VA-YS amio VFF g i g olsye BT Slo o )lods ¥ o)leads FF 66
ISSN: 1605-9719

DOI: https://doi.org/10.30506/mmep.2025.2047113.2218

&3P 9T Y » Yoo s yolyly oy Judxd g 4y
L o5 5l ily

5 8t L dge o sadS Jalse 5 (S (I Gl laygine j3 Cd g il tednSy
&y asl il Fy a bd & Co s b, mo o Slee il o b oY el
@ Gaiod Gl 50 39h yamie S g Bpae alS g Bl a4 Wl oo g 9)I05 (0 ST
3 paalesl Joa dboysiS 5l 5L @5 5 E5 p e syl (o b 5w sl
Gyl o Ll e s cadllae ol 5l Bam ol wisle 5 >hb S5l oo olfies SO
plosl Colils olSiws ol ol oo Slo, S g Slb piag S 3, Shes p la o 15T 0550 5 50
b ey Gaalidl ol lis gl oo 1) be,gS sl aeal e g IS5 oy it gl oS
9 995 (oo SRl Hlake Gl el by eiSHil 4 oud Jlasl 5Ly (il g coge oy Jlad aalisl

55095 ¢ 2lKiole;] Jaw )55l (g gttt olSiws iS5l ¢ lory Cgan it loddly (gW0]lg

Olp) Sl Glwaipe (ol (cole 4 il

ISME

FOI55 o y (ke

[© 5

g;):“-:-wi (G NS
e

Olgiontt Horedic (25,8
Lokl

(Sl pwdige 09,5

& lee oo olSils

ol

95 sole dllas
AR K R VAR SRSt PR

VYN 16,5550
VN

Bahman

Rahmatinejad®

Instructor

Hossein Rahimi
Asiabaraki
Instructor

Farzin Azimpour
Shishevan

Assistant Professor,
Department of
Mechanical Engineering,
Technical and
Vocational University
(TVU), Tehran

Experimental analysis of parameters affecting
injector spray rate and distribution

Abstract: Fuel injection in internal combustion engines is a key factor in improving
combustion efficiency and reducing emissions. The proper functioning of fuel
injectors contributes not only to the injection rate but also to the uniform distribution
of fuel within the combustion chamber. This factor significantly impacts fuel burning
efficiency and can lead to increased power output and reduced fuel consumption. In
this research, to experimentally analyze the parameters affecting the injection rate and
distribution of injectors, a laboratory model of an injector test rig was designed and
built. The aim of this study is to better understand the relationships between these
parameters and how they affect the overall performance of fuel systems. This device is
capable of performing leak tests and examining the shape and quantity of injector
spray. The results showed that increasing the injection time, increasing the fuel rail
pressure, and increasing the voltage applied to the injectors all increase the amount of
fuel injected. The speed of switching the injector power on and off and the presence or
absence of a filter had little effect on the amount of fuel injected.

Keywords: Fuel system, Injector, Injector cleaning machine, Laboratory model,
Automotive

brahmati@nus.ac.ir « jstws sdiws s *



mailto:%20%20brahmati@nus.ac.ir

\F-fF )9.3)@;450‘0).0 APY t5’L3" O)Lo.Ai' &Y o)l.,o..;": AR 0,99

oalazul Jole Jlw olsieas O 5l 5 005 ool LSS cdony
skl Ll o ilel coles bl Lyld ool ons
oolazwl b il lae 51 (6,10 1 gl .l 0351 S poued]
oles o] el cwl oud plxl 6 ,Kale b, 5l
w3 3 0eS Tl GRAl g, Teee e alen, o a5 aas e
JEESU [ NPCETNOF PV [0k PV SRV SR
) dl ablbanngs Sl @3, YV-r o a> b alen,
LBk 5l ogbioe oSl (09doe ol (dly bogyoee
Loyl (Aalidl ol oS5l 2al asly Galen; sl
D9 gn 2ol Loy Gulynn; it Gl

Slaia o5 Jodos @ [F] l5en 5 55 Jaiees
gl asloy (252 olz S5l Sl (e ol
ke b i ol peSHl e Sl G Gl e
S8l5 gy by (>lb Jab Ghe) 4 a5 owlen (539
Ol Shgods 1585l Woged solatwl cowl ouls Al
S Hl Sl jemee o JLaS Sl o 4 g WBL e S5
2 192 0yi> Sy g oad oS HeiSTHl 2l 4 (g m lea
L Ll absS (Soladl cplply 00,5 0 JSO 595551 55 50
S Dpged LASL Sz g0l g wdbiee 3lg o Slee
agled s o) 536 Y b Jlg5 by e

ol ohd culis oy anllls 4 [0] Slas, 4 ol
Ol 9wy el mhe SG L gl 3,05 5l Jol>
69y 2 mb aY S aladl Y ez glaos yo il
gle Y Cubrs a5 Jy50,0 Seloe JoSid s>
Syl a4 e Wl oo o Slpal slas )50 s il ol
O b 4Y culbho ogh @l dhaxe (o0 CEgw @l
gl U 56 abols (Jlow (om0 ol o0l sla il
OY lhugie Cwlbrs ojlail ol Sy @ilidl cuuSls 090
938 5 @b Jbw (om0 i pla el i b ple
O 03l 3 Cwlid (nl g wiS o i mhaw B 5L alold
ol e alises Ll d 5 ey Sae YV b ¥

008 5 225 orp 4 [Pl paie soae 5 et
Sleadd, Ole 5 o S (gjluohl Dlasie
Job wisls glas g ailoy (cdoo-)lad eSHl S
g, g HLid g Los bl b ol b o conSis
G 4 Loy bz ol g b g 038 (b 1) o3
GBI L ol ojlil b a5e aiiS e e Sho lads
b 9515 (als b ol cepn e 5 Jlow 59515
o V] s 5 bo,shs 0sd e SeSlesy 5 sdlo
—olad e Hl Gl el Al eaSaenST S ()

5 (Slold slas )5 o556l (A2 Gl sl ygise
geree 0,8kes 4 (S YL 033 b Gl adsi aygige ol
bewad ol 51 S Do)l o Glhcwnd Ll o
G LI S T ) e B e
oo s b (Bp b (Sl o S by S g
b 3l g 000 o)y g by 5 SlescS s sladly)
Doty ks 90 bl Sl Sy 4 be,gSTl
W (PleyiSse plesw [0 Oebee odlly oddog
Glon Wgirio 5 Eigus L couibe 5255l (MPFI) (clabas
Loy slezl 50 50 o5 oy ol lag g 428 )5 518 (6099
2055 Gl 5o Ceny jleslanal b g oad gancl wls I8
S S S axly Wedoo ceal S e (b))
5 2590 090 sy 3l (Jlosl S LS Gull » ECU)
doe 0oy Slgwdee s 5l S92y Djge S izen
g ByeSHl gad b el g odged paiin |) la)eiS
1o b Ojget Sgw B0 6 g il
ods sk olysas Jpus b ECU s g)ls e85
JrsS ) QP SEee o (JSe o0 bayeSTl
RE

lalginl 5 (ogye atws g0 4 JS& S5 Sl a5l
K0 o)l o slegesr 5o Jlaglped Wgl oo ped
2y e g8 slayesHl Gl LIl g wly e
g sbo,gSHl 5l V7 g 9 RD oh (S slegyoss
ey ST was sl Jas jo cwl ouls oslaiul slaslgnl
D9 o oalaiwl (glailgi]

g1 )l a5 st L ¥ S5 S gl Lo yaS5l
R S R R e AT
oles ) ahite ©jpoa ECU 51, e 5Ly o aly
S el (sl

cleo 3 $55l Srae 2ol slaol, (n e 3l S
Gl sl ygige o [Y] cl 5l oleasl,y ial5l calise
@ Olgee WS LI ey jeiSHl a5 Sy, A
Sy90 50 (§ddxke e LS8l cwws YU gl leadl,
o, Ll lagyl 51 golans au dalol ;o a5 cailodgas §udoes ¢, g 5l
D9 s

o o Shes lajiall [Y] (llSen 5 ssea)sy
alllas 1) g g salen olael 51 (onli plgieds (iomn 5955
S H G e cnl po esliiul )50 g8l asged



SlSe (gdige 4 525

ol Jzol) il g 3 didl comlio CorisS (sl lo 45
sl 55555l o8 3] onlitiul JSidoo > g S540
3,90 1y Lo yesSsl o Slee lg5 o0 oiws ol 51 oolaiul b
35 Bbnly s97se slaealBl g Slhgw, 5 8ls )18 (o)
slp Lokt wgei Lol 1) cgre slayeSHl
I R e S = TSR P
L 9995 5955l yegkS Bevee B ¥ laaglS
Srgyde> 5 Dolite )5 Ll po atdl spe gaind
Bl oy p 4 4 b adloo pis JB jlade (pl it
laoans¥T Ligl3al el a5 Lolse 51 S 0b aseds calizes
Dy Dy Hpge D8 el g CSgw Spae g
o310l ial3dl el ale cl sl 5,055 5255l o la S|
poe Az )3 g jaidew aldie )0 (AP CSge OIS
e 9 08kes Sl e rizmen 358 o0 Sl 3l
5 OS] g iile Laonsy¥T 0atiS 18 Sliges b
olSiws 3l eolital lpln 0,08 o ite 3l cuJUIS
2 s il o 0 Sles (puyp Sz S Hl st

D950 Ao ezl Gloj sleoil

L iy 9 0lg0 Y
oKws e lw —V-Y

b, 5l 5o (Bl Ol 2 e Sl alil (ow)p slaieds
il S gyt s ol s ol 4
9 b angd 5k 0550 hilug ol a5 5550 olStwss clus sl
Sl b g9y 2 (V) S8 asle Olalad e
S il 55 w55y el ToRDR
i plosi ol

4 () 5o Bl oo asle 5 b oKiws sl
SYode eSSl -V o by ) edsmoglis i
s o —F g 6 Soi (glaind slaalyiol
L (69,9 Cigw Sl -V lid =S F Wl w4, -0
slaind sladlginl Cogw adss glo il -A (9w )
JB 515 LDC & AC bz jemlel Ve gmgeyl 5, -4
2l oo pelais
s &8 Slasioe
PG he o)l Las e
ol F il a0 b b-Ve 5,5 slos @
g TV peli G adss @

g VY )9S5l g (pyuceey G adss @

AR

OHe 5 0I5 oy ot

g a3y omb Jlad llyd e gl abise o ciony
Jad g Lo s po Gl pSed G iz e wols plas
B plpear ae B 5 g atenS 5B plea ol el
59 ol e g Ol b plojen (el S5pe atgy
Ogoe 3,5 odaline | bl b sbml 5 jlwly Ll 4 58
e S 555 Sl 3y Joe ] s 5
S8 ol Gl gl isged )l S xte Jo) Ci s Gy
g 3235 e § 55 03N Lol e (sl (gluad
3903 ool jailow ST j5ige SO S kb Joy 555Y 5055
By &5 e ks 8l aleensy slaly gleans
walgd gl )9S5l oy Gloy abold ()5 Sgm S
) il slajle e Sy lopsl ple 5 G5 anlB
5 o0 dnmlne 32,5 Loty (o dmlio IS o dralons
g Bonadles” ol lis 1) o9 Bolkai oud (5,505l
b Jns s55e 0 Sosm G5 @5 Sl [3] ] Ken
Sy Loy o0 (6 sl g sl plol |, o 355
5 om9d SIS sl Glepes s Lo pnn Gmjee
e Jpo 5ol g0 ol plnl CsSwsleul 55 2 58S
Rl as ol plis gls o )S 5 (pw)p 3590 a3l 59m
s 3l Ao o] slaygme o5 J5U (slaais, o
2 g lgenl @i (halS el (g oo Bymie ;5155
wgbisr Jno o Sles 5 Gl anTb o5y 5 3l dlaioe
i et S D s s
) 395 99 )95l b (o515 GBIyl jge Sy 0ndE
5 Jsore S Gl duglio jshanens byl ioged ()
50,5 ool jaikes S5 j5ige Sy 5l s b S 52,5
5 e il (Slles o Shy ob ol mls
Sye 95 G Glil pledly 4 o 5 (05 wSise
el ailiie oo Lal

sanl g b slagl e awain J.ul.: Sldllas o
5992 g (275 3,5 93 5 Baee (3ol 5 LS 35
S50 G,y p il P pess b om0 Sldlacs o9l o ool
Wgd oo plxl Vb o b (60 pelid 5 Cull x> b alades
CFD slocs,5ls 5l oolinnl b goae g3l Jaw 5 [VF-11]
DAyl o i oo plosl (lasle @Yl Seslino)

bS5l Wb 9)355 5 e o Sles jslaien
Gl s Geimen 0990 GINS 5 Sl psta o
Ol ) 09 ool Cgmine JSin (o sl (ool 5 askad
@b anie Wb ol e Cuz g cesl Cwd)lS anks
@b, 3l 4 plitws Coal (S K3 Gl g 098 S0



\F-fF RS g o‘o).e APY <5’L3" o)LA..'Za AN a)Lo..'L AR 0,99

ol ol Jeg g @dad bogugs,l 9y g 00g (pbline )
Sles Juog g glad 1 b, 915551 50 b > Silgs e o,

GND Arduino uno

Pin 13

: Timer
Injector

DC-DC
LM 25596

I 5-Pin Relay

)5S 5l 3y by Jog g adad pilKe ¥ IS

Co g b -Y
b)’:_fjﬂ O}B'M‘ w & v —‘—Y

Sl (oo 458

FEY 6, lajan slogiSyl olas @

(230 Psi) )L VF Joos cobB L Jlis x5 @

oo gl YexlexQe oo ol @

o ooy olS2s o35 (lacelils

)5S P s osalie g oy n @

b, 2S5l (G5l og 0970 9 B2y gl S @

o) iS5l g Bl (S 19iSs > cns @

o Show, S 28, 5 plerd spiiad o
Sgume (5l 51575l

4 Comnd o) 55l ES g (28L px> dulie g ooalive @
SRSy

59 5 ilelar e byesHl geinad ol e
oS cwl BB ke cnl sl (U, ssiied)
Gl olfiws SEgn by (e s o9 Sl
Sged Jaie Sl 3 90 (55,955 SS9 )

plos bS5l pgate 5 clie VLA (35 I)ls @
(5,955 0lnl 5 Lalo) Sl slog 05>

HESPVARY IV TS| EJES WY RN Bt g LW
IRCEL QPPN v PR T SYLL 1] IPL g P

oK :|).>‘ 9 6/&”@ LgLoJ \ J.iw

Ly 51 by Jog 9 ahad o ilSo -V-Y

oz g ,gSHl og b 0S5l 6 S el> jelaiea
ahad 4 5L el sadind oSiws o 5 gxdly Sl ol
95955 53y 3 Joe (pl adbioe b ysiSHl G p 0Lz Jeog s
Pl BCU Ly e aily (0508 Jog 5 alad Lawss
I e o..\.fau_>|).b olKiws o 8 u;‘ ‘BL?L;‘ &l D4 o0
Slezs ol S a o ol jo ol asle 5 (b (V)
lasgi g (4l Foog Vo oVe V) 000 co (i S Lo
sl Jog 9 ahd Gloy sugs,l op 0 wgiasly
G baye a4l O A 0 AP 5 AD sl 005 o ain

Yy



SlSe (gdige 4 525
L2558 351 51 Sy 2 (idbly oo (w2 -F-Y

analie 5 boysiS 5l 51 S e Al e g jslaien;
et 4l F e Ve ooy oliss yels 0S5 L L]
205 o0 dumlie 6,500 L S Hl o AL jlade 5 09 e
oliisl 03,8157 HiS 5l s 5 5 xS S 1 Gralesl ol 5o
o855 sla xSl 5 S ya il Lgio 5T .ol o
oabolas p Lds sl i o ,eSHl AL vt
S8 P Bl Lyt 5l a5 90,0 5 wilioe 555 Hl El g
oS ol LS5l Hygw (K38,5 e 4 Ylaast il yieS o
Al )] ottt &) Capnd Sedgusl gl olSisd Lawgs ayly
Gl pasis Sln pyad il 5l (g slagts, 5o 098

g g0 oolaiwl eiSHl o Cgue

60

— &— Injector-1
55 - =i = - Injector-2 ,,’7%_‘
% Injector-3 »;é’—« %
& »® Injector-4 P
E 35 p
§ 30 ,,Fif'
ER -
> il
s 20 /H b
@ 15 P I
Y, g
10 LI - - = R
5 L
=]

Time (Second)
(<l

60

= &= |njector-1
55

-~ ~- Injector-2 P
50 Injector-3 P
45 Injector-4 ,"’—J_—'
40 %

35 Pl

30 J{ﬁ
25 A8

20 /H == -
15 P =

Spray volume (milliliter)

U 4 .
10 B e T = b
5 s b=y
b4

Time (Second)
(<)

58Sl aw g 65 HeSHl SO Gidly lade s O JSS
Saigd 3] 5 s - e Jyoxa clo o ~ill 03,5 1S

Yy

O g o155 ex )y (roge

ol oas ploxl JL O L jo o, g5l igw Sid s
b boygiSHl 3y 9 oy riucaes Bp oialesl cpl o
O ygods o, iS5l ‘sll.o_‘;_'>| s | BN o.ﬂ N ML"SA
g Syl ¢ SHid 0929 D jgo 10 9 D5 0 J S e

D05 o0 agal dbgyye )5Sl

Y55, 5 oadipedas (Lid 4 az g b Lulid cnl o Yool
o5 Sbd S8 el ES g by 4 63955 L2 S
PO b gy suddy jled cul S5 4 p3Y S e
LY VD sl cer cose by las g el L
Joy JLad il Al e 5o layeSHl 4SSl bl e
o5 i o sy rtlise b TID Y e
SIS B g L A5 s 8l 5 e ol
ool wj).v u_‘>9m Jf)jhlaf) OM JL:.S Ls 9 o.b; ‘A.u
() JS5) 55 oo

1,95 35l dly S (o) 2 -V-Y

5 2lige Jog 1,55l G g geey G Oalesl cnl o
2 005 e oy BygSHl il IS el &0
oo ool ol lee ©jgots cilie slacdls (F) S
WS L (1) ol )55 55 e sanlive o5 oblon ol
a3l ggdg0 (nl el s (Jg S (o0 Bl 05
(V) o)lad HeS5lail oo )55l Slagl g (oo (K285
O s JouB 0500 9wl uail o GBS G lyle
I grend o gmdge olaudl I GA6 wlg e e
e S a (V) ojlad e85l anl g5l slaglsm
s Sl o053 (F) ojled HeSHl WS e AL i
Ol Sl GG Rl G SO (O) o)Ll HeSTH
B35 Coms ] aglgms b 45 555 o olong] e JSio

Al oad 38,0 wle

3555 55 g il gl slasisas F S5



\F-fF )9.3).@4::50‘0).0 APY t5’L3" O)Lo.ﬁ':) &Y a)l.,o..‘f: AR 0,99

BVO ol (29,5 3 5 g Yo B Y Jos cnl (99,9 515
3 olleslasbige pal ¥ (29,5 by Slas g oy ¥
0asd, 8 u)I5E () JSh p0 Ay 5 dewle b il
S t0gs lem i o 20l lade il ol sl

09'“”(50 o..\.....ula JYSves) u_‘>5...u

Sl ol 1 yilid 0929 pSl oy -0-Y

L oS5 bl liee s 51k 5y il (o pslaen
)l e mld jaay) alide Sl daw jo Dglie juild g0
48,5 e 51 G2l Giale3T Glej 03l slez o 5 (F 2k
K85 S a5 Shge)s o Gl mls WS A8
e 59y 2 Ol 297y poe b agzy il atdla 5ol

.o)lxu)pyl‘;ngol}ﬁﬁé%);‘u

[o2}
o

==& = without filter
Filter 1 =

g o1
o o
\
\
=

— Filter 2 .’
T 45 e
= =4
=40 e

E 35 *

2 30 L2

= i

s % /ﬁﬁ

? 20 P

g1 | 7~

=
(62 ]

o

10 20 30 40
Time (Second)

3551 Gl ol 2L oy il gy ¥ S

Ol 2 g3l Jog 9 ghad oy (owyp —#-Y

29,1 9p 69y » (empaly (Sgw Bpas axlye
sf u.c).leLb)}oS)." d)" od...udmy d.nla)) 3...‘0 uﬁ)f lnl?u‘

ialesl ol plomil (sl g oo Jog g adad asli L A 5 #

SlSe (i 585

4 azg badbie ¢ (V) o)leds jei5 5l (talojl cnl 5o
gt S (1) olas 555 45 Cal Lo (Qal-0) S
comdly Gloy aalidl 0gzg b a gl Fe g YO yo aST > ail o
SIS (1) ojled HeuS5l .l anl rels idl lade
&9 OO 03,55 S92 L (1) o)leds j5uSHl 5 o)ls
"o S35 5 e Hl 4 ol sl lade 5wl (Su3S
sk

Oly ety Bl s pjlyd plel 5l (S
5 o sl 5 Shae sanlie b il so Seigud 2y
Ot b Slegil (spiiinds al>yo y0 Lo )giS5il 50m
o9y Ol )0 gl gl Sigul gl oliiws b il 5255
S35 5 b Sogl g oy 3 g g8le Zlgal 5l eslaul L
Joe gboe SL sk b ez 5 0ad lax e gl
ol e aiSs Job g g aids Ve JIY o glsd
Sgul gl o 5o (F) 9 (1) (V) slo,eS5l iolos]
g 4a8s Vo Sue a4 g odd ool I8 gasd (ol
S5 olesl sases § s gt Sigul 2ol

oged ar (F) o)led j5u85l logas (-0) JS& &y azgi
Eso50 (! oo lis g al SGop (V) 5 (V) slo,eST5l
ojlod ,S 5l Jg Cel oads Byl ] (K285 45wl e
Moged cdillae fizman 05105 (Joud LB Jloges lizes (V)
el oo yiios (Mol 555551 Jlogas L (F) o Lo 355!

Sl 50 g3 s 5 sl T oy o —F- Y

Sl Ol 9y g e 35Uy )-*’L’ o r s
ol o oolizal DC-DC LM25596 Joe 5 Lo 4255

(V) J2)

-
o

- &= Voltage=6 V

[o2)
ol

W bhs oo o
o1 O 01O 01 O

Spray volume (milliliter)
P R DNDDN W
U1 O U1 O U1 O

o

Voltage=10 V
Voltage=11.5V
Voltage=19.7 V

-
A

¥ |_—
HE 3~
Sy
P

jor + — HO

Pt

T
=

Lo
™

T

T
=

TT
1N

i

5

15
Time (Second)

25

35

Loyl Gidly lime 2 i 55 laie 3L & JSCs

Y¥



SlSe (gdige 4 525
S S Az ¥

Fie sl 028 Jldoiga o jglaieds Gubiod ol jo
ol (alRtylesT oo S oyl A3l @95 9 5

S S o ol ol aisle 5 b STl cus
Oygods Gibl Hlade g il JKG o) p de eSSl g
(omoly gley malidl oy las s RLIEJ PN E S RN ES
@ oadleel sty Gl g CEsw o, Hlad il
2 Sz 36 S ogzg pae b g2y 9 )55l 5 Jeog

udle awlgze il ol

&l -0

[1] B. Rahmatinejad, H. Rahimi Asiabaraki, and F.
Azimpour Shishevan, “Investigation of the effect of
AL203 nanofluid in M13NI engine cooling system,”
(in persian), The Journal of Engine Research,
vol. 70, no. 1, pp. 47-65 2023, doi:
https://doi.org/10.22034/ER.2023.1975318.0.

[2] B. Rahmatinejad, H. Rahimi Asiabaraki, F.
Azimpour Shishevan, and M. A. Mohtadi Bonab,
“Experimental analysis of the effect of using
aluminum oxide nanofluid in improving the heat
transfer of XU7 engine radiator,” (in persian) The
Journal of Engine Research, vol. 70, no. 2, pp. 66-
79, 2023, doi:
https://doi.org/10.22034/ER.2023.2011671.1015.

[3] A. Poormahmood, M. Ghorban Hosseini, A.
Kebriaee, and M. Farshchi, “An Experimental Study
on the Operating Parameters of a Simplex Swirl
Injector,” (in persian), Fuel and Combustion, vol. 9,
no. 1, pp. 75-84, 2016.

[4] S. M. Hosseinalipour, H. Karimaei, and F. Ommi,
“Experimental Analysis of the Spray Characteristics
of a Swirl Injector,” (in persian), Journal of
Mechanical Engineering University of Tabriz, vol.
46, no. 4, pp. 69-75, 2017.

[5] M. R. Morad, and A. Ramezani, “Experimental
study of liquid film thickness formed by spray
impingement on a solid surface,” (in persian), Fuel
and Combustion, vol. 13, no. 2, pp. 57-72, 2020.

[6]E. Rostami, and H. Mahdavy Moghaddam,
“Experimental and Numerical Investigation of
Atomization characteristics of Diesel and Mazut
Fuel injected from a Pressure-Swirl Atomizer,” (in
persian), Fuel and Combustion, vol. 14, no. 3, pp.
33-58, 2021, doi:
https://doi.org/10.22034/jfnc.2021.284326.1278.

Yo

OHe 5 0I5 oy ot

e g 08,5 oo s 4l Fe IV e (gg, p olKiws yeuls
0 (A) UK o oad S5 clo dm o g eiSyl il
a5 WS asie sadplxl Lialeyl Gl e caws
lo,sS 5l Gl (lie 5o )85l Jog 5 alad e yu

il b
40
= =4 --4 millisecond
3 6 millisecond
2 30 8 millisecond /?Ji
E s .
@ ==
E s
e L 527
% 15 Z g
S .2
910 L-o=7
4[’
5
0
10 20 30 40

Time (Second)
Gl Ol5es 2 iS5l Jog 5 ol e oo 5B A S

bly 5l (59 2 HLad Gl il (quoy 2 V-

bl ,e5Y¥eS ) o Jled b ol jo ol ulidl ]y o g
ey SLad Ol 5 0yl Jlad S ol co e by
Oli8l 3U sy jelaieds ol gl g ilEl | CS g
Sl 00l oolawl o5 ,guS 5l 51 Jaad ol Slade g9, o Lud
aS jeblen ol sl L O 9 F Y JLid an jo La:ui,.iLo)’T P
ool lawgie ol lis mls 0ed oo alaxde (1) UK o

o Gl g oy L8 Gl b Lo iS5

gg — &~ New Injector (3 Bar)
75
70
gg New Injector (5 Bar) L5 ——
L

> g S
50 = E/

45 LR HH -

40 S

35 P

30 Pt s

25 EH
[

20 fasd

15 pisl”

10 w

5

0

—

New Injector (4 Bar) X

H H

Spray volume (milliliter)

5 15 25 35 45
Time (Second)

Ol Hlade (g9, p ,Lad ol )-‘-‘L’ wor VS


https://doi.org/10.22034/ER.2023.1975318.0
https://doi.org/10.22034/ER.2023.2011671.1015
https://doi.org/10.22034/jfnc.2021.284326.1278

\F-fF )9.3).@4'1:50‘0).0 APY t5’L3" O)Lo.AiJ &Y c)l.o..f: AR 0,99

https://doi.org/10.1016/j.applthermaleng.2017.06.14
0.

[14] Z. Wang, H. Xu, C. Jiang, and M. L. Wyszynski,
“Experimental study on  microscopic and
macroscopic characteristics of diesel spray with split
injection,” Fuel, vol. 174, pp. 140-152, 2016, doi:
https://doi.org/10.1016/j.fuel.2016.01.083.

[15] R. Payri, F. J. Salvador Rubio, G. C. Bracho Leon,
and A. A. Viera Sotillo, “Vapor phase penetration
measurements with both single and double-pass
Schlieren for the same injection event,” in llass
Europe. 28th European Conference on Liquid
Atomization and Spray Systems, Editorial
Universitat Politécnica de Valéncia, July 2017, pp.
T47-754, doi:
https://doi.org/10.4995/ILASS2017.2017.4884.

[16] R. Payri, J. P. Viera, V. Gopalakrishnan, and P.
G. Szymkowicz, “The effect of nozzle geometry
over internal flow and spray formation for three
different fuels,” Fuel, vol. 183, pp. 20-33, 2016, doi:
https://doi.org/10.1016/].fuel.2016.06.041.

[17] F. Xue et al., “Numerical analyses of transient
flow characteristics within each nozzle hole of an
asymmetric diesel injector,” International Journal of
Heat and Mass Transfer, vol. 104, pp. 18-27, 2017,
doi:
https://doi.org/10.1016/j.ijheatmasstransfer.2016.08.
027.

[18] F. J. Salvador, D. Jaramillo, J. V. Romero, and
M. D. Rosell6, “Using a homogeneous equilibrium
model for the study of the inner nozzle flow and
cavitation pattern in convergent—divergent nozzles
of diesel injectors,” Journal of Computational and
Applied Mathematics, vol. 309, pp. 630-641, 2017,
doi: https://doi.org/10.1016/j.cam.2016.04.010.

[19] F. J. Salvador, M. Carreres, D. Jaramillo, and J.
Martinez-Lépez, “Analysis of the combined effect of
hydrogrinding process and inclination angle on
hydraulic performance of diesel injection nozzles,”
Energy Conversion and Management, vol. 105, pp.
1352-1365, 2015, doi:
https://doi.org/10.1016/j.enconman.2015.08.035.

SlSe (i 585

[7] R. Khodaverdian et al., “Evaporation of Injected
Oxidizer from a Pressure—Swirl Injector in a Low
Pressure Combustion Chamber,” (in persian), Fuel
and Combustion, vol. 14, no. 1, pp. 95-116, 2021,
doi:
https://doi.org/10.22034/jfnc.2021.250402.1248.

[8] S. Mar¢i¢, M. Mar¢i¢, and Z. Praunseis,
“Mathematical model for the injector of a common
rail fuel-injection system,” Engineering, vol. 7, no.
06, pp. 307, 2015, doi:
https://doi.org/10.4236/eng.2015.76027.

[9] V. G. Kamaltdinov et al., “Experimental studies of
fuel injection in a diesel engine with an inclined
injector,” Energies, vol. 12, no. 14, pp. 2643, 2019,
doi: https://doi.org/10.3390/en12142643.

[10] C. J. Mueller, C. W. Nilsen, D. E. Biles, and B.
F. Yraguen, “Effects of fuel oxygenation and ducted
fuel injection on the performance of a mixing-
controlled compression-ignition optical engine with
a two-orifice fuel injector,” Applications in Energy
and Combustion Science, vol. 6, 2021, doi:
https://doi.org/10.1016/].jaecs.2021.100024.

[11] R. Payri, G. Bracho, P. Marti-Aldaravi, and A.
Viera, “Near field visualization of diesel spray for
different nozzle inclination angles in non-vaporizing
conditions,” Atomization and Sprays, vol. 27, no. 3,
pp. 251-267, 2017, doi:
https://doi.org/10.1615/AtomizSpr.2017017949.

[12] M. R. Herfatmanesh, P. Lu, M. A. Attar, and H.
Zhao, “Experimental investigation into the effects of
two-stage injection on fuel injection quantity,
combustion and emissions in a high-speed optical
common rail diesel engine,” Fuel, vol. 109, pp. 137-
147, 2013, doi:
https://doi.org/10.1016/j.fuel.2013.01.013.

[13] R. Payri, F.J. Salvador, G. Bracho, and A. Viera,
“Differences between single and double-pass
schlieren imaging on diesel vapor spray
characteristics,” Applied Thermal Engineering, vol.
125, pp. 220-231, 2017, doi:

\t4


https://doi.org/10.22034/jfnc.2021.250402.1248
https://doi.org/10.4236/eng.2015.76027
https://doi.org/10.3390/en12142643
https://doi.org/10.1016/j.jaecs.2021.100024
https://doi.org/10.1615/AtomizSpr.2017017949
https://doi.org/10.1016/j.fuel.2013.01.013
https://doi.org/10.1016/j.applthermaleng.2017.06.140
https://doi.org/10.1016/j.applthermaleng.2017.06.140
https://doi.org/10.1016/j.fuel.2016.01.083
https://doi.org/10.4995/ILASS2017.2017.4884
https://doi.org/10.1016/j.fuel.2016.06.041
https://doi.org/10.1016/j.ijheatmasstransfer.2016.08.027
https://doi.org/10.1016/j.ijheatmasstransfer.2016.08.027
https://doi.org/10.1016/j.cam.2016.04.010
https://doi.org/10.1016/j.enconman.2015.08.035

