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ABSTRACT

Nowadays traffic jam is the main problem of city traffic. The stopping or slow
going of cars in traffic jam affect to engine to waste fuel for cooling and part load
such as air conditioner. Therefore using Direct Injection spark ignition engine(DISI)
have important role in solving fuel wasting by lean burn strategy in stratified charge
that help fuel consumption in part load condition. But the exceed air in lean burn
strategy have exceed oxygen that produce NOx emission. So Exhaust Gas
Recirculation (EGR) was used to solve emission problem, improve fuel consumption
and maintain performance of engine. Combination with advantage of ethanol 20%
blended gasoline (E20) that can be produced in Thailand and have ability to
compensate disadvantages of Direct Injection spark ignition engine and exhaust gas
recirculation system

In study the Direct Injection Spark Ignition engine combined with Exhaust Gas
Recirculation was tested with engine dynamometer. Ethanol 20% blended gasoline
was used as main fuel. Injection timing was fixed at 260 degree bTDC, engine load
was fixed at 30% (bmep = 3 bar). Engine speed 2000 RPM, torque and power were
controlled by engine dynamometer. Reduction in pumping work was monitored by
Manifold Absolute Pressure. EGR ratio was control by EGR valve and Lab view. EGR
ratio was varied at 0%, 5%, 15%, 25%. Injection duration and spark ignition was
optimized with each EGR ratio to maintain engine speed at 2000 RPM. Emission was
collected by gas analyser.

From experiment EGR can improve fuel consumption at 5% EGR and spark

timing 333 deg.BTDC and it can reduce NOx emission by reduction in combustion
temperature. But at more EGR ratio it causes incomplete combustion that result in

more hydrocarbon , carbon monoxide emission and more fuel consumption.
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1 - Fuel tank
2 —Electric fuel pump
4 3 = Fuel filter
s 1 4 —High-pressure pump
W _ 5 — Rail
Hm R 6 — Pressure regulator
7 —Fuel-pressure sensor
8 — High-pressure injectors
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3.8 N15aUABITNWIZLUSA (Brake specific fuel consumption, bsfc)

s

Ao BRSNS MaTeIRaaaIavlaidUsN Nl aaNLY

m
bsfe = —
sfe Pe

bsfe Aa nMsauUaRITUWIZIUSA (/KW-hr)

Pe 7D MaduIsnNAsaseus (kw)

m A9 8NTINT AL RnaBRTaNae (g/hr)

3.9 UszaAnsniwadnudoutusn (Brake Thermal Efficiency, bte)

Ao dnsgmszninunlaseiginsiundsuaemdmladildseiging lay

WAL BWAINAIUNSaUdB B NUIaINATTIA Mg lda niavs wRa I dd LUy

\w3asEuARe )TN IAMMIBAIAIUTIUTBUTBIWES

3600

bte = ———
bsfex LHV

bte A Usednsamauiouiusn (%)
bsfe An mMIAUUADITUNIZLUSA (g/KW-hr)

LHV #ie Aranuougsanvoniomds (k/Ke)



19

[ [

- 13 & p & a W ;
TumsmaaeuaTegud nMsduldendemdsasgnindudnsnisivuveuia &

2/ '
s <

wwsnssudrunlngazinisdulldenideamiunn deduiiieldaansarluldlunns
WiguiisulddeimualugUresnisdudeatomassing Jalusnsnisivavowia
dy = 1 1 o .Y} ' v as = = dl de =3
Wawmdwenmiieidanivesnuitazidunsiauseansnnesaasossudlunisldidonas
WWaNARITUDaNUN

ANNSAULUA DA BLNAIT NN L EIRNAE 9 LLaxImaﬁ’ﬂﬂué’a%ﬁﬁmm’lugﬂmaam'ﬁ

%
a

dudendaimdsdunisiuin fadudnsinisinavesia@emdremiemduusnili

ganuiingadmiuinIessudyaseilanieyssniglnasiiAUssan 75 ue/) Faviiiu
o o o (3 a & as 4 i i ° '

270 ¢/(kwh)  wazdmiuinTesaunynselnnien1san A1 bsfc NANgAILAINT uay

dwiuinieseudlnszidamemsdnuunalngernda1ing 55 pe/) wie 200 g/(kwh)

WasanArnisauddssdamdadwiziduainivuae iluldazeanlunisialule

=t

AalainmsdmuadinliinUssdninmve uniessuiluguassamluiiniretiu dende

[
] o a) at = a

gnsrdiuszninnunlddeigInsdunduiuidomdsiladaluaetgdng lnandsau
Womdsmansaddessenuiannisniindasmlde inuiavesdamdefidadilululy
3spuAfeidnsguAleAIanaurandonde dnsrdiudinaniiienin

UsEANTN NN SIUAYUNE UL T DLNES

3.10 AUFUNUSYBIAIUAUEINALRAE (Mean Effective Pressure)

nmep = gmep + pmep
bmep = nmef — finep

bmep = imep — finep

indicated mean effective pressure (imep) Aiv AUAUSINALRABUIT
friction mean effective pressure(fmep) fie ATINAUGIHALRALLEIANIY

pump mean effective pressure(pmep) Ao ANUAUSINaLaLTuA15TY
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Avluresnusudnalaisiusn avilswiolud (18]

3.11
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NOx = m Nox

CO = mCQO
P

HC:mHC
P

m A9 8nTIN5 allsnavesuaiy (g/hr)

Pe 78 MaausnanAsaseus (kw)

3.12 N1a4
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R

Pressure, P
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Specific Volume, v

Ul 3.9 wansP-Viozunsutninseenls [16]

3.13 N1aduUsn

& o w A

Mdausn umdiinlafiwadamismsedonuindwsnniossud Fudufded
iluldnulitues madafdausnagldiniesdieniionilaunluiimes ilegnareviinlae

Y '3 al' I3 d! } 2 (3
%maaﬂmlugﬂsuawaﬁmmxiaumwzgwaumawum Faaglenasn [18]
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Toe N Wuseunsuyuveawardenios dumie Sl azld P, (wodu kw ) = 2TIN (

whedu rev/s ) Ty Nm )

3.14 szuulaideaundu (Exhaust Gas Recirculation: EGR)
msUszgndldlaiderunduluiniossudienlninieluasonusléidu levdely
naunielu waslawdaunduniauen
lodrundunsuentuleldeasgminnanweialedouasgnandgnodnled
lodenundunieluagyildlasnmaiindme o Tufwmnemeleidedsasdesiing
Usuusauaniiannsaufudsulusinduauldosenaiiianududass dudassuasd
Usgindnmnislumsaiuauensidiu EGR
Uagduladerundunteuaniuuldiuegisunivans LW‘iwﬁﬁﬂ’lﬁmﬁgﬁgﬂLLaﬂ‘i’f
gunsaitfestuiissuAdumuaulaideiunduiianusnauausasdnlodenundulfannse
muaulivihnuldfuynanmsiaiessuduasssuuvelaideaundu [19-22)

EGR supply Number of EGR valves
central 1
decentral 1 per cylinder
[
j decentral 1 muitiple valve
7

35U 3.10 uamsnisiesaszuuleadesunduluguuuunneg [19]
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3.15 ladgrundunaznisuanlasseanlunvaslulasiau

o
w
T

Mole Fraction of NOx in Exhaust (%!}
= =3

ik ~

i T

Stoichiometric

=10
| i i i t 1
50 40 30 20 10 0
- Spark Timing {degrees bTDC)

JUT 3.11 wansnisuanideseenlenveslulasiaufiosmnisnszdngieg [16]
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9 u
'

Wnduuuunige nalnnisradaes NO fuseann HC uaz CO mszsulildiAnainnisns
wilvilyiauysaiviedrunalii wisufinalniidudou Tasiugrululasaulilitogluufialy
du nsdedaves NOx  tuAnainufisememuieureanddlulnsiaunazeandiay Tu
onAfillgamgiigs NO 1Aantsresaluvisatnlvilunszuiunts post-flame combustion

=Y

Tutaifiguvniigs [29-31]

U v

lureSoseuamnlvillasldufaleduinaisurnuieldlunisannisneiin NOx
drulszneuvanvesladaiunaume wialulasau U1 whdeandau whaarsuaulasanlas

@ e [

& oy a o 9 p P i ey
Junsdniuniuianisusulaesnlondwmasionisiwlulfe

Emissions from Lambda=0.9 :

40 000 ppm CO
4000+ 1300 ppm HC T 8000
3500+ 200 ppm NOx +7000
30004 3 _CO, +6000
— 2500+ +5000 T
% 2000+ NOx ; 74000 3
1500+ HC > 13000
10004 o J ——— 12000
500t +1000
0 Pttt t—F——— !

4 0 1 2 3 4 5 6 7 8 9 10 11
EGR [%]

JUN 3.12 uansnavesnslanUdssuanuiunmsiiuturesdladaiundu (2]
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3.10.3 wansgnulusuail iwsrzasveulasenlenlumin active species wayil

drulunszuirunisin byl

3.16 laLdgrunaudInsuLASaIsuARnaTILaslASassuRanawasivaneyialef
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Table 1
The basic differences between EGR systems for the different applications.

EGR System for GDI Engines

Target First, reduction in nitrogen oxides
Second, reduction in fuel consumption
Max. EGR rate « 50%, Stratified mode
« 25%, Homogeneous mode
Max. exhaust temperature in the operating range s 450 °C
+ (650 °C, homogeneous mode)
EGR cooling Under discussion
Other requirements » Good dynamics

» Good resolution capability
» Good distribution

JUN 3.13 wansnnsmaveslaiderunduiifisewsaseundnnse (2]
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4 & P = ) v & & <
UsgnsusnAemsannulunisduledlususaladaundugnldifuduvasiniuay

anlinantu(ensinisinaveseinimwaziniuaitga A uradlafuLNLTY)

i

UsgnshaesAenisannisanemauieugnianssuanguluvasigamgiufaniu

lwuanasagraiiuladn

Usensiiaunisanves degree of dissociation vesufiasounmumniigedadali

& a & ) = . a4 v 1Y <
Wwatnasdunasnuailily sensible energy Luawﬂnaﬂuamwu

1001 i, M, 100+ - - Fuil load, Df «
g ‘*mllm anpgine < . . "mum. "
4 A1, withiout
- without EGR 801 e, AR
32 504 L B e ) O ko, -
E [ B ; imnpmmn
o 40 ! 8 404 : faan, medium
J mm E !J .", : st W - - \!“”m
gasoline sngine \ } P \ \
N \ | 3 wirititied mode, \
20 {“ | 20 ghE \\. \
0 ! § o ) 1 \ i
1000 2000 3000 4000 6000 600D 1000 2000 3000 4000 5000 6000
Speed [1/min] Speed [1/min]
JUT 3.14 uansnisUsvandldlederunduiannesiguanaiatausd [35]
EGR System for PFi Engines
Target First, reduction in fuel consumption
Second, reduction in nitrogen oxides
Max. EGR rate 25%
Max. exhaust temperature in the operating range 650 °C
EGR cooling Required
Other requirements Reduction in power losses at high EGR ratios

JUT 3.15 uanwwavesladeunduiinemiswuddatemdadigneinled (2]
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3.17 msussgnaldladetunaululuannisenivduuuaunsiive [2]
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degbTDC lulvunaunsdlvd  wisufinssgunsalinAuaiiv wazgunsalind1dnsinis

Auldontonds

4.2.2. negauAsassudnuanzinuualaslilddnsidiulodeiundu vinisiiuan

snfuUGeatamAsdumiziun anuiuviesiuled gumglileds wasinuunauaiiv



33

¢.2.3. vnduldmsunduredleids (EGR) Tnsldouiamaiuarlusunsu Labview
munuusLnasmuAlatdeIunduTiSnsidu 5% 15% 25% Audiy wowiavhmsusudu
Ynilide wazUimmnisindomasiasldgunsalfanududusendiauluvinanisiadn
Sasduanyaliviiiy 1 iileasrnusiseuniesudliit 20005euseuit wdsntua
Sasnsdudondomauazuaiiy amufuriesaled aaumgiileidy uasinUSuiuaiy
\uLdiy

4.2.4. rdeyauninseiuazagunanisvnass

4.3 Wanwasnlglunisnagaau
A15199 4.2 wanadiawmdsnidlunismeasvasidulamdsiiinannisuauuialedu 80%

haztaniuaa 20%

Fuels properties E 20
Formula C1.63H0.065
Mw.[g/mol] 88.12
Carbon[mass%] 79.85
Hydrogen[mass%] 12.88
Oxygen[mass%] 7.54
Density,kg/l at 15°C 0.7645
RVP at 37.8°C , kPa 58.30
LHV,MkJ/ke 40.60
HOV,kJ/kg -

RON 98.3
MON 84.6

Stoichiometric air/fuel ratio | 13.51
Distillation temperature

e 42.1
Initial boiling point , IBP 513

90 vol% 182.8

End boiling point
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FownTeseus Mitsubishi 4G93 GDI
A11Y (cc.) 1834
WIUGNGU 4
syuuInsEidn d-coil Direct Ignition
BMIIEIUNTON 11:1
AulansEvanay  (mm) x  473%n

(mm.) 81.0 x89.0

U 4.1 JUATeseudvagay

34



35

4.5 aunsalinnasuazuseln

JUN 4.2 uansgunsalmasuazusedn
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gunsalinmduazusedn - gudn EDDY current dynamometer
-3 Model ED-150-LC
- 5V 6344-1

- Yuiiwdn  FEB.1989

- AUAINSH MAX BHP 150PS/3000R.P.M

- ANEuTn MAX BREAK TORQUE 35.81 kg*m
- AUEINTH MAX RPM 8000 R.P.M
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gnsnisAuandnTdulaidesunaudmiulusunsy Labview
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Hugunsalindnsinislvaresormalumhesvesaiudu (KPa) gnindsliusiami
gavavisgaainianeunauivladeiunduiieldlunisdunauaziiunayiuunisldennielu

nswnlndvesnIsus
gunsalindnsinisivavasennea

- 3u Sokken fiwefinnislvaveserniawuy Laminar
YUIA 20X25 LFE viwtndi Digital manometer ( PZ 77)
VNUITINENIINTT IMAYBINIABINA

- UNAMUAY : 2.5 Alavidnia 70 MPa

- AMLAINEN ;£ 0.3% 89T 1uaufvEna

- WIwALUUBZWIADN : [Voltage (0-10V)] / 0 - ihwaina

- unassngle : AC 100V = 10 90, 30 VA

- Um W 130 x H 120 x D DCM230
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armuduluvadmlen (SPK T. 327 deg.bTDC)
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mstuAsadomsduwisusn (SPK T. 333 deg.bTDC)
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