il

S o5 domaii-€
SLidl g9 93 sl 2,5 WS L dgs Bae Ol 3udos (pl o
3 0)lgd 93 Dgi &S Wb wyp (amb AT g oS Heige
ek g (o8 O] il Gy 5,5 sl ylej g laylis
e eyl lp 5oy5 JLid g ploj sy sldolee

Cowdds gl b alie (5ols AV 4UST pio b lagygejl H1,SS L
0 Jsdo o F Jgto ;0 &S bl o Cumdts plun ) cd g (glp ol
lmolsd ey uSilio K yolio piomad il ok ol 5Lt
s WA Loy oy 5 & Ghgd g (b (i L3l (50
AR AN

g Bilsd oy flp 485 el slagygesl Sl 4 a2 b
2 0)lgd £ 5l oad gwypn o)lgh (85 plxl e glo>
SBl) 4 & Chgu 5 8 gl e 0 g 0o s
odnlie 0)l9d yolal 3 el aseis BB cpyled (bo) bawys
Slog s b b wlisl £g5 53 (sly 015 @) polis L,k 5l 0
2 088 gy pdlie L) wlidl Elgw Jlad by (i «ilises El)gu
b gl dlie > oy 290 oigeil slojltd > (lie oyl
)M g 8195 dods Bos (59)

Lo Bgly 5 by ugly o)lsh yy BB Slaseie des |
ol [VY 5 ] gope cslos bl buwgs Ulg ) At o)lsd
b diglj g bgyse dgly pdles g £ S )3 (sl 0ad
Cawl 0ds 0l L

— laa 4a gl 4 —
—_— agly

9295 %3 (A
ol Lglj g bgyse dygls cpoles gl JSS

oyl (gl 0yla 8 0l b o al o w dasuie jl edlawl
LMl 1l e wsd LS gl At sl 4 SNigd s
3 )5 L] )3 Iga g Cogw CRIESH @ 2590 3 55 JelS
o dng b alie cpl )3 oad (uyp (2 B0F o)l sl Iy
o909 il gladio Cllo 0158 aw oS JRSL (sla)Lid
il e JSiio |y 0ad gl o drwlxe g pglal Lo
sy 03 gl s (gl 4 0)lg8 aygls Alie cpl )3 plplo
O (o 9 (o (5 6198 by e dyglj polie VIS5 5
P E g By las Al S cpl 4 i b sl 0ad 03l
ol a8 b anlgs bgySee dgly Giali8l e 0)lgd 93 0

1 Separation Angle



Ow

WY

(1
[2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

VO-Y doxio ‘(\Yiﬁﬁ uLuwb) AR Z)mel' DY Olaudss Ty —‘_;QJ& Aoldiad (O\)K\o@ 9 d)g}i? L;)Ja: e

SUg e

S

55 b JSs oaS s ol s
539 e Byl ggee

W migiy
;5

&b

e,

alos

OSPPl ops

&lo 9 221y
Combustion of Biomass Particles in a Small
Scaled CHP Unit. JEM, pp 56-63, 2016.
I.  Sohrabiasl ,M. Gorji-Bandpy, A.
Hajialimohammadi, M. Agha Mirsalim Effect
of open cell metal porous media on
evolution of high pressure diesel fuel spray.
Fuel, vol 206, pp 133-144, 2017.
C. Tropea, A. Yarin, Springer handbook of

experimental fluid mechanics. Springer
Science & Business Media, 2007.
G. Settles, Schlieren and shadowgraph

techniques-Visualizing ~ phenomena in
transparent media (Book). Springer-Verlag
GmbH. 2001.

F. Mayinger, Optical measurements
techniques and applications. Springer
Science & Business Media, 2013.

J. Dent, A basis for the comparison of various
experimental methods for studying spray
penetration, SAE Technical Paper, No
710571,1971.

H. Hiroyasu, M. Arai, Structures of fuel
sprays in diesel engines, SAE Technical
Paper, No 900475, 1990.

G. Zhu, et al, Modelling characteristics of
gasoline wall films in the intake port of port
fuel injection engines, International Journal
of Engine Research, Vol. 2, No. 4, pp. 231-
248,2001.

A. Nassiri-Toosi, A.L. Nozari, and M. Etghani.
Numerical Study of the Effect of Fuel Spray
Velocity and Targeting on Fuel Evaporation
Rate in a Port Fuel Injection Engine by Using
Kiva3-V2 Simulation Code. in ASME 2007
Internal Combustion Engine Division Fall
Technical Conference. 2007. American
Society of Mechanical, ICEF2007-1641,
2007.

[10]G. Bianchi, et al, CFD analysis of injection

timing and injector geometry influences on

Job dxs ol g ad Gl b i g Ol s L
GuF WS Yl cue p g ploj e g dble ] &5 D
o> .)9,&4 G Lf‘)’ X% CI)DLm)l o adlro .l u_la.>
JB gloj 3 jlidy J5d c g dilae aliie (3) 5 oloj 9 )Lis
b ooylgd ol dgl5 5 byysee dgly ! wansls loj
Bl 5l Ll IS b 3yt 0)lgh Sl &gl g bog e
Ol o omizred odel Cawd &y polal oo 5l g aub e
Sbs5 Gy 8 Gl b S o 5o oS 285 o o o
skt S 0 Jols s ol Bk 5l .cdl salgs ]38l Lao)led
2 0 o)y (sbolad o3gae 9 5255 (slaylis y> wlidl Elygu

)85 0yl9b 3485 as 59y (5l Wlia (]

‘3,:)-\5 9 ’S-MH&“
(55%0)) 50055 Olnl sge gi 5 (2hb g BioS CS 50 o pae

Ayl e pMel

e ot 28

do @9 slab
G Sdn 93 (oS @b
Gn ngbuly ) posS 2 Gude
I aad ;3 o8 A
k ol dae

lisee bl o S joi i Jod>

n 4y d9es (sl
P bar s)LMé
q g/1000stroke g ,Ls
q 25 Lol g8y Jlos]
Q g/min « sl ,Ls
t ms 3,5 olj
ti ms ¢ il ob;
MS <355 5y

Lod

degree (8 s & cous wliél 6 .5,1,8 &4l;

S MM g8 Gos



i

VO-Y doxio ‘(\Yiﬁﬁ uLuwb) AR Z)mel' DY Olaudss Ty —‘_;QJ& Aoldiad (O\)K\o@ 9 d)g}i? L;)Ja: e

injection system using Kkerosene and
gasoline, Fuel, Vol. 235, pp, 782-794, 2019.

[18]Park, Jeonghyun, Kyung-Hwan Lee, and
Suhan  Park.  Comprehensive  Spray
Characteristics of Water in Port Fuel
Injection Injector, Energies Vol. 13, Issue.2 ,
2020.

[19]S. rahmani, A. Haljialimohammadi, H.
fathollahy, S. Aghamirsalim, Introducing of
the propagation criterion and investigation
of that for near vacuum chamber pressures
for multi hole gasoline direct injector spray,
Journal of engine research, Vol 51, No 51, pp
35-42,2018.

[20]Low Pressure
Standard, SAE
J1832_201610, 2016.

[21] Gasoline Fuel Injector Spray Measurement
and Characterization Standard, SAE
International, No J2715_200703, 2007.

[22] https://pubchem.ncbi.nlm.nih.gov/compou
nd/

[23]1. Erfan, A. Hajialimohammadi, I. Chitsaz, M.
Ziabasharhagh, R]. Martinuzzi, Influence of
chamber pressure on CNG jet characteristics
of a multi-hole high pressure injector, Fuel,
Vol. 197, pp 18-193, 2013.

[24]A. Hajialimohammadi, D. Honnery, A.
Abdullah, S. Mirsalim, Sensitivity analysis of
parameters affecting image processing of
high pressure gaseous jet images . JER. 2014,
Vol 33, pp. 43-52, 2014.

[25]N. Otsu, A Threshold Selection Method from
Gray-Level Histograms. IEEE Transactions
on Systems, Man and Cybernetics.Vol. 9, pp.
62-66,1979.

Gasoline Fuel Injector
International, No

mixture preparation at idle in a PFI
motorcycle engine, SAE Technical Paper, No
2007-24-0041, 2007.

[11]C. Anand, et al., Laser-based spatio-temporal
characterisation of Port Fuel Injection (PFI)
sprays, International Journal of Spray and
Combustion Dynamics, Vol. 2, No. 2, pp. 125-
149, 2010.

[12] T. Anand, A.M. Mohan, R. Ravikrishna, Spray
characterization of gasoline-ethanol blends
from a multi-hole port fuel injector. Fuel.
Vol. 102, pp. 613-623, 2012.

[13]S. Jain, T. Anand, A Novel Concept for
Mixture Preparation in Port Fuel Injected
Engines, SAE Technical Paper, No 2015-32-
0773, 2015.

[14]T. Li, et al.,, Understanding the Effects of Fuel
Type and Injection Conditions on Spray
Evaporation Using Optical Diagnostics, SAE
Technical Paper, No 2015-01-0926, 2015.

[15]Y. Lee, et al., The dual-port fuel injection
system for fuel economy improvement in an
automotive spark-ignition gasoline engine.
Applied Thermal Engineering. Vol. 138, pp.
300-306, 2016.

[16]M. Nazari Chekoveri, A. Hajialimohammadj,
S. M. Mirsalim , H. R. Fajri, Experimental
investigation on the effect of injection
pressure and injector installation angle on
the penetration of the gasoline port fuel
injector using high speed imaging method,
Journal of engine research, Vol 52, No 52, pp
29-42,2018.

[17]Huy, |, et al. Experimental study on the spray
characteristics of an air-assisted fuel


https://pubchem.ncbi.nlm.nih.gov/compound/
https://pubchem.ncbi.nlm.nih.gov/compound/

M. Nazari Chekoveri et al.,, The Journal of Engine Research, Vol. 59 (Summer 2020), pp. 03-15 15

The Journal of Engine Research

THE JOURNAL OF

Journal Homepage: www.engineresearch.ir

aciety
of Engine.

An Experimental formulation for PFI injector penetration length versus
time and pressure using high speed spray imaging results

M. Nazari Chekoveri!, A. Hajiali Mohammadi#’, S. M. Mirsalim3, H. Fajri*

1 Master degree of mechanical engineering, Amirkabir University of Technology, Tehran, Iran, mahdinazari2701@gmail.com
2 Faculty of Mechanical Engineering Department, Semnan University, Semnan, Iran, ahajiali@semnan.ac.ir

3 Faculty of Mechanical Engineering Department, Amirkabir University of Technology, Tehran, Iran, mirsalim1@yahoo.com
4 Irankhodro Powertrain Company (IPCO), Tehran, Iran, h_fajri@ipco.com

‘Corresponding Author

ARTICLE INFO ABSTRACT
Article history: Recgntly, the.re have b_een problems with par.ticulate matter pollu.tion
Received: 03 April 2020 in diesel engines and it has reduced production rate of these engines
Accepted: 18 August 2020 and also, it has accelerated the development of new technologies for
PFI and GDI gasoline engines. The spray characteristics has
Keywords: significant impact on the combustion efficiency, power and emissions
PFI injector . ] . . hi d £ £ ini .
Schlieren Imaging on internal combustion engines. In This study, effect of injection
Image Processing pressure on the fuel spray penetration, spray cone angle and
Tip Penetration separation angle has been investigated for EF7 bi fuel engine and an

experimental formulation for spray penetration was introduced. The
method of Schlieren Imaging method was used to obtain the
geometric characteristics of the fuel spray. The images were
processed in MATLAB software and the penetration, cone angle and
spray separation angle as geometrical properties were calculated.
The Otsu method was used to obtain an appropriate edge threshold
of image. Investigation of the injection pressure effect on the
penetration concluded an experimental formulation for penetration
versus time and injection pressure. This equation was linear
according to time and square root of injection pressure with
maximum error of 8.4%. The penetration of the two fuel sprays (for
both injectors tested) had a little difference at the similar pressures
and injection times. It was concluded also the cone angle and spray
separation angle increased with increasing injection pressure.
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