Quarterly Scientific Journal of Technical and Vocational University
Winter 2021, Vol. 17, No. 4, p. 119-134

Journal homepage: https://karafan.tvu.ac.ir/?lang=en TVU
o :10.48301/KSSA.2021.128399 @:2 .1001.1.23829796.1399.17.4.7.

E-ISSN: 2538-4430

#% Original Research ISSN: 2382-9796

The Effect of Multi-size Valve on Improvement of Swirl
Flow for Gas-based EF7 Engine

Sayad Nasiril" >, Hossein Rahimi Asiabarakiz ¢, Ehsan Razaghi3

1Faculty Member, Center for Engineering Skills, Sharif University of Technology, Tehran, Iran.

2Faculty Member, Department of Mechanical Engineering, Faculty of Karaj (Shahid Beheshti),
Alborz Branch,Technical and Vocational University (TVU), Alborz, Iran.

3Former Student, Department of Mechanical Engineering, Sapco Center of Applied Science and
Technology, University of Applied Science and Technology, Tehran, Iran.

ARTICLE INFO

ABSTRACT

Received: 12.19.2020
Revised: 01.17.2021
Accepted: 01.19.2021

Keyword:

Swirl flow
Combustion efficiency
Multi-size valve

Inlet port

Flow coefficient

*Corresponding Author:
Sayad Nasiri
Email: nasiri@sharif.edu

One of the methods to increase the combustion
efficiency in an internal combustion engine is to create swirl flow.
In EF7 engine, there are two inlet valves per cylinder so small
amount of swirl flow may be created. Most of the conventional
methods for generating vortex current, even used in new engines,
require major design and modifications of cylinder head, and their
costs are significant. In this study, a new low-cost method was
developed to create vortex flow. The goal of the changes is to
develop inlet flow difference between the two inlet valves led to
develop swirl flow in the cylinder in order to increase the
combustion efficiency provided that the flow coefficient doesn’t
face a loss. First, the swirl flow in an EF7 engine was measured at
steady state and then the intended changes was implemented on
the two ends of the cylinder head. After that, all valves sits' angle
were fabricated in accordance with corresponding standards.
Then, this method was experimentally evaluated using the flow
bench test so that in addition to measure the accuracy of swirl
flow, the swirl flow coefficient can be compared with other
methods such as flow control valve. The results show that there is
a minor reduction in flow coefficient for low valve lifts, but It can
be gained an acceptable amount of swirl flow for high valve lifts
with minor costs and changes for cylinder head in comparison
with other designs.
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2 Valve timing

3 Compression ratio

4 Variable manifolds

5 Variable valve timing (VVT)
6 Volumetric efficiency

7 Swirl flow
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9 Swirl control valve (SCV)

A



WA ((IFRQ) WY (31,5 g — oole aolibiad e gl iy ol g s i

9300 3929 o515 )5S Sleil U (g0l Jlade a5 (b 2 Sl i a0 o5 (elSin (g0 50 09500 (2
Lol oo 2l 99 4 So035 jaidws o Gz e

s S Gyl ;0 I 5 g LW 5 jailew S35 bz sge ls S 0l > Gblie 5l Koo (S
5 dile puzmen L] spi 0 B> ol sloygise jo el glul Kt il cel a5 el
B pas Sgue ygliid ol el wlo T b > a5 W) doel cpl ) 095 )28 BaBd 0 G Ll Ses
[V] Q}.w‘f COZ od....:y" LgM)Q 90 u».hlf 9 d‘)"‘>‘ ;ALJM: w‘;ﬁ‘ s‘ Lg]")’ o):j u}}w

Wiy 4l &) (s ) 00 i ooy ik 31 Glapl sz U adlla o 25 San 5 il
Sz 6ol ;0 45 05l sgg 4 ygige ;0 st WS by lgiee by S5 4z SOl eslinal b oS
Al RS PRIV EIRWII | L JRUIC WREL JVS

e WS g Eo g pmed Gralfl el g0 yo als 5 g e wls plis 1l SKen 5 (J 028 Ghegh
5 g LIS g S g 13T sl st ooy Jos (ol b oS il 3T a |, 482 sanole; lyise
1al 3,10 5924 lsa

Sl I b 8 Wy w5 ool 0 (ST 5 Jyinl S i gy 5o G iSen 5 LIS
3 LI cpimen [V ] wisu o g 1) S g By g Sl ol g ab e il Gl Sy il S
bl 53 (Seasl s Gl el TS e 4 gy (slad hz g Gl @S Gz o5 05 ol 895 G
LN s o 312l £ g 4zl alad Ce oo il 33l ) oo ol (ol 45 Wigh o @515 al> 5o

oM JoRen g Suad 5 il el il 3 b > S 00,5 oL Eyo90 ol ogm LS s 5 S S
5115 sl Ggllas s 8l il sl o515 al o slol jo ol (Sail o )b 5l 0gd co joikw woled o )]
DIY] 6 o 6 5sle T iusS s Jlilogs

sy sy b 5emlE yeige o 0 als)S by Gl L as 85 IS s ol Glgiee ool
el 55 jobar e o5 Slatew ;3w bz 5 Whioe dgne sige Clely 5 Whioe RIF
a2 S cnl 4l b 3L VYT 0g e Tige 5 banugte e Jlad (ualidl 5 (SanVT 1alS (3l sse
cdl el oSl ogd oo (SanVl 2l g 3lyl ogm el Lisa aloS by ol Gl 45 sl
DVF] 08,8 oo Jlw (b yo stz (6550 (2alS 51 50 coz o],

s a5 38 S 0 ) ATl Wb eyl Al yeige Glae a4 EFT [gige oolanwl o 4 yuien
2 O JUal Gaalid s 30 leadly (2alS el alias (ol 45 Wil so 3 3l RS conns 55 31,
Sl el sl e IS, 1) L a8 55 e cansd 3l (leg ke 2al33l 5] 23U oS &l aladom o e
S ool Gl gise )l pleadly 5 GralS ok

Sk 53 popas 4 sgige 53 s ol cute S I las ldllae 5 Slidos eled ol il
RPN S

! Brake-specific fuel consumption (BSFC)
2Squish

3 Knock

“4Brake mean effective pressure (BMEP)

"y



0L 9 (5 s Sboo NA-IFE (1FA) Y (1,5 adg)s — oole aolilad

oaliial )90 (e 1) g 99 45 g g0 0litul ygige ;0 s S by (10550 Sgz 4 gl g cnoiz
Oz g 4T bz olmlepgd g, 9 yailew o)l Cuons 4 (culon Dpg0ty (2 455 (gl g, sl 1,
et oy BB Y UKD 50 By, 99 Cnl el jaikew a 3955 5 LS (Dlige yo7e Jo> Ol

DO 15,5 by 59591 S92 941 (5l owleo!l sla gy .Y JSi

Slaygise 10 fids Olgw jome Jo by Gz g Al S b obml (Gl (e sl slaelSel ) 5 eoliil
ooliciul S8 axiles als S b J50S a0 5l bz cnl bl Gl i sboygise 1 5 Canl ly 5o

$9929 4Bl yair 5o il )F by J 0 Az yo Y Sl

ol Slgmdas Pk & azgi @ls S e Gl laghy, J (e als S bz U5 Az g ogdle
Ol ey 355 (S9585 meuiSle e 4 Smsw 4z e Slisw o5 Wil GaSa Sligw e (ALl S0l
D] s salgs slonl ol abadses (y508 (5 5558 als,5

Fhge (Fo585 D5 als T by J5uS az0,0 5 esliiul awsliie 5 (o) 3 ASer 5 S
4 Pligw (53525 DS 05l Ll wiiws S50 By, 59 58 45 Wides) 4l al 4 als 5 by odg sl
6 i il &S Syslise 3978 4 by 40 (6t (cwdVLL oo S o J5uS |y Olgw Blbl o lade
DVl ceilads 5 Ok S dz 10 a4y Cad (6 5 0,5 )5 00game (gl g 0l

boalss bz JysS amye Joo @lapians 55 )5 5l Bun o o) @S Gl 4 Glgiee alple
s o 1 (6399 sWaalSal, 5l (5 )90 (slor by 5 (YLL sl o) Kimgh g Clgw (Fo9i8 B

Llnlet ports

zwy



AT L(ITAQ) VY (81,1 gy — ooke dolidind g0 3151 iz ol g s S

o9y onl bl Lol aily o Sl EF7 jgise j0 ailo )5 bz ool (gl oy, 4 (obitws ol Grorghy o sl

Ol eadpled asg g 15 ol by J S aom po 5l eolainl § Salol Jao jo (geolool Dlyts ey b j5390 40

sbaolSol, S5 5 (53955 Sloclgm S8 et ik Sl e Ol 5o (VL Sl 6l (g ol 5

b o Oige a Gy ool il Bidod 0 o) (6T anie s )S ol SRS amye g Gl e

L als S by curd e olgi als 3 by sl Coro pogdle B ol sy by see g0 5 eoliu
)5 dliio 0l 2 SRS a0 gzed 6500 slaghy) 4 S

oilejl el (i,

isn O SeF 4 o a8 oslil iz 5m 093] 5l 350 42 63939 Slsp Sz (i 5 SSell sl
3 logae ¢ Glasdod S1pe )3 3,5 6 S0l alie Slgw 5 jatbons pos slosliznl b1y (2tle g als 3 (b2 (e
aloS by (s ey s pSoslail gl Sy, 09 g odliid uile b oS by (6 Sl sl g, 90
G AY awain Sl eolaal b als 3 Lo Jlesl jolaS 5,5 05lail (pgs (g, 5 ey 5l eolainl b
PSS 0 ol Sled o oy £ e slay @l S ol s pSoilal aag cnl o Y] alioe
L8 pdy O jgo Dg oo odalie

Jide (6 5031031 s )5 (6 S0 Il il g S0y E a2 9 Oz o Seilod P USS

S O s asles oy gsle ol cplplis S oo i Qg (F0955 ke b als S ol r ol
»)5....\54 oolazul ul)s.w u».\.w ‘.\.J.: )LAAA p.».la.u =34)

1 Paddle wheel

\ve



0L 9 (5 s Sboo NA-IFE (1FA) Y (1,5 adg)s — oole aolilad

el celu g (pguats ol b Qlgw (SO9uS muliid b Ui

Ol @0 e jaidw w59, Dlyoss sl 5l L8 Wl 5 cole anld o ballas g el b s
9 Sl usLQM Lb)d...l.u.u )| ASJ BLI] )BSM )JQLM ‘).u) (AW 6}50)‘|.b‘ LQ)A...L.»J )l kSJ » 44‘&; QL‘)} 9 w.ol.{‘-
Cod gige Slasuin Vo o8 Sl 385 Ojgod bresls polie «islesl slas yaile, JBlasas (gl

A2 o sl 1y iales

ool e ygige Slasine N Jgus

a>lg ot Egdgo d)
s VPEA P90 > )
Foskee YN# ks o ¥
Fagks AD OF o8 v

ax VAAY lgo 28 ke s
(s Y&IY Gl dlaass o> o

VY S5 o 3
Fake Y 999 Plgms kS v

oo g Gliaoy w8 a5 Sl s jaikew e el Jolh g slre olie Gl (Dl Slml 5l iy

Js a2k S sS ek ) (6503 9 S Sk ) 639)9 Sl 99 5 (K w539y sl
Chgw o8 ponid (6 )05l g 3l ] alaase olul [0 Codgaste woligw 90 ol o BMST Jade ol sl
S92 4 g Shge ) ojll BT «(639)9 Slaclgm e gl (AT b b oo cnl 53 Ble v
abigus (59, 48 55 150 Sl 4 ax g b aiad aisle cole Glauil B Cole, b s lacl g (s el
O amld b g ws T NSl Gaike e po (Sl ©pgon 5 ol Sl 5 (b s Slge o et
(895y9 B 5 Pligw (b 10 & Canl S5 (Lls ek sanol g5 et b lachge S jenn

L Concentric turning

VYo



WA ((IFRQ) WY (31,18 b g — sole aolibad 1031 iz Ol g a5

5,08 o e § cule)y el o ‘olfwu Al aw Gl 5 20,85 o L8 cole sllss 5l Sz
Caons 33 5 SrsS elas b Lol g 505555 Oligus Al (50,1900 s 53yt glaid b Liswl o YTl b (50555
e QL“*’ 1) 59959 olfo\) sl Bubw).lasb‘ﬁ.uu o9 ¥ Jf.w \.»ojf N J.nS}; ub}w o)ly.o

(Y-F) Sl gw yhd Olpuii 9 (1-F) 09,9 oKl 50 Ll Ol s & Ko

99,9 ooly yo oRianis ad il colaiul 63 SgS oF yanis | FSHeS Clhgw gl oSl cle a
b Ve 5ol b 5 35 e lyo o2 5 SS5asT sl el el g2y o8 0305l a5, 500
5 oSk yed a3 b cou 1) Gilesl b @l ol 352 g 4Kl (6l (S Cmed 45yl oL (jgige
$9) St (kS (Phb sl Gl e 9 20,5 (6,80 (6999 el jo ol B &jg0y 1) o
W) JL@.c‘ o)lgjo alfal) S 0l 6)..5““”9 .>|9.o

i b conliie 35 lyio] alaiss a5 Wb g oo b als S by adg e 3] alaise dwais
0)lgd wls Casd 4y jld als )T obml glp bz &S Clgw Bk o ¥ ISE Gb 0o T Sales g
S A S b ol 45 5SS i S 0 5 0,5 (b foalols g ad 3] alsins
3508 oS alold (3l pml alaass o)lgs 5l

Slgw ad g &l gl alddzo jo O s S| Y ST
ad o alold w0ogs als I b 2 sloul gl by s 4 jl oS Gl el alaase I bl o YU IS o)
(w‘ 4..3[.: u,..ubB‘ alsase o)lﬁo 9 s_)l.i}w

1 Three angle seat cut

"



0y 5 (5 s Sl NA-IVF L(TA) W (311 g — sole doliliad

B2 oo ol ) jailew ye (o ealiplml IS 51 ol sled A S

Ol pd 9 4105 g pSojlul

O Sl el Galpl sl S s 5 o 53 (Hly pige o 50 oS by Sl (et
Hlis A S 0 a5 jebiles 08,5 e eoliiul i i > olKiws 9,0 b by slaiole;] 5l als 5
b Joleo a5 (glalaiome (y9)0 4 el i8S 8 jadlew i (59, & (glgm | CS1ESE g0 lga 0l ool
Sholas Wlgs o a0 )ls )13 (S y55 ik alaizme oyl sloil 10 5 05 se 0300 jgue sl jailiw alaisme
DAl as Ohgo yaikes joe Jo>

0l Gabol 9 bz o (§9) sl yw coad A S

! Steady flow
ywyy



WA ((IFRQ) WY (31,5 g — oole aolibiad e gl iy ol g s i

poiios (m (Slumlio Lol 457 9 co sy &35y G o5 S0l (5l g i 2 (sbrolSiins 4o
Valal) Ojgod (g TSz 00 AT el (nl p aBl e (s 97 peiies b Ol Sl
g8 g0 oolaiul

B wp

Cs ZT Q)]

wp = 21N, ™

sebar ¥akal) 5l Wlgi e ) alaly )5 (55970 S p e el (g (Sigd S N 398 alal o
D Ao )ﬁé.ilspfl)s 6L‘°Qlﬁ)? ol X 4-]@1) )‘| oalaul L)th .Iaabw 3 JoB JB sl b 5 s 8

Vo = [2Fee)] & ™

B Lls o le oz 59 Sagrinl (28 b wed eolitul ndieS1y lagh > sl o9z g0 alal, S
AJTLSO Cawddy ¥ 4.‘4:4‘) Jiob\al

2y B _(&)((Y;l)) 2

_=r 0 )
(vy=1 po )

VO =

ol (53939 Ul”?“‘ )‘ J.d) ub)’ Yl P e g )L-v5 Cud Vo 9 Py 9 )-\.«.l.«.w 3900 )L...s Pc &
D0 54 o arlons (y) 039 slabe 3 s 5 ol J5Is JLid @ asgi b as
535 oo ool O alal, 5wl o é@ld&aou})oﬁr@b;wdaﬁ—l Cawd 4 glp

0
Jy (ACACs d6

Rg = mn,BL o 2
[fy2aco) do

()]

At (63959 Slbgas S A 9 3k sale; 02 5 B1 5 ygige ysS L aakew J3B (] 0 a8

s (2L g b amlio lp (b oo s pSojlail 4 (iagh o Lisee Baa 4 Sliws sl
9 °9"*'L5‘° Jas.afc ul.va.o.u olfu,o......u &‘é c.'a.w lJ olfo‘) )o L)L)} C‘Ia“" JBL.\?- LY ‘ul‘)—" wfo f“")b CLUO-‘
S9988 1l b b cayps 1N0] 00,5 0 iy w6,95 bz 5 By by Fp e O jgon
0l Sl g o8 poid ad Alold oS Jlej g 050 o0 Sgazme oS 0l) dwdin b g o ol a5 Wb oo Sl38l Clgu
39 699,9 sler 55l 5ol do o aSl s 4 05 o0 dily ool e 588 4 b > Codgaze il
VAL ol ren s y9330 ooz ol 2 by o p b il o BT eOlgos ol (sl S595

1 Swirl coefficient
2 Swirl ratio

YA



o) 3 6 i Sboo NASITE L(IFAQ) WY (51,15 g — ooke anlibiad

s lolas 1) Clge o5 sla S0945 10 by Cud )b S Wlgs od lebias (b2 oy 5l ooliul
Flals, 5l by o po dule (gl il S oSl clbgw o5 (Sl F95i5 50 (b o o Jlade |5 s
Q}wksn aol.é.':.wl \ 9

o= ®
" pVy Ay
2AP D2
= |[— Ay = — )
0 p v 4

&S Col Jgdoj9e Sloy «Ban pl 4 gliws Lol adl e ails 3 by iali8l Bus (iagh cpl o
hws j0 093 laal 4y o) (gl Gl WSS o 2alS s Olgas phins ;0 H5ige sozx> lend])
ke 3 als 3 ol > wdgs Gl plapiin Sl eslitul 4 el g Brae a5 5 @l Gl
09l 5l edeliewsdy aulis gl jaileww o bye oo GRS Eel als F Ly sl ST S waisse
il 2 TS 4 Ol e

Phgw piams 5 (Jyone Slgw plass (lgior T w0 e 5 P A3z e (5 pSojlail L
DS duslio Ve S5 o ) s

012
—_— ol ik
[ — — — e ol jilew s -
01} e
" i N\
_ -
- Fd
0.08|
.{ : /—\/
3ioms- /
Y,
2 /
. I /
ooal /s
L 7
002/
LEEA
0|Al|lltkl|llkl|l i EFETETEr R 1 1 J
1 2 3 7} 5 3 7 F
(o (sao) SFog s

g 30 40,5 (4 32 o b dumns il N YD

A3 o Giales O alaly o 1y Giolojl 0 als 5 b o s sl (gl oY ledllol VY S

’ra



NA-ITE (IFAR) W (o811 g — oole aolibuad g3 i g s i

0.24 ~

0.21F

A1) g o
o
o
o
T

012
0.09
Coo o o b o b by s o 0 b b g )
0:00 1 I 5 7 8
o sloo) (50955

oMol g ol Cdl> g0 50 @l ;5 by Cannd g lio )Y JSCo

PP ) Slhgw daz w9 bl juilen s 50 (2 8 il Jol gl anlie

28 oy VWSS

0.18
5 —_— Shel e
- — = = oud Mol juilw =
0.15 -
012 | 7
Azf z
bl g
y 0.00F 7
._—5 u d
B 7
0.06 |- 7%
74
I 74
0.03 |
ozlwlllwllwllw\llwllwllxwll P | | J
0 1 2 3 4 5 6 7 8
(e (shao) (52985

oubzMol g hol ok 95 30 Bl 32 o b A Uil Y IS

2 skl ik sl als)S sz i a5 wes e i alesl Sl ol Gl pd polie gl

2 G9P Mgy ol a5 s Jo5 wg; VL (Sl FogiS 5 g sy 0 95 adke S 4y pla oo ¥ (S05iS
S5 5 ik 5 Slyesis Jlael | g Ul S o oy 3305 i siaeo ¥ 1 (oln Sogas
2 alS Gl coyps ke a5 39l e Jol> Dpgo nl 4 @l wuse Sligw pecs Bl byl
Y IY o Fo5iS 0 a5 aloo (ials ol jaidow po 4y Cond o ) 0VA 4 Soop je e V (SogiS
wls 3 b Lol il i 0 aS se Lo T F05i8 0 iy o0 2alS ae VO U a4 lade ol e e
son b a5 ygba opslon dgzam |y S (lyz (SRl W) wnaz jatkis s S e il 2l 9,0
a5 by Gl e 0gdge camlin VYOS 0 aS F0siS cws p als S b Dliass sep

VY



o) g (g ymai Sboo NAITE ((IFA) WY (31,15 g — soke doliliad

Ol oo A (S0955 10 905 0929 by cupd ydi G @ Ve BV e Lo ¥ SO sla FoguS
Sy oo il a0 Yooy Jlade

(A2 33) &ils )5 g b ol i
- - - N
w =23 ©w N 2l 0 -
(=] (=] (=] (=] (=] o o
aanssanans)

i (e o) SFogs
30k

S OS Cawns p1 4l045 o b Ol i w00 VY JSCS

&b Pl jsba (Slgw o5 oS358 53 po (pl b w5 oS jebilen 5 by ps 0590 0
W USs @ args b o il &y Cond (ool pailis s g ol O e et 5 Sliges ad (S
O o F95u8 0 g ymals ao s UYL VYT o bye oo o dio 8 JIY lo F05u8 10 a5 ans o oylid
2 obyr cupd chisw Baz i b ax 51 ol @l 2018l sy VIO B VTS Jade 4 e Lo A I
s SVl sla S35 5 o & 535 Lsbe e 0 STl Jy 2213 20lS o5 sla SayiS
Ol o Gl nl 5 ol atls Gl Chgw SV sl S39i5 53 55 bz e 1Al il e 3l
@51? 9 él.u‘ A Ogdoe sg_)l.vs.w ‘5yl.v le;b‘;bjmf 3 UL,P wjo |)J) «Cawl 00l J..ol} 59959 olfob Azugd lJ
Dgd o0 olfob J>L>

(233) b 32 38 Ol pds
IS ~ o

&

&

A0 -

S OFS oz 1 (3l 3 o b Ol gt S0y NF S

AR



WA ((IFRQ) WY (31,5 g — oole aolibiad e gl iy ol g s i

alfa‘) L M‘LQA 90 9 SR 4.‘1....9& P9 7O Sgd> &4 W ‘_’.:‘ e u.a)}: u.c),.w aS ol ;é UL‘:‘LM:

09 Vo & g Az e g ot 4l S ol J5S Ao b 095 Pl o b &S ol g

el diy 38 g Ol ot e eS b ads 3l o 4 oloiwd (Bas (imghy ol 5 el jieS ds) oo aiBS
8w (93 Al S by ke 4 (i oe (539)9 el (blgs 5 Slgw Sl s b L oS g9

S 35 4o

5 65 o s 5 i 5 S35 Tl 59 i ol BES sl g (ol ol s
30 Oles 6999 Blhigw 1o ojlail B ol b a5 wiws g0 lid gulis g gl il leaily (ioldl coles
Sy se joikew 0 als I by oade del (iYL (pl 59z g a5 5 ,S sbul VLG jailew 4 (6949,9 L
Fo s iobgw syl ¥ (F3925 b il po s oz gatken s 9y Sliis Jloeh 5l
S 9928 b oalip ol juidew )0 puizmen (8l il 0 Ve Bals ) F b > w4y e e § (F05uS
oo 28l Gl ol oy fnan A 0 (S92 55 Ll osalie ol s 281 fnlan O
L olpee aloS by oy ln 5500 laptuns 4 Cond 52l Dlpnid 9 o5 e L o5 w0 i bl
Cllhwws JeB BB als )3 by 4 pies )]

(MMP) 39,5 Slyg adaiis xhans Ay

(Mm) ;o a3 B

Ok ey Cs

alo S byl Cs

(MM) (599,5 Slyges 5L Dy

(MM) ;5550 w55 L

(kgs™) oo m

(RPM) (55 (590 e oo N,

(Pa) o> camsVl JL23 P,

(Pa) jatlew 19,0 JLud Pc

alo S by o Rg

(Ms™) b, sVl sy Vo
Sl PN

o5y bl I o %

Oledl n

59959 GBPhgw (b a5 5L (ganle; 0

kgm®) J&> p

(rads™) slagl; e ®

wy



o) g (g ymai Sboo NAITE ((IFA) WY (31,15 g — soke doliliad

,sta"‘" 9 ).3..\53
OO 23 0 1) ) en JLS a5 5,095l pl 930 Db S e 0 izme Jiwy g Copoe 3l abwginpny
Dl Joe ar o508 5 Sas iy Bain g b o iolesl slyx! (gl SIS

References

[1] Rahimi Asiabaraki, H. (2014). Investigation of Geometry and Material Properties
Effects on the Performance of Intake Manifold. [MSc Thesis, Department of
Mechanical Engineering, Khajeh Nasir al-Din Toosi University of Technology,
Tehran, Iran].

[2] Heywood, J. B. (1987). Fluid motion within the cylinder of internal combustion
engines—the 1986 Freeman scholar lecture. ASME, Transactions, Journal of
Fluids Engineering, 109(1), 3-35. https://ui.adsabs.harvard.edu/abs/1987ATJFE.109
....3H/abstract

[3] Mohammadebrahim, A. (2016). Investigation of the in-cylinder swirl flow measurement
methods and comparison between them in a cylinder head. The Journal of Engine
Research, 42(42), 51-58. http://engineresearch.ir/article-1-562-en.html

[4] Mohammadebrahim, A., Shafiei, B., & Kazemzadeh Hannani, S. (2012). Numerical
simulation of in-cylinder tumble flow field measurements and comparison to
experimental results. The Journal of Engine Research, 26(Spring 2012), 11-19.
http://engineresearch.ir/article-1-283-en.pdf

[5] Li, Y., Liu, S., Shi, S.-X., & Xu, Z. (2000). Effect of the swirl control valve on the in-
cylinder air motion in a four-valve Sl engine. Journal of Fuels and Lubricants,
SAE Transactions, 109(4), 2223-2232. https://doi.org/10.4271/2000-01-2058

[6] Zhang, K., Chang, Y., Xie, Z., Sun, T., & Chen, F. (2019). Effect of intake swirl on
combustion performance in an unthrottled spark ignition engine. Proceedings of
the Institution of Mechanical Engineers, Part D: Journal of Automobile
Engineering, 233(5), 1269-1279. https://doi.org/10.1177/0954407018769172

[7] Abdalla, A. N., Bakar, R. A., Tao, H., Ramasamy, D., Kadirgama, K., Fooj, B., Tarlochan,
F., & Sivaraos, S. (2020). Effect of swirl at intake manifold on engine performance
using ethanol fuel blend. Energy Sources, Part A: Recovery, Utilization, and
Environmental Effects, 42(1), 73-88. https://doi.org/10.1080/15567036.2019.1587056

[8] Chang, H.-T., Huang, C.-W., Lin, K.-H., & Hu, W.-C. (2013). Effects of Intake System
with Swirl and Tumble Valve on the Combustion in a Small Four Stroke Engine.
JSAE/SAE 2013 Small Engine Technology Conference, Taipei, Taiwan.
https://trid. trb.org/view/1829354

[9] Lee, S., Tong, K., Quay, B. D., Zello, J. V., & Santavicca, D. A. (2000). Effects of swirl
and tumble on mixture preparation during cold start of a gasoline direct-injection
engine. Journal of Engines, SAE Transactions, 109(3), 1783-1796. https://doi.org/
10.4271/2000-01-1900

[10] Nagayama, I., Araki, Y., & lioka, Y. (1977). Effects of swirl and squish on Sl engine
combustion and emission. SAE transactions, 86(2), 990-999. https://doi.org/10.
4271/770217

[11] Kaplan, M. (2019). Influence of swirl, tumble and squish flows on combustion
characteristics and emissions in internal combustion engine- review. International

"y


https://ui.adsabs.harvard.edu/abs/1987ATJFE.109....3H/abstract
https://ui.adsabs.harvard.edu/abs/1987ATJFE.109....3H/abstract
http://engineresearch.ir/article-1-562-en.html
http://engineresearch.ir/article-1-283-en.pdf
https://doi.org/10.4271/2000-01-2058
https://doi.org/10.1177/0954407018769172
https://doi.org/10.1080/15567036.2019.1587056
https://trid.trb.org/view/1829354
https://doi.org/10.4271/2000-01-1900
https://doi.org/10.4271/770217
https://doi.org/10.4271/770217

WA ((IFRQ) WY (31,5 g — oole aolibiad s30T 4 ol g s 5

Journal of Automotive Engineering and Technologies, 8(2), 83-102. https://doi.org
/10.18245/ijaet.558258

[12] Pulkrabek, W. W. (2004). Engineering Fundamentals of the Internal Combustion Engine.
Pearson Prentice Hall. https://books.google.com/books?id=_ uZSAAAAMAAJ]

[13] Han, B.-H., Suh, J.-W., & Kim, W.-T. (1991). Effects of In-Cylinder Swirl on Part
Load Performance and Combustion Characteristics in a SI Engine. International
Pacific Conference on Automotive Engineering, Seoul, South Korea.
https://saemobilus.sae.org/content/912468/

[14] Kumar, C. R., & Nagarajan, G. (2012). Investigation of flow during intake stroke of a
single cylinder internal combustion engine. ARPN Journal of Engineering and Applied
Sciences, 7(2), 180-186. https://www.semanticscholar.org/paper/INVESTIGATION-
OF-FLOW-DURING-INTAKE-STROKE-OF-A-Kumar-
Nagarajan/Oace5dc23526974efd69e8c605ea79cc6fec76c7

[15] Heywood, J. (2018). Internal Combustion Engine Fundamentals 2E. McGraw-Hill
Education. https://books.google.com/books?id=OmJUDWAAQBAJ

[16] Kang, K. Y., & Reitz, R. D. (1999). The effect of intake valve alignment on swirl
generation in a DI diesel engine. Experimental Thermal and Fluid Science, 20(2),
94-103. https://doi.org/10.1016/S0894-1777(99)00034-5

[17] Pipitone, E., & Mancuso, U. (2005). An experimental investigation of two different
methods for swirl induction in a multivalve engine. International Journal of
Engine Research, 6(2), 159-170. https://doi.org/10.1243/146808705x7365

[18] Ghazikhani, M., & Borjian, S. (2004). Evaluation of the amount of rotation of the flow inside
the cylinder chamber of a diesel engine by a rotary gauge. International Journal of
Engineering Science, 15(3), 143-155. https:/imww.sid.ir/fa/journal/\ViewPaper.aspx?I1D=
55740

[19] Xu, H. (2001). Some critical technical issues on the steady flow testing of cylinder
heads. SAE 2001 World Congress, Detroit, Michigan. https://doi.org/10.4271/2001-
01-1308

e


https://doi.org/10.18245/ijaet.558258
https://books.google.com/books?id=_uZSAAAAMAAJ
https://saemobilus.sae.org/content/912468/
https://www.semanticscholar.org/paper/INVESTIGATION-OF-FLOW-DURING-INTAKE-STROKE-OF-A-Kumar-Nagarajan/0ace5dc23526974efd69e8c605ea79cc6fcc76c7
https://www.semanticscholar.org/paper/INVESTIGATION-OF-FLOW-DURING-INTAKE-STROKE-OF-A-Kumar-Nagarajan/0ace5dc23526974efd69e8c605ea79cc6fcc76c7
https://www.semanticscholar.org/paper/INVESTIGATION-OF-FLOW-DURING-INTAKE-STROKE-OF-A-Kumar-Nagarajan/0ace5dc23526974efd69e8c605ea79cc6fcc76c7
https://www.semanticscholar.org/paper/INVESTIGATION-OF-FLOW-DURING-INTAKE-STROKE-OF-A-Kumar-Nagarajan/0ace5dc23526974efd69e8c605ea79cc6fcc76c7
https://books.google.com/books?id=OmJUDwAAQBAJ
https://doi.org/10.1243/146808705x7365
https://www.sid.ir/fa/journal/ViewPaper.aspx?ID=55740
https://www.sid.ir/fa/journal/ViewPaper.aspx?ID=55740
https://doi.org/10.4271/2001-01-1308



