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WK ,QWHUQDWLRQDO &RPEXVWLRQ 6\F

35()%&(

&RPEXVWLRQ 6\PSRVLXP WKDW LV RQH RI WKH ORQJHVW U.:
V\PSRVLXP VHULHV RI WKH SHULRGLF DFWLYLWLHV RI 7XU|
7KLV VHULHV RI V\PSRVLXPV ZKLFK KDYH EHHQ KHOG VLC
K\EULG LQ IRU WKH WK WLPH ZHUH SODQQHG WR EH K
\HDUVY DSDUW DOWKRXJK QRW HYHU\ WLPH $IWHU WKH ILU
ZDV RSHQ WR WKH RUJDQL]DWLRQ UHTXHVWYV RI RWKHU X
DFWLY LWympoQuas (Uludag University (6 times), Istanbul Technical University (1

WLPHV *D]L 8 QLY HMavhhaky UniverdyL (P Hives), Kirikkale University (1

WLPHV DQG 6DNDU\D 8QLYHUVLW\ WLPHV ,QWHUQDWLR
.RFDHOL 8QLYH URAtabMR UnivdtsityR Hties) and Erciyes University (1 times)

KDYH EHHQ RUJDQL]JHG VR IDU

&RPEXVWLRQ DQG FRPEXVWLRQ WHFKQRORJLHV ZKLFK LC
PHFKDQLFDO HQHUJ\ IURP IRVVLO IXHOV KDYH JDLQHG PXF
HISHULHQFLQJ WKH HIITHFWV RI JOREDO ZDUPLQJ DQG FOLPI
6LQFH FRPEXVWLRQ LV WKH FRQYHUVLRQ RI IXHOV LQWR K
SODFH LQ FRXQWOHVY DSSOLFDWLRQV IURP WKH NLWFKHQ
ERLOHUV WR LURQ DQG VWHHO IXUQDFHYV DQG SRZHU SODC
RI WKLV WUDQVIRUPDWLRQ DUH RI YLWDO LPSRUWDQFH (V
EHFRPH D JOREDO VWUDWHILF ZHDSRQ EHVLGHV HQHUJ\ U
HITHFWLYHO\ VR IXHOV DQG FRPEXVWLRQ LVVXHV KDYH EH

VWXG\ IRU UHVHDUFKHUV



$W WKH WK QWHUQDWLRQDO &RPEXVWLRQ 6\PSRVLXP KF
PDGH SUHVHQWDWLRQV ZLWK SDUWLFLSDWLRQ IURP DEURD

$ WRWDO RI VHVVLRQV ZHUH KHOG DW WKH V\PSRVLXP

RQOLQH $ WRWDO RI SDSHUV ZHUH SUHVHQWHG RUDOC(
RQOLQH VHVVLRQV RQ DOWHUQDWLYH IXHOV FRPEXVWRL
QXPHULFDO PRGHOOLQJ DQG VLPXODWLRQ RQ FRPEXVWLRQ

7KH VA\PSRVLXP ZDV VXFFHVVIXOO\ KHOG ZLWK WKH SDUWLF
GLITHUHQW FRXQWULHYV ERWK IDFH WR IDFH DQG RQOLQH

, ZRXOG OLNH WR WKDQN WKH VI\PSRVLXP KRQRXU RUJDQL
PHPEHUVY UHYLHZHUV LQYLWHG VSHDNHUV VHVVLRQ FK
VI\PSRVLXP VHFUHWDULDW ZKR FRQWULEXWHG WR WKH VXFI

%HVW UHJDUGYV
SURI 'U 1DIL] .$+5%0%1

&R &KDLU RI WKH 6\PSRVLXP



WK ,QWHUQDWLRQDO &RPEXVWLRQ 6\PSRVL
6HSWHPEHU

.H\QRWH 6S RROFHDR. ALi CEMAL BENIM

6SHHFK 7LWOH &KDOOHQJHV ,Q &RPSXWDWLRQDO ORGHOOL
7XUELQH &RPEXVWLRQ

'XHVVHOGRUI 8QLYHUVLW\ Rl $SSOLHG 6FLHQFHYV

&9 3URI 'U $OL &HPDO %HQLP UHFHLYHG KLV % 6F DQG
8QLYHUVLW\ DQG KLV 3K ' GHJUHH DW WKH 8QLYHUVLW\ RI
JLQLWH (OHPHQW ORGHOLQJ RI 7XUEXOHQW )ODPHV ZKLFK
BXEVHTXHQWO\ K H MRLQHG $ % % 7XUER 6\VWH
+H zZDV WKH PDQDJHU RI WKH JURXS &RPSXWDWLRQDO
&XUUHQWO\ KH LV D 3URIHVVR UDiRdtofQhiddity sHpKHi@R ORI\ D
6FLHQFHV OHDGLQJ WK H &HQWHU RI )ORZ
+H DXWKRUHG DQG FR DXWKRUHG RYHU SXEOLFDWLRQV
WK H ILQLWH HOHPHQW ILQLWH DQDO\WLF OD\
1IDYLHU 6WRNHV VROXWLRQ WHFKQLTXHV WXUEXOHQFH FR
WUDQVIHU HURVLRQ WXUERPDFKLQHU\ DHURG\QTC
+H LV WKH ([HFXWLYH (GLWRU RI 3URJUHVV LQ &RPSXWDW
SRVLWLRQV LQ D QXPEHU RI IXUWKHU MRXUQDOV DORQJ :
FRQIHUHQFHYV
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$ & %HQLP

&HQWHU RI )ORZ 6LPXODWLRQ &)6 '"HSDUWPHQW RI1 OHF
Diisseldorf University of Applied Sciences, Diisseldorf, Germany; email: alicemal@prof
EHQLP FRP

$EVWUDFW

&KDOOHQJHV LQ PRGHOOLQJ WXUEXOHQW FRPEXVWLRQ |
GLVFXVVHG LQ DQ RYHUYLHZ LQ D KLVWRULFDO SHUVSHFV
JRDOV LQ JDV WXUELQH FRPEXVWLRQ KDV HERBAY YRR WU HIKXLF
UHWDLQLQJ KLJK FRPEXVWLRQ HIILFLHQF\ 7KLV KDV OHG
WHFKQRORJ\ ZKLFK LV WKH VWDWH RI WKH DUW LQ PRGHU
WHFKQRORJ\ KRZHYHU SXWV VSHFLDO GHPDQGV RQ WKH G
PRGHOOLQJ RI WKH PRPHQWXP KHDW DQG PDVV WUDQVSRU

$V RQH RI WKH FKDOOHQJHV DVVRFLDWHG ZLWK WKH OHTE
VKRUWO\ GLVFXVVHG EDVHG RQ WKH 5D\OHLJK FULWHULRQ
7UDQVIHU )XQFWLRQ )7) DSSURDFK DUH RXWOLQHG

,Q WKH VWDELOL]DWLRQ RI OHDQ IODPHV LQ JDV WXUELQ
FUHDWHY VSHFLDO FKDOOHQJHV IRU WKH WXUEXOHQFH PRC
WXUEXOHQFH VWUXFWXUH LV WR FUHDWH D VWURQJ QRQ L\
RI WKH DUW 5%$16 5H\QROGV $YHUDJHG 1XPHULFDO B6ROXW
DVVXPH DQ LVRWURSLF WXUEXOHQFH VWUXFWXUH DV LPSO
IHDWXUH RI VZLUOLQJ IORZV LV WKDW DQ LQFUHDVH RI WKF
WKH VR FDOOHG VXE FULWLFDO IORZ VWDWH ZKLFK LV F
IUHTXHQF\ XQVWHDGLQHVV OHIBIGHredsifg X bridk HorR (WWVERQ WR WK
DQG H[KLELWLQJ D VWURQJ VHQVLWLYLW\ WR WKH GRZQVW
GHPDQGV RQ WKH FRPSXWDWLRQDO PRGHOOLQJ ,Q WKH PR
WKH DSSOLHG VZLUO QXPEHUV DUH TXLWH KLJK IRU EHLC
FRQGLWLRQV ZKLFK HVSHFLDOO\ QHFHVVLWDWHY DQ DGHT
DV IDU DV WKH WXUEXOHQFH PRGHOOLQJ LV FRQFHUQHG 7
GLVFXVVHG ZKHUH GLIIHUHQW WXUEXOHQFH PRGHOV VXFK
'HWDFKHG (GG\ 6LPXODWLRQV DQG GLIIHUHQW YHUVLRQV
DSSOLHG WR GLIIHUHQW H[SHULPHQWDO FRQILJXUDWLROQ\
SUHGLFWLRQ RI VWURQJO\ VZLUOLQJ WXUEXOHQW IORZV D
IRU WKH WKUHH GLPHQVLRQDO ORZ IUHTXHQF\ XQVWHDGLQ
LVRWURSLF VWUXFWXUH Rl WXUEXOHQFH

JRU PRGHOOLQJ WKH WXUEXOHQFH FKHPLVWU\ LQWHUDF
('& (GG\ 'LVVLSDWLRQ &RQFHSW DQG WKH /)0 /DPLQDU )O
/)0 OLPLWDWLRQV RI WKH VWDQGDUG QRQ SUHPL[HG DSSUF
VFDODU GLVVLSDWLRQ UDWH LV RYHUFRPH E\ DGGLQJ WKH
WR WKH IODPHOHW OLEUDULHY WKDW DOORZV WKH SUHGLF
ZLWKLQ D XQLILHG DSSURDFK %\ FRPSDULVRQV ZLWK H[SH!
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('« DSSURDFKHV OHDG WR TXLWH DFFXUDWH DQG FRPSDUD
IUDPHZRUN IRU WXUEXOHQFH PRGHOOLQJ

$V D IXUWKHU FKDOOHQJH WKH GHPDQGV RQ IXHO IOH[LE
RI VIQJDV ELRJDV DQG QDWXUDO JDV K\GURJHQ IXHO EOHC
IODVKEDFN SURSHQVLW\ RI K\GURJHQ DQG K\GURJHQ FR
GHPRQVWUDWHG WKDW DFFXUDWH UHVXOWY FDQ EH REWDL
WKH IODVKEDFN EHKDYLRXU FDQ EH SUHGLFWHG EDVHG RC
RI IODVKEDFN |IRU VZLUOLQJ IODPHV VXFK DV WKH VR FD
,QGXFHG 9RUWH[ %UHDNGRZQ DUH GLVFXVVHG $V RQH R
IODVKEDFN WKH UROH RI WKH TXHQFKLQJ PHVK LV GLVFX
SDUDPHWHUYVY LQ WKLY UHVSHFW VXFK DV WKH TXHQFKLQJ
GLVFXVVHG

7TKH FRXQWHUSDUW RI IODVKEDFN LV EORZ RIIl WKH SUHF:
KDV DQ LQGLUHFW UHOHYDQFH WR WKH IODVKEDFN SUREOH
IXHO LQMHFWRU $ OLIWHG K\GURJHQ IODPH LV FRPSXWDWL
DFFXUDWH UHVXOWY DUH REWDLQHG IRU WKH ILHOG GLVWU
IRU WKH FRQVLGHUHG RSHUDWLRQ FRQGLWLRQV
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WK ,QWHUQDWLRQDO &RPEXVWLRQ 6\PSRVL
6HSWHPEHU

.H\QRWH 6SHDNHU NADIR YILMAZ

6SHHFK 7LWOH &RPSXWDWLRQDO $QDC JULPHQ
9DOLGDWLRQ 21 8SZDUG $QG 'RZQZDUG 'EFNHW
BURSHOODQW &RPEXVWLRQ

'HSDUWPHQW RI OHFKDQLFDO (QJLQHHL 8QLYH!I

&9 1DGLU <LOPD] LV D SURIHVVRU DQG WKH GHSDUWPHQV
+RZDUG 8QLYHUVLW\ DV ZHOO DV D OLFHQVHG SURIHVVL
UHFHLYHG % 6 06 DQG 3K' GHJUHHV LQ OHFKDQLFDO (
8QLYHUVLW\ %UDGOH\ 8QLYHUVLW\ DQG 1HZ OH[LFR 6WDWH
RI $60( $PHULFDQ 6RFLHW\ RI OHFKDQLFDO (QJLQHHUV D
RI 3URIHVVLRQDO (QJLQHHUV DQG D )HOORZ RI 6%$( ,QW
(QJLQHHUV +H KDV EHHQ D QRWHG DXWKRU RI PDQ\ SXEOL
URFNHW SURSXOVLRQ DQG DXWRPRWLYH HQJLQHHULQJ +H
)DFXOW\ JHOORZ DW 6DQGLD 1DWLRQDO /DERUDWRULHV L
PHQWRUHG PDQ\ XQGHUUHSUHVHQWHG PLQRULW\ DQG IHPEL
LQFOXGLQJ WKH 16) IXQGHG $03 $OOLDQFH IRU OLQRULW\ 2

‘' <LOPD] VHUYHV DV WKH (GLWRU ,Q &KLHI IRU WKH 6%(
IXEULFDQWY DQG DV D PHPEHU RI WKH HGLWRULDO ERDU
DGGLWLRQ KH VHUYHV RQ 6%$( )RXQGDWLRQ %RDUG RI 7UXYV
RI 7UXVWHHYV 1HZ OH[LFR $03 $GYLVRU\ %RDUG DQG WKH
$XWRPRWLYH (QJLQHHUV RI 7XUNH\ 'U <LOPD] KDV DOVR
(GXFDWLRQ %RDUG 163( +LJKHU (GXFDWLRQ ([HFXWLYH %R
$60( 1HZ OH[LFR 6HFWLRQ
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1DGLU <LOPD]

'HSDUWPHQW RI OHFKDQLFDO (QJLQHHULQJ +RZDUG 8QL)
86$ HPDDGLU \LOPD]#KRZDUG HGX

$EVWUDFW

$OXPLQXP DOOR\V H[KLELW PXOWL IDFHWHG FRPSOH[ EHKE
XQGHUVWDQGLQJ VXFK DV DOXPLQXP SDUWLFOH FRPEX\
FRPEXVWLRQ G\QDPLFV DQG FUHHS EHKDYLRU GXH WR WKI
GHIRUPDWLRQ DQG WKH VWUHQJWK RI WKH DOOR\ DERYH P
SDUWLFOH EHKDYLRU LQ DQ RSHQ DWPRVSKHUH SURSHOC¢
FRQVLGHULQJ DFFLGHQW VFHQDULRYV IRU URFNHWYV FDUU\I
GLIILFXOWLHYV LQ DQDO\]LQJ WKH WKHUPDO HQYLURQPHQMW
DOXPLQXP SDUWLFOHVY ZKLFK DUH D FRPSRQHQW LQ WKF
DOXPLQXP SDUWLFOH EXUQ ZDV PRGHOOHG LQ XSZDUG DQG
IOXLG G\QDPLFV FRGH ZLWK FRPSDULVRQ WR H[SHULPHQW
IRUPXODWH WKH HYDSRUDWLRQ UDWHV IRU DOXPLQXP S|
GHWHUPLQHG EDVHG RQ D VHULHV Rl SDUDPHWHUV LQFOX:
VXUIDFH WHPSHUDWXUH SURSHOODQW VXUIDFH UDGLDWLR
WXUEXOHQW 3UDQGWO QXPEHU DQG WXUEXOHQW 6FKPLGW
FUHDWHG EHWZHHQ D GRZQZDUG IDFLQJ FRPEXVWLQJ SURS
VXUIDFH 3HUWXUEDWLRQ RI WKH YHORFLW\ Rl WKH SURSHO
VKRZHG JUHDWHU VHQVLWLYLW\ RQ WKH SOXPH WHPSHUDW
SURSHOODQW VXUIDFH YHORFLW\ LQFUHDVHG WKH PD[LPX
VKRZQ WR LQFUHDVH WKH JDV WHPSHUDWXUH FORVHU WR
WKH SURSHOODQW VXUIDFH YHORFLW\ ZDV VKRZQ WR LQFUF
WKH H[SHULPHQWDO UHVXOWY 9DULDWLRQ Rl SDUFHO FRX(
DQG WXUEXOHQW 6FKPLGW QXPEHU KDG LQVLJQLILFDQW HI
VLPXODWLRQ GDWD GHPRQVWUDWHG UHDVRQDEOH DJUHHPHI

.H\ZRUGV $OXPLQXP FRPEXVWLRQ SDUWLFOH LJQLWLRQ
YHULILFDWLRQ
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WK ,QWHUQDWLRQDO &RPEXVWLRQ 6\PSRVL
6HSWHPEHU

.H\QRWH 6SHDNHU 3URI 'U 6+28<,1 ,$

6SHHFK 7LWOH 1XPHULFDO 6LPXODWLR( / )DVW
3\URO\VLV XQGHU ORGLILHG &RPSUHKHQ IWHS .
6FKHPH

&KDLU RI 7KH &RPEXVWLRQ ,QVWLWXWEF ... ___  _ 3DUWPH
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BKRX\LQ ,DQ <DQJ

'HSDUWPHQW RI 3RZHU OHFKDQLFDO (QJLQHHULQJ 1DWLRQ
7DLZDQ

$SEVWUDFW

$ERXW RI ZRUOG HQHUJ\ LV VXSSOLHG E\ IRVVLO IXHO
SUREOHPV /LJQRFHOOXORVLF ELRPDVV LV DEXQGDQWO\ D°
RQH RI WKH SURPLVLQJ WHFKQRORJLHV IRU FRQYHUWLQJ E
RLO QRQ FRQGHQVDEOH JDV 1&* DQG ELRFKDU VROLG UF
DQG ZLGHO\ XVHG UHDFWRU RIIHULQJ H[FHOOHQW VROLG |
ELRPDVV FRQYHUVLRQ DQG VKRUW ELRSDUWLFOHV DQG S\L
PD[LPL]LQJ WKH ELR RLO SURGXFW \LHOG

&RPSXWDWLRQDO )OXLG '\QDPLFV &)' LV D SRZHUIXO WRR
RI UHDFWLQJ IORZV LQFOXGLQJ K\GURG\QDPLFV DQG FKHP
FRVW HIIHFWLYHQHVV 7KURXJK D IRUPXOD GHYHORSHG E!
HOHPHQWDO FRPSRVLWLRQ RI VSHFLHVY WKH HQHUJ\ FRQW!
HQHUJ\ DQG H[HUJ\ G\QDPLFV RI WKH S\URO\VLV SURFHVV F
PHFKDQLVP ORVW S\URO\VLV VLPXODWLRQV IRFXVHG RQ Wt
K\GURG\QDPLFV SHUIRUPDQFH 1RQH RI WKDW LQYHVWLJDW
6LQFH LW KDV EHHQ SURSRVHG LQ WKH FRPSUHKHQVL"
LPSURYHPHQWY +RZHYHU WKH S\URO\VLV SURGXFW FERF
H[SHULPHQWDO UHVXOWV VSHFLILFDOO\ WKH VLPXODWHG
ZDWHU DQG SKHQROLF SURGXFWV SUHVHQWHG LQ ORZ IUD
KDYH PRUH WKDQ UHDFWLRQ VWHSV ZKLFK LV WKH ORQJF

7KH VSHFLILF SXUSRVHV RI WKLV UHVHDUFK DUH

* 7R PRGLI\ WKH FRPSUHKHQVLYH PXOWLVWHS NLQHWLF L
EDVHG RQ WKH ODUJH VSHFLHV IRXQG LQ WKH H[SHUL
PHFKDQLVP LV LPSOHPHQWHG IRU VLPXODWLQJ WKH ID)

= 7R VLPSOLI\ WKH FRPSUHKHQVLYH PXOWLVWHS NLQHWI
DQG UHPRYLQJ WKH QHJOLJLEOH UHDFWLRQ VWHSV 7K
IURP LQWR VWHSV LQFOXGLQJ PRLVWXUH HYDSRUD

* 7R LQWHJUDWH WKH SULPDU\ VLPSOLILHG PHFKDQLVP .
DQRQG KRPRIJHQHRXYV JDVHRXV UHDFWLRQV DSSOLHG LQ |
HQULFKHVY WKH PDLQ ELRPDVV WKHUPDO GHFRPSRVLWL]
UHDFWLRQV IRU DFFRPPRGDWLQJ KLIJK WHPSHUDWXUH



(QHUJ\ DQG H[HUJ\ FRQWHQWY ZHUH VWURQJO\ FRUUHODWF
PHDQZKLOH HQHUJ\ DQG H[HUJ\ \LHOGYVY ZHUH UHIOHFWHG |
ZDV VXSHULRU IRU HQHUJ\ DQG H[HUJ\ RI WKH ELR RLO SUR
KDYH KLIK HQHUJ\ DQG H[HUJ\ WR D VROLG SURGXFW ORUHI
HQHUJ\ DQG H[HUJ\ HIILFLHQF\ %RWK ELRPDVV IHHGLQJ UL
DIIHFWHG WKH KHDW IRU S\URO\VLV HQHUJ\ FRQVXPSWLR
UHDFWRU FDSDFLW\ UDWH ZDV SURSRVHG IRU UHDFWRU V
FRPPHUFLDO VFDOHYV

EA]



INTERNATIONAL COMBUSTION SYMPOSIUM

SCHEDULE

08 SEPT. 202ZTHURSDAY -1st DAY / FIRST SESSION

TULIP HALL

OPENING CEREMONY AND WELCOME SPEECH - (09.3010.00)

352)

3

1$)p= .$+5$0%1 &21)(5JQ-€KHAIR
ASSOC.PROF. DR. (5'# 1 dVURAL , CONFERENCE CHAIR

Registration (08:30:09:30)

PROF. DR. HAKAN SERHAD SOYHAN, CHAIR OF THE TURKISH SECTION

https://meeting.mkcelikbas.com/b/ingj2v-ul4-yb2

PLENARY SPEECH (10.0610.30)
PROF.DR. $/2 & (0$/ % (1 dwesseldorf Uhiversity of Applied Sciences
https://meeting.mkcelikbas.com/b/inet2r-gxj-rby

Coffee Break (10:30-10:45)

TULIP HALL /FACE TO FACE

LILY HALL /HYBRID

DAISY HALL / ONLINE

1. SessionCOMBUSTION (10:45-12:00)
Session Chair: Prof.Dr. HAKAN SERHAD S OYHAN

2. SessionALTERNATIVE FUELS (10:45 -12:00

6HVVLRQ &KDLU 3URI

'U 08678%)

3. SessionSPRAY-INJECTION (10:45-12:00)
Session Chair: Prof. Dr.1$)g= .$+5%$0%1

https://meeting.mkcelikbas.com/b/ine356-0gx-4fx

https://meeting.mkcelikbas.com/b/ineh3v-uxz-fi4

https://meeting.mkcelikbas.com/b/irc-v8r-ole-cel

OP-2022xMPSWEIN

OP-2022D6VJS9EX
Experimental investigation ahe

On Gasoline Engine Performance
And Emissions

Soyhan

engine using diesel/di ethyl ether &
pilot fuel

o . . - OP-2022V3ICIN 2 g]J]HQHU
10:45 | Investigation of Early Intake Valve Cengizhan Cengiz | 10:45 effects of gasoline, methar_lol and Ta_Ilp Akbiyik, 10:45 | Investigation Of The Effect Of Diese $ (UJHQoO
11-00 Closing Strategy and Exhaust Ga 6DOLK g]HQ I 11:00 natural gas fuel on engine Nafiz Kahraman 11:00 | Iniector Nozle Geometry On Cokin A Ka
' Recirculation (EGR) on PCCI Engir 9 ' performance and emissions in a Tolga Taner ' ) y 9 raya
. . : Phenemona V. Gazi
Operation gasoline engine
Vsevolod D. Savelenko, OP-2022pmZIthCO
Mikhail A. Ershov, Nikita Combined Effects Of Hydrogen Fue
OP-2022COTWIN OP-2022XHDMSY A. Klimov, N|I_<|ta 0. Addition And Eg_r App_lqatlon In_A
. . . - Burov, David R. CRDI Compressin Ignition Engine
Influence Of AirFuel Raio On The Systematic Study Of Friction : ;
. : OHUYH .e0°N . 2 . . Aleksanyan, Alisa E. . Fueled With Dme Under .

11:00 Combustion And Perfornmae “SOL 6-UPH 11:00- | Modifiers For Motor Gasoline, Thei MakhmudovalTamer 11:00 Homoaeneous Charae Compressid Anilkumar Shere
11:15 | Characteristics Of A Wankel Engin - 11:15 Structure, Mechanism Of Action, e 11:15 Mog g P K. A. Subramaran
. ) Ramazanu HQ H U . . M.M. Abdellatief, Andrey Ignition (HCCI) Mode: A Pathway Ta

For Unmanned Aerial Vehicle (UaVv Efficiency Evaluation And Role In - iill hi | S I
Applications The Production Of Modern Fuel A, I?lm_enov, Kiri .A' A(.: leve U traLQW Emissions Along
Ovchinniko, Ekaterina V With Energy Efficiency Improvemen
Podlesnova, Alexey V. With Controlled Autelgnition
Nizovtsev
OP-20220DYSa2DbY OP-202200n3SAEX C. Allois OP-20228R3cLOTH
11:15 | Dynamic Flame Behavior Of 30%H gPHU dDP | 1115 Experimental Analysis Of A E Mancaruso 11:15 The Effect of Multiple Injection on Cl Arda Albayrak Onur Gezer, Orkun
) 30%CO 20% 02 20%CNG Harun Yilmaz ) Hydrogen/Diesel Dudfuel Test ' c " Engine Pollutant Emissiorsxd Greenf g]J]HQHU & LKND @ XE>»P |
11:30 ; : . . 11:30 ; . R De Robbio, 11:30
Synthetic Gas Mixture During llker Yilmaz Case Via Ir Imaging . HouseGases g]NDQ
) . B.M. Vagliem
Acoustic Forcing
OP-2022Y9QKTH
OP-2022UdaCPHAN . The effect of ddition H, H+OHard
An Experimental Investigation Of Mehr_ez Gasscn_ll, H+OH+0O2 from the intake manifolg
11:30 Oxygenated Fuels Blending Effec Zouhair BoutarRidha | 11:30 on combustion parametersinaC| 6DOLK @JIBWQ ¢ 11:30
11:45 Y9 9 Ennetta Hakan Serhad| 11:45 P 11:45




11:45
12:00

OP-2022PWCBTH
The Comparison Of QuaSiteady
Evapaation Models In A Swirl
Stabilized Combustion Chamber

'HQL] sPOPR
g]JeU (UWX|
$OWX=+ 0 %l
0 30QDU®H {

11:45
12:00

OP-2022VEflicEX
Experimental And Computational
Premixed Laminar Flame
Propagation Studies For Hydroge
Containing Fuels

T% .O\PD] ' *e
& $OORXLV g
E. Sadg, M. Karaca,

% <OOPD] 2 .D

2 & .RFDPDQ 6

B.Yaz&O % 6+PH

) &RUNXQ

11:45
12:00

LUNCH

08 SEPT. 2022 HURSDAY -1st DAY / SECOND SESSION

TULIP HALL /FACE TO FACE

LILY HALL /HYBRID

DAISY HALL / ONLINE

4. Session: HYDROGENAND FUEL CELL (13:15-14:30)
Session Chair Prof. Dr. $/g 6h50(1

5. SessionMODELLING AND SIMULATION

Session Chair: 3UR |

'U 86.(1'(5 *g.$/3

(13:15-14:30)

6. SessionGENERAL (13:15-14:30)
Session @air: Prof. Dr. $/g &(0$%/ % (120

https://meeting.mkcelikbas.com/b/ine50y-Ins-mas

https://meeting.mkcelikbas.om/b/inc-3pd-rts-Ign

https://meeting.mkcelikbas.om/b/inc-rle-hch-nb8

OP-202207SnzMNU
Numerical Study On The
Performance Of A Flatubular Solid

JHWKL 0OXVWD

OP-2022jxKhsVNU

OP-2022WAG6BIN
Investigation of the effects offterent

EUGLQo 9XUDO

. . . Mehmet Kirmizi S :
13:15 _ ) L 13:15> Numerical Study On Impact Of ’ 13:15 | rates of hexane &hded fuel utilized in 6DOLK g]H
13:30 Oxide Fuel Cell Desc.rlblnghe Serhat Karyeyeq, 13:30 Combustor Metrics Ofurboprop Hakan Aygun 13:30 | a ceramic coated diesel engine on H Serkang]HO
Best Furnace/Combustigd®hamber 0 XV WIEIDU g : . ) Onder Turan : 7
) Engine Used In Air Freighter NOx and Smoke Opacity by TagucH Murat Binici
Geometry And Combustion
. method
Technige
OP-2022-ON3imRTH
A Paramcéf;iioszi;/iv'l[?guﬁmize The H.g]W,DQ Three Dimensional Numerical Mustafa |bas OP-2022X2B1S4SY
13:30- P g .Ro\L+LW ¢ 13:3¢ Investigation Of Flow And SRR 13:30- | Synthesis of Pt/rGO Cathode Catdly Tolga Kaan Kanatji
) Temperatee Of Hazelnut And ] ! o Assem Yerzhan, . .
13:45 e D. Uysal, 13:45 CombustiorCharacteristics In An - 13:45 | for PEM Fuel Cells through Polyol ar Nezihe Ayas
Walnut Shell Gasification For T : Mustafa Demirci ;
. g 0 'R+DQ Ammonia Fueled Multinlet Colloidal Methods
Hydrogen And Methane Productiol
Cyclone Combustor
OP-2022dj8UZ2FR
OP-20226B3FTH OP-2022YemFALTH : . D.V. Antonoy,
13:45 | The Effect Of Different Charging | 2 ONHUZQABWE 1345 | 1he Numerical Study On Geiring Cansu Deniz Canal 13:45 Fragmentation of droplets of ceal O.V. Vysokomornaya, K.Y.
, $QOO0 <DuJb , : Yakup Erhan Boke, , water slurries containing L
14:00 Concepts On Hydrogen Fueled N 14:00 | Of BiomassCoal Blends In 100 Kw . ) 14:00 . ) .| Vershirina, G.V. KuznetsoWP.A.
. , .0000DVO . Ali Cemal Benin petrochemicals under different heati .
InternalCombustion Engines Lab-Scale Swirl Flame methods Strizhak
OP-2022PRFJCH
OP-2022NAHAEF L .
, vn . Characterization Of A Partially (PUH %, QF- OP-2022ZJQTIN 0 N
14:00- Effects Of Hydrogen Er_mchment OQHUYH .-0°0 1400 Premixed Swirl Burner Using 'LOD\ **OHU\| 14:00 | Invedigations of Flame Characteristi A’ H U ND\ uDKLQ
) Strategy On Combustion And $OL 6+ UPH( . . . . . . i ! . X Nimeti Doner
14:15 o : . 14:15 Openfoam Simulations With A Tahsin Berk Kiymaz, 14:15 | of LPG Used in Three Different Size it e
Emissions In A Gasoline Fuelled 5DPD]DQ uH . o . Mustafa llbas
. Global Chemical Kinetics gVNHQGHU *| Household Cookers
Rotary Engine .
Mechanism
OP-2022ILOIAN < cel KaracaHasan
14:15 14:15 | An Analysis of a Heawputy Diesel .XELOD®# <L=+| 14:15
14:30 14:30 Truck Powertrain System Caner BayburtluOrkun | 14:30

Hybridization

g]J]HOHU

Coffee Break (#4:30-14:45)




08 SEPT. 202ZTHURSDAY - 1st DAY / THIRD SESSION

TULIP HALL /FACE TO FACE

LILY HALL /HYBRID

DAISY HALL / ONLINE

7. SessionCOMBUSTIO N-SPRAY-INJECTION (14:45-16:00)
Session Chair: Dr. RIDHA ENNETTA

8. SessionTUBULENCE -SWIRL (14:45-16:00)
Session Chair: Prof. Dr.MOHAMMAD RAFIQ KHAN

9. SessionGENERAL (14:45-16:00)
Session Chair: Prof. Dr.NEZIH E AYAS

https://meeting.mkcelikbas.comb/inc-xrs-gw6-h4o

https://meeting.mkcelikbas.com/b/ine6In-dia-igh

https://meeting.mkcelikbas.com/b/inezc5te5-pdc

OP-2022Y0OPXA

Danan Chenlun Li, Xing

OP-2022TkbyLYQU

QB A Study On Capturing Acoustic S.P. Choudhury B OP-2022VaiVyqST PR _ Qualitative Visualization of Butane| JUD QN 8 O U L,F KU3\ FHY,E
14:45 14:45 .
15:00 Behaviour In Confined Tube S. Sasidhara, 15:00 Study Gh OH* Chemiluminescence Li, ;_(llljjl;rr]] GL;\?érli—l?Jrll?yu 1;:'3%% and HeliumTracerdn Air using a Daniel LehsefPfeffermann
' Combustion Using Optical R. Joarder ' Of NH3/Air Swirl Flame 9, Y ’ Digital BackgroundBased Schlieren Alexander Hamman
. Kobayashi
Technique Method
OP-2022AVPH4wIN OP-2022TPOPOP
i . _ BerND\ +D,OY I : ; . OP-2022HXJQSY Damla Dumly, Ecem Ceylan,
15:00- Slcv\ﬁ_sél?aag;ﬁzn e(dijito Z{ I;orrr:atllzcl);lmoe $OWX+ 0 %| 1500 ;rﬂrniﬁragmazﬁggéM;??ﬂPguth OXUDW, uDKLl 15:00- | Synthesis of Bentonite Supported N Merve Bayrakdar, Serkan
15:15 : pray i g]JeU (UWX{( 1515 - = OXVWDID gO] 15:15 and NiLa Catalysts for the Steam .DUDGHQL] 7R0JD
With Rark Correlaed Slw Including 0 36QDU OH Flames In A Generated Perforate Reformina of Acetic Acid Nezihe Avas
Ethylene And Acetylene Radiation Burner Ard Furnace 9 y
Sena Erkent OP-2022G5nYE8PY
OP-2022uSvAAOCH - OP-2022KBfRITCO ’ Pyrolysis And Combustion 0 .
1515 | Char reactivity assessment of higl Shirish Kumar Sharma 4515 Combustion Characteristics And Sema Yurdakyl 15:15- | Charateristics Of Tea Stalk Lignin: S %DUDNoLODUGD{
. : : Anand M Shiapuiji, . o > X % DWONH O . g % .DUDNXUW dH
15:30 | ashcoal in packed bed environmen| 15:30 | Kinetics Of Bends Of Lignite With 15:30 | Effect Of Organosolv And Sequentiz . g
. . o S. Dasappa .DUDQL .XUWwW 6 9BPrkem
- Experimental investigations Eggshell § HydrothermalOrganosolv
6DYDU g]*Q
Pretreatments
Vsevolod D. Savelenko, Mikhail A
OP-2022WXQ7EN Ershov, Nikita A. Klimov, Nikita O.
15:30- | Energy Recovery From Spent Coffe L. Idowu, 15: OP-2022DTINYVSW A.gOEDU , OP-2022NwqoymNE Burov, David R. Aleksanyan,
5:30 e L.J.R. Nunes, 5:30- Swirler Effects @ Colorless . 15:30- New Approach To Evaluating The
, Ground And Brewery Spef@rains: . . . : ; 0 % dennir, ) . : Ulyana A. Makhovalamer M.M.
15:45 A Ci K.S Hashim 15:45 Distributed Combustion Using 15:45 Functional Properties Of Detergent . .
ircular Economy Approach To A Shaw Methane Flame S. Karyeyen Additives For Motor Gasoline Abdellatief Andrey A. Pimenov,
Waste \alorization ' Kirill A. Ovchinnikov, Ekaterina V.
Podlesnova, Alexey V. NizovtseVv
OP-2022RDZDtORA Vasudevan Sooraj PM
15:45- 15:45- | RANS studies of mimumignition | Muppala Sva PR, Vendra| 15:45- Anal si(s)gfzgzrgstFSIEvYﬁrﬁbe Bank Murat o Bn
16:00 16:00 energy of stoichiometric laminar | C. Madhav Rao, Heidari| 16:00 y

methane/air fuel mixtures

Ali, Dembele Siaka

EconomizesAssisted For H2S

END OF FIRST DAY *FREE TIME




09 SEPT. 202FRIDAY -2nd DAY / FIRST SESSION

TULIP HAL L

PLENARY SPEECH (09.15-09.45)
PROF.DR.HAKAN SERHAD SOYHAN
https://meeting.mkcelikbascom/b/inc-nip-dgs-gkg

Coffee Break 09:45-10:00)

TULIP HA LL / FACE TO FACE

LILY HALL /HYBRID

DAISY HALL / ONLINE

10. SessionGENERAL (10:00-11:00)
Session Chair: Dr.ALIYA FAZAL

11. SessionALTERNATIVE FUELS (10:00-11:00)
Session Chair: Dr.ORKUN g=(1(5

12. SessionCOMBUSTION (YANMA ) (10:00-11:00)
SessionChair: Dr. (5'g1d 9853%/

https://meeting.mkcelikbas.com/b/ineupt-gwn-3w7

https://meeting.mkcelikbas.com/b/inewk6-pzh-om2

https://meeting.mkcelikbas.com/b/ineb4i-rta-lev

OP-2022cpgFfNAN I OP-2022BSux0SCO .
.o Viktoriia Karnaukh . ; . OP-2022- RH(*'o
10:00- ﬁg aAtpg]['an;f’lﬁf T\;]vz t'é‘:‘“’;rgg; | Hakan Serhad Soyhan 10:00- %C‘Ergpé‘rfoH”VO:l %‘ﬁ‘ir;”': %“3'1? F. Yasar 10:00- | Dize%RU 7+ UH Ylarinip UL Ahmet Alper Yontay
10:15 yeling . A.B. Buryukoy, 10:15 ) . H. Sanli 10:15 Damlacik YanmaDaW DQLUO OHUW uUHYNHW ¢
Industry Enterprieses For Electric Properties And Fatty Acid E— .
: V.V.Varakuta " Incelenmesi
Generation Compositions
OP-2022DCJEGE
; , OP2022 * 60g@ XA OP2022 Y+0+g
10:15 De;ﬁﬁ?gg?(;%aé?ggﬁ'ég&dfor Aliva Fazal 10:15 | Microwave Assisted Biomas3ased 7“4[??_%\/\/3;?(?: E) u+C 10:15 | Hidrojen Kullanilan Bir Dizel Mobrda A.uDQOO
10:3¢ . ; Allya raza 10:30 Electrode Material Producin for —' 10:30- dHYULPVHO <DQPD 'H , 7 <OO0OPD]
Sustainable Use in Thermal Energ ; " Murat Akdemir )
Sector Supercapacitor Applications Incelenmesi
OP-2022\\OV=S'g .
: . OP-2022q0jy92HO
Disposal of Rice Straw and Its . .
10:30- | cConversion Into Fermentable Sugy Mohammad Rafig Khan 10:30- 10:30 HomIOJen Dolgulu 6LNLuWL S dHOHEL
10:45 | and Etfanol by Acid, Alkali Rabia Batool 10:45 1045 | SWHUOHPHOL %LU OR U. Demir,
' Enz aticandBioio ical, ' ' %HQ]LQ .DULULPL .XO & +DULPR=+OX
ym 9 Performansi Ve Emisyonlarina Etkis
Treatments
OP-2022xSvnFxFA
11:00 11:00 11:00 .XOODQLOGL=+L %LU "'F $ 30QDUEDUO
' ' ' Yanma Ve Emisyonlarin Numerik G. Coskun
QFHOHQPHVL
OP-2022LZAYEX
$+LU +L]PRBiVDiZeLMotorda
11:00 11:00 11:00 'L]JHO 9H 'R+DO0OJD] .D 9RONDQ 6DEUL
11:15 11:15 11:15 Motor Performansi Ve Egzoz Selahaddin Orhan Akansu

(PLVARQODUL h]JHULG

'"HQH\VHO gQFHOH

Coffee Break (11:00-11:15)




09 SEPT. 2022 FRIDA¥2nd DAY / SECOND SESSION

TULIP HALL /FACE TO FACE LILY HALL /HYBRID DAISY HALL /ONLINE
13. SessionALTERNATIVE FUELS (1 1:15-12:30) 14. SessionCOMBUSTION-INJECTION (11:15-12:30) 15. SessionHYDROGEN FUEL AND FUEL CELL (11:15-12:30)
Session Chair: Prof. Dr. S. ORHAN AKANSU 6HVVLRQ &KDLU 'U 085%7 u$+¢ Session Chair: Dr.TOLGA TANER
https://meeting.mkcelikbas.com/b/inemkx-r99-xqo https://meeting.mkcelikbas.com/b/inerox-rab-lko https://meeting.mkcelikbas.com/b/ine43|-vI1-3xo
. egrz'ezrfj%r'l\\'gig'za);on of 'T?;r:“g' OP-2022CUYy0CDE OXVWDID 0HWI OP-202200 g0g
11:15 | _ EXpernm 9 ' ya, 11:15 | pesigning A New BeHType Primary &HQN dHOLLI 11:15 | Microwaveassisted synthesis of Pt/( Serkan Karadenjz
) DieselBiodiesetEthanol Blends On Z. Bouttar, ] > L ) . -
11:30 ; " ) 11:30 Air Nozzle For A LargeScale Mansour Al Qubeissi 11:30 | catalyst at high temperatures fEEM Nezihe Ayas
A Compression Ignition Engine R. Ennetta Circulating Ruidized Bed Boilers |  Hakan Serhad Soyhan fuel cells
Performance H.S. Soyhan
OP-20224WCVIN
Influence of TweStage Fuel OP-20220HyCyyEV Kubilav Bavramod
11:3C | Injection Timing for Combustion an H. Enes Fi) 11:30 11:30- | Evaluation Of the Effect of Syem Ca:/n Cc\)/skun gl
11:45 | Emissions under Different Engg S. Orhan Akansu 11:45 11:45 | ParandersonHGURJHQ 3UR Zuhal Okta: ’
Loads in a Direct Inje@n Diesel SteamMethane Reformers y
Engine
OP-20223cc7kzTY OP-20227QvQQ2DU ~
. Tyre Pyrolytic Oil Blends In A State . . . Dunaliella Salina Microalgae Obtaing 50GYD®R dHWL
11:45 : i J. Hunicz 11:45 11:45 ) ; Mustafa Kaya,
, Of The Art Compressiolgnition T . _ as an Effective Material for Double .
12:00 o L M. Mikulski 12:00 12:00 A . Murat Akdemir,
Engine: Towards FuegDptimized Applications Supercapacitor and . .
) : Muhammet Ali Arserim
Combustion Hydrogen Production
OP-2022-\WfcmxOP 4'?'( N. ('\('J“tF'{“; ox OP-2022xM5]bDUS $ 4DQOO
12:00- Optimization Of Hydrogen 3. Kandasam 12:00 12:00- | Use Of HydrogesBiogas Mixture /5 g 7 <OO0OPD]
12:15 | Production With AluminiurdWater ) Y, 12:15 12:15 | Fuel In CommorRail Diesel Engime 0O $NoD\
. + h 7RIIR(C : : . .
Reactions . With Thermal Barrier Coating 0 *ePeuU
a INDOS
OP-2022pGoMkcA + ('R5DQ OP-2022BHLMEX
12:15. A Thermodynamic Approach To A.Demirci, 12:15. 12:15 Expgrimental I_nvestigation On
12:30 Calculate The Mean Turbulence O.A.Kutlar, 12:30 12-30 Exploiting The Biofuels Blend And $EG-OYDKDS dDN
' Intencity Of CNG Ad Gasoline g &LKDQ ' ' Improving ks Usability By Adding
Fuels In A Research Engine H. Arslan 762 1DQRSDUWL
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Abstract

Premixed Charged Combustion Ignition (PCCI) is an alternative combustion concept for nitrous oxides
(NOx) and soot emissions reduction compared to conventional diffusion-controlled combustion. However,
there are drawbacks to achieve the control centre of combustion near top dead centre (TDC) to minimize
brake specific fuel consumption. In this study, simulations have been performed to investigate engine
performance values on two Early Intake Valve Closing (EIVC) profiles. Combustion efficiency, indicated
specific fuel consumption (ISFC), NOx, soot and carbon monoxide (CO) emissions are evaluated in 40 “CA
and 80°CA EIVC timings compared to base diesel case in 0, 30, 50, 70% exhaust gas recirculation (EGR)
rates at 3 bar brake mean effective pressure (BMEP) engine operation conditions.

The results show that, up to 5°-10 CA reduction in centre of combustion is possible for closer TDC operation
depending on EGR rate. Moreover, up to 30% NOx reduction can be achieved in EIVC cases. In 70% EGR
case, better ISFC values and near zero NOx emissions can be obtained compared to conventional diesel
combustion due to closer centre of combustion. There is also an increase in CO emissions due to reduction
of air fuel ratio and in-complete combustion of EIVC profiles with EGR.

Keywords: Diesel engine, combustion, PCCI, EIVC, EGR, NOx, soot, CO

properties, engine intake temperature and air to
fuel ratio are the critical control parameters to
operate the engine [2]. Otherwise, pre-ignition
and knock events can easily damage the engine.
RCCI strategy needs two different fuel and
injection system which requires major changes
on engine hardware, and it is not a cost-effective
solution.

1 INTRODUCTION

Diesel engines are widely used in the automotive
and energy sectors for transportation and energy
generation because of their high efficiency,
durability, and reliability. However, due to
diffusion-controlled combustion of conventional
diesel engines, they emit lots of NOx and soot
emissions [1]. Therefore, after-treatment devices
are used to remove the NOx and soot emission
significantly. However, during the engine start-
up, heat-up and in very part load conditions,
aftertreatment devices are insufficient to
eliminate these emissions due to low
temperature of the catalysts and engine-out gas
temperature.

One of the most favour method is PCCI
combustion strategy. PCCI strategey uses a
single fuel and can be applied to conventional
diesel engine without any modification on
hardware, with minor changes on engine
calibration.

In PCCI strategy, controlling start of combustion

For this reason, low temperature combustion (SOI) and centre of combustion (CoC) is critical

(LTC) strategies are proposed to prevent NOx
and soot emission in these conditions and further
to eliminate high costs of aftertreatment
technologies. Homogenous Charge Compression
Ignition  (HCCI), Reactivity = Controlled
Compression Ignition (RCCI) and PCCI
combustion techniques are proposed as LTC
strategy. In HCCI combustion method, fuel

to control the duration for air to fuel mixing
before combustion event, reduction of soot and
NOx emissions, to have a better thermal
efficiency and wide load operation range [3].

Several methods are applied to control
combustion event, avoid excessive pressure
gradient and diesel engine knock of PCCI
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operation. Split fuel injection strategy, EGR, rail
pressure, fuel injector flow rate, injector angle,
geometric compression ratio, piston bowl shape,
intake pressure and temperature control, fuel
chemistry modifications are the most promising
methods to control the PCCI combustion to
optimize the engine in terms of fuel efficiency
and emissions [4], [5], [6].

The effective compression ratio can be reduced
by using a EIVC strategy to retard the
combustion with EGR. This method can
improve thermal efficiency and NOx emissions

[71. {81, [9].

In this paper, combustion simulation has been
performed in 3D CFD reactive flow environment
to evaluate EIVC strategy of PCCI combustion
to understand the impacts on combustion
efficiency, ISFC, centre of combustion and
NOx, soot, and CO emissions.

2 TEST ENGINE

The engine used in the simulation is a single
cylinder research engine (SCRE) which is based
on Ford Otosan Ecotorq 13L heavy duty truck
engine. The specification of the engine is
summarized in Table 1. The study is focused on
the part load operating condition of BMEP=3
bar and engine speed of 1100rpm where PCCI
combustion is most suitable to prevent excessive
diesel noise and required to reduce NOx
emissions considering the benefit of emissions
and customer expectations. The operating
conditions used for simulation activity of the
engine is shown in Table 2.

The engine used in the validation activity is
equipped with 2500 bar common-rail fuel
injection system, an external air boosting
system. The temperature of the boosting, cooling
and lubrication of the engine is controlled by
auxiliary systems.

Table 1. Engine Specification

Bore x Stroke [mm] 130 x 160
Compression ratio 17.0:1
Swept volume [L] 2.1
Nozzle hole diameter [mm] 0.18
Number of injector nozzles 8
Spray inclusion angle [°] 146
Maximum Injection pressure [bar] 2500
Intake Valve Opening [°CA BTDC] 4
Intake Valve Closing [°CA ABDC] 13
Exhaust Valve Opening [°CA 40
BBDC]

Exhaust Valve Closing [°CA ATDC] 4
Table 2. Operating Conditions

Engine Speed [rpm] 1100
Injected fuel mass [mg/cycle] 39
Injection Pressure [bar] 800
Absolute Intake Pressure [bar] 1.27
Fuel (Diesel surrogate) N-heptane
Inlet Gas Temperature [K] 298
Air to Fuel Ratio [-] 71:1
Total Residual Gas Rate [%] (no- 3.4%
EGR)

Swirl ratio [Tippelmann] 1.2

3 NUMERICAL MODEL

The reactive computational fluid dynamics code,
Converge CFD is used in the computational
activity [10]. The code consists of RNG k-
epsilon turbulence model with rapid distortion
model, wall heat tansfer model, droplet brake-up
model, droplet collision model, spray/wall
interaction and vaporization model [11], [12].
[13], [14], [15].

Adaptive mesh refinement (AMR) algorithm is
also used in the simulations to reduce the
computational cost. AMR enables automatically
embeds finer cells where temperature and
velocity gradients are above a threshold value.
[16]. Cell size is varied between 0.25-4mm
depending on the criteria of AMR algorithm
within a limit of 3 million cells. N-heptane
(C7TH16) fuel is selected as surrogate fuel to
model chemical reactions due to similar
characteristics of cetane number and auto-
ignition temperature to diesel fuel [17]. In this
study, a reduced reaction mechanism with 42
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species and 168 elementary reactions is used to
simulate the combustion kinetics [18]. SAGE
chemical solver is used to solve the ignition,
premixed and diffusion combustion-controlled
regimes assuming the homogenous mixture in a
cell without considering the sub-grid scale
turbulence-chemistry interaction [19]. Moreover,
an extended Zel’dovich NOx mechanism is used
to model NOx emissions and Hiroyasu soot
model is implemented to predict soot emissions
[20], [21].

In this study, a full three-dimensional single
cylinder research engine geometry with a
moving piston and valves including intake and
exhaust ports, part of the intake manifolds is
used in the simulations. Simulations are started
before exhaust valve opening and run a full
cycle to complete the four stroke to enable an
accurate simulation. The engine geometry is
shown in Figure 1

Figure 1. 3D model of the engine

4 RESULTS
4.1 Validation of simulations

The computational results are validated with the
test engine of conventional diesel and PCCI
engine operation conditions. Figure 2 & 3 shows
the in-cylinder pressure and apparent heat
release rate histories for two operating
conditions with a start of injection (SOI) -10°
crank angle (CA) and -50°CA after top dead
centre (ATDC) respectively. Results show that,
the predicted in-cylinder pressure and AHRR
histories of the conventional diesel are
satisfactorily agreed with measurements. On the
other hand, the initial peak in AHRR in the

PCCI case, calculated during the premixed phase
of combustion is not observed in the
experimental result because of the smoothing
effect of the software processing of the test data.

Figure 2. Experimental and simulation
results of in-cylinder pressure and AHRR
history for SOI of -10°CA ATDC.

Figure 3. Experimental and simulation
results of in-cylinder pressure and AHRR
history for SOI of -50°CA ATDC.

Engine out NOx and soot emissions are for SOI=
-50°CA and -10°CA are shown in Figure 4 & 5,
respectively. There is good agreement with
simulation and measurements of NOx and CO
emissions on conventional diesel and PCCI
operating conditions. On the other hand, soot
emission prediction of Hiroyasu-NSC model is
twice as big as measurement results. Soot
formation and oxidation rate of the model pre-
exponent factors should be calibrated according
to temperature so that a unified formulation can
be used for both diffusion-controlled and low
temperature combustion.
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(a)

(b)

(c)

Figure 4. Calculated and measured (a) NOx,
(b) Soot, (c) CO engine-out emissions.

4.2 Early Intake Valve Closing (EIVC)
Cycle Investigation

Early-intake valve closing (Miller) cycle
proposals are evaluating to control the start and
centre of combustion. In EIVC strategy,
effective compression ratio can be reduced by
early intake valve closing. The effective
compression ratio is reduced from the base
condition of 17.0:1 to 15.65:1 and 13.73 in
40°CA and 80°CA EIVC profiles, respectively.
The valve lift profiles used in this study is
shown in Figure 5.

Figure 5. Valve profiles of base, 40°CA and
80°CA EIVC.

In the EIVC investigation, due to reduction of
temperature and pressure in the combustion
chamber can affects the fuel atomisation, break-
up, and evaporation. Therefore, split injection
strategy is chosen to prevent the risk of spray
wall impingement. For this purpose, 1/3 of the
fuel is injected in SOI=-60°CA ATDC and rest
of the fuel is injected SOI=-40°CA to increase
the air fuel air vapor mixture homogeneity and
reduce the risk of any wall impingement.

Figure 6. In-cylinder Pressure and Apparent
Heat Release Rate Histories of Base and
EIVC Profiles on non-EGR conditions.

Figure 6 shows the in-cylinder pressure and
AHRR histories of base and EIVC cam profiles
on non-EGR operating conditions. In EIVC
cases, peak in-cylinder pressure drops 11 and 24
bars in 40°CA and 80°CA EIVC profiles,
respectively. Start of combustion is delayed on 2
to 4°CA on EIVC profiles for first and main
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combustion events. Moreover, peak apparent
heat release rate of the main combustion event
due to premixed combustion is increased from
~400J/°CA to 550J/°CA and 770J/°CA in EIVC
cases. On the other hand, centre of combustion
approaches to TDC up to 4°CA. End of
combustion is similar in all cases.

(a)

(b)

(c)

Figure 7. In-cylinder Pressure and Apparent
Heat Release Rate Histories of Base and
EIVC Profiles on 30% (a), 50% (b), 70% (c)
EGR rates.

Figure 7 shows in-cylinder pressure and
apparent heat release rates of base and EIVC
profiles on 30%, 50%, 70% EGR rates,

respectively. Results shows that, start of ignition
is not significantly affected on 30%, and 50%
EGR rates comparing the non-EGR conditions.
On the other hand, heavy EGR rate (70%)
conditions the start of ignition of first premixed
combustion retards about 5°CA. Peak AHHR of
the main combustion event significantly affected
by EGR. While increasing the EGR rate, the
peak AHRR reduced to below 300J/°CA.
Moreover, heavy EGR usage conditions, there is
a minor difference on peak value of the AHRR
between base and EIVC profiles.

Figure 8. Centre of combustion (MFB50%)
& EGR Rate Comparison with Base and
EIVC Profiles

EIVC event has a major effect to reduce in-
cylinder charge pressure and temperature
significantly by changing the effective
compression ratio. The lower temperature and
pressure due to lower effective compression
ratio during the spray injection, delays the start
of first ignition and main combustion events.
Figure 8 shows the influence of EIVC profiles
on the centre of combustion on the variation of
EGR rates. Use of EIVC profiles retard the
combustion up to 4°CA which enables a closer
centre of combustion to TDC. EGR rate also
affects the centre of combustion by delaying the
SOC and slowing the down the heat release
accumulation.

Combustion efficiency of base and EIVC
profiles with the effect of EGR rate is shown in
Figure 9. The maximum combustion efficiency
values are obtained in non-EGR conditions for
all valve profiles. While increasing the EGR
rate, combustion efficiency drops up to 4% for
base profile and 5 to 8% for EIVC profiles. EGR
dilutes the O2 concentration and affects the heat
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release rate and chemical kinetics significantly
in advanced injection of PCCI combustion.
Moreover, on the EIVC cases, engine air charge
capacity decreases significantly and reduction of
O2 concentration acts as the path of EGR.
Therefore, combustion efficiency significantly
reduces within the usage of EGR and EIVC
strategy. On the other hand, the trend of ISFC &
EGR rate behaviour is different than combustion
efficiency. The combination of combustion
efficiency and location of the centre of
combustion develops the actual ISFC values. In
30% EGR case, there is decrease in the
combustion efficiency and similar in the centre
of combustion. This causes ISFC increase shown
in Figure 10. However, in 70% EGR rate, 10°CA
increase in the centre of combustion outcomes
the best ISFC values even if the combustion
efficiency is worsened. Figure 11 compares the
NOx emission of valve profiles on EGR
variation. There is tremendous change in NOx
emissions while increasing the EGR rate. 70%
EGR results extremely very low NOx emissions
in both base and EIVC cases. Up to 30% EGR
rate, EIVC of 40°CA event results up to 20%
NOx reduction. For 50% ad 70% EGR rates,
there is no significant change in the NOx
emissions.

Soot emissions behaves a linear increase up to
50% EGR rate. Increasing EGR rate from 50%
to 70% increase the soot emissions significantly.
EIVC of 80°CA result highest soot emissions
while increasing the EGR rate. Because lowest
air to fuel ratio due to EIVC event causes
significant soot emission increase.

Figure 9. In-cylinder Pressure and Apparent
Heat Release Rate Histories of Base and
EIVC Profiles

Figure 10,11,12,13 compares the ISFC and,
NOx, soot, CO emissions of the base and EIVC
profiles at 0% ,30%, 50%, 70% EGR rates.

Figure 10. Indicated Specific Fuel
Consumption & EGR Rate Comparison with
Base and EIVC Profiles

Figure 11. NOx emissions & EGR Rate
Comparison with Base and EIVC Profiles

Figure 12. Soot emissions & EGR Rate
Comparison with Base and EIVC Profiles
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It is noted that, highest carbon monoxide
emissions are obtained in EIVC of 80°CA where
the combustion efficiency values are lowest
where in-complete combustion occurs. In
addition, CO emissions increases with EGR rate
where lower O concentration can also boost the
in-complete combustion.

Figure 13. CO emissions & EGR Rate
Comparison with Base and EIVC Profiles

5 CONCLUSION

In this study, affect of EIVC strategy is
investigated in part load engine operation
conditions with very advanced split injection
strategy (PCCI) on various EGR rate conditions.

Start of combustion is delayed up to 5°CA and
for first premixed and main combustion events
by using a 40 to 80°CA delayed EIVC profile.
Centre of combustion is also retarded up to
4°CA by EIVC strategy on both non-EGR to up
to 70% EGR rate operating conditions.

Combustion efficiency is dropped up to 4% in
non-EGR conditions and decreased up to 8%
with heavy (70%) EGR wusage with EIVC
strategy.

ISFC values in EIVC strategy is high compared
to base engine operation in all EGR rates.

There is an advance to use EIVC of 80° CA
profiles on NOx emissions on no-EGR, and 30%
EGR rate.

There is a significant change in soot emissions
while increasing the EGR rate. The affect of
EIVC profiles results with minor change in soot
increase compared to EGR rate increase.

CO emissions shows a linear increase trend
while increasing the EGR rate. However, using
EIVC strategy has major affect the CO
emissions due to in-complete combustion and
insufficient air-to fuel mixing.
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Abstract

In the experimental study, the effect of adding 50 g/h natural gas at 1500 rpm fixed speed to the intake air of
the engine using gasoline and M20 fuel on the engine performance at different torque values as well as the
emissions were investigated. A Lombardini LGW 523 MPI gasoline two-cylinder engine was used in the
study. In the study, there was no significant change in power due to the addition of 50 g/h natural gas to
gasoline fuel and M20 fuel. In terms of thermal efficiency, although the addition of natural gas to gasoline
fuel increased the thermal efficiency, the addition of natural gas to M20 fuel caused a decrease. While the
addition of natural gas to gasoline fuel caused a decrease in fuel consumption, it caused a decrease in M20
fuel with an increase in torque. The addition of natural gas to gasoline fuel caused an increase in CO
emissions and a decrease in HC, NO and CO> emissions. In M20 fuel, while CO and NO emissions
decreased, HC and CO; emissions increased. These results show that the addition of natural gas to different
fuels not only affects engine performance, but also causes changes in emissions.

Keywords: Natural Gas, Engine Performance, Emission, Fuel Consumption

performance and emissions were investigated in
the case of using gasoline and natural gas as fuel
in a spark-ignition engine. In the experimental
results, it was revealed that when gasoline and
natural gas are used as fuel in the engine, the
addition of boron in the lubricating oil causes an
average of 2.4-8% reduction in the specific fuel
consumption. They found that the use of boron
additives in lubricating oil caused a significant
reduction of 11.4-12.9% in NOx emissions and
there was no significant change in other
emissions [2].

The combustion characteristics and performance
characteristics of a dual-fuel engine operating
with  natural gas/methanol and natural

1 INTRODUCTION

Fuels constitute one of the most fundamental
problems of automobile technology. Studies
have been carried out on fuels that can be used
as alternative fuels or in combination with liquid
fuels and all gaseous fuels other than gasoline
and diesel. In the use of these alternative fuels, it
should be used with little or no modification on
the engine. Gaseous fuels are used in internal
combustion  engines as they  provide
environmental and economic benefits as an
alternative to existing fuels. Due to this feature,
natural gas has started to become widespread in
the transportation sector. Therefore, various
studies have been carried out on the use of

natural gas fuel. This study investigated power
change, effective pressure, thermal efficiency,
exergy efficiency of the addition of liquefied
hydrogen, methane, butane, and propane to
gasoline, iso-octane, benzene, toluene, hexane,
ethanol and methanol fuels in a spark ignition
engine. Fuel additive ratios range from 10% to
50% by mass. In the result of the study,
hydrogen, methane, butane and propane ratios
significantly affect the performance of the
engine [1]. The effects of boron additive
addition to the Ilubricating oil on engine

gas/gasoline were compared. All experiments
were performed at an engine speed of 1600 rpm.
The addition of both methanol and gasoline
accelerated the combustion rate of natural gas,
the brake thermal efficiency (BTE) for natural
gas/methanol mixture increased from 27.3% to
28.1%, but the BTE of the natural gas-petrol
mixture decreased from 27.3 to 25.5%. The total
hydrocarbon and carbon monoxide emissions of
natural gas engines went down by adding
methanol and increased in gasoline [3-6].

In this study, the effects of ethanol and methanol
addition on engine performance, combustion and
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emissions in SI engine were investigated. The As the met
experiments were carried out on a single-
cylinder, four-stroke SI engine at full engine
load at different engine speeds. Although
methanol addition reduced CO,, CO, HC and
NOx emissions by 6.48%, 26.6%, 4.75% and
9.16%, respectively, compared to ethanol
addition, they reported that it had 15.3% higher
oxygen emission values because its oxygen
content was higher than ethanol [7]. In addition,
many similar studies have revealed the
connection of fuels with the performance of
spark ignition engine and emissions [8-11].
In this study, in addition to gasoline and M20
fuel in the engine, the use of 50 g/h natural gas
at a constant speed of 1500 rpm in the intake air
affects engine performance and emissions at
different torque values. These results present the
addition of natural gas to different fuels
influenced the performance of the engine as well
as causes an emission issue.

2 MATERIAL AND METHOD

The experimental setup was arranged according
to the fuels and engines. Eddy Current
dynamometer, which enables the change of
engine load and speed in the experimental setup,
BOSCH BEA 060 exhaust emission device to
determine the emission amounts in the exhaust
gas and Alicat mass flow-controlled gas
flowmeter to determine the amount of gaseous
fuel to be added into the combustion air.

In this study, in which the effects of gasoline,
methanol and natural gas fuel use in a gasoline
engine on engine performance and emissions are
researched, Lombardini LGW 523 MPI engine
was used as the engine. Technical specifications
of the engine are given in Table 1.

Table 1. Engine with technical values
(Lombardini LGW 523) [2]

Engine Type Unit |Value
Number of cylinders pcs. 2
Diameter of the cylinder mm 72
Stroke mm 62
Cylinder volume cc 505
Stroke ratio - 10, 7:1
Revolution maximum rpm 5500
Maximum of the power, 5000 rpm |kW/HP|15/20.4
Maximum of the torque, 2150 rpm |Nm 34
Engine curb weight kg 52

10










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































