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loide (EGR system) uazszuudnannia (Supercharger) Tum%‘awuﬁﬁ”ﬁmmwmmﬁmé’w
Ustmelwl (ISl engine) naassiianazlvangsan (WOT), fiyadl 0.1 uaz 0.3 va$, seundi
1500 saUsiauI, a'aumam%ymwﬁmasmmﬂﬁtﬁmnmmlwﬁauwﬂi uay tiudhsdiu EGR
uila 16% waiildde fanas ya 0.1 vrs, EGR 13% wazgasuidaiiiumis 27 BTDC A
Audaadomasiunieiusn (8SF0) anas 4.99% warUszandamidenuiou (Thermal

Efficiency) Wity 1.32%
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ABSTRACT

This research studies about effect of exhaust gas recirculation in supercharged
DISI engine. The exhaust gas recirculation system will reduce the temperature of
combustion chamber, This point makes EGR system interesting for doing the
experiment for increasing engine efficiency. For this research, the engine efficiency is
improved by controlling air-fuel ratio and advancing ignition timing. The expected
results are, higher thermal efficiency, lower break specific fuel consumption and
appropriate ignition timing. From installing EGR system and supercharger, this
experiment was attempted at highest load (WOT), 0.1 and 0.3 bar boost conditions,
constant speed at 1500 rpm, stoichiometric air-fuel ratio and additional amount of
EGR% from 0% until 16%. The result is when the condition is at Boost 0.1 bar with
13% EGR and ignition timing is 27 bTDC, BSFC was decrease 4.99% otherwise thermal

efficiency was increase 1.32%.
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msuslaadamamudn nsldseuunyuiioulowds (EGR System) aeaimnyas vivliaanu
fulunszuenguiisiy Tnonisusussenmsynszilafielildesmtvmnzauiian wasvinls
gungiivesiesmnindanas Sellnavilinisdudesdemassune (ISEC) anasdnie Tu
nusafivszuunyuisuleide (EGR System) anunsaannisiinfiglulnsioussnles (NOX)
Isioehiivsravsnmusvinlifinlelnsaisuau (HO sinfususinn EGR Sidenpdosfy
NUITYYRY Kai Shen ﬁloﬁ'ﬁwmsﬁﬂmwaﬂsswwmmﬂﬁssuwyuﬁaulmﬁwa’mﬁuLLUU
AUFUAY (Low Pressure Cooled EGR System) TuinSassusiufaleduvidnnss (GDI
engine) ifinsAndanasluriiaians (Turbocharger) ABUIEANTAIN UaTUATNY WUIN
Uiinailedeiinduanldetramnzas davasaampilufoanilul tlssnnisiendled
mesyuuvuIulaide (EGR System) silidunanluresinludfideuganudou (Heat
Capadity) g4ty annsnUfulALuesmnsgnszdn Wimngausnn iy Saiinavilildnan.
sullukoaenmiifindy uar Bummuadyivhlinsiudesdomasimeiuse (BFSC)
Q6N
U3Tev83 Zhi Wangl9) Fnwinisifnderlulrisssudyasyidndeysenneln wuin
suumyuisuledeuuunaaidu (Cooled EGR) @mnsnannisiintonls wasdafupudu
lafeLUsA (BMEP) Tnsnsusuasmmsgaseidalvinnzassnnty lesnssuumyuiioule
\deuuumaelLdu (Cooled EGR) vilwgaumgdlutesunludiinirguvndifviliiAanisien 5a
aunsaUSuAeuasenisyasadeldnianndy venimiterntlunuideves sianye Sul3]
dldinsfaulanaioudlnnmsifivsnsdiuidas (Compression Ratio) Up4e3patus
91 9.3 10y 10.3 washindeszuunyudouloidsnuumdaify (Cooled EGR) naitlgainang
LSS d S Sn (Compression Ratio) AaUszdndnwiennusauiusa (Brake Thermal
Efficiency) Wity 1.1 waidud luaniaginansn uramas 0.2 Woldud Tuannglnangs

Wesaniimsuivesminsyaszilnlisouas (Retard) iiteldliiAnnisiion nafiléainnis
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Andeszuunyuiivuledeunuunasidu (Cooled EGR) Ao Ustdnsaimdaiuiouusa

(Brake Thermal Efficiency) 1isTunnanizmsiauveniostuinasgidn 3.3 wWosidu

22 Lﬂéaaﬂuﬁqﬂsmﬁmﬁ'wﬂi:ma‘lw 4 39172 (4 Stroke Sl Engine)

- i3 P @ : - P o
insosuAynssiinmeUsengln[7] 4 Sawag (4 Stroke S| Engine) AaiATosudvian
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1. 0 (Intake) — preMAfiNAN AT INA U I WFo s

2. ¥ (Compress) - anu3tasuasifivrmiuvesdiunaudsiuluoaslng
3. 5310n (Combustion) — Haflsuvinugassidaaunandaiy

a

. A8 (Exhaust) - Analawdusean

End of Www.quora.com
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i N Compression Porwer texpansion) Exhaust
TG BDC . stroke stroke stroke
tap Actual four-stroke spark-ipmition engine
P a, PLE
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Iscotropsc v =0oast Isentropic V= const
L 1
The BDC v O pression heat addibon Expansion heat repection
thy deal Onti cycle

P o =2 P (3 = v L
JUN 2.1 ununiwaanularUiinsvedssoseudanseidamiaUsenelil 4 Saae [13]



2.3 msil3puiisuves Otto cycle, Diesel cycle uay Dual cycle

-
3
2
s
£
g
Entropy, s
(b)
Specific Volume, v Figure 3-11 - Comparison of air-standard Otto cycle, Dual cyele, and Dicsel cycle
(a) All engines have the same cylinder input conditions and same pression ratio.

> @ ¢ ' =t = =
3UM 2.2 nywmnuduiussening PV way T-5 leozunsy uansfsnsiuSeuiiisuves Otto

cycle, Diesel cycle wag Dual cycle ianazlazdnsiaruiasdame iy [7]

L _p _2€ x 3 Otto: 1-2A-3-4-1
max ] Dual: 1-2B-x-3-4-1
! Diesel: 1-2C-3-4-1
L]
]
o ' H :
g 2l - H
H A P8 A :
i = W ]
N oJem A
Bl el 1 ! =
° 6 6A 6B T T 511
[} i [} I
| | I !
1 1 1 1
1 1 I .
Specific Volume, v Entropy, s
{a) (b)

Figure 3-12  Comparison of air-standard Otto cycle, Dual cycle, and Diesel cycle.
All engines have the same cylinder input conditions and the same maximum tem-
perature and pressure

FUT 2.3 nsmmnuduiussening PV uay T-5 Tnosunsy uansfisniswSuuifisuves Otto

cycle, Diesel cycle wag Dual cycle ﬁaﬂ'I’J3qmwgﬂqaEgﬁLLaxm’mﬁquEjmﬁmﬁu (7]

mnﬁyuﬁlﬁniﬂwsumgﬂﬁ 2.2 N5MANNEUNUGTEWIN PV lay T-S lnarunsy wanadia
NsW3uifisuyes Otto cycle, Diesel cycle waw Dual cycle flan1izuazdnsarurmdsn
Wenfiunanslingivin Yssansnimnienmiou(Thermal efficiency)udd Otto cycle>Dual
cycle>Diesel cycle Fuilunsidsuidisuia 3 cycle #laif g3 Tupuifiuasene 3
cycle awluaniasiisnsidruiidedalavinfu 39 Diesel cycle way Dual cycle &
i)‘msﬂdauﬁwﬁaé’mﬁgmiw m‘%awuﬁ@msLﬁ@ﬁ?ﬂﬂi:mam FFUIUU Otto cycle Fatuds

WigULiB U 3 cycle mrsaziliouifisuiimudugegaiieaiufaguil 2.3 nsmeuduiug



3ENIN PV uag T-S laavunsy wansfansiuSouiisuses Otto cycle, Diesel cycle wae
Dual cycle fignay, gaunnfiasaauasausugeaninednu WeSoudiou
UsednSaimn1aninuseu (Thermal efficiency) AMUFUN 2.3 Diesel cycle> Dual cycle >

Otto cycle

saa a a

MNMsWIgUsENING JUT 2.2 uay JUT 2.3 avaguladn ieSessudnflussansam
gegm zdeuinnisdunlndifesiu Ysunsaedl Wildunniian uddesgmssidnfenisdn

LLasrﬁ]’aaﬁNmﬁamwé’mswdauﬁwﬁdé’mﬁqa

= W o .
2.4 \psesuRuialvauiadnnse (GDI Engines)
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HIUNI UL LGRS UR GDI Timuneietiuni1sUsswd nuituideonds wazan
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=l < <

uanw GDI ﬁamﬂiuiaﬁﬁ"l’ﬁﬁyaLwéaLmﬁuqa (50 - 150 un%) Aal¥inautgroainingd
Taunse Ingpauaudsuia wazarmaiudfendes ECU nasdmitemdadaioaulng
Inensevinlilodlukennvdifuasiasdwliannisiindenls

vdnnsallanuuiugn wazaunsadademddiiduazoosldunnindewssuiiouiu
Waasluvieswled (PFI) lull a.e. 1996 Mitsubishi WWnEnsousildinsosous 6Dl (Huidn
uwsn wagsieun Volkswagen 1¢iUns in3ossud GDI Aldsvuy Fuel Stratified Injection (FS)
TuT 2000 wdsnduldTimaluladitAnutnndurousiossud GDI 19w Variable Valve
Timing (WT) meslun1$a19es uay Stratified Lean Mode 1p303gus GDI annsauidaa
Gownddldte 20 - 25% lasmsifnsnsiauiidssn (Compression Ratio) wayUSusumis

permMsnsilinlviimnyaufian

GDUIP FUEL PUMP I0GI PRESSURE FUEL LINE
. HIGH PRESSURE SENSOR
GOEFUEL R

ROLLERTAPPET 40 DURCTON

LOA PRESSURE FUFL LINE

CAMSMAFT

LOW FRESSURE FUFL PUMP MOIULE
w.motonic.com FUEL TANK GO FNGENE

JUM 2.4 ununmuansdiuysznautesnnsetsun [13]



A1599 2.1 uansteiuastelduvenasoseudufasUssnm [7]

Advantages

Disadvantages

1) No precise fuel metering
2) Bad emissions

Carburettor Basic fuel metering A e ———
driveability

1) Improved fuel metering compared
with carburettor .

. 1) Bad fuel met Id

2) Three Way Catalyst (TWC) ) “:n anii e e::_?f :;:;“ng

works well under steady state ;:on ditans. whick affects
PF1 St emissions ‘

3) Better engine response and - C g =
improved driveability compared 2) !::::::lml StakE i st
to the carburettor engine

4) Low PM emissions

1) Issues regarding fuel
economy and emission in
cold start compared with hot

1) Precise fuel metering, better fuel ::ﬁ?‘:i::: QK™
spray.aloizatioy SpeH 2) Bad HC and PM emission
WRNSICHE ICYpORIR compared with PFI engines

2) high compression ratio, high 3) High requirement for high
engine power output, and low o ;

GDI fuel quality, potential

fuel economy
3) Lower emissions due to faster
catalyst light-off in cold start
4) More flexible choice of
combustion mode

injector plugging problem

4) Piston and cylinder liner
wetting thus more severe
combustion chamber
deposits

5) High system complexity,
high manufacturing cost, and
durability problem

2.3.1 ULUUNSINUYBIATOIBURTIZAN S

i &y = </ o d € U ol =
JUuuunsaalemdaluilodeddngeesundewuimannse(13] lngAIUANNITaN

\Weiwasnndes ECU isliivsendnitoindsgsannialiifndsiaioteusman suluunsin

Fomawasszuuihidanssgaszladedssmeliuddidy 3 sunuy fe

1. sUnvu@emaaduduuuuung (Stratified Lean Mode) dmiunisyienluaning

Inandesfisoudmiesouasil Wadnezdndoimasludasarsfmesn foun1syaszie
Lm%‘aaauﬁ%’ammsmﬁﬁmul(ﬁué’mswﬁauwam%mwﬁaﬁga (> 1) luaanglnangeguuuy
Womdududuuuuuns asiiin NOx 1niu uazluanmefisevgasifiniinuniy

2. guwvudamdaduioifeaiunuuus (Homogeneous Lean Mode) dmiunsld
uflnanuiunans Mhidnvrdndemadurasdmenn iievliifeumastuanniangnindd
Wuideidentu Lﬂ'%'aaauﬁ%ammmﬁwmlsﬂué’mwdwwamﬁyaLwﬁaﬁgaw%‘aﬁmwﬁau
Woumdsiunlnined (O » 1)

3. JUuvuidaimdaduiifaiieaiu (Homogeneous Mode) fmdumsléauiilnangs
W3030UM LLﬁxﬂﬂiL'ﬁlaﬁ’Jaﬂﬁm‘iam‘ﬁaLWﬁx‘JL’ﬁutﬁEJ’JfTNﬁUEULLUUL%@LwadLﬂmﬁ@LﬁmﬁuLLUU
U (Homogeneous Lean Mode) usiviauludnsdrunauiwnlndnes uardunasmmun

vinligaumgivossnlnianacdsannisiin NOx



Homogeneous charge Stratified charge

E‘Uﬁ 2.5 Homogeneous and Stratified-Charge Mode [5]

Double injection

4——-\\ .
omogeneous mode
A=1orA<1

Torque —»
B

Engine Speed ——»

g‘d‘l‘f?lE 2.6 GDI Engine Operating Modes Depending on Load and Speed [13]

2.4 9m51d7U 9 ne-liaInae (Air-Fuel Ratio)

SnsEuNANINER U B Al ua s el

M.
A e air (1)
Miyel
A " s
) i, Ao Snsnisivavesuiasinie [ke/s)
Mg, FAD ORSINISIMATOWIADINGS [ke/s]

2.4.1 Stoichiometric Air-Fuel Ratio

gnsaweAdaudemaas i Aan s indauysallawed
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2.5 wialwdu (Gasoline)
ufaledu (Gasoline) Wiathsfuluudu WunansusRlaanastthsuavlunsugisy

@ gritifudaimdveaeSoswuddumuluuuassdndasusenglv

2.5.1 AineaAmY (Octane Number)
Avaamuidunisuendeiuan Teentsiiiouiivumsdgassdadeldidomad

Asan1svsue funstagessidadflelfifomdanasgiu meldannymdoutudomadis

]
fala 0

ANDBALNUEN ﬁaL%@Lwﬁaﬁqﬂlwﬁmaiﬁmﬂmezaxium%awumwummé’mg@é’wLﬂué’m’l‘?ﬁ’
L%al,waaa@ﬂmugja Wwolssiunisiietion anusesad uns dunUiinaneriaaainy
%]am"mt%aLUﬁﬂWgamaaﬂmu%qamm WA UNENYRITINAILarEIN AT Lus

nunnouiaziin Auto-lgnition SalivinliAamsiien (Knocking)

d
2.6 undlegaa (Gasohol)
uhalgsoadiludomdildnnswauufalesdudduenues Wudemdmdnvos
insesgusdunUabluwuvansndadeusenielnlutisgduvessamalne gndtuundae

w1

dnaruvpsomusannaulayldiduan £ A1 E odunufsseuazvesemueaiinayfunialesy

2.7 AURANUIBULATAINYANNTDUTUNTE (Heat Capacity and Specific

Heat Capacity)

12 < a w o o a @ o
AINgAIINsEU (C) Aeviutaadiuiou AQ a8 Mildunaaisuia m Alansu 4

o

gamgiddould 1 wadu Imhelugainsiu

C=— (2)

AURAMsEUT ML () AeUiumAinusou AQ ga Tivinlinaaisuia 1 Alanfu i

=

o a a1 o Y o
gamgidouly 1 1eadu dwhaduga/flansy - nadu

AQ
c=— 3
mAt -
o c Ao ANUTANTDUTINIZBENS [U/ke - K]

AQ Ao YSunwenudoudiviaanslesu [

At fe gumglivesnaasidsuly (K]



11
m A9 YSuiedunadns (ke

2.8 ArnuTaunsvesnisnaneulea (Enthalpy of Vaporization) #se
(Heat of Vaporization)
Jinamomdsnuiiaansgadiluiiielfidsuanuranteavaniuaaugine 1lu
ﬂmauﬁ’ﬁmwwﬁﬁua;}ﬁmﬂm aaumgdl uavmuiuvesans mnlusyuumsaneduliua
pmaluviediuled nwaﬁ%mwﬁaﬁﬁwmm%’auLLNwmﬂ'\'sﬂmmflulaqa Agyinlvoniedl
oaumniinnag LLasﬁﬁﬁﬁﬂmmeLﬁuqﬁyu Fevzdawalvislonnamdngsoamludiundy win
uszuumssehsiudrgrieanludlnass nsfifemaadiman feuurwosmsnananiu
logs svamnsahluldlunsanaannfeunielusiensnlndild usimnidomasdsogluseue
waamm‘ums:L‘%'mm'st.m“lmﬂﬁ%ﬁawa’Lﬁ’Lﬁ@nﬁgmuLﬁaﬂuﬂu%'auT,Uﬁ’Uﬂwss:ﬁquwaalf?ipal,wéaé";EJ

U

2.9 fauusn (Brake Power)
Wunsiamawoneiowudlay | flaunlufinesinoninardemismiodonui-§ues

wnseteud laoaildusduidanhluidldveunessuduinnsguidondsuluuis

W = 2nnt (4)
- & & o w a e
(e w AD NIEUDILATDIUR [KW]
n D SOUVDILATNBUR [circle]
P = ei ¢
T AD LIIUAYDILATDIIUA [N - m]

2.10 msaudesinshudoinds (Fuel Consumption)
nsAuiUBpsiudomde (Fuel Consumption) asgninfusnsnisivaitena 34
isnsudvunlngjasiinisiudfosdudemannn fefudelannsaululdluns
WisuieuldTaimusluzuiuuveanisdundessumny (Specific Fuel Consumption, SFC)
Fadusnsimslvavesnaifomdsomioidilfesnun uasdunisinyssansnmues

LAToNURLUNS MY Ia AN aNER U0 DNYD
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e Mg, AD 8M5INTINATEMNATRINAS [ke/s]

P AD MAUBLATOIEUA [KW]

lngnaluudrvedruanlusunisduiudeadiniziusn (Brake Specific Fuel

Consumption, BSFC)

m
bsfc = —uel {6)
P
Y5 Mg, A8 80TINSIVavDIIaTRINES [ke/s)
2] AD ANaeTeLAIBsEuRInlaulluTmes (KW

2.11 @1Aausau (Heating Value)
ﬁaﬂ%mmmm%’auﬁaﬁaaanmﬁiaﬁwﬁfﬂL%@Lwﬁaimﬁaiﬁﬁvﬁaaﬂmag'i,uamuwm
uAa dsazuemdu 2 Ussiamie A mdousi (Lower Heating Value) @1azdinanga fin
Au3uEY (Higher Heating Value) 1ifotaan Lower Heating Value 5aiﬂﬁwﬁaanma%ﬂu
aonurtesMalfiogiowdsaullldfaundt Higher Heating Value ﬁﬁadwﬁwﬁaanmag’lu

o = - a2 Y oes d‘,
anugveIn1g WwelSeuieuuaunslaed

n ou
HHV = LHV + —=222u (7)

Neyelin

2.12 @UsEAnSanAUBIAuiou (Thermal Efficiency)
ArUsEaNs A e uSoulansfelseAnE n s ued ot udludanuiey FeRne

) ' o w & a o < &, Y - ° v [
DRATIEIUVDINGINTUAIIUTDUINNLDYD LWE‘NWQﬂLUﬁEluL‘UUW'ﬂ\NWumﬁqﬁqﬁﬂuqlﬂﬁﬂﬁgiﬂ‘ﬁuﬂlﬂ

W, W,pe

eng _

(8)
Qi men, (LHV)

Thermal efficiency = 1y opma =

o § & w 1 a v W w
e me  fn dnsIMSRAWBIMANTEisNING [ke/s]

S

o w

' - - |
W, Ao Mduasesewsiand Swhodu kw)

LHV  fp Awasnuauieudus [ki/kg)

ne  Ae AdseAvEammswalwel
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2.13 iﬁUU%uulﬁﬂulatﬁﬂ (Exhaust Gas Recirculation System)

syuuvuieulede (Exhaust Gas Recirculation System) (Hunisunleldounsduun
ndwieleflmisnads ilefazandeenlasuasiulnsion (NOX) Faduufain NOX Winan
ns lulmsiaufueendiouluema wagniadrsudfuudidenslndlusoanlng
Iueﬁaaqquﬁﬂ'riLm”L"nﬁﬁe“mﬂd'] 1,800°C (3,300°F) uRavsanshazsrusiulaalunaes

=t

gamgiinisinindigs uazdinawnlndauysal[1] SadfinsAnduszuumudouledonio

v &

dy A o U ar & 1 3 = o
EGR Tuniiaanuia NOx Inendes ECU szfudeyamainiduiwessnegic gumgilufale
al 9] ' o v = w ' ' 2
\p DRSIEUNEY Lardu udunUsyaiana Fadnass ECU asaanuinan1iznsikilvgiens
o liin NOx 1 fusdedygraludslsr EGR Wadr wieliudalodursdulnandudily

W lvsignanasa

Engine computer (ECM)

Exhaust

Intake manifold —~ manifold

Engine

Catalytic
converter

© Samanns com

FUN 2.7 ununimaseszasssuunmyudovlode

173

leidoursdruasgminduaidluliunszuaunismpudoulededdssuulediiiean
Jimaermedh Seezdivangumgiinismniniluielessuddwalinisiineenledues
Tulssiululedoansas ssuunanyudouledeanunsasiuunld 2 Uszan 1ud s
vapuisulededou Ao nsilodegninansunszuiunisuusudhsuiuloflnenss uas
mauyudsdlodudu fo nsfiledegniflifumasteutumshunszuaunsmyuivud
Tuivled msiwisuifsuguantBisswinmsmyuieuledodu uasnsmyudeulodsdou

anunsnvinlasanisensluil
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M3efl 2.2 uannsisSeuisuquantissuinnsmyudouladufuasmsnyuiols

\desou
nsuyuieuloideidu nsuyuiisulaideiou
1560 NOx $innIn SEUELIAINTTN LRI
) = vel 1 a ° '
» AunIsHanlanniIn N5LAA HC $nan

AMENUR o R
ulAsasedugau dlAssasnaludugou
Anlgegenda AT IBAINI

2.13.1 msaruaumivsunalads

Coz(ln) 17 Coz(air)

X 100 9)

REGR =
COZ(exh} = COZfa.ir)

o COpiny B USinaumsuaulnoenleslupinie (%)

COy(iny M0 USanmansuaulasenladluviesauled (%]
COyeqyy AP USinueniveulpeanledluviolody (%]
1800
] o i
17001 - it ot S
| .
PO YWRT (A HLS) AT .
(] 1 \
o 5
= 1 e
o JeoB D-14)- AL TN L T
] A
o 1 -*-7 %EGR
14001 5.9 % EGR
] &6 11%EGR
1300 -~ --:0--- 13 % EGR -~ ---==--"--~ -
; B
1200 — : : , :
26 24 22 20 18

Spark timing [°CA btdc]

JUM 2.8 ¢ BMEP gagn fiflaiduresiorasnampieuloBouarasmmsnseidn (1]

NNFUT 2.6 uandliiiuedesdauinnisiiuduresdnsnmsmyudouledoazyinliien
BMEP uazearnisyaszilingslu minuad BMEP axgnindalaenistendiolimsyasziiai
psnsymssilaarmdunniull mefudasnmsmuisuledeastisangumnginielu

nszvengu uazdnhlvdunauaunsomninilarouisszoznisyaszilnmefiodniie
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lunSeswiidnduniounosluriames axilssuunyuivulode 2 sUuvuiuanes

o

udauanslugui 2.7 1dun szuuusn fie seuumyuBsuladouuuaudus (sU 2.72) le

@oazgndsinumesludiludasuy LLsnmnﬁ’suﬁamauﬁ"ummﬂu%qm‘éri@uﬁwchwﬁwq
ABYLNSAYDS uaﬂmm‘fﬁaﬁnmmLﬁwaqsswm{uﬁaulagﬁa%ﬁaqﬂﬂsx%w%quuﬁa
soefulsEAninmundaTsRONINTALYDS ﬁazﬁuﬁwmiﬁmmﬁﬁLﬁmwﬁﬂﬂu%'augul,ﬁuiﬂ
uaslugnmsanasesUsyinsamidaUiinms wasssuuiians fe stuvmwisulodouuy

AUAUEL (5U 2.7b) laideasinaainyasiuveuneslvdludidisargveunies

2/ =

ADUINSRLYDS ashq"Lsﬁmwmmﬁwﬂwﬁwaamaﬂuﬁwmawﬂ"}qmimumm"uluﬁmwﬂ
fagduvesulefarlimursaduledenmyuidousauivlefiodafivsmeld Tnslanizetng

fanelaaningmnusisoumn warnsylvangs LLiaﬁulaLﬁa%w‘hniwusaﬁulaﬁﬁmam’[ugﬂ

2.8

=b

valve cooler

JUM 2.9 szuumamyuleduuuuaudui uazssuuntsvyuiievla delvueadiugs (1]

2-5 — N * . — T S ¥ T
244 w=-e-- Pinlel mamlol:! : 7777777 )’}"‘-i
=— P exhaust manifaid o
§2.2------~'——- iy —--—)—...J—A >
T N i 7;.’ .............
-
g 181 == L " = mEfle R maink nsinac
o -4
wn 18- 2=l = ',R ,,,,,, - "_'_L_‘,q_.’_ _____
e . L.
o 1.4 ol ; .
124 - 5 G P

1 . ; ' ,
0 1000 2000 3000 4000 5000 €000
Speed (rpm)

JUM 2.10 ansduiudsewinmnusulofiuarle doiuamnuiisevveanioseud [1]
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2.14 n1silen (Knocking)

nsinnistonty Im&;m”[ﬂmaamw{]m SUN15Y9USU Ao m‘suamummﬂ‘uam
seidnnou u,axﬂﬁuaﬂl,ummnmﬁ;mmLaa nsteriiesaindeqn (Auto lgnition) thAndy
mﬂmmhiaﬂuauamaaammﬁ wazaududurenisutueina ﬁﬂﬁ,ﬁmamﬁ%’aumm
(Hot Spots) LLﬁ“L;J?JRJ@‘W‘i@u&J']ﬂ (Hot Spots) gnan warve wNHAYDGNEY AINTEUTIN
nsunsvensvesindiay Ay warenudeusnanuen ﬂaaaamam%wﬂwqmmaumﬂ
(Hot Spots) flgamgfl uavarudy fidndgaganils Fsgaiiaeyhlifnmsasadadefie

e lsidnae L Uﬂ?iiuLU@LWUﬂﬂm(ﬂﬁl’J mwmaﬂwwsamu

burned
(regular flame

front)

=
Example of a LIF image pair of a knocking cycle [25].

o a 1 e < C1
JUN 2.11 Lanemed19iganInisiiatien [8]

msuamuaamﬂammwa (Detonation) n5HeARATLLTBIINNTSUNSASE I Y09 A

A ) a v )
I annsfeusuiliierausaussuo nelusiTwe ol wssiinssunnws
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\1049119AFUDe (Detonation)
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Series of high-speed direct images and related in-cylinder pressure histories for both knocking and non-knocking engine cycles [24] (1) Non-knocking engine cycle
(2) Knocking engine cycle

§UN 2.12 uansiginsnisiintion [8]
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Pressurs, P
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Specific Volume, v Specific Volume, v

Figure 1
&) P-V diagram of Naturally aspirated engines b) P-V diagram of Supercharged engines
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Testing Diagram
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MTNN 3.1 uaRsRuELTRveaAS eI U [10]

11A-0-4 4G9 ENGINE (E-W) - General Information
4G93
Descriptions 4G93-50HC 4G93-DOHC 4G93-DOHC-GDI
Type Indine OHV, SOHC In-line OHV, DOHC In-line OHV, DOHC
Number of cylinders 4 4 4
Combustion chamber Pentroof type Pentroof type Pentroof type
Total displacement dm?3 1834 1,834 1,834
Cylinder bore mm 81.0 B1.0 81.0
Piston stroke mm 89.0 89.0 B89.0
Compression ratio 100,95 10.5 1.7, 12.0¢2
Valve timing Intake Opens 14° 20° 15°
valve (BTDC)
Closes 50° 60° 56°
(ABDC)
Exhaust | Opens 58° 61° 55°
valve (BBDG)
Closes 10° 15° 15°
(ATDC)
Lubrication systemn Pressure feed, full- | Pressure feed, full-l| Pressure feed, full-
flow filtration flow filtration flow filtration
Oil pump type Trochoid type Trochoid type Trochoid type
Cooling system Water-cooled forced | Water-cooled forced l§ Water-cooled  forced
circulation circulation circulation
Water pump type Centrifugal  impeller | Centrifugal  impeller | Centrifugal  impeller
type type type

*1: Up to 1999 model
*2; From 2000 model

- aa

lumadsillddenldilomawialssea £-85 Wotan emuoailudombdiideoon

= = v = Val = L4 = e & kg < @ ]
uganu 100 Beeumunisealad Ssanunsnliusednsamastulamingniingnsndau
idedn uameniueativanguvgiledliuinvasseive vinldSmaednlgunginias
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E8S

Fuels properties _ Gasoline(8] El0  E20 -
Formula CitoCy; CH: 64630001 CH, 600085
Molecular weight [g/mol] 100-105 88.12
Carbon [mass®s) 85-88 86.70 79.85
Hydrogen [mass®s| 12-15 1320 12.88
Oxygen [mass®o) 0 1.94 7.54
Density, kg/l, at 15°C 0.72-0.77 0.7608 0.7645
Vapor pres., kPa at 38°C 48-103 59.6 583
Specific heat, kJkg-1K-1 2

Lower, hheating val.,, 103 Mk)lkg 44.00 4097 40.60
Research octane number 924 98.1 98.3
Motor octane number 8§12 823 84.6
(R+M)2 868 90.2 91.45
Water Tolerance, Vol% Negligible

Stoichiometric air/fuel ratio 14.70 14.05 13.51
Distillation temperature, °C

Initial boiling point, IBP 35 36.5 378
10 vol®e 515 516 53.5
20 vol% 56.5 55.7 578
30 vol% 618 597 62.5
40 vol% 68.6 638 66.8
50 vol®e 782 70.2 708
60 vol®e 91.5 99 4 731
70 vol% 108 6 1179 999
80 vol% 125.2 136.1 130
90 vol® 154 160.2 155
End boiling point 1973 187.2 184.6

3.1.2 N@ad ECU

a 6 v oo
ﬁ@ﬂ?UﬂN@LSﬂﬂiaUﬂﬁ NI UM TUREY
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gunspifetoelvivinumesntuull

CH: 52200 42
50.60
55.36
12.89
31.75

35-70
2950
101.6
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 Ethanol [8]
C.H.OH

46.70
§220
13.10
3470
0.79
15.90
2.40
26.90
108.60
92

100
Compl.miscible
9.03
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Cooling Tower iaanaAuiouivenlvgunsalidaviy

A15190 3.3 uanRuanTRves Engine Dynamo Meter

AndnUAvaslauludiines
U ED-150 - LC
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5UN 3.6 Cooling Tower dm3umnasLiu Engine Dynamometer

3.1.5 s3UUAUANLAZUUTINNADIN Engine Dynamometer
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3Uv"i 3.8 dulsenouredlusunsy LabView Hadne

drulsenauradiusinsy LabView Hedne Ioud
1. wirdlavunalng 3 ou laun

1.1 sounisvaiwanfienls Wuseuladossusifinunisnesoui

1.2 Aanseiintulusedy

1.3 Frideisldluvasdy
2. naendY 3 AFed laun

2.1 Set Speed Tun13vinaululnun Constant Speed azidunisatvniselay
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2.2 Select Mode Control danlnuanisvinsiulaun No load, Constant Speed
wag Constant Load
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3. Accelerator (lignldaunasnnisnaas)
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5.2 RH uansFmsdudusinglusemeans
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6. wihdaunalvg 3 wihdadsstumaunuasiuem
6.1 Water Temp In wansgungiivasiwaoiduriirlaulaiineslususdy
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wssiulwihantiesnnduuweendiaululadeuniu ssuuaruguisle (Closed Loop
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1. Sensor element (combination of Nernst 7. Contact holder
concentration cell and oxygen-pump cell)

8. Contact clip

2. Double protective tube
9. PTFE sleeve

3. Sealrin
g 10.PTFE shaped sleeve

4. Seal packin
! y 11.Five connecting leads

5. Sensor housing

12.Seal

6. Protective sleeve

10 1 12




32

A5 3.5 uannuaNURTeIREIU Oxygen Sensor [12]

Oxygen Sensor Bosch 0 258 007 057

Power
Power requirements Single Channel 8-14 Volt/ 2 A (max, 1 A

ncminal)

Dual Channel 8-14 Volt /4 A (max, 2 A nominal)

Serial Coammunication

Serial Port Speed 19.2 kbil/sec
Packet/Logging Speed 81.92 msec/sample packet
Sample Resolution 10 bits (0..5V at 0.1% resolution)
OBD-Il (US Spec vehicles)
Number of Channels | 16 (max) ]
Supported protocols ISO 157650 (CAN), J1850PWM, J1850VPW,
ISO 9141, 1ISO 14230 (KWP2000)
USB Specifications
Protocol Version 2.0
Supported OSs Windows 2000, XP, Vista, 7, and 8
Temperature
Max Operating -20 to +80 deg Celsius
Temperature [ A\ Y
Recording 9 X 1/
Memory Card SD 4GB or smaller.

File format : FAT or FAT16
(SDHC cards are not compatible)

gﬂﬁ 3.16 Oxygen Sensor W3asF8 U

3.1.8 AINSIVIUAMMULNATBWIBS (Crank Shaft Position Sensor)
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3.1.9 fnsaadudumisaulss Throttle Position Sensor (TPS)
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OUTPUT VOLTAGE
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3.2 YUABUNISNAADI LUATWSIY
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2. Thermal Efficiency
3. Ignition Timing at Highest Torque
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Add gasoline E-85 fuel
into the container on
the scales. / Warm up
the engine at no load.

!

Set dynamometer at
1500 RPM constant

A 4

speed. / Set engine at
full load (WOT).

T

Set A/F ratio as
lambda = 1 using ECU,

!

———

Set ignition timing using ECU.

Advance IGN.

L.

Appropriated IGN
at downward
maximum torque
trend.

Add boost to 0.3
using supercharger. /
Set EGR% as 8% and

13% each round.

Yes

Add boost to 0.1
using supercharger. /
Set EGR% as 4%, 13%
and 16% each round.

!

Collect maximum torgue,
power, weight fuel, exhaust
temp, BSFC and IGN.
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N'ﬂﬂ’li‘lﬂﬂ’siENLLﬂSU'VI%Lﬂi’]%ﬁﬂﬁﬂ’]'ﬁ‘wﬂﬂﬂﬂ

4.1 WaIATIERdaYAMINAREIRILITANTNSEDA

A1579% 4.1 Lans ANOVA Table Aimsevidoyanielusinsy spss

Tests of Between-Subjects Effects

Dependent Variable: BSFC
Source Typse q“lljasr:sm 4 df Mean Square a Sig.

Corrected Model 28958.912° 7 4136.987 48.724 .0000000
Intercept 44445362 446 1 44445362.445 523458.696 .0000000
Boost 1354.252 2 677.126 7.975 0004471
EGR 6085.914 4 1521.479 17.919 .0000000
Boost * EGR 19783.872 1 19783.872 233.006 .0000000
Error 19698.448 232 84.907

Total 55267020.630 240

Corrected Total 48657 360 239

a R §mared = 505 (Adusted R Squared = .583)

INNATII WU AN P-value 193919 Boost way EGR fimtaenii a = 0.05 wanalu
VSIS Boost Wz EGR vinlmiAnnisivasunlasues BSFC egraiiioddny
M91lA7 P-value U84 Boost*EGR fA11o8n31 a = 0.05 wudu wanslinsiuingg

Boost llag EGR dAsndnalunisiasunlas BSFC $7udu

o ' = ' P & w v
A1519N 4.2 uanARdeed BSFC Tuaniza1eg Sieevteyanlslusunsa spss

A1)

Estimated Marginal Means

1. Boost
Dependent ' ariable: BSFC
95% Confidence Interval
Boost Mean Std Emmor Lower Bound Upper Bound
Bo0st0 486.297° 1.682 482.912 480541
Baost 0.1 476.326° .841 474,669 477.983
Boost 0.3 481,924 971 480.011 483.828

3. Based on moolied population marginal mean

2. EGR
Dependent Variable: BSFC
95% Confidence Interval

EGR Wean Std Error  Lower Bound Upper Bound
EGRO 485681 971 482.777 487.605
EGR4 480 137* 1.682 476.822 483.451
EGR8 475.510" 1.682 472.195 478.825
EGR13 478.153* 1.190 475.810 480.497
EGR 15 468,277 1682 464,962 471.591

3. Based on mocied population marginal mean.
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3. Boost* EGR
Dependent Variable: BSFC
95% Confidence Interval
Boost Mean Std Error Lower Bound Upper Bound
Boost0 EGRO 486227 1.682 482912 489541
EGR 4 E
EGR 3 E
EGR 13 3
EGR 16 a
Boost 0.1 EGRO 494920 1682 491.605 498.235
EGR 4 480137 1682 476.822 483 451
EGR S8 a
ECR13 461970 1.682 458.655 465.285
EGR 16 468277 1.682 464.962 47159
Boost 0.3 EGRO 475927 1.682 472.612 479.241
EGR 4 a
EGR 8 475510 1.682 472.195 478.825
EGR13 494337 1.682 491.022 497.651
EGR 16 .

a. This level combination of factors is not observed, thus the corresponding population marginal mean is not

estimable.

9INATENUTT A1 BSFC 1iesan Boost AAeam 476.326 niuseflainsdalus 9

Boost 0.1 191910 EGR fiAnsiga 475,510 n¥useiTainddalas 7 EGR 8% uaviiesann

Boost*EGR Sifrinan 461,970 niudanlainsidala 71 Boost 0.1 EGR 13%

wERelANINENENaUaY Boost*EGR slanstUAuunilasuad BSFC Sluinnindvisnanas

Boost %58 EGR iWeag1elane1avila
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Estimated Marginal Means of BSFC
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4.1 P35 Wuans Main Effect 9949 Boost filkasie BSFC TneldTusunsu spss

Estimated Marginal Means of BSFC
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4.2 N5"WWARY Main Effect veeU3unallodeniinane BSFC Tnuldlusunsy spss
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Estimated Marginal Means of BSFC
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T 1 ] i L
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EGR

Non-estimable means are not plotted
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4.1 w33l (Torque)

a4

A = G:‘VL & r:'d' 1 & € | 4
M990 4.3 LLAAGLIIUAT mmmaaul‘umimaqu LLaﬁ’]LF]‘STS%‘UE)&J\JB(’?'JEJIU‘SLW?&J SPsS

Boost
%EGR 00 01 0.3
IGN Torque IGN Terque IGN Torgue
(38) (bTDC) (N-m) (6TDC) (N-m) (bTDC) (N-m)
12 90.9203 12 108.6610 12
15 54.6513 15 111.3290 15 137.0330
18 95,0060 18 112.3530 18 138.7643
5 21 95.2050 21 112.7077 21 138.1567
24 54,1583 24 111.1513 24
27 27 27
30 30 30
33 33 33
12 12 12
15 15 15
18 18 18
4 21 21 108.5910 21
24 24 109.7123 24
27 27 107.6930 27
30 30 30
33 33 33
12 12 12
15 15 15 120.6293
18 18 18 1299083
P 21 21 2% 127.3760
24 24 24 125.7327
27 27 27
20 30 30
33 33 33
12 12 12
18 15 15
18 18 18 114.2810
13 21 21 102.8980 21 116.5457
24 24 102.2810 24 117 4837
27 27 101.5457 27
30 30 55.4400 30
33 33 33
12 12 12
15 15 15
18 18 18
i 21 21 95.8623 21
24 24 97.3810 24
27 27 99.8167 27
30 30 98.0840 30
33 33 97.0913 33
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Estimated Marginal Means of Torque
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Estimated Marginal Means of Torque
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Estimated Marginal Means of Torque
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Vnnsnaassuarilresideyanneatinsnelusunsy spss wuin usededinnesennis
szdefunliuansadofinsldszuy EGR Ausunladoiiutu uavianiviuinlode
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Jiunulede 0%, 8%, uay 13% sudieu

Slofieurusidagean Mintuideinislissuy EGR vdualededn danne
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4.2 auduldeudoindsdnnwiziuse (Brake Specific Fuel Consumption)

o & & & a o v v o '
M990 4.4 LL?{G\QF’]'JWN?{UL‘UE@QL"UalawaQ"U’WLWFWLU'§ﬂw‘lmﬂqﬂN@Ul%ﬂFﬁWﬂaﬂﬂm7@5] ey

a

AaetonanItlusunsu spss

u

Boost
%EGR 0.0 0.1 0.3
IGN BSFC IGN BSFC IGN BSFC
(38) (6TDC)  (z/kW-h) (bTDC)  (g/kW-h) (6TDC)  (2/kW-h)
12 506.7367 12 501.5123 12
15 520.0900 15 494.9200 15 497.0967
18 4551633 e 506.0467 18 475.9267
& 21 4862967 21 500.4833 21 490.0867
24 508.2800 21 503.1000 24
27 27 27
30 30 30
33 33 33
12 12 12
15 15 15
18 18 18
" 21 21 483.4633 21
24 24 480.1367 24
27 27 488.4700 27
30 30 30
33 33 33
12 12 12
15 15 15  515.7833
18 18 18 475.5100
. 21 21 21  489.6200
24 23 24  496.8467
27 27 27
30 30 30
a3 33 a3
12 12 12
15 15 15
18 18 18  517.0533
21 21 482.,0600 21 498.9657
X 24 24 482.2667 24 4943367
27 27 451.9700 27
20 20 478.7433 20
33 33 33
12 12 12
15 15 15
18 18 18
- 21 21 500.1100 21
24 24 476.4333 24
27 27 468.2767 27
30 20 481.7900 30

33 33 48E.6023 33
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Estimated Marginal Means of BSFC
at Boost= Boost0.1
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Estimated Marginal Means of BSFC
at Boost= Boost0.3
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Surface Plot of BSFC vs Boost, EGR
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4.3 Y3eAnSnwideninuiau (Thermal Efficiency)
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4.4 aaﬂﬂﬂ’ﬁ‘qm:lﬁﬂﬁmm’lzﬁu (Optimum Ignition Timing)

< a d < = d e a
Mm99 4.5 LEAIDIATINITYATELUAVLRLNZEUNIIIUAGNER Tuaniag Boost MU3aalelde

799 wardimsievidoyamiglusunsa spss

Boost EGR Add (%)

(bar) 0 q 8 13 16
0.0 21 - - - -
0.1 2] 24 - 21 27
0.3 18 - 18 24 -

=

NnMIMeReUaLisifeyan1aiAteTUsunTi spss wuin ifleladossudagly
@n17% Boost 0.0, 0.1 wag 0.3 Iﬂalaiﬁﬂ']sﬁmﬁgﬁsuumguﬁau‘tmﬁﬂ inSepuRvsiiornnis
seidnfiungaud 21, 21 uay 18 bTDC aruddu Tneiefinisindssruumydeulods
flan"g Boost 0.1 @nunsnifiupsmnisqnseidaluil 24, 27 uag 27 bTDC fvsunnleids
4%, 13% waw 16% PWAY wazdiani2s Boost 0.3 awsniisosansgasenluil 18
uay 24 bTDC AUwinilevde 8% uag 13% madeiy

Fauansliiiuiinsinseszuumguidedleidela) Weiinsinysinaledetuligiy
dualianunsoiiuosnmsyessiin (Advance) I8nisnndy uwaynisifty Boost axaheiit
Ay uazaumgiivesionnlv(3] dsilmAnnsdeadietu fuosiussenisensida

LAUaI[2]



55

4.5 gauunillawdy (Exhaust Temperature)

s EGRO0% Boost00

— 4 EGRO0% Boost01
& v EGRO0% Boost03
- SN e hher i ek e otk
560 -
550 4
v
_.5404 * v v
o a
= 530
o L
* 5204 &
Yy
510 -
™ ®
500
L
490 -
: . . : : . ; (n)
12 14 16 18 20 2 24
IGN (bTDC)
4 EGRO% BoostO0.1 4 EGRO0% Boost0.3
i v EGR4% Boost0.1 v EGR 8% Boost03
1 @ . ¢ EGR 13% Boost 0.1 570 4 ¢ EGR 13% Boost 0.3
550 4 EGR 16% Boost 0.1 v
550 - N
*
540 v MU g
8 A 3 *
> 530 s 3 v
o v 4
- 5204 A — 540 - - %
b 4
510 4 < : 530
.
500 - g «
. 520 4 .
T T T : f
" e g, = i b (1) 12 14 6 8 20 22 24 (®)
IGN (bTDC) IGN (bTDC)

<aft

o
=

Uil 4.12 [W3guifsunswanuduiiusseninsesdinisyase dauavgangiilode (n) ¥
= : P = 5 <
\induluanaiy Boost fneq Wislifinisldsyuy EGR uag (v) fign1a¢ Boost 0.1 way (A) 0.3

B

Asualedosneg

af a da & oa o i DI = S A a
paunpileidenifindufiuualdusnasederalios fiosennisanssdafiudu nsusu
P

- - a‘r’ v v [ 1 ] 5 o ot 4 -
peANsyassilainfunesasmsivindaiugaydesludalndgiu TDC wiuiiiinain
A5 LI UD AT DING ﬁ):ﬁaagﬂﬂéaB’me%’ammmU'umﬂswaﬂzgjv WWs1EasyuLile

wasnuignudesiinnsgdedesavanunsavhlisamgileduanasiiu(2)



56

uni 5

#3UNANTSNNADY LAz UalauDLY

5.1 @unanimaagy
Vsgayrfinudidniifunnsdnuinisifiuusednsnmesandassuddunidniely d

Famae vilavadansagasziladousenielndsdinisfindessuudnusseinia wagssuy

vaudeuleds (EGR) defayaiivstimiuivuiivuiimunlunisnaaou Toud anneilld

Boost, Boost 0.1 wag Boost 0.3 lagldanuiiisoulesesnsi 1500 saUfauIH Na1selvan

'
e o

g9gn (WOT) uaru3udmsndaunan 01n1a - Tawas 7laglhifantsmdlvsiauy sained
\=1)

Tunismadeuuasiinsidoyensadisnulusunsa spss flaniag Boost 0.1 1ékady
7l EGR 13 % 04ri1n15905810n 27 bTDC Lndpseuniiussdnsndai EGR 0% DIAINTTYN
svida 15 bTDC 8¢ 8.79% pe1alsfimuiianiae EGR 13% i Thermal efficiency geninil
fA12% EGR 0% ¢ 1.76% Failumgegniildninnismaaesluaniag Boost 0.1 # warlunis
naaauTianiay Boost 0.3 I#kad7 71 EGR 8 % peA1n39aszLin 18 bTDC indoseudi
ussdnsndifl EGR 0% earmnsynseilia 18 bTDC oy 6.37% athslafimuiianioy EGR 8%
fl Thermal efficiency gendnfian1ag EGR 0% 8y 0.02% Feidurgugnitldainmanandly
#N11¥ Boost 0.3 ‘fj

Lﬁaﬁﬂ'ﬁ'am‘jaﬁ EGR 0% lusin12e Boost squuSeuifisufiunuin 7 EGR 0% Boost
0.1 il Thermal efficiency wani1 7 EGR 0% Boost 0.0 28 0.44% waluninguiu 7 EGR
0% Boost 0.3 n&ufl Thermal efficiency i niin 0.54% fauTsamsnagulsiiniled
15y Boost Faifinuasnialusiosntludiliuniu (el fluaiwrsayinls Thermal
efficiency Wintulfiausly wanuansiiia Boost Sudwariliussiageiuidesnnidoros
wAlvifuaentaundusAeniuntsdmdomdniuifonsanmsnsdrusening
omA-Fomddiiansnivsivuvanysal (A = 1) iWofiesmnisqyesninfinanzay uay
Anssvuumsuiouledell] Tnoileidodaranuganudeuninniternia uaylededs
ansnansrozialunsauveaamlluosenluald Foiligudinsiindonld Sl
snsnuineamnsnssslianeu TDC Iruntuluudazaniae Boost[2] nafieonu i

¥ilvifn Thermal efficiency gadumszdfiszidntuifudeilndgn TDC wazlndifvely

0
=

¥n3 Otto innimoundsldlafansszuumyuieulads uaglunmeasuandlinuinde



57

AnALsEUU EGR vhlnlawdadnluwnuiionnian 3e9ealsusnsiadiu e1na-iwomasfinaudan

WU 1 dewaliusedanladuanasniudldlafndiassuy EGR

o
5.2 voldupuu
a a o ¢ 4 W w L% 2
5.2.1 Wiun1s@nfigunsal Pressure sensor iadnauduateluioanlugd waze
wwaldunsiietendlainnsiinesmnisyasside

o 0 = 7
5.2.3 iipaannlauluvewesiildlumsmassaliongmsldnueau

R

- o e < P & € w |
S liamduiinladanueaisedouluainiinasesdu mngunseisananail

'
¢ =

ANNNANYTA FAIWITORNANTIEN1TNAaDIANAINRa108 UL Taun AnsIAY

v

AuSHeU s selvanlunisvaday



58

LONEISDI9DY

[1] Haigiao Wel, Tianya Zhu, Gequn Shu, Linlin Tan, Yuesen Wang. Gasoline engine exhaust gas
recirculation - A review. State Key Laboratory of Engines, Tianjin University, 92 Weijin Road,
Tianjin 300072, China. 2012.

[2] J. Zareei & A. H. Kakaee. Study and the effects of ignition timing on gasoline engine
performance and emissions. 1 November 2011, Accepted: 31 March 2013. Published
online: 25 April 2013,

[3] Jianye Su, Min Xu, Tie Li, Yi Gao, Jiasheng Wang. Combined effects of cooled EGR and a
higher geomet?ic compression ratio on thermal efficiency improvement of a downsized
boosted spark-ignition direct-injection engine. National Engineering Laboratory for
Automotive Electronic Control Technology, Shanghai Jiao Tong University, Shanghai 200240,
China. 2013.

[4] Kai Shen, Fangbo Li, Zhendong Zhang, Yuedong Sun, Congbo Yin. Effects of LP and HP Cooled
EGR on Performance and Emissions in Turbocharged GDI Engine. 2017.

(5] S.P. Chincholkar, Dr. J. G. Suryawanshi. Gasoline Direct Injection: An Efficient Technology.
5th International Conference on Advances in Energy Research, ICAER 2015 Mumbai, India, 15-
17 December 2015.

[6] Thomas Lattimore, Chongming Wang, Hongming Xu, Miroslaw L. Wyszynski, Shijin Shuai.
Investigation of EGR Effect on Combustion and PM Emission in a DISI Engine. University
of Birmingham, Birmingham B15 2TT, UK. State Key Laboratory of Automotive Safety and
Energy, Tsinghua University, Beijing, China. 2016.

[7) Willard W. Pulkrabek. Engineering Fundamentals of the Internal Combustion Engine. 2nd.
Pearson Education Limited, Harlow 2014.

[8] Xudong Zhen, Yang Wang, Shuaiging Xu, Yongsheng Zhu, Chengjun Tao, Tao Xu, Mingzhi Song.
The engine knock analysis — An overview. State Key Laboratory of Engines, Tianjin

University, Tianjin 300072, China. 2011.



59

[9] Zhi Wang, Hui Liu, Rolf D Reitz. Knocking combustion in spark-ignition engines. Beijing, China,
WI, USA. 2017.

[10] lil® MITSUBISHI ENGINE 4G9 SERIES (E-W) Workshop Manual. Bangkok.

[11] u. 1 w. L 9170, wouuazwdnnisgunaas ECM STANALONE TUNER. NTANNY,

[12] BOSCH. (3January). Heated wideband oxygen sensor. Available: https://www.boschauto
parts.com/documents/101512/0/0/f078fbbf-1c7b-4d83-af73-b81804d09edb

[13] Mustafa Bahattin Celik, Bulent Ozdalyan. Gasoline direct injection. Turkey. 2010





