a ¢ o A A Yy e
ANSNAERUANTIaULYRILATaeuALAa s AU lduRalalasiau
WULaINa 37

WIBLUTE WU

¥

nerdnusiiiudaunivasnsinummundngastigarinanssumansundadin
N 3IV1IAINTTULATBINAUALTTUUNTLUIUNS
wnmendenalulaggsuns
UnsAinwn 2564



PERFORMANCE TESTING OF THE GASOLINE ENGINE USING
HYDROGEN GAS AS CO-FUEL

MEATHAS PHANTOUN

A Thesis Submitted in Partial Fulfillment of the Requirement for the Degree of
Master of Engineering in Mechanical and Process System Engineering
Suranaree University of Technology
Academic Year 2021



MsnagaUaNsIausvanaTassudnfaleaunldufalalasmudurainassau

wIngrdamalulagasun’ syddliivingrdwusaduiiludrunisvesnisfing
NP R VTR PRI

ANENISUNNSABUINETNUS

i

(57. m5..NesANN felade)
UsLEIUNTIUNS

el
(. A3.n158) Wegnsssny)
ASIUAIS (8712158NUS N INeTNUS)

/\% 3%@‘*/*\

(WA, 3.n5¥7 FTTUIIA)
N3IUMS

=

(. A5.57" 9aIT8)

A33UNTT

@(\ 2/'7\/‘\lv'\‘l~l

(57. 5.dm3%8 Ludiugenens) (3F. AT.NSAS 9nA)

-

58985 IUARNEIVINTSUAUTEAURNIW ANURdNIIIMNITINAEARS




wia Wugehu - MsvneaeuaussausveaaiadsudLfalsduiliufalalanaudy
L%@Lwﬁaiau (PERFORMANCE TESTING OF THE GASOLINE ENGINE USING
HYDROGEN GAS AS CO-FUEL) 2191387U3nw1 : faemans1anss as.

M5y Meaassausny, 127 v,

¥

mdfey: Lonasslalasiu-uialvgea E20/aussausininsaus/asuaniulode

¥ =

mu%é’aﬁLUuﬂﬁﬁm:nL%@Lwﬁu‘ﬁaLﬂuwé’wwuvmLﬁaﬂﬁm%’m,ﬂ?awuﬁqmsl,ﬁm
fhedsenel Fagatiumsiunisusuiiisudssaninnveaaioseud uavarsuaiiy
loidoildannisinlnsivoueiossud Tnglfidoimdudalesed £20 Saufuufialelasiou
vnsfauvasadosudfonisindandatomauialelasaudluusnuvosiuled
Tnglénansnugudiannsaiind (Electronic Control Unit) muaun1sanidoiniuas
pemn1gaseiin MnsvaaoufuIosoud 1 qu 4 Sems neaeuiidufiFedansd
50 wWedidus (Half open throttle) d@aurdlu1a (Lambda) 71 1.2 MWuRalslasiauludomas
swludadufiunndnsiu 3, 6, 9 waz 12 Wodidud meldnseinaniiliiuiniessud
28, 42, 56 uaz 70 WosldusveasTngean mudidu Feanismaseuutseaniiu 2 Ussam
o nsveasuliuAalalasioududoindssnlagldusvesmnisyasadatunisnaaey
Tneldlelnsaududomdsuuazy§uiosmnsnsain nadldunussuiiovaussaus
fuiaSessudillitiduuialosed £20
| wamsvaaouliufalelnsnududomasiulaglivsvosmmsasadamdausn
wazUszavsmmidsaudeuuInilifaianas SmsAuudeatomamunizsusnifuannty
sudunaslslasiouiiisdy ufalslasouiiisanntud luumuieonmamelutesiln
PeliiaTesudiiuszavsnmmsinlndiiaty
wanisnaasutiudalelasiauduiomasulneuiudesmnisasedn 20

' £%
a =

fi4 35 aemnouAudngUR Malwsnwasdizdrimwidanusoulusniladainiu

' i3
a

Sasrauddeudeindesinizivinilianasmudrunanvesuialalasiouiifiniy
MsvaaaukandliiuiMduusn warussansamdenudouusnitladianfiudunoundn
arauileasmmsaassdaiintu luduresansuafiviedelelasmiveu miveuseuenles
fultanawuseenlesoadlulnsmunniumudunauuialelnsiouiiiuiu

AN917%91 AMNITULATBINA aneiloTeunAnw)  b25E
Yn1sfnw 2564 auilnToe1913INUS AW I"/i/'//



MEATHAS PHANTOUN : PERFORMANCE TESTING OF THE GASOLINE ENGINE
USING HYDROGEN GAS AS CO-FUEL. THESIS ADVISOR : ASSIST. PROF.
KAROON FANGSUWANNARAK, Ph.D., 127 PP.

Keyword: HYBRID HYDROGEN-GASOHOL E20/ENGINE PERFORMANCE/EMISSION

This research has investigated the effects of an alternative hybrid hydrogen-
gasohol E20 fueled spark ignition engine on engine performance and exhaust pollutants.
A hydrogen mixture with gasohol E20 was performed in an external mixture formation
by installing a hydrogen fuel injection kit into the intake manifold area which is responsible
for injecting hydrogen fuel into the inside of the engine's cylinder. The % volume of
hydrogen fraction in the intake was gradually increased from 3% to 12% under the
ignition degree conditions of 20°, 25°, 30°, and 35°. The top dead center was controlled
by using the electronic control unit to study the optimal condition for a four-stroke
single-cylinder engine. In the steady-state test condition, the half-open throttle under
the variable engine load of 28%, 42%, 56%, and 70% was defined in each maximum
" engine torque. The engine can be available satisfactorily for an average relative air-fuel
ratio (A) value of 1.2 for hybrid hydrogen-gasohol E20 fuel.

The results of the test using hydrogen gas as a fuel without adjusting the angle
of ignition, brake power and brake thermal efficiency were reduced. Brake-specific fuel
consumption increases with increased hydrogen mixture. Increasing hydrogen gas
displaces the air in the combustion chamber, improving engine combustion efficiency.

Hydrogen.gas co-fueled test results with the ignition angle set 20 to 35 degrees
before dead center,-brake power and brake thermal efficiency were increased. The
brake-specific fuel consumption:has+been rreduced-as the hydrogen gas mixture
increases. The test showed that the brake power and the brake thermal efficiency
increases first and then decreases as the degree of ignition increases. It results in the
brake power and thermal engine efficiency increased. It is also noted that ignition delay
also caused NOy, HC, and CO emissions to decrease. NOy emissions have increased

with increasing volumes of hydrogen, while HC and CO emissions have decreased.
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222 mSLLEJﬂﬁﬂﬁ")&l‘lﬂﬁ’uﬂﬁmmm (Photoelectrochemical water splitting)
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wwlduite ndnnisdesdu Aensldwdenunaseindiinnnsenuiadluinainiuas
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Tnelduasorfinduazarsiaiifisenin “wadlviliainisuas” (Photoelectrochemical
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photo- photo-
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Water slurry slurry

electrolyte
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2.2.3  ASTUIUNTIINIAU5BU (Thermal process)
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Reforming, Gasification, Partial oxidation L@ High- temperature water splitting Hudu
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HO —> OH+H
OH — H+O

2H — H,

Mole fraction (=)

20 — O,
O+H — OH

2000 3000 4000 5000

Temperature (K)
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2.3.1  msinulalasiauniaali (Chemical hydrogen storage)
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Afvoudmivlassadsiiudusauiiadnu Suludunedwefiminluanagedmiui
nsfaniuveslalasiau fgunsaidug (Senson gumaiiifiuduludisninsnsifunisda
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Uszns
2.4.2.1 F33nshnlrinang
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Fuel Octane Number
Hydrogen 130+ (lean burn)
Methane 125
Propane 105
Octane 100
Gasoline 87

Diesel 30

2.4.2.5 MIUNINTLBTgs
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whdlalasiaudivumdnnituiady 1 TIVHA LAYENLNSOLNG N5EAE
inutanldvarnnangviaauand@dmlanssniulslasaudululfenniusasin
3u q lelasiauiilnadudunsieegnsdunszidesdonisiialilangd il snaufueinia
oglsAnuuunvesluanaiidniinlenidlunisialve widlslasiauialnafinisass
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Mmlilalasiaueandlagiuanie

= waa a 1% & Y o o I3
AITNN 2.2 WW?WQQM&NU@WLﬂEJ'JGU@\TSUENLLﬂaVLgI@ﬁLQu ‘L!']llu%ﬂai‘ﬁa@a

AMENURA lalasiau whaleodu
hwiinlanana (g/mole) 2.016 110
ALY (kg/m°) 0.085 700
Inasuwal (°C) -253 -

INTIFIUBAUDINIAAUY WA

Air/Fuel ratio lagU3unng 3.4:1 58.82
Air/Fuel ratio Tneimtin 34.3:1 14.6
wdanuigalunisduany (MJ) 0.02 0.25
gauniiduny (°0) 580 500
nsnszaeveslailil (m?/s) 2110 2000

AmusaulunIsie g

AauSaus (MJ/Kg) 120 a4
A1ANTRUEER (MJ/Kg) 142 473
Octane No. 130+ 95

26  nsinureneiessuduialeduidadu

Tuindessud9aszidadasuszniolal (S Engine) n159a3210AzIA AT LUT 1IN
wufisudsnnuilumsgassidaazgnuiuliidnduanuiiseunasnisznsiniauyes
wisudlngldszuugnsadauuunalnielignaiuaudinnsedind (ECU) nsUTusds
psmnamszidnazifentoslnenssiusumisvesgngu wazdwmanisdeniuimnzida-Uand
vouedesud tiudeimdngnuantuanmaunnoonduazesstesuazusdiunaneidule
Snsrdauidadaunndnatuludaud 4 1 1898 ¢ 1 upedmsdunaussrinisonatuidomnas
asunnanafulusoust 10 ¢ 1 89 20 1 1 indessudufalefuutseanidu 2 Ussn wdesoud
ufaleduuuy 4 dang wasiedesoudufaleduuuy 2 Savng

261 iesesuduRaluAuLUY 4 Samaz

nsvhaureneassudloniiunazgndandignansudalaeviniieu lefgn

szdnngluronnlndeussmelniussann 25,000 Taad ndemiaiouriligngy
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imdeuiiinartowiemyy lWasuwlamasnumiudoudundsunadnvuznisinnues
wseeudnUnly 4 Tuneu fie omzen Jamnzdn Jamesude Jwnzanglads

(1) Admission of air-fuel mixture
Inlet valve Exhaust valve

TN

chamber —<3i3:

Piston —

Crank case
Exhaust valve closed,
inlet valve open

(2) Compres-

sion

Both valves
closed

(3) Power

Both valves
closed

(4) Exhaust

Inlet valve
closed, exhaust

valve open

YY) o

JUN 2.4 Fpdnsmsinuiugiuvesaseseuduialedu 4 Jamy

2.6.1.1 J9mgan (Intake stroke)
Slegnguideuasangudanouu (Top dead center : TDC) gaudae
814 (Bottom dead center : BDO) tludwnizisernadngoasnlug ilondmnadiia
arwfuussnadsdulfdamastuonalradilulutenslnd Womdsniidnaggn
wanfueMAlusns @ anden sl
2.6.1.2 93zan (Compression stroke)
Tumeusievesdameandaleduazloiduazdausaudesvaanan
Torisaazengnau dadusndiunay snsduvesTiasesmnlnineutazndsnisdusa
Bonin “Snnduidedn” Tasunddnazegiusyana 9 - 1 luedeseudqasuidnmeuszne
Inllefignénlvisou 700-900 sariwaITes
2.6.1.3 39mzseiln (Power stroke)
Andulutsnanduinndeugnguisgudmevudndesnszudlui
azgauszneli 25,000 Taad Uinasiufisuiiegnsinled wasilewnlviazveioduas
afaussiuluosisnlug msunludfivdsundasduusznevvondalinaredulodonsey
fufugamnivewfalvigaiuwilvinnudurefaluiennnigmiulude vasiiaunn
UauRanusugsluressnlvsiosndngnguandudomeiiaisssudliidsnunsveed
Yoo lugl lAnusuLazaumianas
2.6.1.4 FamzAY (Exhaust stroke)
gnauideuiifsgudmeananelunszuenguiiadslusmeleidond
madlefazdindnoglurnzindilodadaiu gnauiedoufissndnatuiigninindsiou
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nesnleidy aumdenndafisaiinusa (Clearance volume) fougnguagdsgudnsuuay
lofazEuln wazlagaindsaudneuudumasusudsnzusnvesipginssioly fsui 2.4
nilsseuigdnsmsvhnuveaaiessudmardenissymuanssey
nélefloidoanauarlaifissninieon 1ndessufivudugnifoniiaissudynssia
wuugaUsENe (S1 Engine) iasannlduiisulunisgaszide
2.6.2 A3psBuduRalaAuLUY 2 T
\3essuddnuialedu 2 Yavaz (Two-stroke engine) Ao 1A3BIBUATIIIII
2 Fomz Samedl 11 udnzgaiude uasdamei 2 udamesadauazane 1n3esous
2 Fmg liiindrlalnled-leide uerlignguifusidndalof-leidouny Junioseud
2 SamzagiauseuTanInas oseud 4 YenzuazniselnlAfussansamdonnin
ipeseus 4 Same
2.6.2.1 MELAALALON
Judanefignguindeufiangudniodnsd ugaudnsuusening
naadeudities duuugnguiiunissaenialed lususisaturedledeazgniade
fagnaulaedaludd Insfinanfeiuiiedendfdndosled vilvornmdledlnaiiig
voamandernivslnesnlusia
2.6.2.2 M IEUALALIMILANY
Hlegnauindouiitulugaudmeuuaninuszmelatanniafiousili
Anszidn iledugnguaslugaudnednadnads lussuitmaedeudiasnisiaugees
anaufizlulndesonmemadiled wazduuuvegnguiaziuresnveenvesleidavinli
omaledslnariuoonly lusasiReriuiiduuuresgnguiasiiuresnviounaidemies

lefannaawarterasainlutulalerde wazitn lwnuilusiaanll

To Exhaust To Exhaust Reed Valve

Reed Valve

Air/Gas/Oil Air/Gas/Oil

Intake from E Intake from

Compression action of a two-stroke engine Inside a two-stroke engine

JUN 2.5 Tgansnmsvinuiugiuvesaseseuduialedu 2 Yy
(#11 https://slideplayer.com)
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2.7 n5¥9aassiin (Self-ignition)

gaungiivesdiunanlefgunnwevziinnisaniuiliedasglifeseduysenielnain
wndleundegunsaltismnlngidu ganafdisnienitgungianindies (Selfignition
temperature) 38 SIT Fafundnmsunlvdaeluedessudiien snsdrunsdaiigame
ylwgumgilutamedaganitgungianindiesvesdomasiigndmdngieanl usily
wAsossuiqasndafeusenell laifesmsliadsdidatuaunitdiunaslefazgnandudie
Uszmelilannidsuludomeiimnzay mamnlndegissinsinhlugnsduvosuseiy
wazmarinduresaudouiienviliiinenuouguiuliuazdudiulueiessudiin
Arundems femnratsnadunsdaveuaionasudadaeusznieliisgnartalid
Uswanas 11:1 madegnsndafiintunmeluniessudiniassud iSundn “mstien (Knock)”

nsflen (Knock) lutadessus duatunielufiideaunauiiiinarnnisialn
voudemdslunsruanguieunarduas Tuiedessusfivhauusidemdsazgninlgi
dnmiesumlniedousluegunuiuanuinaiynssdaluieanilng egrslsfnm
figmsndrunmssngatulszquisduentaalildiesiduniiveataiazmlndludnuoe
filsianansamuauliiliAnaaunssfugiiguussdmalidiusing o veandeseudiduaziitou
FevilAndsaanz

mamgorahliuinasiufisudouiull ianisdnnsouvosiiufiiesnlng uay
mMsvhauilifivszansam anansovandsdldlaonsusudmulsnisianuvesnd sagud
u Sasnsfusauazalunswlvel udisfinuvosiian Ao nswrlvel dhduuuduid
ABBNNUGINT

2.8 szuuvaauuudldnnsaiing (Electronic fuel injection, EFI)

fnquszasdvasszuudademasdidnvselind Ao nanuauuarUsuSmIIduNaY
voudemds/onaiiinginiossudlidianumizay sruvdademddidnmsedndlaty
audounavnatoiusyuudnd omdmandildluedeseus Electronic fuel injection
systern (EFD) Tneszuuilyaslsefiefiuvdoansnsdiutomayenma Adrgvioaslnd
vealATosoud szuvdaiemdsdidnnsednd szuu EF Idunuiinisldandysines
Aouvianan

p1mALazusuLd Bmdsazgnnandidaetuiioainag ndakinuansyisines
TneiaTossusd Mniudiunauvesenia/demdsasiunisiuesulofludnszuangy
fordeussmanilavesuumad Ao vietailofiden Evemidudemdanan) fedu vy
HomdsTsanunsnlugaduiivinavionuremenuleflddeanimedoseudidudunduan
nstinuagnyurasiossuslefdansavinlvdunauresoinimwasindudemausnaen
nfusnduiilvaluganszuenguassalidunauresitudemddldaiiauesewing
nszuengu laeiluudanszuenguasinansazyinaldfniinsyuenguineidntes devinli
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nsUSuusaiionssendnid emdsgeaaUszansnmuaznisudesloderildeniudae
ASYLSIAES

Tughenessudl 2000 FuhiaueszuudndemanialnifiFondt Gasoline direct
injection (GDI) Andardausnfuluuiazgy wimdnazgnéneluiiedoswudifedadaimas
Tneassludaipnmlndiunuiiasduneialod adrefuiniosuifieaidaidudomasas
Tunszuangulnenss TeldiuTouresuumisiAonisuuusaseaninnuenai oo us
Tunmsdssndaisusadlindmonaiosus Huwntu 15 s 25 wWedidud endlsfin
Fodlivhdninsuussugaimsuarussdilunisyiauiigindiun

TudaUusasud lav1te152uuAIuANd Lannsodnd Lu1u1AIUANNITI Y

€

WG Feanunsamuaulaiiugininasyiswes vihiuseaninmueas oseus
=

Wulsendadonds wazdarrsanuanwlitosas n152aownasdiannseiing

e e =

Aodlddunmanduresang q veaniessudiiisliaouiiinosauisainunaIus 9o
LATOIBUR A1TELAZAN1IENTYINNULA 35 HYeliReufiameTatusaUSudunay
=1 avy v = o = sl aa
Y2 BNAlAn1NAB9IN 15 DN1TYINUVRLAT B8 UAT ATIAR (Yusuf, A. A. and F. L.
Inambao, 2019)
A Yo ] § o & avve N oA
nsnazauAulignIduveseINIAkartud amAdladndiunenniangul fe
Ysunaeiniad lnawdngnsruengud iialaeaiuduluvieled (§1msussuu EFI-D) way
AINULEITOUTBUATOUATIA TR IIAINABEAYAsTLTn U AT UATANMLSITOUR)
aussazlalenialvariinszuenautiesfunalimnuduluvelefidmsiaduanudiuly
violefagdsdyaralniriduiusiuausueinialuvislodlususiunsauaussesiiad
Tuns@adrdudemdsszuvazdinisaiuausseziiarlunisdauniud o soonidu
2 dyumeiy Aie N13AIUANTEELIAINITAANUEIULALMITINT Bz lUNTRANINEN 172
N3NUTBAATEIEUN taBilsIgazBunnITAIUANAIT
2.8.1 N15AUANTZEZIATUNTAALYDINES
nsanemdsdidnnseiinddedlddunnainduigesang  veunIoseud

{ v a

Wl AN ILADS A1UITANTNUAAINULS 1VDILAT BI8UA NI WAL ANIILNAITYIULS
35U lARpuRnasa N1TaUS UAITUN AN VD IUN UL B LA LA PNUA BIN1SIAN BN1TVN9U
a saaa ~ & P .
YDUATDIBUANANEA S¥UU EFI TavaUszaniiugiu laun seuu Speed-density Wagssuy
Mass airflow szuuaINnuIRiureInminguinulun3ssausd Chrysler ianaguuas
wwsesgus GM ussulillainnisivaveseimainginieseud usazussiliunisinalisuves
91n1AlA88991NBUNAII NG WLEeS iUl TnALde (TPS) 19uLwes Manifold absolute
A ¢ Y a aada A lo & v v & &
pressure (MAP) LagsouLA38suud JafvesistdAoniotuniidndudssldiduresnisiva
9991NANISIATLNLAZ A UNANYDIDINA/LTBNAIRE LA S URNANSENULRINININNNS T kA
< v 1 1 a & o a| a dy
vatoneantesluviosiulefvieayyimansediUniide
[ [ 1 a Y YY) [ 1 a & I3
N57TAKSIAUYIBIINALUYIBlaRnufduANsuluvialeR G uLeas (MAP
sensor) waaAsududgygraliihdsludgamuaudiannselindvesniaeus (ECU) URHG

AlAlUNISAILIUAINUNAUILUUYDIDINFLNDNINUATE LA TUNTRAUNNULTDLNAIUD 9920
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Tnzgaufuinaeinaiidinssuongu waﬂmiwamumaﬁuwmLsuaLwawmmUﬂu
didnwsetindazlasudyaralnihaindinsradugyyinia was mmmiawaamiawum
Hudynadlddmivimunsszinalumsimidudomas Snvazveshimhiudomas
Juvaanawsiménli iWeldSudyayralnanyaauqudidnnsedndledussd ez
Tdneensiliiiud omdsausonueenainidnidigied essud oyaniuay
Bidnnsedinddmersfiselilituidmndifiognieludnasaunengnduiiudomas
awi3eninszeyinanlunisdaiugiu (Basic injection time) Faifuszozinailun1sdntsiy
HounAalildsnsdunanvesemawazihiudomdmumgu

2INA

I

e | ——» vosu'led ATINTUNTIAY

AruAuFIwm

A A4 Tuvasau'led
TRATOING ﬂ

A 2
< INT0I8URA

ECU

A <
T SOUINTOIOUA

a o a d’lj a
E‘U‘Vl 2.6 NIININIUVBDITEUURALTBDLNEAN

mawummmuaamﬂmama YA G]‘vmm'itfdaauLLUaalﬂmaaﬂnmmiw
amwmuwamaqmmml,aym:uuwaL‘waw:umsL‘Uaauuﬂaaiﬂmmamaumsmmummuu
mm‘luamﬂmumamaammmLLazumuwaLwﬁaquwgwlmmmzamaﬂumiamwugm
lianunsaneuausanisinaureadsssudldlunnan menisinau dufu Fedndudosd
msudluszeznainisiaisiudemaddiinnumanzay wWeldldsnsdrunuanudosnis
vouAdaseusd remniluszuuiadadidnmsedind (EF) axflgunsnidmiunmadevaniig
NMSYNUTBULAT DITURALLANA199 BT ITUT ¥ 10T B et uausuluieled i
WasuuUasmasaan dwmneauinsludedddussiuiiutesaddunisruiiudomas
TutBinaifvuariuidn meldnmsznunihgaainavenaisseusizanasaulndgudly
amumsaﬂmzﬁﬁaﬁ’wLﬂuﬁaﬂs&mé’fumﬁuLﬁadqﬁwﬂmﬁyaLwﬁﬂuﬂémmwhﬁ’umuﬁaam
ﬁuauamﬁmmma«mawum ronddludnuuzvasdyaraliinludingdesaivay (ECV)
Iwﬂim gonalunsanusuL eund swe wiaald i yauAuan12E N 5YNIUANg q 9
Aatu
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aa

nHuEFINOU

Hiosgeyamn N uEUFANOU S——
Hiosaeyanmea

/

LEGRGRRL

B
|

S
‘i'ﬁ\ Hrems
t

t

v 1 -
nsaunnneslod

nogyamea

JUN 2.7 aUnsainsaainanuiuveanie (MAP Sensor)

]

dmsudiunanduiveInAndesnIuA (ECU) Y94A3 098 uiasneeny
v} 1 9; L% d’lj a ¥ = 1 1 dy a
Shwrdunanvesiudomddiaunalseana 14.7 83 1 (14.7 d3u090N1ARBLYLNES
N9EIY) MINSNIIAIUDINIAATDNEINRENI 14.7 #ip 1 ddrunauvesnudoindsazidu
“PUN” dIURNANVB Y OINE T Ut uEImNsaREana1ulaNINT Y (Bagand) wadiy
A15AUUADNTBINALAENITUARENANYDNAIE UM INAUNUANEIUNANYBIUL LY DLW 93
ANINNTT 14.7 610 1 LaA9I1 “UN” dUNauUstindudalnaaluuuastiuann 1 sauluang
Uniudownds wolunsd i drunanvisuiniuliies essudnazlianisagaszidals
naeAIuAL (ECU) ALATIVADUSNTIAIUDINA/AT DN UGS UL e SpanTauluriasiuledy
WU seanBauduii Ul Nl 3o U WLATaSe AL ULUN (@1mauiniuldias
Wewndaldieane) sonTlauduwesazassduaauswulnihduievenlvineuinnesues
44' o & v v & a < = = ¢ o ' PR a a
wsospuRTndudeddiyamdunniy Wewseteudviniueg1sauysal (Wendsnniull
wazen1Aliiieane) sondiauiduiraiazaivdugiaussiulniigad udazuen
ABUNILADSVDILAT DIYUAINAST DILUR bASULY BLNAIUINA UL UKAZALAANIT T80T BLWAS
AnSUTnIUANToaNTAUE U 91N1A/TBINEY WUweSIzUsNARNRIMOS DT aLNEIuaY
2NATNLULULNB LALLM DS ALVS DAANTAWTBINAILAAUADINIS
2.8.2 N1SVIavIUNNULYBINAY
ANNSUSTUURNUNTU onasag U U U ot na L i aas 19k senulussuy
' P & a f A ~ ) v P
Wuldnseadendclugida nrelussuuiinisaiunuainunu (Pressure regulator) Tiaed
TUgamaaluiln (Solenoid valve) WIalASUNFIIUINNABUNILADS IWAUDLALAIINA AU
gon dlgrglihduemdansanueenanidanasiinginseseudls Weneuiiunasen
A Yo o oa ¢ A | o a '~ 1 a a & a
19957918 lliiuii@andinegaeluidnaslnuasvgndaidudemas USunaniemnas
1/1mmmaqlﬂavmmmuimamiwmLLaVUmLLimuéummaﬂamaimLi’sm'mmwuaqwaa
AT UUS U VI UL BINE IR ¥ UNT UL AL AU ANV UL DIE 9F 288 9Ty
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N138ATZYLLIANVINAH ”ﬁyfyﬂmﬁaﬁmzsdaaamﬂ%mmﬁéﬁﬁuﬁal,waqLLazmumamamfwﬁu
HoundsiazBeeras
ﬁa%’aﬁwﬁ’mﬁﬂﬂiumwﬁaﬁﬁdaaﬁmum%mmﬁﬂﬁuvﬁaLwﬁaﬁdamuﬁaﬁm
Luam’]imumumm uaztufeussiuisudondsilegfunds Buuswundsidagaiila
Unashiudemdsiazriuoonainiidafazdanniudodamdausstuidiudomas
gnasrdulneduidomadliussiugedainasiadmelundolndsudaisiu ussfurnsen
voatiuorveglutaadaus 8 fs 80 voust Tusgdunmislinuutnasiindusstuiiossue
AU AuLazdmTauienvinuduressruull e Uaalindnau e Tunsdli

v % o & a o ] vy A ¢ P ° v A I3 s v v
LLiﬂﬂuu’]ﬂJ‘ULsﬁE]L‘Wﬂ\i@]']‘ﬂ%aﬂwaiﬁLﬂi@ﬁﬁumllﬁlliiﬂugﬂm']a\‘i‘l/l'ﬂ‘ﬁLﬂs@ﬂﬁu@amqiw‘lulm

€

v ’.f L% dy a ° a 5 d’lj a a o o o & g =) [ 5 o 4
wssfuuandweainnUuomaaliinasn (Jundnvsevsousaduluiisnyialy
Jurhautdn) vsemauauwsainniuaaing sy

2.83 aunsalnsiaiadsuiaeinia
= I3 a v =~ v 1 A ¢
inTesunInTziinflgUszniglienimizgniudiginIesudiiionauuas
U [y % W & a & [ a . <) < sl o
wmdsauiuidudomas gunsalnsiaiausuiaeinia (Air flow meter) LOwguasNIh
wifinusuametainaiidngiad oseuinludyyiaussaulniy 0-5 v ludinaes ECU
o alv v | q' ¢ a g a ¢ o s A o a
Tayanlaazgndslunigunsalauaudidnnsednd (ECU) vaunIotaus iaruiuyTuu
geaavesiuamadlaluniswlvg
2.8.4 GoudulndiFauuudiansaiing
N S oA A a a ¢ a a v
SeudulndidsuvudidannsedndazaruauuIuiaveseniafi I1eidnd
LA 998 UALAENITIN L-anaAIN1 i dnresd ulld o lnesudyyinuaingunsalAiuny
ddnwselind (ECU) Bamudoyadnannissaseswsfiuiasdoyadu o 1ieauaums
YossanaziaiivaInlodesaeudianas

fasduusaduluielen

S o
13oHaUIN

Masaduganigioimaliune’led

MIATIVVUMIHU RS

U7 2.8 Soudulniidenuudianyseiind
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YIUINTOULAIDIGUA
U18uInsau (Revolutions per minute-RPM) tin31nN15USENIANAVBY
10 Pulse lngnflasaunisninauvadAIadeuAazyyy 720 97 ilnan

2.85 dny
&y

Gl
naos ECU \Judgy

<

VoL 89 199 UNIAINTIATUDIAILNAITDLUI B (Crank sensor) IRUNT d9d g raiveq

]
[ [

GTWmeqﬂqUﬂmwamaLﬁm warALEIseuTeNAI sssudlufindes ECU iafvun
USinaunsaainguidemds (Fuel injection amount control) Fnrmsandomas (Fuel
injection timing) wagAmIUANNITYASELUA (Ignition power distribution control) Tnena3oseus
a1y G (Cam senson lunsudsiumisvesgnguludandes ECU ilefmuadang
13 dhsuiewnas wazdaysyies NE (Crank sensor) MvuneiAIn1nseidnvzlylunisia
T9UIBAATOIBUA UavsLvaINAToIIBuiielindes ECU dmunsyaznailunisdnves
W2n (Injection time) LLazﬂ’J‘U@ﬂJﬂ”ﬁf\!@§8Lﬁ@ﬁl’N‘MﬁW (Ignition advance angle control)

Crankshaft position sensor

Pulse wheel ring

JUN 2.9 aunsaingiRduatANataies

2.8.6 DONTLAULIUYDT

PENTLAUYULYRINTBNTUNTNTULTRT AU T YRS O, lulKEn
6 @ 1 d' 1 o cl' d' I = dglj a Y] | %
sosudlludiuusenouiiseulmuazdAngalunsessud ssuvdadomasluaioneuagly
UL S 0N auni s lussuulad il atnUS uneandauveinwlady WUl ey
Wiguiigulsunaeendauiudadiuesndiauluenmeuazdloyatunduludwmauiunes
LATBI8UATBITD 138N Engine control module (ECU) agslsAniuiasaseud butagiu
ol e tAuINa 16 tueakaTaUSUIUA 199N TLauTA Nua lUWINUY wagasIuD e
Usz@nSnmuenas eseunialy Wuwessondiaunvinsuedegnd esasyielisasudly
WeaRuNIsegaunIsUaesasuaity widitieUsendmirduvessaniusasudealvdasd

< & o oA 9 a ¢ ! ' a ~ R A a
ulreinatuAiiold ECU AT osgudiinisauAwazsiUTeuiisuA1doyalnuiiy
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aaa

TngialdasfiwuwooandiauuinunounasndsiassuifsenluveladeuiediFonin
Huees 1 uaziiuees 2

Wulmes O, Musniounisaufisenaszasraaeudszandnmnsmalndves
w3 esuiuardstayandulugy ECU Faagdumadnsidinenmeadeidomdeilivansay
dielirSessudvhauldognsdiuseansnm

Fuwes O, awseufisenazgnihaunIeuiisuiudiusn ECU agvh
meeneidayaudiiulsdunartesemenazdomas uazldlunsnsaaoudags
‘Uﬁﬁ%mLﬁ@lﬁlﬁmiuaﬂﬂaLﬁwﬁ”lgjmmﬁ (Najjar, Y. S. H., et al. 2019)

JUN 2.10 gunsalnsiadueendiaululeds

2.9 wiiavesaunsaiBiannsaiind Electronic control unit

ﬁ'yugmué’a ECU suaqm%'aqau&?ﬁuqﬂnsaﬁmuQumsdwv‘?‘?uwﬁa LAEAIMUALIA
Tun1sgasuidnvenns sssudlaeldidumesimumisnademisaiielimidauarszuugn
isLﬁm‘hmuiunmﬁgﬂéfamﬁué’w dlosmnmsinureseiaseussndudedinsnaunay
399 IMeLalomAiiFonin “dunan” nsleulusunsuddadiluly (Ecu) wieldly
nsdanademeiudug wagdmuadeuling o Widuedoseusiinue wWu gamgiiv,
vaouiu, tsiuades, msldduss, msldseuindos, Anusuenidlnadiniaieseus wazsy
9 lnedlwguigaidnuaunnlun1sina1dnUsaIg 9 18U Oxygen sensor Lﬂuqﬂﬂiaiﬁ"[,%’
asaiameendaululodeiinannisunlul Weldlunisududiunauesingudema sty
81n1A (A/F ratio), Speed sensor i’ﬂﬂ’;’lm‘g’ruaﬂiamﬂ%‘lmﬂuﬁ, Throttle sensor ’Jlﬂa\im?;ju
139, Air temp sensor Tngamgiiussennie ludu lnegunsalidnnsednd (ECU) uwusay
mslusunsudeyaasuddldiiu 3 wou feil
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2.9.1 n&vs Standard wianaasdiannsalindiia
nfndaidusnasgiulusosudviall Tasdefvesndendufegnuiuusan
Tifanuauna G8nmauudoniauia asuafivlodeildnnswlndiiuunasgud
Ay
2.9.2 n@v9 Piggy back wisandasdiannsaiindnag
fapslindosdidnnsefindiduionl ilutdeyandnusvziindesdidnnseiindnis
1ABEAIUANMTIILTeINaesBIannsedindudndnil elfinyszAnsnnusuaioseus
Tinnnindulagendenisaunuiaziiduluduresnisiiauvedias sssudlagiany
Wy psmn1sasede sasnsatity Wudu Weusuvasuwdeuluunfdiasitadsu
mMsvieuvesszuudy o iy
2.9.3 n&a9g Stand alone
SnwairvesndesgUninididnuseiindvinilifadunuiindosdidnnsaind
Walaslagazduszd@niaingsnin sUuuunismunanie 9 vesgunsaidiannseind
naesazAuIAfei eIt oyaffldivund Ul ugUnsal TaedsnsAuinves
napsgUnsaididnnsetind Stand alone azo1fedoyaain Sensor g 9 neluinIoseud
U ALEIT0U, B3mMInssdn, dunsaulndide, gaungiith, 9aUNNNINTA LY
ussenmea Tlumsdiuanunisiieenas waresngassidavonadotud

.
5
A N . S [/

T T T ——

JU7 2.11 naesdiannseiind Stand Alone Project Fi (i - www.ProjectfiThailand.com)


http://www.projectfithailand.com/
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Yy
AINTIVVUABEHU AT > .
ALANMIINIUUD A
. Ly 180
A o
1N3098URA
dnsnsuanuauluialed > o
gUnIalTu-aq
9
=) o OJ
ALRANMIRAUIIY | dymnain
[ [ a k3
aIsIveMaNe A > S : ¢
ST LFOINEN YO UATOIVUA
. . -1 g ¥
Amsnauguugiimiorh > ¢ -
ATLAUDIAINIIYA |, | Aosdyaszida
szilA
9329 9UANUEIT01 —>
f . .
Electronic Control Unit

gﬂﬁ 2.12 L.Lmumwmﬁﬁ’mwuaﬂﬂa'aﬂmuqm (Electronic control unit)

2.10 Lﬂéa\‘lﬁa%ﬂﬁa‘UﬁﬁJiiﬂ‘UZ%G\‘iLﬂ%@\‘l&lu{ﬁ

nsflagdnsidosiainanisnduseddiedasionnaeuuaziinisin q sgegnies
nzanUsrAnS A nvennIeseud Aa SRIdIuTeINE Iuiiiag esudnanlanan1ves
wé’wuﬁwmﬁgﬂi%’ltﬂum‘%awuﬁifu 1 vaizfiusadnueaasoseuiuanade Anansaly
NN5¥9UTB AL D9 UR VAT ULAS DB UA A uIINTE T s Ad 1 TUYB AT D I8 UR
ATUBNEIANMLAINN3AT AT B98UATY q T1d1unsavhausina s avseduiesde
w3nailefildnadeuaussauzveunioseud e lauludmed (Dynamometer) daa3asile
¥iiniazTausednvetaessusaniuinhausdni lfusmmeansis 9 lg1

laulufweivieniFondt “lalu” Wugunsailldinussdaviomds dmdunsldo
3 essudlaulufwesldfuniseanuuuniiieadslnanlildmudermuunaiuisiseu
(RPM) tazlksdn (Nm %30 b-ft) fmﬂﬁaagaﬁlmmmﬁmamﬁwé’wmm%wuﬁ (HP %30
Alatndd) ¢ AslarlinmmulssAvsnmvsnniossudifonSsuifisuiutornunesinan
TnsunAguitRnuaansausuasulnanldmunudesmsiiieusslomilususing o wu
msldlaunlumeslunsidonasiamnies sssudiileUfulssanssousvesini ossudlagld
warumadenauwny tiiudlasiden wsensldlaulunedifiosiasiniszannisdudas
vuesouuiiefnwufadeildanniswnlnivewedeseus Wudu

2.10.1 Twsdiwusn Prony brake

stﬁwsmﬂuaﬂmaﬂmaaumLLiqﬁmmﬁwﬁqﬂsvﬂaulﬂéhawaLasﬂ,mj uag

mmmmJL“Uimnmmmaanlﬂﬂumimqmmﬂ A3 osfloTnay andulvasiuselnlag
mﬁsummimmauwm mwmaau‘lmmmﬂawmaﬂuamaamiawumammawum
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EANAIAYIINITLT AT DU UANT DUA U LTI NTUAI AL DS NW15EAUVDILVUTAY U UAY
NULELD

gﬂﬁl 2.13 Tnsfiiusn Prony brake (fian - https://www.britannica.com)

2.10.2 launlufiwasuuuaaniunsaiusnidan Rope brake
gUnsaldmiuiaidausnveanisssudindnnisiaunaznsiandie 9
fulwsiwsnlegodenuilevesargn Midenfidudenniuduidoudefuiedesivause
wardniduinduguimidn dudulaulafiwesvdaiivhaulnefiuguvundnnmganiu
wdsou Midensnuuaiuiuinudidenazngansuusn iensuusngaud aueuauday

wansrnield msiauaznisiiuminAnseyade o fulnsthusn

Ut 2.14 laulufiwesuuuiBen (Rope brake)

2.10.3 launlufiwasuuu Hydraulic Brake
nann1svealauludnasiuulensednaro1fenann1IAINNRAYDIVDILAA
ilnanuluialulnuanssuatnuluuanagyinlfAnnsne vaue i oussOar S ou
lmuﬂuﬁma%uazmimauauawiaLLiaﬁmzQﬂi’@ﬂ,maiwawaaéﬁﬁmmmjush %ﬂiwawﬂaégﬂ
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Ann ey usiawuvedlauludvnes dyyiuvedluanwanizgndaiulidunseneney

[

f
doyaos UsunamesvaniilvaiiiiaroenaintaunluineignatuAumieIaINIeenyedves
s ndsuilaunlufiwesaaduazgnatemlduilusuuuuanuiou

Stator

Force (F)

Load Cell

U7t 2.15 lauluimesuun Hydraulic Brake

2.10.4 laulufiwasuuu Eddy current dynamometer
laulufiwesniinsgadedosiiuszansnmingnazldnulanainany
sUwuvud aisudvlaunlaudimesvind u 1esinilvuiaidnuazaiunsalidnsinis
a P 2 & ~ \ 2 A Yy & o
WasulUadlvianisinisunsan1izasi massenansinasuaulaudvaniviuuundsdu
IeLUAguANULIBIA LA NIToAUANUS I MNISIUSN usatulrwsimanlniingn
muaulpgaauiinesiebinssiunisiUdsunlasvesauiuwdiansuiasluinaly 4o
< a oo A [ ) i t-:gle
ANULSIazsadaNATaainnsekalinluaruvin i laluiraniianurainranswazmung
281989 NTUNISNAADULAT DI UA
toidgvedlaunluiinosyiial Ao danudesgs warliausaauaulasie

Aao o

wsednfifeafinSIAUEvTeAIT AN

2.11 9n5IN15IHRaTe9eINA

M3gABINIAYBILAT BsBUA T IAUTIAe M AR Flun s Intazendeyagunsal
mM3indnsnslvavesennia dauanduzuil 2.15 Tasenfansisormadndsvunelvjiitely
Idnslvavesemadiasinane dueeiflvuazinanuduiiuansasenueiines deussq
vouvaiifiailags nthuhausuiivanedludmuamsnnisinavesennia aunisi
Timnauansisaunsi 2.1

m, = p,C,A+/20hp/ p, (2.1)
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lngyl  m m3IN5avese A (ke/s)

a

9
9 AMUNUILUUTRIINALAzVRaY (kg/m?)

o dulszansnislwarueesiialaerhluwiiu 0.6
o Nufinidneesiia (m?)

oA

a

WUANANSVDUNAINI BTN DS (m)

O
32 Db Db IDp I

)
]
pid
e

Thermometer
T 1
Air Tank Orifice Plate
- |
S Manometer
] aH

v

Air in take to engine

'
a

JUN 2.16 gunsalindnsinistraveseinie

a ¢ A Yy W = 13
2.12 NIFUHDINNYIVIINUAUITIOUSUVDILATDIYUA
aussauzvaLAIaEuinssiinntsUssnelazgnivuslagnimesiig o nld
Tunisiwinm ussln Masu mvduUdentomas anudunawde Wudu
2.12.1 ussia
w590 (Torque) Ao Tuwuddniitiad uannmaitaileslasldiaiosdon
a o a Sy = oA 1 a a s A a 13
3031 “launludines” FallegvianeUseinn 1w lansednlaunludwes vielaunludines
wuulnih (s e dnrusidnennioseus AUl 2.7 nsziilaenisisaaisssusnsey
AUYAATUNIUNTI T UTAR LN TNYUVBUNAIT I BIDLAT 0L UA kAL TATUIAVDILTIN
a X v 4 o 9 ¥ o Y =
NATUAI8LATEIALTY (Load Cell) aunsuldmuinuansisaunisi 2.2

T=Fr (2.2)
et T Ao k530m (N-m)
F A9 hsansEi1 (N)

r AB SEEEIINYANINANVDILNUMLUALUUILTI (M)
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2.12.2 Aausn
f&1Usn (Brake Power) A M&1w0aA308udATiLANTUIINNSTALSIDA]
ateuissweaesud lnensiniidausnazldlauludmesredtuiedosaudiiio Tn
usednveaedetsus Swaunsarwnidausnldainaunisi 2.3

R = 2zNT (2.3)

g B Ao Mawusn (kw)
k)

N FEUMITVLUVBUNATBLILS (RPM)

2.12.3 anufuNaLaie
AMuRUNARAY (Mean effective pressure : MEP) iJusfivaueniiaussous
yoaadesus iloinsesaudvinauiianiizideadtu Taglliddsdsusunslunszuengy
WNRINTUNINAIFUUTNSBNTI1ANT LS IaLRABIUTN (Brake mean effective pressure :
BMEP) Famnldnnnanuduiussaunisii 2.4

BMEP = o'
V,N

d

(2.4)

oy BMEP  fi Anusudaaieiusn (kPa)
Vy Ao YSumsnszuengu (m?)
Ng AD FIIUTBUNINYUVBANATOWIBINAMAT 1 ATesieauy

2.12.4 anududsaliomasEmag

aEuUEs T em@ss g (Specific fuel consumption : SFC) Ae 8737
nsauldendamadasunadeidmimiisinanldaines sssudnnelussosnamnis
wielagnsnageULAs aseuRALAUE DT oInE sy gnimdudnsinisluavesuig
Fupseseudaualngesinsaudientemaann fafumsisudisuanuauudeaniniy
Lﬁ'f;‘/aL‘Wﬁwmm%'aqauﬁﬁﬁﬁummLmﬂ@iwﬁ’iﬂ,ugﬂLLUUﬁummm??ouﬁmLﬁ'ﬁyat,wéﬁ%quwiﬂ
(Brake specific fuel consumption : BSFC) Faudusasnsivareunadomdweniieigs
\winfindneanun Taesuaumlaanaunisi 2.5

m
BSFC = — (2.5)
I:)b
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loe?l  BSFC A AnuduUdosomndsdnniziusn (g/kW-hr)

e fie drsinsivavesnallemas (kg/s)

2.12.5 UszAnSnnideainuiou

UszanSn1midaninuseu (Thermal efficiency :Mp) A ANaINIsalY
nsiasundsnunnuteuiildanndomadiidundununa vie sasdiuvesuiidesnss
wruanudeuiiteulisuedeseus Sududniifidfusnegrmisdmsunsieuiiey
aussnuzveNAattuiansndafemsdavianoseudfien MadUssAnamidsanudou
anunsemldvanensa vinSanldandiddiBondn “Ussansamdennnudousd
(Indicated thermal efficiency :1;)” #3@ulaaINAI&aRUINETENIT “UssANSa1mdeadny
SouLusn (Brake thermal efficiency :77, )" Fanansluaunisi 2.6

R

= (2.6)
M Qpy

My

ool 7, Ao Ussdnsnmfandnuiouusn

Quy D AIANUTDULTBLNGY (K)/ke)

2.12.6 SasdULINARBIYBINES (Air-fuel ratio)
maunndventeomadlunszuangurenaiessudazanysaifiedladuag fu
Jadeuaneusenas 1wu svegaatlunisinalugd mmqmﬂé"ﬁwdwmmﬁﬁ’uL%@Lwﬁﬂu
ﬂﬁzuaﬂquLLazﬂaé’aﬁﬁﬁmUﬁzmwﬁa ﬁaﬂ%mmmmﬂﬁﬂszf\;L%’]ﬂizuaﬂqwmﬁamﬁmiﬂ
Fawansluaunisi 2.7

m
AF=—2 (2.7
mf
e AF AD DMNIIEIUDINARDLTDLNAY
m, A8 8n3IN5taeINA (ke/s)

gnndiuauyasznienaiulomas A (waudan) Ae dnsidrueiniase
WomaasweUTunaduiusvasUTunaeansduiug Auansluaunisi 2.8
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ﬂ,: Vairpair (28)
VHszZ AI:Hz + mgas AFgas

eV VH2 Ao USuaunisivavasennid wiabalasiau (L/min)

air?

Pr, Ao AnunUILUuTeLialalasau (g/L)
Meos Ao dnsInslvavesindiuuiialedu (g/min)
AR, AF_ fie sninduanyaeinadevendsveslalasiauuaguialodu

2.12.7 drunauvasfialalasiau
N bndivendomadslunssuanguvetasotuud diunauratialalasiau
nAgneasEiveMatiuuialelasiaunawdidnizgu lnedsunauemeaiasuialalasiau

q
Y
Mszginsyuenau dauansluaunisn 2.9

_ VHz 0
a, =———x100% (2.9)
oV, tV,

air

213 uideiiieadas

lelaniaududomdamadenddnnuitaulaiegninnldiduiomaasaudiy
Famdilady 9 Lﬁaiﬁi?l,ﬂm%al,wﬁwwLﬁaﬂﬁazmmamﬂ@méfmmaﬁw WAZNITVIALAAU
wdnlueuian Genuautanienisainuaznaaivesudalslasauduiadeidifyd
danasieUszAnsainveuniesoud wazdnvazvesnsiinasuaivlelds laguniudd
AaausAndn o veadalelasiaufiviinisinnsan ldun anumuiuiy Annuieuves
Fouwds Aol sagtemisdaliiinievesudalalasiau udu egrdlsfinnude
Wisuiisuduisuuialesed £20 Seiifedenid ethuldlued sssududaledulneg
yhmsdnwanidaiendes il

palay 1mdTaugening. (2013) annevnnaauinfuludiagiuduiivives
msruaiidsluFomemdsnunaun ndsnuanlslasaudundsnunaunulssinnmis
Fadamiaule esnnidundsnuazen annsatisannislanidesfnniounszan
sazdamadlunstisannnglanfeuluiign uAdeiiAedestuielalasauiedamiaumng
wnduludagtu Aglelanauauisandnldanmeluladnainvaisussnn uazanunen
Uszgndlfiduansdaiuiiondnansedldvarsedasuisannsodiludeusadidemas
wiifosndaiifeditaludumstniu uvenandnmsdszgndlluiinusssruded dada
waznszuiunsnanlalasiaudiuninagliiiglalasiauesnuilusvvesionay 1oy
fradaaedt Hudu Sefeduasgitdifudunaussninlalanauuasanueunouonles
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Faumaluladdunisuonfesadurmanssnurumisdsdominisine douile uwadni
uniungsaulelasiulunefian

ouud urudsznie. (2545) uidedld@nvinarUulssanssouziad oeud
whalwauildusa Tesedidudamaauioudisuiundeswusilduialeduind wdoiwas
¥nsnedeuaNssausvenaisssuilagldufaledududomaneu anduasldindoseud
\A3DALFY maamﬁ”a‘l%ﬁumauLamuaaﬁqwé 99.5% lusmsiaiu E10, E15, E20, E25,
F30 uaz E40 Ingmsnagey Juldiuasuulasnnumdiseudaus 1500 9 6000 rpm & le
AsEUANT (Full Load) nanmsvadeunuinisasdru £30 eussdn (Torque) gean 96
N-m A18997U Lmﬂmam 45.5 kW wagiin1suauseuantan (CO) ﬁ’wamaﬁla 2.28% Vol. hay
lelasmrsuau (HO) mamaaa 273 ppm. Vol. F9Ldendns1dau E30 iwsnzdluwaldala
amiauwmamauuawwmam HANISVIAABUALTaUEIRuAS DR uAalsAuUTsuisuR
Lmaaaummmmaﬂ%amwmu F30 WU31 1AS oseusdsld E30 ’L‘wmmwmaaaqamw
Uszana 2% MAsULUTA WasganinUssan 4% Uszansamderimuieulusnganin
Uszanal 20% snsin1sauldendomassumiziusranandofioudundinu Tnoade
Uszanad 3% Neansusulauanlyn anad 60-70% wazlalasasusuanas 26%

oy a1ide. (2016) iauen1sAnyimsUiuuaaiessuduialedu 4 Samzguidier

g%8 HONDA 1 WAVE 1101 §Usuuasdnsidiumsonmududy 10.4 wednwiuaiiwly

AelaldodnsInnsa uUa ol o InE TN T IUS LAY ENSAUT YR ILAT BB Tagldiinsiy
Fomawialeoed £20, £85 wWisudlsufuthiudemdsalsdy 95 Smaaeuiiaimgs
59U 1,500 2,000 2,500 3,000 4a% 3,500 rpm KANITNAABINUINTSAIIEIUNTEA 10.4.1
faussOadutulnodloldisudemausaleay 95 uialesed F20 way 85 fA1usedn
WU 4.12%, 2.06% Waz 1.03%. auadulngf1ue I usnYe aaS eseudnUIunsiy
FowmawAaledu 95 uRalesed £20 way E85 darmaausniiudumingu 4.14%, 2.07%
LAy 0.52% M uLAzd AR s INIA A sl onassumaziusn (BSFO) Tnevinsty
Fowmdawdaledy 95 uRalugod F20 uay E85 HA18nsIN15a WUAB9s NN ELIUTIINAY
1.67%, 2.47% uaz 2.48% auaasusniailelduinsind sindwialedy 95 druusuin
andusuteuanles (CO) nuindldtanasiemdsaindeseumfiudus niisusununisudes
Aelulasiauoanles (NO,) FaiirilndiAsafunazidofdsdaind osoudiii g udawayinls
Usinaimsuaseinglulasiausenlas (NO,) tivdugie

Larsen and Wallace (1997) inn1s@nwinansenunaUse@nsnrnuasusuians
vafiwwonaIossuiannslduialelnsouiudomauasy Tngyinsadeuiuedeseus
3.1 85 6 au Usnaudalalasauiily 15% laeusuins vageufian1iznsvineu 3 ane
fio Aruidaduazn1szn1svhaus (1200 rpm, 10 Nm), ANILEIGINAZNITENTVINUNAN
(2000 rpm, 65 Nm) LLazmmL%qﬂaNLLazmﬁzmsﬁﬂmuqa (1500 rpm, 130 Nm) N&a31n
nsnageunuimsldlalaseududomaaasugiovens Lean Limit l6audls Equivalence
Ratio Uszanas 0.60 usnanimuinnsidusalelasaududemasasutieliussansam
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suaqLﬂ%qwﬁqﬁulmaLawwﬁmﬁzmsﬁwmuqq wardvanuIunuasuaiy lngusuiu
sonlgavastiulasiauiiinanas 13-23% uazlalasansueuiiAmanas 5-13%

Hari Ganesh, R., et al. (2008) VTﬂmseﬁ’mLUaﬂLﬂ%wuﬁqmmﬁmﬁ’;sJUismsﬂ,wLLUU
sssunguiiellansoliuialalnnauld Tafndeindauiaiiinnuseledussduinmsie
sulefl 19sBidnnsedndiangiiwaundudmivnuillfifemuvauszesinailunisia
Hounds wazesmnisgassidadrmii WisuifleussAnsamuazansuafiuledoiuiy
WUTU NKANTNARDINUIIMANUINGIEAYRILAT BssUdanasUsEInal 20% Lloldufs
lalasiau LLﬁ‘”‘Ui“’ﬁVI%ﬂW‘WL%ﬂﬂ?’lu%amlliﬂl‘e’ﬂﬂiL‘\]uﬁ?um’lﬂﬂ’jWﬁﬁﬁumu%uﬂi”m’lm 2%
msUdesasuaiulodes NO, gsniniduuudu 4 wh uasfamemsgesueiinfigndiniy
telasiauudunniefiouiudmuuiu uasddmsinudouseunsislslasoudds
wuMsIUABLLUATIION21912 29

Ji, C.and S. Wang (2009) iuamsdudiesdomas uagnisudesansuanulaids
Toelddrunanlalnsiounuvdu vnsmaaeuiuiniosousd 4 gu daudadliiinisdauia
lalnsiaudnusinuviesulefndoufuihiuuudu 1ndesdidnnsefind (HECU) muausnsn
mslvaresufalelaziau 0, 3 uay 6% wammagaunuIMaiuluredlelasiau avteudia
anssourludiuvesuszAvinmdsaufeuiivsdveandassudldsunisuiulge wazaes
Fnsrfansunluduuudu Bandidunisudes CO uay NO, anadluantizuuudu

Ji, C. and S. Wang (2010) arwinaiieafuduyunisnanuaznsiiuinulalasiou
figs unAruiuurihnimaaeslasnsTilelasiauiondndeniioliiAnn1sUdosuative
wazlduszansamidsnnuieuiiganiniesanmsianlldniauazanusivalsigees
lalasiau wafildanniswalalasiou 3% Uszansamdinnufouiissyiisndiuenia
drwfiu 1.37 Wuduan 13.81% dwiueossusiuududnu 20.20%

Ji, C.and S. Wang (2011) \leannisauiudeadoindsuaznisudosarsuaiiulede
vouaTessudfigaUsznelil (S) lalasiaudagminanldifioysuussussansnmvoaaiossud
s wuunlndfuuuBuivinnuiiernsash dadsszuudnlelnsuiiviesulofifietrlelnsiau
drggedlofmuidulnefisinssuuiadetnfuvuiudulivasuwas mieaiugy
Binnsednduuuleuia (HECU) gninldifionuauinainisia uazszevinaveingiy
wudunazlalasiau laefldnsdmeiniaiu 4 Sasidwudl 1.00, 1.18, 1.43 waz 1.67 uaz
wwduusunslalasiauanudiulunisuilan 3%, 5%, 8%. nan1svnastanalfliiug
UsgAnsnmanufeutenusnadessusuagidssdafiaty sveznainiaunlviduag
AnuuUsiumegdnsuaznisuaos HC anas usn1suass NO, Windwiloiiulslasiau
iy msddes CO Aananduiumelfannewuuduidninaiulalasnay

Shivaprasad, K. V., et al. (2014) Tar1uaulaluls 09ve i md s unaunuuLazans
uafiwlods anmsdnuidiuiilelasiudunildumadonilansuiinuassinisienlsidia
Beuanansothunlflunsuusmswnlndiuasmsudesuafiuld insmaaeuUszansam
uazmsUdesasuativleldodnvauzveuaiowud Sl guifil nageuiinuiageiviause
dunanveansiuuudutulslasauiiLanineum U Ing 5%, 10%, 15%, 20% uaz 25%
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musmmwm (ECV) wisammmqm miaml,a Wby L’Ja'lﬂ’liaﬂiﬂﬁlLQ‘W%VL@I@?LR]HIH
AruNELALANANTY NaNSNARUNUINERT AR B AT INEIUSN wasANEY
naLaagLusnilinanasnudunaulslnsiouiisnniu TudruwesUsyansnmdsanudoulusn
ﬁmﬁqm’jwmﬂ%’ﬁ’lﬁuwu%u uananiiansuafislede HC uay CO anamdaanniaidiy
lalasiaulalasiau

Niu, R., et al. (2016) n1snadaulneauladIunaNvaIwialalasiay wardnsIaIu
oA ALALANAaY l‘éﬂlmwuLﬂuL%aLW§Qﬁﬁwﬁaawuqmamlw&i”] R PR G RFURERIAY:
nsanlnlanne warsnsnsunlndiivendoy msldisiuuudunealslasaulunioseus
sl uAsTAlunn U sUsEAvB nmlagianzeged sluanmmsinnsfuuudy viinns
naaauiidulslasiau (3.9%, 5.3%, 7.2%, 8.9% waz10.5%) gnldneldsnsdiueinia
AruAuTiLAnA T UARUU (1, 1.2, 1.5 uag 1.8) feanudisauinsoteaus 1500 seusawd
nansnaaouTilfia3 essud Tuseiulunszuenay UsrAnsamdannueu uagdnsinig
Uanddesninufouiigsiumudadiuvedlelanauiifiviu iesandasnamlvlity
nasnaumsUdesansuaiiulewde HC uay CO anaslurasfinisudos NO, WfiudusonsIia
lalasiau

Tamilarasan, P. (2016) lAudrfyTunsldid omdmadenlund oseus Sl
UsuusamsUsendmindudemaseaioseus uazanmsudesleids Taunisesnuutuay
Vudsuiiednensanlalasiausiulaeldsndninelelnsauiifnssduriosaulon lifnns
Usudsasmnisgaazdn Shsdiuanyaiufsundasann 0.82 180 1.27 uay 057 fs 1.03
dmdunmstfisuuudusaslelnsiaunudisu negeuiinnusnsi 3,000 seuseutiuay
Tuanmzlnanfiulsiu nansmadeukansliiuinUszansnmdsnudouusndmiunisly
sudewaslslasiau fussansnmdeanudouvenusnidfiuty 3.59% Weflsutiuidemas
wuduiimdal 1.44 Aladed eenslsAnu Mdsiugeanuonniesoudazanas 18% eld
i amasalelnsiou ludruvesansuafivlewde HC, CO wag CO, Mundmsuns
vaueslalasuiiiadisuiuisiuuudy

Elsemary, I. M. M, et al. (2017) na1afen1suiusisesenisgnszidnvecindoseus
Lﬁ'aqmﬂa‘”ﬂmzmsqmzLﬁmfuﬁmmﬁ’uﬂ’uﬁ‘ﬁ’ummL%Lﬂmiﬂ/\lashunﬂ §efinane
UszAnsamvenadeseus Sl ilesainanudiveadarlidmsuedossudilduialalasau
Judamdavd sunlasannd sndswuuidaldegrenn wWedidudlslasiauiinaaey
TneU3u1ns Ao 24%, 28%, 29%, 31% Wway 49% SLATILRANTIOULVDILAS DUURTIFUNL S
Fagnsyasidn (30, 35, 40 BTDO) wamsidemuindedmmenisaaseidneglndrugud
ABUY (TDC) 1y # 30 BTDC msdutUdeadoindazanauazysyansnnveansoeus
Aufoulfiudiuy uaﬂmﬂﬁé’ﬁzué’wdfl HC% \fiaduuas CO% winduiiiananinuszngly
qqﬁuﬁm%’ummLﬁﬁm%’mmlﬁimwuﬁwhﬁuﬁ’uﬁaﬁ 40 BTDC

Kim, J., et al. (2017) nadeutpIsseudimesluuuunuudnnsmadeufinseiuaie
YORUINT 4, 6 waz 8 UISH 2,000 SoURDUT AnwAvdIuvesndsulelasiau 4 nsdl
(0%, 1%, 3% way 5%) VoINS 1ULE DLW W amuA nan1snaaeuLanslfiiuIinisiy
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lalastaudrgusuugsanusinisuilugd nsuaes HC uwag CO, anas urn1sUass NOx
isFughonsiulalasiay

Shi, W., et al. (2017) Anwinansenuvesdanizianusenielusanisinbud ves
3 spuRluudusienisdalalasiaulnensaditosunluiinisseusivieud 1500 seuse
wf wazsnsrduenrdIuAud 1.2 Usunslelasauiuduann 0% 10y 10% eaen
n59nszilaildoglugas 4 fa 16 CA BTDC wanismaaeuuansliifiuinuszdnsamas
ANUSDULUSA LLazLLiaﬁuTuﬂizuaﬂqULﬁusﬁudauLLé’ﬁaaﬂammaqmmsﬁmzLﬁmﬂ'u?ﬁyu
Tuduvesansuafislodonisidoussmnisgaseidaduilvinisdes NO,, HC uay CO anad
#1o waviilodrunauvesUSunslelasauiiniu nsUassansuafiviods NO, Aazifiudu
wasn1sUaes HC AU CO fasdiriianas

Najjar, Y. S. H., et al. (2019) ¥inn1snaaesnuUIuInsnsEUangU 1.8 Gns 4 gu
G uwasoandiaunanin1ianay (Narrow-band) Lagldulwas oanTLaukalynnieaning
(Wide-band) Tnel¥8nsndueniasedomanuuay nadnsilauandifiuinnsldidues
Sarean UL fiudn I saudondomananziusnld 8.8-11.6% sywing
FoudnUnilide 25% f1 100% luvsfinfaiuaos HC way NO, anas 19.4% uag 27.3%
AIUANY

Fnsnqual qun, (2555) vn1sdinwinisldeandaududomdssusuuialeson
TueFossudduaunisly ifesdedomadduunldunudasnafivgeluegsdaie
iaimwul,ﬂuLLfTaﬁ'ﬁﬂﬁmw%’auqqLLazlaiﬁﬂﬂanmUa'asﬂﬁi‘uauimaaﬂlﬁjﬁiuiwdw
msunln nsuanlalasudmsululassnddoidldunannssuiunissidninslada Feman
dodeududemasiudl Tngagvinnisfnuensiduldouialesedideldlelnsaudu
Houndsdaw nnmsvaassainandnidudesinsiuaslduiniian aonadesiuyium
nszuabiifildlunsnanuddlalasiauiilaaneiedidninslawessi 20 A a150ansn3)
nsAuUAesdeimasadldunniian

Usznud yussiady, (2557) Anwinansenuvesidnsidaunissn (CR) soaussaus
wazuafivlulodevesadossuduialeduiildssuumanuuudidanseing wazlduialvsed
£85 1duLd ound s lusuddeididenldiatessudauin 1,500 cc iilpsarnifuvuin
Aldfusgrsunsvargluilagiiu Insnsuuasuan CR vilngisnstmiguueaaieseus
Lédrvfuiinuazandl CR Ingnisanuastiindiuiuvzifudigu 3sldAn CR iy 9.9
(A1M551uNERER), 13.5 uaz 16 (JurrgegadlaivinliAansruiuseninandauaz
Wgngu)
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A5 UN15IVY

TUuNH aEna110 9T UABUNITAEUIIUTTY UTLNBUAENTBUNISATUINUITY
gunsaluaziaIesdenldlunisnaaeu Yunaun1snaasuUsednsn1nveiAIeauun
WALANTIASIZARANITNAADU

3.1 npuN1IAiun1sIdeY

A deiiduns@nviuagnagouifsafunisviaurenniossudusaledy
nslflelasaududomasutuiiunialesed £20 wasynRnnsszuuidomadlelnsiau
FAdeldvhnsfautanaiossuiuinavieriulefifiofnsayniidnit emadlelasiouialy
fumislndvadaiisfudemas fidelranuaulalunismunudiunanventamdssening
lelasiauruufaledu Auniiseuvesniedsud uazesmnisgnszidn Tasaunusunges
muAudlannsedng (ECU)

£
v A

fupouusnvesnmssuiunifedBsuiensiaduatessusdlflunsmeaouidiiy
yalourludned gunsaiildlunisfadessuulslasiauusznoudie 1182103 uus s
gunsaldestunsdaunduuinanidivsuuseiu gunsalingnsnisivavesialalasiau
warndafudeunoudigiadaufalelngau ludvsmnadieniainfgunsaifndnm
nslnavesenniaiilvatdigindessud laesiin13iiasgsinaainnsmaaouanssnus
uazansuafivleidevesiadoseud

3.2 gunsalnsvagey

siadatiavosuisiAetugUnsalfidedadunsiidunuifoutseoniduiiaseud
uialedu yandatomadlslnnon uanniesflotnsziutaleds duneuusnuesnaizudy
Ansardoseud Aemsivaevanimedossufidosulifanmndorldnuldsudievesvanly
druvesidiuadosuaziemsoinlvivun ndnduinsfasaaiessudidiiulauila
fumes gunsaidruniusng 1 1dun gunsalineuieuiilvadngvioled yafndeidoinds
lelasiau gunsalmuauAuLIseuYeATodsud Iwuweinsradusendiaululeids
LLazﬂéaamU@mmLﬂ%wuﬁ (Electronic control unit)
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321 nsessuduialedy
m‘%'aasjmi‘a;mmﬁm’f’;aﬂszﬂwlw Spark-ignition engine (SI engine) 7l
dnsumanaaouifuadoswuduialedu 4 e 1 gu auia 110 cc uuudadoimaauiiom
viosuiled sruremuSeuiet é’fﬂgﬂ‘ﬁ 3.1 %Q%a;gaai"nwwsaaqLﬂ%‘aqau@?LLamqﬁqmwmﬁ 3.1

JUN 3.1 insesguidmsuldlunisnaaey

a 9 ° A &
A1919N 3.1 UBYAVIUNIZVBILATDILUA

Engine Specification
Engine model Honda Click 110i
Engine type 4-Stroke, Water Cool, Indirect Injection
Number of cylinders — Bore x Stroke 1-50.0 x 55.6 mm.
Displacement 110
Compression ratio 9.0
Rated power 5.5 kW @7500 rpm
Maximum torque 7.2 N-m @5500 rpm

3.2.2 lawnluiines
loulufimesiliiduyanaaeuindessudidutuulansednlaulufineslng
Tidusasemssinan U 3.2 Indnmahoulagerdousafureninduaiianisy
Tnanliuriniesoud uadldgunsaifaiminiiGondt “Inaniwad (Load cell)” Tunsguen
nsglvian defiseaziBeadsmsiei 3.2
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JUN 3.2 lansedalawiluiimes

= o ° a a s
AITNN 3.2 ‘U@Ha’mLWﬁzsuaﬂﬁmaaﬂlmqumLmai

Dynamometer
Make DYNO mite
Type Hydraulic
Capacity 100 HP
Load Water
Load Cell

Model DYLY-101
Type M
Range 50 kg

323  Juanvsdenlni
Jui nusterilnindudruniswessruusrunennudouveuaiosous
Fa3uil 3.3 shwthfiruaunisivaisuresmsndefuilnaruniioiuasiafessudanunsn
USusnsmsivavesimaefuld faisiazdondanseit 3.3
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o

6V (%

suit 3.3 fudinmdierluih

115799 3.3 Tayadnnzvastunnvdoulih

Electric Water Pump

Pump type Brushless 12V Electric motor
Maximum flow rate 17 liter/minute
Operating temperature -40 to +120 Degrees Celsius

3.2.4 asesdiodananusiay
« A @ < Y [ Ql' < dl' | A
iwwsesdedarnustauwuuluindnuusdeuin 3.4 Juesesloussnnid
Tuiinsegauminiflefauinulsngazvililuinnyuainusvesuinfinguaziduiiug
venAuIaY Fellsneazidendinisned 3.4

JU7 3.4 in3eadloinAuiiian
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3197 3.4 Foyadnnzesesdioinaruiiauuuuluiin

Features Range Resolution Accuracy
Wind speed measurement 0 ~ 30m/s 0.1m/s + 5%
Temperature measurement  -10°c ~ 50°c 0.1°c + 2 °c

3.2.5 2anBaulbuwas (Wideband air fuel ratio oxygen sensor)
gunsalinusunaeendiaundslignnindludiuvesidlode Wuwesvin
Ua19079A19RTIEIUNENDINFFBLTBLNEY 0.68 Y 1.36 (LaNd1) NIVNTIEIUDINIAMD

[

Wownds 10:1 §4 20:1 ApYMIYNUvELATRILWATILY dnYeAsIun 3.5

gﬂﬁ 3.5 ponBLauiulees (Wideband Air Fuel Ratio Oxygen Sensor)

2
a 4 6y

3.3 yaRnnsszuULidlalasiay

yaRndaszuuwialalasiauazgninauiiiuiniessud uialedu Usenausie Lsans
s 6 4 o @ 24 LY 24 14 v a
was aunsaliuadludou aunsalindnsinisivavesuia gunsaliuunialvadou wasiaidn
lughuilayliauddgyiuanuvasnsodunds
3.3.1  dwfdlalasiau
< [ [ v [ 24 c{'
Wudwmuwssiugadaganudunigludiussquialalasiausy Nussuiu
120-150 bar w3aUszanas 70 wWesidunideaunsasulauianlddneglununingnannssud

widlalasiauuians 99.95 wWesidud
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115799 3.5 Teyadnnzuiialalasiaunldlunmmedeu
ufialalasiau VWAV

WSIPUUTIYYID  Uayaduwig
(8n3) (un3)

wialalasiaunsngnanssy

- Hz > 99.95 %
WINUTIY 10 M? >0 200

- O, > 10 ppm
- HO < 10 ppm

3.3.2  3ANLImas (Regulator)

¢ o v 1 A a & a 1 v & o v A
ISANLMRSINMING 2 ae1e Ao venUTinauianegnieludununagyimdnn
AvANLIILIALSIRUNAuYIeanUTULsILlRInuATaalY Woussiuanasiisueiean
(3 (3 a A o U 4 a o v d'
199718313980 NYIALGULYA aNwUEAIIUN 3.6

JUN 3.6 aniswmesiidlalasiau

3.3.3 nuwalludau (Flashback arrestor)

JugunsalmuvasadevenianldiuunniigaiiengaUaslnniedoundu

vasufanauidrldlugunsal Yreundesliuazeunsalainanudemenionissziin
Aagun 3.7
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L)

a0

b

IS0 5175; | N 730/
inspec

next ;
2 3 4

;J“dﬁ 3.7 fdadlugau (Flashback arrestor)

3.3.4 aunsaladuAudnsNisiva (Flow meter)

Jugunsaldmsuaiuguuazindnsinisinavesuianaudigins esoud
ialilagnsnisinamungay dagui 3.8

JUT 3.8 gunsaimuAudnsInIsivavasuiidlalasiau

3.3.5 Widawdalalasiau

v a ! = o a ° Y A &
Vi'la@ﬁ'ﬂu‘digﬂ@UVUQ%@\‘IiS‘U‘Ul@I@IﬁL"Uu@QE‘U‘V] 3.8 MRUIMNAYLNE

lalasiudngviesiulemdnludwiaanlng aeldnisaivauiiuiugiiiunass ECU @il
FNEALLBUARINITIN 3.9
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g

v a

JUN 3.9 videufalalasiauuuin 110 9

15799 3.6 Tayadnzvesidalalasiauuuin 110 §9

Specification
Type Motorcycle fuel injector
Hole q
Flow rate at 4 bars (g/min) 110

Material Stailess steel and plastic

3.4  AI99AsITLAalaLEe

winatasziuialowde (Flue gas analyzer) dmsunisvaasuazldusenaudae
\w3aslledn TESTO Ju TESTO 350 tAT0iladn HORIBA $u MEXA-584L

JUN 3.10 n3ediaszviuiialeldy (Gas analyzer)



5U7 3.1 1A3aila¥n HORIBA Ju MEXA-584L

M31971 3.7 Yeyadumzvoaniesiledn TESTO u TESTO 350

41

Measurement  Measurement Accuracy Resolution
Parameter Range
O, 0-25vol.%  + 2vol% 0.01 vol%
CO, Hp-comp. 0 =10000 ppm  + 10 ppm (0-199 ppm) 1 ppm
+ 5 ppm of reading (200-2000
ppm)
+ 10 ppm of reading
COiow, Hr-comp. 0 =500 ppm = 2 ppm (0-39.9 ppm) 0.1 ppm
+ 5 ppm of reading
NO 0 - 4000 ppm = 5 ppm (0-99 ppm) 1 ppm
+ 5 ppm of reading (100-1999 ppm)
+ 10 ppm of reading
NOio 0-2300 ppm = 2 ppm (0-39.9 ppm)
+ 5 ppm of reading
NO, 0-500 ppm = 5 ppm (0-99 ppm)
+ 5 ppm of reading
CO, (IR) 0 - 50 vol.% + 0.3 vol.% 0.01 vol%
(0-39.9 vol. %) (0-25 vol %)
+ 0.5vol%+ 0.5 vol.% of reading 0.1 vol%

(>25 vol %)




137971 3.7 deyadumzveaedesiledn TESTO fu TESTO 350 (se)

a2

Measurement  Measurement Accuracy Resolution
Parameter Range
HC Natural gas: + 400 ppm 10 ppm
100-40000 ppm (100-4000 ppm)
Propane: + 10% of reading
100-21000 ppm
Butane:

100 18000 ppm

M31971 3.8 Foyadmzvaaniesiletn HORIBA Ju MEXA-584L

ltems Specification
Model Opacimeter - MAHA MDO2-LON
Measurement principle Absorption photometry
Wave length of the spotlight 567 nm
Measurement chamber length 430 mm
External/Internal diameter of test chamber 28 mm / 25mm
Warm-up time of the measurement chamber approx. 180 s
Measurement range turbidity 0 - 100 %
Measuring range absorption coefficient 0-m"

3.5 dunaunsinnaunsal

v v & 1 < & a & (2% dl' ¢ = L4
Mdetavuleanduiunaunisinniuialolasiaulazan3 aseun %QQUﬂiﬂJﬁ]%Qﬂ

AnASATFUN 3.12
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Fuel Flow Meter
z —
O Fuel Tank
Hydrogen flow meter
Gasoline injector Regulator

; Flashback arrestor
! Hydrogen injector

Throttle Positionsenser 4]
Oxigen sensor - ___
__________ 17
1
Exhaust Gas Anmalyser T ~ o
——- Air flow meter
i -
Spark ignition \
,,,,,,,,,,,,,,,,,
i
1 Cooling temperature
e ity
! i | Hydrogen Tank
P
i i ! Dynamometer
i
L
i f \
L
B Engine Speed ,Crank angle M

Laptop |

JUN 3.12 ununmnsinssgunsal

3.5.1  vunaunsiansszuulalasiay
o a o & a DY) = s & = Y =
insinfsgadondslalasiaudiuns essuduialedu dagun 3.13 (n)
UsgnounledualuAuksInuuia (Pressure regulator) aUnsaldesiudarlndaungu
(Flashback arrestor) gUnsalmuaudnsInisiva (Flow meter) wagviidoufialalasiauiign
Ansauiavialod Aagun 3.13 (V)

JUN 3.13 msfasisszuulalasiau (n) gamuanialalasiau () iaalalasauuinameled
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3.5.2  UUABUNITAAALATRIEUA
1. Bufadsssunihnaedudidueseseudlaglddunniluilndugunsel
AuAuNsadsuresiluszuuaady fgun 3.14

U7 3.14 nisfindisszuuiinviaefu

2. fanuasessudilglunisidedaduyalauludinesuuulansedn
AIUNITMBTEWINUNAIT DL 8998 9LATDIBURHIUAUUA S (Coupling) LWNAULAUNAIYBY
loulasiwes fagun 3.15

JUN 3.15 nsdnnansessuiidiulaunlufivnes
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3. AasaganiuaunisiUn-Uavesduilide (Air throttle) litoAauaNAIILLSY
souraunsotsudbidulumuieulunsveaes Ingldweslwewmesidugunsnifiane s
Wy aUa-Unauride fagui 3.16

1

JUN 3.16 weshiewmesmuaunsida-Unvesduride

4. VNSAARITTUUAIUANLINNULAS 38Us Lauludines wazaauanIng
o A - < o ¢ < g 2 v %Y
A93UN 3.17 Wi AIUANAINNLSITOUTBUAT B38UA AtuANALLSIsauTuAnudaur i
wanstayaludiuvesnisyivan gumgiiuiniiey aamgiiled LavuansdiunaueIniAse
Ui (Air fuel ratio gauge) fla5U7 3.17

JUN 3.17 52UUATIIALATLARING
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5. fndeangliainyansiadn (Sensor) iWnaeaniuaudidinnsetin ECU
FUTeYa31NYARTIATANIUYARIG 9 A93UT 3.18 UaIUINUTEIRANAAIUANNITH 991
wamdansynseidnngluriotrnlug ieliiaseseudinnuldegliuss@vznm

U7l 3.18 yadnsisanslaiidingdes ECU

6. Andaanoqu (Tuning cable driver) 91nndas ECU riuassfiamesiite
T¥lunsusuursasossudmuieulunmsmaass wazlfuansnaaingunsalnsiatn liun
Arnfizeu osnailn-Unvesduiiie gaumgiindeifu Tnuunned esmnisyaseiln
uaranuENsENUDIAR oA 2 i Flaguil 3.19

5267 BEpies B3
meg0.52 1887970

80
5579.74
227878

77.81
1957830

744 857442
1857123 71.52

;;*U‘ﬁ 3.19 M15290UUNTUIU Project-Fi
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3.6  UVURBUNITNAFIU

Tumsvageuidunismagouaussauzvead ewus uialeau Inanismagouasld
la‘lmwumuwmwaammuummmai%aa E20 ﬂiUGlﬂENﬂ’]ﬂ’]iﬁ]@i sidamudonle
nsvadey waziansUdesasuaivlede Flitunoumsnnaousl

1. aadngunsaingainns 9 liun qumlfual,waﬂaimwu pemnsiUnvedan
fde gunsainsraTaesrmnisgasuidn Aruiiaseu esrunarteniog indesiiasiz
wAauafivlodevonsdesus wazszuumsinuredlauiludnes

2. Wandufdlalasiaulneusuussiuuianiseant 3.5 bar asadanissaduves
LLﬁﬁVgﬂﬂ%ﬂﬁﬁ’N’]U%@ﬁ@U

3. YhnsinAsessuddmetuuialeged £20 soulAdeseudiAuUd 1,100 Sou
sounil augamniveaaiesusioglutisimnzaudmiunmaaoy

4. Fuhnsnegeusiemsusuauiiasevveandeus umsusuliauiide
T 50 wWasiiud (Half-open throttle) wazusunsslnanlifuidessudaudeulafirnug

5. yhmstadasinmsivavesinfudemds dredisunanislditudemaes
wseseust Tngliynnsasusunslunmsingl 100 faddns uazdnmsinavesufalelasiauls
Julumudeulunisvnass

6. vhmafuteyassainardamies usadadildaniaioseus gungiuwaeiby
arsuanvloldodiens oadinsieiudalods a vsnalaevoloidevens esoud
wazduiindeyananisvageu

7. ‘1/‘1’1mimaaumu%umaumsﬂﬁﬂ’ﬁﬁ 3.6.4 T4 3.6.6 lagnsUulasunmszivan
Fldlunisnaaeu 28, 42, 56 way70 Sadulns U%’Uﬁy’aaqmmmmm% 20, 25, 30 uag 35
psmnBUAUERIBUY WazdiunaNsTwinauAalesed £20 fuuddlslnsiaudl 3, 6, 9 uag 12
Wosidud melfaumauuuuuns 1.2 nugiu ndeulumsvageuargniing 3 ade

a 1

3.7 AM1FAILAINSURNANTITNA DU

Tunsnegaulawiin1TiasIzinasontdu 2 d2u AoUTeanSNINUDILAS D UAT LY
wialegges £20 liin1suSuusitesanisanseidn eesrnisnseilnieglugie 37-42 aaen
' ¢ = a Y} a a A fal) ¥ e ¢ | Y}
feuaudneuy WisuieuiuUssavannveaesessudnlduialeged £20 suiulalasiau
Tudunafuaneeiy waziin1sususiern1synseiln Jailseazidenmall

3.7.1  NITIATISHNANISNAGDUANTIOUSVDILATDIBUR

WS g UM UANSTOULVDILAT DUUATEUIN MU DINA L ALwZ8d E20 AU

Tduwialeged F20 srunulalasiauludiunauiuannneny wisimesntevinnissseuiieu
= o > le = dﬁl a o = a a %4
A N1AILUTN (PB) AUEULUADWYBLNEINIZLUSA (BSFC) agUse@nanIntieminus oy
\wsn (BTE)
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3.7.2  MSIATIZANANSNAgUAsIaInn1sUaRuanwlalde
WisuiieuUsinamsdassuafivledessuindlddiiuidemauialened
£20 Aulduialosed 20 Shudulalasiauludiunaniivannisiy Feusznouludae
lalasmsuau (HO) sonlwnvaslulasiau (NOy) waza1susulouanlyn (CO)
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d' g 6V =) 1 O [ g a
ﬂ’]i‘l/lﬂﬁi’)‘ULﬂ'iENﬁJ‘L!GlLLﬂﬁI"Ua‘UIﬂEJ‘],%J‘VI’]ﬂ']i‘lJiUGl\‘iE]\‘iﬂ’]ﬂ’]ﬁﬁ!ﬂ’i%LUﬂ

Tuuniazidunisvageundessududalsdulaglduialelnsauduidomassaufy
wialegeed E20 fid unaufiuans1efy i eneadounUszans amesuas osus Laz
asuanivlelde mamwmaauﬁiﬂumﬁmiwﬁLLazgﬂﬁﬂULU%ULﬁsuﬁ’uﬂizam%mwmm
wipspudiugudlifinisufuudanieseus uagldiiuuialyeed £20 udondmdn
Tnesdunsmegeunieldioulafisimun Ussavsamaeuniessusfivhnsnagoulsenou
U Mdnusn Anuaudeudemdssumisiusn Ussansnmdsnnnudouusn Tud
vasa1suanuwleldy laun lalasaisueu arsueunsusnlen wazeanlanvoslulasiau
Tnesatefiagnanisluund 1dun 3n1seilunisise Ainszinanismaaey uavasuna
nSNAEBU

4.1  B/MIANLTUUIWY

Suhnmadeuas eseuruialeauiliuialalasaududomdsutvuialosed
£20 Tudunaud unna1atud on1Usz@ns nin wavarsuafiwledovens osuud
Tnewedasoudiililumvasouduaiossudufaledu 1 qu 4 Same ssuemnufoudaei
Fomdaisassiinagnandiuinuvieduled mdwenaTessusdgniminulauluiines
i ludwwesmsiusenaisssuiazgnaiuaudienaes ECU Tnsfindosaziutaya
uazuanstoyarulUsLn Ty Project-Fi dadulusunsuililunisusuudaazuandoyasia |
geunIosud Iiun Anusisevvenndewusosmnsilavesduiideemmademie
naMInvewiadn diunansvinsemenoidains LLagqmmﬁﬁmdaLﬁu Tnoidouly
Aslumsnadouaznaaouiidruneauus (Lambda) 7 1.2 Felduidlalasouiudomasan
Tudnduiiuananafy 3, 6,9 uay 12 Wesdus audsy ynsmageuiiauiidedaned
50 Waesldust (Half open throttle) Ingldlaulufimesidugunsaiairsmssivanliinteeud
28, 42, 56 uaz 70 Wedldudvesusilagegn vinmsdudindrsng « fildannsmaaouiold
TunsmUssansnnuenadeseusussnoudae fduusn avuaudesdomassumsusn
Uszansnmdsmnufouusn ludiuvesansuaivlodeiurzdsznouluse lelasaiiueu
(Hydrocarbon) A15usuneusnles (Carbon monoxide) waveanlanvaslulnsiau (Oxide
of nitrogen) Tneld1a3 eeilodiasizviansuafivleidy Testo 7u Testo 350 wag Horiba
U MEXA-584L
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4.2  WANISVNAFEDULATNITAAUTIUNA

Nan1sNAaauUsEANSAIMvenas sasudd wihnismageuludeulvdunanuis
(Lambda) 7 1.2 ludndrulelasiauiiunnsinetu 3, 6, 9 uaz 12 Wesidud Aufidednnasdi
50 Wast¥us (Half open throttle) seluanliadesaud 28, 42, 56 uay 70 Wesiduduos
ussdngegn muaiu mansmaaeuiildazgninluiuisuiisuiuuszansnmvsaaioseus
fuguilifinnsusuudaedossus warliiduutalesed £20 Wudemaman deusznauly
e fduusnreaieeud mvduUdentemaniniziusn Yssansamdseudou
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uiialslnsiau 6% 56 566.247 | 521.101 | 527.069 | 542.589
70 575.728 | 535.764 | 509.096 | 560.347
28 830.046 | 853.352 | 858.687 | 881.037
WRalagad £20 + a2 656.175 | 623.595 | 700.942 | 713.130
uiialglnsiau 9% 56 479.257 | 461.961 | 506.217 | 521.930
70 534.162 | 522.849 | 559.816 | 578.690
8 1010.283 | 1043.648 | 1057.137 | 1075.288
WRalased £20 + ) 675.203 | 705.471 | 711.045 | 725.733
uiidlglnsiau 129% 56 500.723 | 525.895 | 546.789 | 595.220
70 531.874 | 538.292 | 560.464 | 587.492
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AUTIAUSVDILATDIDUA

Uszansn1ntdennudauusn (%)

\Boinaeiild =
Iun'ﬁmaa‘u msi[vaaﬂ aamqmzwﬂ
(% WsIUNEEN) 20° 25° 30° 35°
28 7.044 7.665 7.969 8.383
uhalgged E20 + 42 9.438 9.887 10.803 10.984
uhalalasiau 3% 56 12.319 12.925 14.231 14.144
70 13.265 13.755 15.249 15.075
28 7.545 8.567 9.161 8.729
uwielwgea E20 + 42 10.633 10.950 11.057 10.849
uhalalasiau 6% 56 13.965 15.155 15.018 14.654
70 13.737 14.728 15.560 14.244
28 9.286 8.974 8.922 8.745
uhalgged E20 + 42 11.746 12.285 10.934 10.773
uhelalasiau 9% 56 16.093 16.552 15.195 14.815
70 14.436 14.741 13.781 13.439
28 7.426 7.182 7.106 7.030
uhalgged E20 + 42 11.120 10.639 10.535 10.346
uhalalasiau 12% 56 14.876 14.260 13.494 12.619
70 14.267 13.881 13.345 12.948
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AUTIAUSVDILATDIBUA

Fawmaeild
Tunsnagoy melvan | lelasensueu | anusutewenlyn | Tulaswuesenlan

(% ussUng w0) (ppm) (%) (ppm)

28 1115 8.9 445

42 960 6.75 554

whalgged E20

56 820 4.91 610

70 718 2.76 715

28 894 4.73 528

uwielwgea E20 + 42 670 5.38 660
whalslasiau 3% 56 548 19 74
70 580 0.74 932

28 792 4.5 592

uwielwgea E20 + 42 643 4.57 718
uialalnsiau 6% 56 599 155 762
70 514 0.36 998

28 738 3.92 624

uwihelwgea E20 + 42 592 3.71 786
wialalasiau 9% 56 452 14 864
70 448 0.42 1118

28 684 3,33 672

uhalgged E20 + 42 524 2.95 824
uhalalasiau 12% 56 418 11 896
70 410 0.2 1190
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AUTIOUSVDIATDIBUA

lalasansuau (ppm)

\Boinaeiildy -

Tunsmagey nszlvan DImymE
(% wsslnggn) 20° 5 30° 350
28 950 965 882 972
whalwsed E20 + a2 814 802 764 728
whalalasiau 3% > 566 cag s5o -
70 480 460 376 446
28 916 934 846 918
uialegea £20 + 42 794 774 746 722
whalalasiau 6% = Ly c14 00 458
70 480 408 338 384
28 904 908 804 910
uhalegea E20 + 42 766 760 724 764
whalalasiau 9% D - > 4 474 530
70 452 388 340 356
28 856 870 780 852
whalwsed E20 + 42 750 718 706 686
uhalalasiau 12% s 198 469 19 108
70 360 352 310 302
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AUTIAUSVDILATDIDUA

Ansuauuauanlan (%)

\Boinaeiild =

Tunrsnagau nstlvan 2IANRAIHUA
(% ussUngsgn) 20° 25° 30° 35°
28 7.5 7.9 7.86 8.15
uialwsged 20 + 42 5.13 5.39 5.43 5.5
uiidlelasiau 3% 56 3.31 3.7 4.1 4.3
70 0.85 1.49 1.53 1.63
28 7.36 7.06 7.73 7.85
uialwsed E20 + 42 4.97 4.57 5.02 4.95
uiidlelasiau 6% 56 2.56 291 3.42 3.36
70 0.71 1.33 0.85 1.35
28 7.1 6.8 7.43 7.25
uialwsed 20 + 42 4.88 4.39 4.7 4.68
uiialglnsiau 9% 56 241 2.83 3.04 3.13
70 0.73 1.1 0.81 0.84
28 6.52 6.61 7.32 6.69
uialwsea E20 + 42 4.55 3.83 4.37 4.35
uiidlalnsiau 12% 56 221 251 284 28
70 0.55 0.8 0.65 0.7
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AUTIOUSVDIATDIBUA

lulnsiaueenlyn (ppm)

‘oA ele "

TunsagaU Aselvan 2IAYATTLUA
(% ussUnggn) 20° 25° 30° 35°
28 436 484 508 512
uialwsged 20 + 42 548 584 610 654
whalalasiau 3% 56 504 634 668 204
70 850 874 902 960
28 440 478 504 516
uialwsged 20 + 42 580 620 642 698
whalalasiau 6% 56 614 656 698 270
70 904 938 954 1012
28 480 512 570 590
uialwsged 20 + 42 648 674 752 790
whalalasiau 9% 56 690 730 824 896
70 890 950 980 1090
28 508 540 582 660
uialwsged 20 + 42 652 694 796 830
whalalasiau 12% 56 710 754 848 918
70 910 990 1080 1170
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Effect of using biodiesel on the performance and emissions of the engine exhaust
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Fuwrzwsnvasihaiudiraddrivesninihainlulafissaniduuzwin uaznnihduidn Taoilnaagegaingdu
aadsnndasniniululadies 21.95 2270% maudeu ludwvasdszinsnmianuiawusnilnaagiae
S oo o B - 3 5 e o =K
idudma dennunnihdululafisaaniduuzwin wazanisiuitha 18.01, 18.50% awdau nMsian
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Abstract

This research was conducted to study the performance and emission of pollutants from the exhaust of
diesel 4-cylinder 1753cc. The test at constant speed of 2000 rpm the load 30, 50, 70 Nm using diesel compared
Pure biodiesel are 2 types of biodiesel from coconut oil and rice bran oil. The brake specific fuel consumption rate of
diesel fuel with a value less than biodiesel from coconut oil and rice bran oil. The maximum load is less than diesel
fuel biodiesel 21.95, 22.70% respectively. The brake thermal efficiency at maximum load the more fuel is biodiesel
from coconut oil and from rice bran 18.01, 18.50% respectively. From the measurement of pollutants from the
exhaust of the engine when using biodiesel fuel the amount of the 2 types of black smoke of diesel oil fell less than
diesel. In terms of CO2 emissions and NOx of the 2 types of biodiesel fuel and more valuable with the increasing
load on the input.
Keywords: Biodiesel oil, Diesel engine performance, Emissions.

1. unin uialalfovesniesoudlasianizesnafisnisddes

ﬂaqﬁ'uﬁmwﬁmmswﬁ'onuﬁw‘i'mfuhudm
g ldlunranisouselasdaimdsiiunley
naunuiwiIesoudamaiasldsuauaulainn
Fuilssmnnirnusulngressmnaldnndlanion
-'i'«ﬁﬂmga'ﬁuua:ﬁmmL'thmh\uh:mﬁ'lmﬁwao
VAN BURTHANTENUAINMITUAB LA TN B9 37N

sinmeanladuaslulasauuazaiud dahaoana:
wiadenuazgrnwvesausd (1] lavluTedisaidu
wimmMadeniiinnnmsinhdufslagsivhaudis
il FAsennnudilaaiae3Aiau (Transesterification)
funaanazed (lonueaniaiuniuea) lavldnsande

aaa A ana

aadludsaliifad fAsendavin jisunaiaauarle

5




94

n’mJ1:'qmmmnmmnuwaa‘nuumﬂs:mﬁ‘l‘nu a3Imn 15 ENERGV

EMP-xx

lefinlemneiniawinemasiiuivuaanasediliua:
aunsasin W Funwihdudieale (1, 2 msnaalule
Amadmsdnsidunawuuslasawsluladisaain
WU Lﬁaqmmumuaam'l.ﬁdmﬁﬂmgnua:‘lﬂa
ﬁwaf‘iuﬁmmnmmuamfummmviﬂﬁu‘iqwi‘lﬁhu
uanmni‘fﬁ'ﬂﬁwamnﬁﬂﬂﬁﬁ‘imguﬂmﬁuuﬁu
ueanagedrAadug naftiniuannminluladirsly
Iunwihdudimamansnaamsydasmsuaizanms
wnlnafilesaniiusunmaandian (0,) ﬁgom'lv\”ﬁms
Lm‘lmu”ﬂuy‘szﬁmnffu 12, 4] Taumsddsumsuainain
wilodsveaniasoudusznavlddelalaseiuon
(HC), a1fuaunaunan'lad (co), anfuenlasenlad
(€0y). lulasiauaanlad (NO,) Tanfisauniaingan
'latﬁu'uaosnuuﬂ'tfutﬂummqua”nmaamﬂﬁﬂuav‘?ﬁme
smauasgsenalitinan s Faunszanis 2, 3] 90
mIAns Y NTiasuIInRzraIMIUsanasUAN B
loidoseninsindudisanduihdululadisadildan
\n3psuudATRLULEAaTY (direct injection) Taunaaauit
AaunTiseudneg m MITNUPIFN uazfinnuiEaTey
ﬂqﬁtﬂéuuuﬂmmi:numaq Tavlfiofinioqinadd
Fuaneiandanduluarasamussdneninn
u?qwi?aua: 99.5-99.9 nagWiRAldwuiUszAnEan
meamusouanmsliiefiasesaeidnininiudiss
wsiinslfiefiaiesaaslidnnudwydssdomas
FUWIzIWIN (BSFC) gmhﬁ'm”uﬁwmﬁaammaﬁmaa
1WasHAIANURIALAZAMURUILEUNINNTY UazAn
anufanvaadaiwdsdininindudes dsmiunisia
Pnmssmsuafindagilaifiouiuih sudies wud
mslfilefialomaasinisldesafuaunauuanlsd (CO)
1alasarfuau (HC) uazaiudaaaslumeasanudrui
mvseslunineenlsd (NO) R udwiitasanysunm
284 0, luasdilsznaumitadvasfialaaiaasinlwifa
maen duuumsssumuszineen rdauysoinn
du 1, 4, ] iawluTedimauazinduwlyladisanan
lENIkeafi ST MHEN AN qa:gnﬁﬂﬂmaaum
qmauu‘ﬁnmﬂuﬁ'\ﬁ'm%atwﬁa'[ﬂunJ‘s'uuLﬁuuﬁuﬁﬁu
faunasgu (Gm 100%) mn»fmhﬁnﬁut%amﬁmn
silalunaseuiuiniasudaias ariinmasaun
FUTIOUZVOILASBIUUGTITALNTANIUTIRINS 1,200 -
2,500 TOUGOUITA WULNTTZINULENT (Full load)
FNITOULVBIATBILNAA RN AN s dun useda

21-24 WOEMAN 2662 IIWTAUATIITRN  SrHAILAND

> & ¢ o a a & P
AAIT09LATBIUUA DaTIMITARLRaITaINRIT NN
qmnqﬁmaﬂmﬁu uaziaNat¥NTaUN1IRN9IU 2,400

i
soudawf [7]
Januszasdvesnuiduiianaseudanis
AufsaBaniaduwiziusn UszinSamwideanuion
Wwsn wazmsdassasuatsanmaiun indvosiigu
TuTedwaainirduirtdnuazanniiduuzning
) P o ¥ o oa A e a & o
wWisuifisuiuhdudisalasiesassuddimagnaaasd
U Dynamometer UsslnNiusatLNaNagouLAIassus
fnuisrsauadn 2000 sau/mit laslnaafliuu
Dynamometer 1/szinniusninudisaaniilu 3 42930, 50
uaz 70 N-m Tasasuaiisfizthaniensilszneuse
- - -
luanoan’led (NO,) onialauiaias Testo 350 gas
o o &
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| I I |

CH-0-C-Ry + 3CHOH =>  CH-0-C-Ry + CH-OH

I (KOH) |

I o o CHy - OH

| I I
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shawaIIU
(kg/m®) (MJlkg)
ASTM D1298 ASTM D240
Aa 836 46.486
luladianiiugimn 913 99494
U7 2 inSassudaimanyniranaad iy Dynamometer
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Famazszuneanafeudisinldlunsnasauingy
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Type FORD XLD 418
Engine Number D 1870/11 TL
Bore 82.5 mm
Stroke 82.0 mm
Number of Cylinder 4

Swept Volume 1753 cc
Compression Ratio 215t01

37 kW at 3600 RPM
5000 RPM

Maximum Power

Maximum Speed

iA0suudAnnAaA s gy Dynamometer WU
- o o o e o e - o > o
Fnziminngadumasaeiassudlasldiusnindgs

o o - o
mansaldsuutlaslnaannizyindeiniassudldlasns
Usuussauin

35497 3 NUR:LBuA Dynamometer MUY

Make GO-Power System
Type D 316
10000 RPM

Maximum Speed

Tasanuissvinnisnageufinnuiiiseunsf

2000 saudami ImuLtﬂazﬁwﬁuﬁlﬁa:gnstﬂaaamﬂu 3
T1aafa30 ,50 uaz70 N-m lundazlnanazyinnisauam
lumslfidandsiiatnanild dAuimwisasinig
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JauluIn

'zTau“m‘thw:maam?aauuﬁﬁszﬁmumnaﬁ 1 ¥hmsa
dmalsesuafivlaifolavassdonisgudaatneen
rieladelagihinsuiasvesniasdinneiinouafis
lodlasanusinsalumsiiaszs NO, uaz CO, ayj
Tuz29289 0-500 ppm Uaz 0-50% vol aud1aulasyin
myfadrauasiusaihmildindiensd lususeims
asmeumsuaivlaifuvasniasoud (6] andiaTzi
@8 Testo 350 gas analyzer l5lun1satameAluasn
aanlad NO, uszenfueulasenled Co, azgniamzy

Fhein3as Horiba Mexa-584L

311'7; 4 \nsfiefiamesilaidiy HORIBA JUMEXA - 584L

luguzasmsinnsiatudanladedlaan
wisspudlfiniesdetannuivussuuslnaiulay
anumansnlumsiiansiagluzag 0-100% azviims
fﬂ%ﬁmm%‘[mum‘?l'"lﬁa:gnﬁmﬂzﬁﬁamﬂ?m WAGER
34 6500
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Tumsiinnsiaussousseainiasoumivims
Rsamndananddsndamasinnazium (Brake
Specific Fuel Consumption, BSFC) fiasanmsauiuaas
wawdslaguiadamasiiniessudnialinolussos
namilanazlsansawideaanafoutusn (Brake
Thermal Efficiency, Ny) tudafitsuenlwnsiuda
dsrAnsnnueainiassudfimuisadsuannuoud
Issunnidemasluiduwouldnnionisdla Tagazgn
dmamfinnssInandng q%ommmﬁ'lmm'lﬂ”mnaums
Faeelui

befe="0 )
sfc = —L
7

n
T @
- m/Qm'

Taoh
P, @ia asiusn Brake Power (Kw)
i gF .
m), fa danmsldifawds (kg/sec)

Oy fio M1aNNTouaINTWTBINGY (MIKg)

3. HANITNARDILAIATIERHANITNARDY
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ausau
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o - ’ g a a e
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10 —s—hinawin

Break Thermal Efficiency, N
N
8

5 ~a—hifuinim
20 30 0 S0 60 70 80
Load (N-m)

o a a = 2
Eﬂﬂ 7 UssRnImwWIBsn NN UUN

3.3. Bunuasuanlaaanlad

mngﬂﬁ 8 ugasnslaasfmuaismalaide
assmivenlasanlad (CO,) fian1azTnandns 9iladh
'lﬂl.fiaﬁmsmﬁ'Tuaﬂgequﬂiwﬁwﬁ’uﬁLma, daiulule
Frnaninduusniuazaninguiin e co,
agﬁ 8.12, 8.72, 8.66 ppm sudeuaziuldiihauly
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that loaded. 5.4,10.8,16.7 Nm on the compression ratio of 16,17 and biodiesel with smoke is 2 times less than
diesel. The effects of Increasing the compression ratio results in a reduced amount of CO, HC, and Smoke but

resulting in an increase in NOx. Using biodiesel and i

sing the P ratio is one way to increase

combustion efficiency and help reduce exhaust pollution of the engine.

Keywords: Palm oil, Biodiesel, Compression ratio, Emissions.
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Engine Specification
Model ™1
Make Kirloskar Oil engines
Engine type 1 cylinder, 4 stroke, Water

cooled, Direct injection

Bore 87.5 mm
Stroke 110 mm
Connecting rod length 234 mm
Swept volume 661 cc
Rate output 3.5 kW at 1500 rpm
Compression ratio 12-18
Dynamometer Eddy current, Water cooled

insasiiofnnsiuafiwlafivaniadssuudls
w3asfiodianssiinaleduiine Testo 3% Testo 350,
fiwa Horiba % MEXA-584L uszindasdioTiaTzwivain
fiWa WAGER {4 DIGITAL SMOKE METER MODEL
ssooTﬂum'iﬁﬂofeqﬂnstﬁﬁwi’umsmnmuaaﬂﬂu
wHw i 31J17i 3 Tas@iminaseufinanuisisevves
3098 udAIN 1500 SAUABUIT N1BAITENTIY
5.4,10.8,16.3,21.7 N-m %38 3,6,9.12 kg uazisudn
sansuinasan 16, 17, 18 awdey Taoldiagu
aauazlulafiss Mniadguansuemsiening,

ausTnusadesnud, unsuafiulaldufiiadu
|

P P Mo

E s |
| Anstyrer |
— —J

al o SUINSY B S
FUA 3 UHUNTHLEAINSAAAILATEILUAIWILNG

naxay

4. HAMINARDINAENTOAUTIBRANTNAADY
-
4.1 HNTINNZVDILAITDILUG
. - v
HANIINARAUAIUANTIAUEIATB DU ldun
quansuznse lnd uazuaislodo Tavldlule
- - P o« ¥ o a PR
faradToufisunarasmmaeseau g udsadols
§ X s o &
dwihlweinassnids Fauaninanasay dadaluil

ENERGY

21-24 WOHMAY 2562 TINTAUATIITANT  “rHAILAND

v v
41130510158 wLU A0 TDINAITNUNIZLILSA
(BSFC)

auARIL N9 BaIwisdnIzIluTn (Brake

Specific Fuel Consumption, bsfc) fia dansAuAng
%’ a ' 19 4 N d a
Wwanwdslasuradariasniteniiunndaldan

4 4o i
wiassudmsluszuzinamitiniiag ngUN 4 uaas
anuFuilfaadaiwdsinwnziusn@src) luladiaad
Eﬂsﬁum‘a‘aorﬁaLwaw“um:msng\m'j1ﬁwa’lm}n
m3zlnaa tasandranuieuseslulefimadidion

] v - v . @ -
nifnnufausasdiwaiialildwasnuanuiaun

. - o o 1A i VY- | .
wirnwluledwadedaslsusunmidunininnindias
uazildadimaindasnarun1soadl BSFC vadlule
Aadlidd lndfaundslu lasnnannisiy
sandudraliniuariilumnamidaduas@lu

- 4 LN g 3 & o o a
3U76) Getruandadavvasiiululediganiany
wilagoniuazd Cetane index dnindia dsluams
P - i 1% i 5« «
A1 mMsRydandusaluduiiazidunisviala
shadwluladmamnnalldnuaalndidosiuiniudiea
&

WNAuE]

W Diesel CR18

W POB CR18
M Diesel CR17 W POB CR17

Diesel CR16 POB CR16

BSFC (kg/kWh)

3 6 9 12
Load (kg)

3 B —— .
JUN 4 anumwdievhdudmnziusndensenssy
4.1.2 UszanSnWBeanaTawysn(BTE)
1szANTNWITIALUITBULLIN (Brake Thermal
Efficiency, BTE) fia auaan3n lumsil Suunaans
a9 s & a . - o
anufaunlanniBomdildidundsnuna an jui s
wuin luledwafien BTE Indidssnudias udlums
- . . . . 9 .
nagoun sanaunion1e luladimaildl BTE dinin
- a4 o ' o - > o
flon Sefisandun1ssnte Insdadrvesennia
a o o g 4 a - P
punpiluiosenlndfidnas Ssidinuvesluladfisai
dnitssnarildinnnlndfilideiiias uazaay

5




102

- - . >, . &4
n'mJ7:'4311'mn'mma1ﬁuwmrlmw\aﬂs:mﬂ'lnu a3 15

nﬁﬂﬁ\ﬁﬂ“’mﬂiﬁrﬁaLwﬁeﬁur.iniwmmﬁm*mmsns:qn
frasiiululedimasainaldan Eﬂﬁ 7 azmiunlain
sanuaulunszuanguveslulefimaazlinuiSouin
urdammstaavdasanuioud ideilaadefivuiu
s Tapsaunisiudasaiunissasganalyt
ﬂszﬁvﬁmwL"Eaﬂ'nufamﬁw‘ru'lunn 9lnan

50

M Diesel CR18 | POB CR18
40

M Diesel CR17 | POB CR17
30 Diesel CR16 POB CR16

BTE (%)

20

. l l

0 + . i
3 6 9

Load (kg)

12

zﬂﬁ 5 UszRnSmMwiBsnnusaulusndamsznssy

4.2 quiansazn s lwal
qmé’numzn‘muﬂv\u’ﬁﬁwmwﬂaaau‘ldun‘
AMAGuluNIzUangy (In cylinder pressure) Wazaa s
m3sdanddauanuian (Rate of heat release) oot
nFuMTA (1) Imumﬁuuanmsﬁugwwaangiﬂﬁ 1
weslulawdndmuldauadsunszuaumsindnsed

i 9 )
(Polytropic process) WRAIAIRUNITN 1

oqa_y oOv,6 1 0P
= p | ayte 1
50 78 N \AJ
§ )
Tagfi %ﬁa aanmstaadsdssniuion, (J/ °CA)
(o}

a -

P #a ﬂ'nuau'luni:uangu, (Bar)
o

v fe Ysinasludoan’nd, (m?)
0 @0 asn1iWAToInd B, (-CA)

Y fa dandiuvasanuiauinme

4.2.1 anwanlunszuangu

zﬂﬁ 6 usaInIWAUlUNTzUANFUNAZEATINS
Usauanuiaudoasmnatoimins vasinsidomas
m2efia MIUiusandnididadmiummarauf
M3ENTIN 12 kg nuinfleusandunssaiinise

ENERGY

21-24 WOEMAY 2562 JINTAUATITRNT  “rHAILAND

nysuldganuaziianisassidasdanin (Advance
o & % e
ignition timing) 11n9u uaasiam s lndfAiadws
& a o o a 2y 4
Ju wiadamusrdrlunisyaszida(gnition Delay)iidu
& luldaugudi 6 dWesnngmngluazanuauses
madinadasn s IHaN[] Mnlisunisenlnd

g
Idi5du

n3Uf 7 usasnisuwlisuifisuannudulu
nizyanguvedlulefisanvdigadilnan 12Kg s 3
8aTEIUNIEa(16,17,18) 1nguit 7 wuinluladisadl
'ﬂ’mmwdﬂiﬂumsaﬁm:tﬁﬂﬁé’unh fanaldnnms
a o da & - - PRy .
Wuauauiiinadulussminmdamissiesniian
« a Y o - -

sagudaisuu oradasninandinluladioad

- a o % . - -
Usinmeandiauaglulaseaialuianadsluguit uasd
dsashagamdsluiassnndunairdadunald
iamsiFumsin nalldiFinindaiudins

4.2.2 sammsdanlassanuion
ludanuessnmnisdanddasninufoude
Wisuifsunsdsudasdunissanudt nisiiy
ganaumMIsasinalv sasnsdaaddesanuion
Lﬁmi'lwuﬁqn"hvﬁaﬁﬂawua’w-ﬁﬂumnmuﬂm(lgnition
Delay)§uae uazdgramainsannislanddasnnu
$oufidaiiisanin fganmIdanddesanuiaugiga
AR mmﬁaammnﬁa"mﬂa'wmsé'ﬂw‘ga woau Tnal
ﬂﬂ'nufaugaﬁflﬁffﬁu Aomaasnsrmsszmoiiyle
185 (1] v lsiBamassnansaiansen winszaned
'lﬂ"ﬁm’”uﬁﬂmnmvlﬂﬂ’a:mviaLﬁam”amm'lﬁmngﬂﬁ 6
N AN AiBaTEInIean 18 a:iaunuiGoy
NIBATIEIUNIIEN 17 UAz 16
Wewssuifsudannslsaddsasanuion
YpILFaINEINS 2 THa mnzﬂﬁ 7 wuin lulediaadl
ﬂ'J‘lllii‘]f‘llﬂﬂ‘li?ﬂ?:lﬁﬂﬁ:un’hlﬁﬂffﬂﬂ Turis 3
pasawnsan we Tuledimadnasiwnnallaly
uGsuinidefaunudies enadlesnaniiiana
SowBaasniuasduiiFinuiidinia




103

- { ) & o
masguinmueietondsuwialszinalng e 15 ENERGV
21-24 WouMAY 2562 JMIAUATITIN  STHAILAND

POeeCRIS  —PDedCRIT  —P Desel RIS ‘ 4.3 msilanlansuas
B (R i A O i g i
54 : 4.3.1 lulaslouaanlad (NO)
[P , g Tulasiaunaonlad (NOx) fasdsznaunang
£ ' o ”
i, ; Tasysznavdsluaineenled (NO) uazlulasianla
e A o - o -
g /. i ganlad (NOz) ifinain msnudanuvaisandianu
v ) 0 % Ml da it V- R |
» 10 L = § uazlulasiaundaglueinmia dainazsaadnuiiie
—PROBCRIT  —p OB CRIS axmeadamunniias ilwlulasiaumansaaowuszny
=—HRR POB CR17 =R POB CR18 L] - o Hl“: ¢
=% 3 pandlauld nunsssdlsznaveandiauuaslulasiau
z 5 .
§“ . ; Twisainds
3 H mivseslulasianeenled vesluledioa
g i
),‘ :
g ; Wisuisuiu@iea 91nguUi 8 wuiluladiwaiing

1lsan 'lu'[mwuaan'l'm(NO,()mmﬁ\huuﬂwamnuau

20 15 5 Crabk angle{°CA) 10 15

Tﬂ'ﬂ 7 mmmu'luns~uanautm ﬂﬂﬂﬂ'\?ﬂﬂﬂﬂﬂﬂﬂ 'luvm «]aﬂﬂmummmLuanwnuammnn'ﬁmunuau

anwfoudaiuiisumsfinsaansmumda 'lu"LuTammmum'lmﬂw-\maanmwmumummﬁ
a e o £ P et a
vaslulefimauazdisaiilnaagean ks lndundsdussnaldilonmaialulasian
N & & 4 ¥
o8 crie panlwa(NO)F9 U Maumianuniangsvashdulule
& - . 4 P I | p]
fa a9luarent msdaidulaududesazessn

- 00 <
1, % .
fo 3 ! wenunidanazyanyinfigadunamiduiom
o PR S a o
2 /\/\M "y anaurddaui il lndiianissaudaves
%0
2w f MN\Dremo— w0 ; Tulasiauaanlad(Nox) ssnaliluladimadlulasian

D a5 10 5 ke i panla@(NOx) figonindisa
—p POB CRIT | A = a a o : Y
WaSsuisunisifindandiunisda 3n

60 - . . - &
3 w3 | sUf 8 wuinsudeseenladueslulaauingeiu
$ % ,,.a | L% ; b
ju / » ; Wiasanmistusasauinasda vnliwasiunlnad
et > o PR T ik
i. g ) paunpigediudaneliifialemanisnindanuues
Y = =

5 A g
£o o3 sandiauuazlulasiauiflogluameauindedu ms
g )
a5 - 7 x
R o L o N 8 4 Udeglulasiausanlad (NO,) JsgeTu[12]
— .~ | >
— M Desel CR18 AR POB CRIS |
i ~ “
% a0 l,‘i 5;250 W POB CR17
3% 0% 3 200 ®POB CRIB
ga. ol - S
%10 @ s 4 W Diesel CR17
» 0d £ R
1 105, 5 Crank angle BCA) 1 1 &
sﬂ'n 8 m*luﬂu'lunruanamm aommﬂ]tmﬂaau f 2008 & o 124
m’msautuauﬁuumuus:mn‘lufam‘naua.ﬂwu ”M 8 ‘ﬂmmuﬂﬂﬂ%ﬂ (NOX)V'mT“nTWWN‘]

- - . o -
Araludamaumisasing ']YIIVIRGH:J b

5




104

- - . >, . &4
n'mJtz'qu11nn'mma1ﬂuwMﬂmw\aﬂs:mﬂ'lnu a3 15

POB CR16

Zos

g = P08 CRI7

£

goz WPoE CRIS

Diesel CR16
01 W Diesel CRIT
o ol Deuim R 8 Dicsel CRIS
3 6 ’ 12

oad (kg)

U7 9 maldasmsuaunauanladfinsznssudnsg

4.3.2 13uaunananisa (CO)
asuanuananlad (Co) Afainduuainle

a da & . v 4 - v
Wwuifadusznitanszuaun s lndl TIWAN G LA

a & 4 a dY . o=
iiaduiftasanySuimeandiaudiliioswauas

Wandain i nsuiuamalalid mswseudoums
Yssumsuanuanenloduadluladizanuiniudios
wuinlulediasinisusesnfuennenenleddinii
AR 22.46% ,11.7% ASATIFINNIIEA 16,17 Ainse
N3N 12 kg
Weaadasigaunissanuiinisdds s
mfusunauenlodanss aiilssntanfisansiuns
é'ﬂﬁgu ﬁaum‘lw’ﬂm'\us’auguﬁﬂﬁﬁwﬁu Woindad
sasmsszmoiinlo1da (1] i lWid auwBanan iy
nmelddaansafianmsienlninszaoild@dwfin
msLm"luﬁmhwimﬁnoﬁ'amm'lﬁmnzﬂﬁ 6 nT AN
M fisasdaun1ssad 18 aslarusuidounia
A0TEINNT0016,17
4.3.4 lalasarsuau (HC)
lalasafuau(HC)AomsUszneudunidfiia
yinms lnadlalauysalwsalaifansien il mngﬂﬁ
10 wWisuifisunisdseslalasarfuen (HC) Ainns:
nﬁmi'laqwuhnww‘@ﬁnﬂﬁ‘mn’wé‘a16 dlu 18 #
m3lnan 12kg #analini1ildes HCaARY 27.6%
dmiuigonaslulediss uazanas 52.6% dniy
\Hauwdsdioa SsnTanasues HousaslWiRwimM iy
BATIEIUNTONA vh'lvTﬂ'nu:’au’luﬁ'ﬂum‘lnﬁﬁtgu%’u
a'aNa’lvTﬂ'nudwﬁw1un1:gms:tﬁm§um[9] (ﬂ“ﬂugﬂﬁ 6)
fmudw‘h’lumsqm:mﬁaa‘qwaTmumwTaomsaﬂunﬁu
HC[12]ﬁ1Js:§n‘imwL"Bm':ws"auw‘i'ui‘fuﬁ'du:‘mﬁ' 5
wasiilowSouisumsyses HC vashdudimaus:lu
Todima mnzﬂﬁ 10 wuinlugslnaa 12 kg Tuledina

ENERGY

21-24 WOEMAY 2562 JINTAUATITRNT  “rHAILAND

P N A o o '
fimudes HC gonidien,12%,28.9% fidandmms
80 17,18 mudeau dawanuniaiigainivesiiuly
e E v 3
Todmaaaluansen uazdodSinaugawiseslole
PN , 5 PR R
fAmandasdauinnin Mlvmsawsdvasshiudougdn
o o N S - - & a
fanaldnnlutrluaadugamasluladiaaiuiing

Load12

. P 2 .
aaass HC Adautsd N dra

a0

POB CR16
= POB CRI7

W P08 CR18
Diesel CR16
® Diesel CRIT

W Diesed CR18

II|
I |I | Il I

cadiKg

U7 10 musaslalasmiveuiintsznssudinag

4.3.5 A7UA1 (Smoke)
msdsapaiusunsaiiaaniuiiaisueaun
waamdenmarn nslmssmenanam s neidilsi
« Y o o a : -
suysalyadiie angUf 11 uaasflansldasady
- P . 9 B v o d o o .
Wisuifisusznindanauinee Wailydanaiu
R o & Y § - ;
masdagedunuimsydesniuazaass ludauaims
o R - v & a &
dsulnaawuindaiaInaadsunmvesniuninudn
= P A ad a X
audSnausendInls asnniidawisunndulu
v InduddTnmemaminduilmidusasu
P Sk ol
WRNUUUAIINNDY #IHA IRl uAnauniennms
5 oo
v lmlinnduanumsiisduzesinae
WawSsuifisusenineihaiudimauarlule
a . a . o o oA -
fraszwuinluladisaszddesatudinindisaion
o A - -
wieafilnangsga 12 kg 01atiasanantluladiaad
luianasandiaugivuazlosddsznouaisarfven
a A oo | - o .
Tuiymauanauidrindsiouisunudieg

 Diesel CRIT

W Diesel CRI8

\&
, seatsm sumiiin 22l Il || ‘l
’ 12

3 6

Load (k)

37U 11 matldasaiuin1sznINeng g

5




105

- - -, . &4
mﬂJs:'qu’J'mmnma'muwmnuumﬂs:mﬂ‘lnu a3m 15

5. a5luamsnaaas
msﬁnmi’ﬂqmauﬂﬁmaL‘famﬁa waznIs
naseuinaiwlulodisadosussausvosinIauud M3
wnlnlusznsandsssuaRimfsuimindudios Ty
nﬂaauﬁmsznﬁumaq mmmazﬂwai«mﬂwﬁqﬁ
-Qmﬂuu’ﬁﬂrugwmamumwua:momﬁ'uno
luTadina(POB) fdianunita, Anunuiuty, A
dasdumiz, 3anuln gani’lﬁﬂﬁuﬁma udarigdinu
uasnaMuSauBamasdnithgudirs
AnuAwdendandsiumziusn (bsfc) Vo4
Tulafiaa (POB)ﬁmmnniwﬁwﬁuﬁwalmnmsznﬁu
URENNEATIFEINNNIEA Waindanauindisasan
nﬁémﬂﬁaaﬁwﬂuv‘f;mwﬁn:aﬂml‘u‘qn«)ms:‘[v«sm
AlszinSmwidsanuiouiusnvas luladiaa
(POB) ﬁmgunhﬁwiuﬁwa‘lumsﬂwaﬂ 3 uaz 12 kg
Aflaiudandiuidssasinslwaaustilu
n’wqm:tﬁma:um
- nuanisTanisuseslaidonudt nsiia
damawnseasinaldnstsssasuaunananlaed
(co) uaz'lalasenfuau (HC) uazaiu(Smoke) AAAS
ganeanlodvasiulasion (NOx) tAudn nsifty
samdwmssadassulivhaiwlulefisds=aninm
6. naGnssNiszne
msﬁnmm:aiﬁﬁs"umsaﬁua»‘mmnuv\ﬁwma“u
mﬂ'[u’[aﬁzgmﬁﬁﬂauaﬁuagum?mﬂammﬁﬂu‘[a
ﬁuﬁamamauamguzﬁﬂ%aaﬁaﬁaﬁnwum?aaﬁalums
wﬂaaumqmauu“'maqﬁwﬁ'u'lu'[aﬁwaua:mamam}m
WnsfionanTiniasdadia aiilasniud livinnns
nasaL
7. lanaN5a19d9
[1] N. Alkabbashi, Md Z. Alam, M. E. S. Mirghani A. M.
A. Al-Fusaiel. (2009). Biodiesel Production from Crude
Palm Oil by Transesterification Process. Journal of
Applied Sciences, vol.9, pp. 3166-3170.
[2] J. Xue, T.E. Grift, A.C. Hansen, Effect of biodiesel
on engine performances and emissions, Renew.

Sustain. Energy Rev. 15 (2) (2011) 1098e1116.

ENERGY

21-24 WOBMAY 2562 JINTAUATIITANT  “rHAILAND

[3] P. Benjumea, J. Agudelo, A. Agudelo, Basic
properties of palm oil biodiesel-diesel blends, Fuel 87
(10-11) (2008) 2069-2075.

[4] K. Subramanian, Utilization of biodiesel in
compression ignition engines, Biorefining of Biomass
to Biofuels (2018) 153-165
[5] Jindal S, Nandwana BP, Rathore NS, Vashistha V.
Experimental investigation of the effect of compression
ratio and injection pressure in a direct injection diesel
engine running on Jatropha methyl ester. Appl Therm
Eng 2010;30(5): 442-8.

[6] Laguitton O, Crua C, Cowell T, Heikal MR, Gold
MR. The effect of compression ratio on exhaust
emissions from a PCCI diesel engine. Energy Convers
Manage 2007;48(11):2918-24.

[7] Jawad, N., Syed Khaleel, A., & Farrukh, N. (2008).
Palm Biodiesel an Alternative Green Renewable
Energy for the Energy Demands of the Future.
International Conference on Construction and Building
Technology (ICCBT). vol.7, pp. 79-94.

[8] El_Kassaby, M. and M. A. Nemit_allah (2013).
Studying the effect of compression ratio on an engine
fueled with waste oil produced biodiesel/diesel fuel.
Alexandria Engineering Journal vol.52(1). pp.1-11.

[9] TIZARD and PYE,Philosophical Magazine, July
1922.

[10] John B. Heywood. (1988). internal combustion
engine fundamentals, International edition, ISBN: 0-07-
100499-8,McGraw-Hill Book, Singapore.pp.539-540.
[11] Kaimal, V. K., & Vijayabalan, P. (2016). A study
on synthesis of energy fuel from waste plastic and
assessment of its potential as an alternative fuel for
diesel engines. Waste Manage, vol. 51, pp. 91-96.

[12] Bora, B. J. and U. K. Saha (2016). "Experimental
evaluation of a rice bran biodiesel-biogas run dual fuel
diesel ratios."
Renewable Energy 87: 782-790.

engine at varying compression

5




106

Chiang Mai J. Sci. 20xx; xx(x) XXXX

i N
" o~ )
Y, Chiang Mai J. Sci. 20xx; XX(X) : XXXX-XXXX

7 httprepg.science.cmuac.thiejournal/

EMISSIONS AND PERFORMANCE OF A HYBRID
HYDROGEN-GASOHOL E20 FUELED SI ENGINE

Maethas Phantoun jaj, Karoon Fangsuwannarak +aj, and Thipwan
Fangsuwannarak b;

[a] School of Mechanical Engineering, Institute of Engineering, Suranaree University
of Technology, Nakhon Ratchasima, 30000, Thailand.

[b]  School of Electrical Engineering, Institute of Engineering, Suranaree University of
Technology, Nakhon Ratchasima, 30000, Thailand.

+Author for correspondence E-mail:karoon@sut.acth
Received:

Accepted:

ABSTRACT

This paper has investigated the cffects of an alternative hybrid hydrogen-gasohol E20
fueled spark ignition engine on engine performance and exhaust pollutants. A hydrogen
mixture with gasohol E20 was performed in an external mixture formation by installing a
hydrogen fuel injection kit into the intake manifold area which is responsible for injecting
hydrogen fuel into the inside of the engine's cylinder. The % volume of hydrogen fraction in
the intake was gradually increased from 3% to 9% under the ignition degree conditions of 20°,
25°,30°, and 35°. The top dead center was controlled by using the electronic control unit to
study the optimal condition for a four-stroke single-cylinder engine. In the steady-state test
condition, the half-open throttle under the variable engine load of 28%, 42%, 56%, and 70%
was defined in each maximum engine torque. The engine can be available satisfactorily for an
average relative air-fuel ratio (X) value of 1.2 for hybrid hydrogen-gasohol E20 fuel. The
results indicated that when the fraction of hydrogen volume increascd, the spark timing was
postponed as ignition delay closer to the top dead center (TDC) at 25° BTDC. It results in the
brake power and thermal engine efficiency increased. It is also noted that ignition delay also
caused NO;, HC, and CO emissions to decrease. NOy emissions have increased with increasing
volumes of hydrogen, while HC and CO emissions have decreased.

Keywords: Hybrid hydrogen-gasoline E20), Spark-ignition cngine, Gas exhaust, Enginc
performance
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1. INTRODUCTION

The limited fossil fuel resources and the
air pollution have been rising steeply from
more fossil fuel consumptions of the
industrial, and transportation scctors. The
improvement of thermal cfficiency and
cmissions  performance  of  internal
combustion engines (ICE) has attracted more
and more attention and has become an
important issuc nowadays. There is a focus
on reducing greenhouse gas emissions in
industrial countrics. The regulations have
been implemented through emission CO,
control and used electrification targets for the
transportation  scctor.  The  relative
proportions of the major pollutants in exhaust
cmissions depend mainly on the specific
organization and the parameters of the
ignition and combustion processcs in the ICE
[1,2].

Crude oil extracted is widely used in
ICE engines, simultancously the increasing
utilization of some alternative fuels requiring
the specific engine modification to have
more importance. The novelty engines have
been developed to modify continuously.
Hydrogen is one of the most important
candidates to supply energy demands in the
future. The crucial advantages of hydrogen
properties arca heating value three times
larger than petroleum as a mass basis, and
creates significantly less zero harmful
tailpipe-emissions from internal combustion
engines [3].

Utilizing hydrogen as a fuel in an ICE
engine propelled vehicles is a promising
dircction for the future of the transportation
scctor. Hydrogen-fucled ICEs (H2ICEs) have
a low achievable efficiency of 20-25%,
which is a cause for problems including the
current hydrogen storage capabilities in both
gas and liquid states. Hydrogen mixture in a
traditional fucl is a promising technique to
improve the gasoline engine performance,
cspecially at  optimized lean operating
conditions [4]. Besides, compared with using
traditional fossil fuels in the combustion
engine, a hydrogen mixture creates a
carbonless tailpipe-emissions such as HC,

XXXX

CO, and CO; emissions decreased with the
increase in hydrogen percentage but NOy
cmissions increasced. Thus, the application of
hydrogen engines can attenuate the concerns
about harmful toxic and greenhouse
emissions from internal combustion engines
[5]. However, due to the low energy density
of hydrogen by volume, hydrogen engines
produce a lower power output than gasoline
engines at the same excess air ratio [6]. The
cngine was operated at 1500 rpm and excess
air ratio at 1.2. Tt was found that when the
hydrogen volume fraction was raised from
0% to 10% The brake thermal cfficiency
increases with the increase of the hydrogen
volume fraction [7]. The flamc ratc of
hydrogen is five times as high as that of
gasoline. Thus, the narrow flammability of
gasoline is required from which pure
gasoline-fueled fraction in hydrogen engines
has an optimization to reducc cyclic variation
compared with gasoline engines [8,9]. The
high thermal efficiency of hydrogen is due to
its fast flame speed, which enables for stable
combustion (low cycle to cycle variation)
[10]. As a result of hydrogen can be used
under an optimizing lean mixture. A lean
mixture is one in which less amount of fuel
nceds than the theoretical stoichiometric or
chemically ideal for combustion required a
given amount of air mixture [11,12]. The
combustion propertics of hydrogen can help
engine to extend the lean burn limit from 1 of
the gasoline enginc to 2.55 of the hydrogen-
gasoline engine, and the brake thermal
cfficiency and emissions at lcan burn limits
were also improved [13,14]. This is a reason
to make an engine start on hydrogen-fueled.
Nevertheless, there is a limit for the engine
working, as the lean operation results in
significantly reduce power output duc to a
reduction in the volumetric heating value of
the air/fuel mixture. The addition of
hydrogen  significantly  improved  the
cffective thermal cfficiency of lean-burn
conditions. At A = 1.8, the effective thermal
cfficiency raised from 18% to 31% with the
increase of the hydrogen additional fraction
from 3.9% to 10.5% [15,16].

The effect of hydrogen adding to a
gasoline-fucled SI engine on extending its
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Ican burn limit for improving spark-ignition
engine (S and emissions performance. HC
and CO emissions are reduced, whereas NOx
emissions are raised. For a specified excess
air ratio, HC, CO and CO2 cmissions arc
obviously reduced after hydrogen addition,
especially at low load conditions. [ 17).
Morcover, in many previous studics,
hydrogen was premixed in the air before it
was introduced into the cylinder. It has the
possibility of backfire in the intake manifolds
intensified when a high hydrogen blending
level was adopted [18]. As the engine speed
increases, the maximum torque decreases
because the excess air ratio that does not
backfire continues to increase. The supply of
the hydrogen fuel is limited due to the
occurrence of backfire and the maximum
torque is observed at 2000 rpm where the
excess airratio is 1.24 without backfiring (19.

Pre-ignition, backfiring, and knocking
are abnormal combustion events or
combustion anomalics associated with
external mixture type (¢ port or manifold
injection type) hydrogen fueled spark ignition
cngines. The cngine was run smoothly
between the equivalence ratio 0.6 to 1.03
hydrogen fuel, more than that the engine
knocks and backfires, whereas the
equivalence ratio was in the range of 0.78-
1.28 for gasoline operations [20]. Pre-ignition
is the combustion of charge prior to spark
timing when the intake valves are closed
during the compression stroke. Backfire is a
form of pre-ignition phenomena that occurs
during the suction stroke of a hydrogen-
fucled cngine. Reducing the injection
duration can overcome the problem of
backfiring at high power outputs. Suitable
mcthods must be adopted to control the
cngine knock so that th¢ maximum powcer
output can be further improved (21-23).

In this paper, an experiment was carried
out on a gasolinc- fucled SI cnginc to
investigate the effect of hydrogen-fueled in
the combustion engine and emission
characteristics at lecan burn limits. The

XXXX

hydrogen injectionsystem is connected to the
intake manifolds. The experimental work was
carried on the condition of half-open throttle
under the variable load engine at 28%, 42%,
56%, and 70%of maximum engine torque. The
effect of hydrogen enrichment level of
engine brake power and emissions
performance under lean conditions. The tests
were defined by using the four hydrogen
volume fractions in total intake gases of 3%,
5%, 7%, and9% with an average relative air-
fucl ratio A = 1.2 for hybrid hydrogen-gasohol
E20 fuel.

2. Experimental method and procedure
2.1. Experimental method

The tested engine is a 0.108 L single-
cylinder engine ( Honda)  with the
specifications shown in Table 1. For the
requirements of this experiment, fucl injector
ports connecting with the intake manifolds
and the indirect injectors for hydrogen were
installed. Hydrogen was fed through the high-
pressure hydrogen injectors of 4.5 MPa into
the indirect injectors. An electronic control
unit ( ECU) of hydrogen- gasoline
functionality was crcated to control the
ignition timing, hydrogen and gasoline
injection timing duration. The engine ignition
timing, an excess air ratio, and hydrogen
blending fraction can be adjusted by the
ECLL

The engine was connected to Land &
Sea' s Dynomilc kart, water brake cngine
dynamomecter with a load cell as a load of the
engine. The A cair to fuel equivalence ratio)
was measured by Bosch LSU4.9 oxygen
sensor -installed in the exhaust pipe. The
hydrogen flow rate was calculated from the
measurements of a lambda meter, a gasoline
mass flow meter, owing to the ultra-low flow
rate of hydrogen. The exhaust emissions such
as CO, HC, and NOy were measured by a
TESTO 350 exhaust analyzer. The
specifications are shown in Table 3
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2.2 Experimental procedure

The measurements were started when
the engine operation was fully warmed up
with gasoline except for an ignition timing at
the original position of 39° BTDC. In testing
duration, the coolant temperatures were kept
around 90 and 95 ° +1° C, respectively, to
minimize their negative effects on the test
results. The engine was operated at a half-
open throttle with varying a load engine of
28%, 42¢%, 56% and 70% at th¢ maximum
engine torque. The Hydrogen flow rate was
mecasurcd by a gas flow meter controlled by
a needle valve before pass through a flame
trap for suppressing fire hazards in the
system. The characteristics of hydrogen and
gasoline propertics are shown in Table 2.

Table 1 Engine specifications

Engine Specification
Model Honda click 110i
1 cylinder, 1 stroke,

Engi : .
ngite fpe Indirect injection
Bore 500 mm
Stroke 556 mm
Swept volume 108 cc

Rate output 6.5 kW at 7500 rpm
Compression ratio 9

The variable volume fractions of
intake hydrogen (oH,) were defined of 3%, 5%,
7%, and 9%. Thus, the gasoline flow rate was
gradually reduced to keep the excess air ratio
(A of the mixture in cylinder at 1.2, which are
defined by Eqs.(1)and 2).

A
@, =——x100% 48]
v
A=m—2Ff2 . g
VP AR, Fm AR,

where V. is an air volume flow rates. Vi, is
a hydrogen volume flow rate (L/min), my.sis
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a gasoline mass flow rate (gmin), pai- and puz
is air and hydrogen densities (g/L). AF,, and
AFy: are the stoichiometric air-to-fuel ratios
of gasoline and hydrogen (AFy: - 34.3 and
AF,.,- 14.6).

Moreover, the effects of variable
ignition timing on the variable brake power
arc considered. The effect of hydrogen
addition in the combustion engine on its
performance was observed using the
combustion data in the various ratios of
excess air. The ignition degree between 20°
and 35° above top dead center is investigated
the effect of spark timing on the engine
performance and emission.

3.Results and discussions
3.1. Brake power

The brake power is one parameter that
reflects the engine power output. The Fig. 1.
shows the measured results of the brake
power with the variable engine load between
28% and 70%, which arc tested under the
varying conditions of ignition degrees from
20° to 35° and H, volume fractions from 3%
to 9%. It is found that the brake power
obviously increases with the increase in the
cnginc load and the degree of ignition.
Mcanwhilc, it is noticed that when incrcasing
H- volume fraction from 3% to 7%, the brake
power increases in all variable conditions
until at 9% H, volume fraction the brake
power gradually declined. as the Ha fraction
increases. It is mostly possible that as the air
content in the intake is gradually lowered as
the hydrogen fraction in the overall intake
gas increases, brake power decreases due to
improper combustion [24. It is also observed
that the optimal ignition degree of 25°
provides the maximum brake power of 3.03
kW' for using the optimal 7% H, volumc
fractions.

3.2.Brakc Thermal Efficiency

The Brake thermal efficiency (BTE) of
the engine is the ability to change the heat
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energy obtained from the fuel into
mechanical energy. Fig. 2 It shows that the
calculated results of the BTE with the
variable engine load, which are demonstrated
with the varying conditions of ignition
degrees from 20° to 35° and H. volume
fractions from 3% to 9%. It is found that the
BTE obviously increases with the increase in
the engine load and the degree of ignition.
The H: addition enables the engine to gain
higher thermal efficiency at the same ignition
timing until the hydrogen ratio reaches 7%
and then the thermal efficiency declined. In
addition, the maximum BTE is obtained at
20° and 25° ignition degrees before the top
dead center (TDC) for all hydrogen ratios.

XXXX

When the optimal ignition degree is closer to
TDC, it leads to a better fuel mixture in the
combustion process and a higher heat
generation due to the expansion stroke
occurring in a short time. Nonetheless, more
ignition timing causes an increase in heat
transfer losses, which leads to a decrease in
BTE [25]. This is due to higher heating value
of Hz, which causes more fuel quantity could
be burned during the piston moving toward
TDC [26]. Thus, the optimal ignition degree
of 25° and the optimal 7% Hz volume fraction
provide thc maximum BTE of 16.26%,
which is consistent with the maximum break
power.

Table 2 Properties of gasoline and hydrogen fuel

Property Gasoline Hydrogen
Limits of flammability in air, vol % 1.0-7.6 4.75
Stoichiometric composition in air, vols 2 2953
Minimum energy for ignition in air, mJ 024 0.02
Autoignition temperature, K 501-744 858
Flamc temperature in air, K 2470 2318
Equivalence ratio flammability 0.74 0.1-0.7
Lower heating value MJkg) 4479 119.7
Table 3 Specifications of exhaust gas analyzer
Parameter Measuring range Accuracy Resolution
cO 0-10,000 ppm +10<200 ppm Ippm
HC 0-40,000 ppm +400 ppm 10 ppm
NO. 04,000 ppm +5<100 ppm 1 ppm
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3.2 Exhaust cmissions analysis

3.2.1 Hydrocarbon Emission
Fig. 3 shows thc mcasurcd HC cmissions
under the variable test conditions of the
engine loads with varying ignition degrees
and variable %H, volume fractions. It is
noted that decrcasing HC emissions is found
obviously when the engine load increases by
using the %H, fraction conditions.
Furthermore, the HC emissions seems to be
the downward trend with an increasc in
ignition degree, which rclates to the
reduction of the exhaust temperature and
declining of oxidation reaction of unburned
HC. In this study, increasing %H, volume
affects a slight decrease in the HC emission.
It is perhaps due to the quantity reduction of
gasoline injection and absence of carbon
atom in the hydrogen mixture to finally cause
unburned HC reduces. In  general, the
characteristics of hydrogen such as wide
flammability  limits, and fast flame

3% H; volume faction

500 5 T
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x 42 70
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T.oad(%Max. Torquc)
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propagation can contribute the complete
engine combustion and HC emission is more
or less a reduction. The reducing HC
emission resulted from the rise of
combustion temperature, which caused by
the volumetric efficiency increase [27].

322 Carbon monoxide emission

The measurcd CO cmissions arc shown in
Fig. 4 at the various engine loads. The results
of the reduction in CO emissions where the
increase in engine load appears to be similar
to the behavior of HC cmissions. Normally,
CO cmissions decrcase with an increase in
the volume in %H and the degree of ignition
due to the decrease in the exhaust
temperature, and the reduction of the
oxidation rcaction of CO. Mcanwhilc, the
increase of hydrogen addition can improve
the combustion process of the fuel mixture in
the cylinder, causing the CO emissions drop
28,29).
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= 30° Ignition
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Fig. 3 Hydrocarbon emission measured at the variable engine loads with varying Hz volume fractions and ignition

degrees at A=1.2
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3.2.3 Oxide of Nitrogen Emissions
The measured NOx emissions are shown in
Fig. 5 Oxygen concentration, temperature
and duration of the reaction are the main
factors to reduce NOy emissions. It is noticed
that increasing NOx emissions is found

3% H, volume fraction
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Y
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0
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o

obviously when the engine load increases by
using a more %H, addition. This is due to that
the high temperature in the combustion
reaction results in the increase of NO,
emission [30].
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Fig. 4 Carbon monoxide emissions measured at the variable engine loads with varying H> volume fractions and

ignition degrees at A-1.2
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Fig. 5 Oxide of nitrogen emissions measured at the variable engine loads with varying Hz volume fractions and

ignition degrees at 2=1.2

4. CONCLUSIONS

This paper investigates the cffects of
variation of %H. addition in E20 fucl, and thc
ignition degrees on the engine performance
tested with varying load engines and the gas
exhausts. The experimental results provide
the maximum brake power and maximum
BTE of 3.026 kW, and16.26%, respectively
at the optimum %7 H. volume fraction and
the optimum 25° ignition degree. It is due to
the higher heating value of H» than that of
E20, leading the improvement of this
alternative fuel quality. In addition, gas
exhausts consisting of such carbon element,
such as HC and CO diminish with using more
H, addition to the rise of combustion
temperature. Nevertheless, NO, emission
increases simultancously with more H»
addition. This problem can mitigate from the
optimization of lean-burn condition.
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ABSTRACT

Palm o1l biodiesel (POB) has a number of beneficial properties of the environment due
to less exhaust emission (carbon monoxide, hydrocarbon, and smoke). It can lead to a reduction
of pollution by decreasing the emission of harmful and hazardous substances to the atmosphere.
In this work, palm biofucl was produced in house from crude palm oil with transesterification
reaction carried out using a base catalyst. A low-speed agriculture engine under the variable load
range of 3-12kg at a constant speed of 1500 pm was investigated the several combustion
characteristics under ASTM standards. T'he effect of a variable compression ratio (VCR) from 16
to 18 on low-speed engine performance and the gas emission was investigated in order to find out
the optimal values of compression ratio (CR)low-speed engine. The experimental results are found
that this engine fueled by the biofuel under test load at 12kg obtained the highest thermal
efficiency of 27%at the compression ratio of 18, while its brake specific fuel consumption reduced
with the increase of the test load. An increase up to CR18 presents the consistent explanation of
the higher heat release and the shorter ignition delay, while the amount of carbon monoxide and
hydrocarbon emission effectively reduced down to 42% and 21%, tespectively. The optimum
performance of the low-speed agriculture engine was found in CR value of 18 during full load

condition

Keywords: Palm biofuel; Variable compress ratio; Combustion characteristics; Engine

performance; Fxhaust emission
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1. INTRODUCTION

The largest increase in the number of
automobiles for transportation and agriculture
machines has resulted in greater demand for
petroleum products with the trend of fast
depletion of world petroleum reserves [11. 'The
main point of the world energy demand in the
last two decades has encouraged the researchers
searching for new alternative energy sources such
as biofuels, solar energy, wind energy, and
biomass [2]. Biodicsel 1s an alternative fuel due to
its various advantages, such as abundant biomass
resources, biodegradable and environmental
friendliness over fossil fuel [31. Moreover,
biodiesel predominantly produced from biomass
is becoming cost-competitive with fossil fuels
due to the widespread availability of biomass
resource [4]

In the present, palm oil s a trade
commodity to cause direct competition between
using palm oil for biodiesel production and using
for food. This reason leads to an increase in the
price of both uses. Nevertheless, ‘the raw palm
has a massive cnergy plantation in Thailand and
the benefit of the environment and the local
population. For the palm oil biodiesel (POB)
production, trans-esterification of palm oil with
methanol to obtain POB was carried out using
potassium hydroxide (KOI) caralyst (5. ASTM
standard fuel tests performed on the POB, in
particular, POB blend with nano-additive
material provided the promising results such as
improvement of engine power and reduction of
brake  specific fuel consumption and exhaust
emissions  [6,7]. Biodiesel with high oxygen
content is biodegradable through antioxidants,
whereas petroleum has essentially “none (3]
Furthermore, there are more studies to improve
the fucl quality and engine performance without
modifying diesel engine.

Iowever, diesel engine generally emits
exhaust more than emission from a gasoline

XXXX

engine, which causes higher pollution.
Decreasing fossil fuel and increasing ambient air
pollution force the research on cleaner
alternative fuels concern biodiesel for diesel
engines. Morcover, biodiesel  predominantly
produced from biomass is becoming cost-
competitive with fossil fuels due to the
widespread availability of biomass resource [71.
The previous researches were investigated the
waste cooking oil biodicsel to cffect on diesel
engines. Tt was found the better engine
performances with the low gas exhaust except
NOx gas. The torque and thermal efficiency
decreased by 9% and 11%, respectively, whereas
the fucl consumption increased by 17% as
biodiesel ratio increased up to 50% [8-91.
Moreover, an increase in compression ratio has
an effect on the deterioration reduction of the
diesel engine performance fueled with the high
biodiesel blending percentage (101

In this study, the palm oil biodiesel
produced from palm oils with varying blend ratio
of biodiesel was investigated. The experiments
were conducted on load condition 3, 6, 9, and 12
kg or brake power 0.86, 1.71, 2.57, and 342 kW,
compression ratios of 16, 17 and 18 at an engine

speed of 1500rpm.,

2. MATERIALS AND METHODS

Crude palm oil extracted from palm seeds,
usually exhibits high wiscosity values, making
them unsuitable to be used as a fuel for
continuous running. Therefore, a process called
trans-esterification is performed so as to reduce
the viscosity by treating the crude oil with
aleohols  «commonly ethanol or methanol)
wherein a by-product is obtained in the form of
glycerol which has to be separated. The trains -
esterification reaction is a stage of converting oil

or fat into methyl esters
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2.1 Biodiesel production from palm oil

Palm oils primarily contain triglycerides, and
their chemical structure is significantly different
from that of minceral Diesel Transesterification is
an efficient method to convert high viscosity
palm oil into a fuel with chemical properties
similar to those of mineral Diesel. POB was
prepared from palm oil and methanol by using
potassium hydroxide (KO as a catalyst through
transesterification process. In such biodiesel
production, the cffect of oil to methanol molar
ratio 1:6, catalyst concentration 1% by weight,
reaction temperature 60°C and reaction time 60
min on the yield of transesterification was
studied. The biodiesel yield percentage is the
factor that indicates the amount of actual
biodicsel  yicld (Yoo compared “with  the
theoretical  biodiesel yield. The - theoretical
biodiesel yield (Y and biodiesel yield percentage
©4Y) can be calculated from the following

equations
o N x MW, X Mo i)
MW, 01
%Y = Y 2
th
when,
Y. actual biodicsel yield @)
Ye = theoretical yield of biodiesel (g)
N mole number of biodiesel per mole
amount of crude vegemble oil
1, £, crude palm oil mass ()
MW,n molecular weight of palm oil
methyl ester 285 60g/mob
MW, .01 = molecular weight of crude palm

oil (846.94g/mol
From Figure 2, it shows the gas
chromatograph profiles of biodiesel, which can
conclude to Table3. The Table3 shows the main

XXXX

components are palmitic acid (39.18%), oleic acid
(43.88%) and linolcic acid (10.57%). We can find
the average molecular weight of palm methyl
ester from the rable3 equal o 285.6 grmol and the
result of the transesterification reaction with
palm oil 4000 g reaction results in actual biodiesel
vield ( Y,) of 3989.47 g. The results of the
calculation are able to obtain the theoretical yield
of biodiesel ( Y,) of 6369.29 g and the yield

percentage (%Y ) of 62.64%.

2.2.Testing of fuel properties

“This research measures the fuel properties of
biodiesel from palm oil and diesel oil. Thailand
has set the standard for biodiesel by the
Department of Iinergy Business, Ministry of
Energy. 'T'his is due to the requirement of the
quality control for the engine using. The
experimental results of fuel properties were
measured as shown in Table 1. Specific gravity,
density and the flash point values are obtained in
the standard of the criteria set by the Department
of Iinergy Business but viscosity value is equal to
5.57 ¢St, which is higher than the standard criteria
(0.57 cSt) compared to diesel oil. ‘This viscosity
result of palm oil has related to the higher flash
point and its density.

2.3 Experimental test setup and procedure
In a single-cylinder direct injection diesel
engine with the naturally aspirated, water-cooled
system was used for the engine test to evaluate
engine performance and exhaust emissions. The
engine was operated by using diesel fuel and the
results were used as reference values. Thus, the
comparison results obtained from the engine
fueled with POB compared with diesel fuel ‘The
engine specification is shown in Table 2. The
experimental  installation  diagram  is  drawn
schematically in Figure 1. An eddy current

dynamometer equipped with a load cell was used
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to load the engine. ‘The engine was tested at a
constant speed of 1500 rpm with varying four-
engine operating loads (3, 6, 9, and 12 kg or brake
power 0.86, 1.71, 257, and 342 kW), which
represents the range of the engine operating
condition from low to high levels and variable

compression ratios 16, 17, and 18. Exhaust

XXXX

emissions were measured by standard exhaust
gas analyzers : Testo 350 for CO and NOx,
Horiba Mexa-5841. for HC and WAGER
DIGITAL SMOKI METIER MODIL 6500 for
smoke emissions. In each condition tested, the
engine was stabilized by the observation of
exhaust temperatures and exhaust emission.

Table 1. Properties of Diesel and Palm oil biodiesel (POB)

Property Standard test Diesel Biodiesel
Kinematic viscosity @40 °C (cSt) ASTM D445 412 557
Flash point (°C) ASTM D93 59 154
Specific Gravity 15.6 °C ASTM D1298 0830 087
Density 15.6 °C (kgim?) ASTM D1298 829253 874.200
Cetane Index ASTM D976 56 50
Heating Value M]/kg) ASTM D240 4648 40.54

Table 2 Technical specifications of diesel

engine test

eire Ok Temperature)

Figure 1. Diagram of the installation system of

Engine Specification
Modecl TV1
Make Kirloskar Oil engines
Engine type 1 cylinder, 4 strokes,
Dircctinjection
Bore 87.5 mm
Stroke 110 mm
Connectin, rod
length . i
Swept volume 661 cc
Rate output 3.5 kW at 1500 rpm
Compression ratio 1218 the cagine test.
Dynamometer Liddy current, Water
cooled
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Figure 2. Gas chromatograph profiles of Palm Oil Biodiesel OB

Table 3. Total fatty acid methyl esters (FAMUHs) quantification in POB by 7890GC Gas chromatograph

together with all the identificd compounds with their arca and retention time

Peak Retention c Molecular
NO Time Name No.DbLBnd Weight ArealpA-s] %FAME

1 21.256 Lauric acid C12:0 214.351 31.29091 021

2 23916 Myristic acid C140 242405 138.63071 090
Pentadecanoic

) 25711 acid C15:0 256.432 6.62916 0.04

4 28214 Palmitic acid C16:0 270459 6155.0523 39.18

Palmitoleic

5 29.972 acid C16:1 268.459 26.88735 018
Heptadecanoic

6 30.846 acid C17:0 284.486 15.14251 016

7 34.75 Stearic acdd C180 298,513 67921252 425

8 37913 Olcic acid C18:1n9¢ 296.513 7053.6738 43.88

9 42,059 TLinolcic acid (C18:2n6¢ 294.513 1624.8065 10.57

10 44.234 Arachidic acid €200 326567 4810182 029

y-Linolenic

11 44.946 atia C183n6 292513 727151 005
Henicosanoic C20:1+C18:3n

12 46.174 acid 3 324.567 34.58462 022

13 51.261 Behenic acid C22:0 354.621 834671 005

3.RESULTS AND DISCUSSION

3.1 Engine performance

The comparative results of using dicsel with POB

in a diesel engine, which are shown in the

following rest results.

The results of engine performance were

tested, including the combustion feature and

pollution caused incomplete combustion.

3.1.1 Brake Specific Consumption
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Brake Specific I'uel Consumption (BSHC) is the
rate of fuel consumption by mass per unit power
produced from the engine within one unit of
time. Figure 3 shows the fuel consumption of the
brake. BSFC with tested POB has a higher fuel
consumption ratio than diesel under all load
conditions due to the less heating value of
biodiesel than that of diesel fuel. Thus, in order
to obtain the same thermal energy, engine fueled
by POB requires a greater amount of fuel than
diesel. When the compression ratio increases,
BSFC with tested POB becomes closer and
approach to BSFC with tested dicsel fuel It is duc
to the increase in the ratio resulting in the shorted
ignition delay, which is able to compensate the
disadvantages view points of the higher POB
viscosity and the lower cetane index than that of
diesel as shown Table 1. An increase of the
compression ratio of an engine fueled by POB is
able to improve the easier ignition and more

combustion [11].

esel CRIS @POBCRIS
BPOBCRI
Diesel CRIG BPOBCRI16

Load (i

Figure 3 Brake Specific Consumption (BSFC)

with load.

3.1.2 Brake 'Thermal Efficiency

Brake ‘Thermal Lifficiency B1TY) of engine
is the ability to change the heat energy obtained
from the fuel into mechanical energy. As shown
in Iigure 4, an increase of the compression ratio
results in a rise of thermal efficiency under all
load tests. In this work, the BTE value of the
engine fueled POB is similar to that of the diesel
at the compression ratio of 17 and 18. However,

XXXX

in the compression ratio test at 16, the engine
fueled by POB obtained a lower BTE value than
dicsel owing to the poor performance of POB
spray at lower temperature in the combustion
chamber.  This condition results in the lower
cetane value of using POB than diesel due to the

presence of inconsistent combustion.

40

‘ @ Diesel CRIS  @POB CR18
ODiesel CRI7  @POB CR1
@Diesel CRI6 OPOB CR16

I,
2777727777777

LB

Figure 4 Variation of brake thermal efficiency
BTE)with load.

3.1.3 Exhaust temperature

As illustrated in Figure 5, the cxhaust
temperature of the tested engine obtained the
higher value with an increase of the load, which
relates to the higher brake power under
increasing the compression ratio condition. The
engine fueled by POB comparing with diesel
presents a few higher exhaust temperature values
from the POB test than diesel test under the load
test at 3 and 6 kg. On the other hand, at the load
test at 9 and 12 kg, the exhaust temperature
values from POB test provide more slightly
decrease than diesel test as illustrated in Figure 5.
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Figure 5 Exhaust temperature with load.
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Figure 6 Relationship between combustion

temperature and ignition time.

In case of the fuel temperature higher
than  sclf-ignition  temperature SIT) as
presented in Figure 6, the fuel is burnt after a
period of ignition delay D). At the higher the
temperature than the SI'T, the ID range obtains
the shorter time with a few thousand parts of a

second [12].

3.2 Combustion characteristic

The combustion characteristics examined,
including the cylinder pressure and the heat
release, which is derived from the equation (3),
based on the First Law of Thermodynamics
under hypothesis the polytropic process is shown
in the cquation 3

Gy y (0v) 1 (,0° 3
ao‘y-1("ae]+y—1("aa) ©

C ()
) "
15 fh(.' amount ()f hL"(lr rmnsfcr rafre

where
(e

(Jideg CA)V is the instantaneous volume (m?), P

is cylinder pressure N'm? of the cylinder, y is the

XXXX

ratio of specific heats, and 6 is crank angle (deg)

(13)

321 Cylinder Pressure and Ileat Release
Rate

I'igure 7 shows the variation of cylinder
pressure values and heat release rate with variable
combustion ratio (VCR) from 16 to 18 under the
variable crank angles at full load. It is found that
the combustion ratio of 18 (CR18) for the engine
tested by POB and diesel obtains the high
cylinder pressure at stable crank angle due to high
heat release, causing a good fuel evaporation rate
[141. In case of the engine tested by POB, the less
shift of crank angle implies to the shorter ignition
delay than diesel test. However, POB test affects
fluctuation of the heat release rate due to its
lower volatility and higher viscosity than diesel
fuel. When the combustion ratio was adjusted at
CR18, it is able to reduce this influence.
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Figure 7 Variation cylinder pressure and
heat relcase rate at the crank angles under
combustion ratio conditions comparing with
dicsel and POB conditions.

3.3 Emission analysis

3.3.1 Oxide of Nitrogen Emissions (NO»
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Nitrogen oxide (NOy gas is the main
exhaust components from engine combustion
consisting of nitric oxide (NO) and nitrogen
dioxide (NO,). ITigh combustion temperature is
able to affect the rise of NOy emission due to the
high possibility of nitrogen bonding with oxygen.
The oxygenated nature of POB provides the
slightly higher adiabatic flame temperature
resulting in the better combustion complete than
diesel test [15].

Figure 8 shows NOx emission with
varying loads and combustion ratios for POB
and diesel tests. It is noted that under all engine
load tests, the cffect of the decreased VCR of a
reduction of NOx emission is found for the
both of POB and dicsel tests. NOx as double
bonded molecules is brought to a slightly higher
adiabatic flame temperature. Thus, the high
combustion temperature has the effective
influence  directly from increasing VCR.
Mcanwhile, the high viscosity of POB and high
flash point can cause the decay of fuel injection
and subsequently affect an increase in NOx

emission.
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Figure 8 Variation NOx emission with loads
under vagiable combustion ratios.

3.3.2 Carbon monoxide emissions (CO)

Carbon monoxide emissions are mostly
dependent on the fuel properties, the amount of
oxygen, the combination of air and fuel,
temperature and turbulent airflow in the

combustion chamber. CO  emissions  with

XXXX

varying loads and combustion ratios for POB
and diesel tests is shown in Figure9. Comparing
the CO emissions of biodiesel and diesel fuel, it
is found the decrease of CO emission from POB
test comparing with diesel test in all VCR and
engine load conditions. It i1s mostly possible due
to C-O bonds lightly occurring at combustion
temperatures and its shorter ignition delay also
results in better the complete fuel combustion
1161. Therefore, an increase in VRC relating to

combustion temperatures is able to reduce CO

€missions.
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Figure 9 Variation CO emission with loads

under variable combustion ratios.

3.3.4 Hydrocarbon emissions (HC)

Hydrocarbon micro-particles are an organic
compound that is able to cause incomplete fuel
combustion. Figure 10 shows TIC cmissions
from the engine fucled by POB and diesel fuel at
various loads and VCR conditions. The results of
decreased  HC  micro-particles  significantly
indicate the fuel combustion efficiency duc to its
oxygenated nature of POB leading to the
effectively complete combustion. It is consistent
with the availability of oxygen atom in biodiesel
[17). Meanwhile, the increase in VCR is able to
provide the reduction of HC emissions owing to
the higher combustion temperature and  the
shorter ignition delay.
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Figure 10 Variation HC emission with loads
under variable combustion ratios.

3.3.5 Smoke emissions

"T'he main cause of smoke formation is from
the incomplete combustion of the hydrocarbon
in fossil fuel due to the chemical reaction of
carbon component. Smoke emission has directly
related to with the results of CO and IIC
emissions. The POB test results present more
cffective decrease of smoke emissions than dicscl
test. The smoke emission generally increases with
the increase in the load tests as shown in Figure
11 due to the rich fuel mixture but VCR increases

with the decrease of smoke emission.

W Diesel CRIS ©POB CR18
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Figure 11 Variation smoke opacity with loads
under variable combustion ratios.

4. CONCLUSIONS

The engine performance and  emission
characteristics were verified under the tests of
VCR for the engine fucled by using POB and
diesel.

XXXX

* An increase in brake specific fucl
consumption less than 20% at CR 16 has been
found by using POB at all load tests comparing
with diesel test.

¢ The brake thermal efficiency of the
POB testat CR18 provided the increase by 2.04%,
compared with diesel test.

* HC, CO and smoke emissions reduced
by 25.36%, 17.60%, and 16.39%, respectively at CR
18, whereas NOx emission increased by 51.02 %,
compared with diesel test.

*  The slightly higher viscosity and lower
volatility of POB resulted in the lower ignition
delay of the engine test. The ignition delay
decreased involved with the change of crank
angle about 4 degrees when CR was increased
from 16 to 18.

*  Finally, an increase in VCR at CR18 is
able to improve improved the performance,
combustion efficiency for using both POB and
diesel tests.

ACKNOWLEDGEMENTS

This study was supported by Suranaree
University of Technology and National Research
Council of Thailand.

REFERENCES
[1] R Karthikeyan, and N. V. Mahalakshmi,
Performance and emission characteristics of
a rurpentine diescl duel fuel engine Energy,
32(2005), pp. 1202:1209
[2] N.L Panwar, Y. Shrirame Hemant, N.S.
Rathore, Jindal  Sudhakar, and A K
Kurchania, Performance evaluation of a
diesel engine fueled with methyl ester of
castor seed oil Appl. Therm. Fing., 30 (2010),
pp- 245249
[3] Nagarajan., Mahua (Madhuca indica) Seed oil

: a source of renewable energy in india,




126

Chiang Mai J. Sci. 20xx; xx(x)

[

B3

6]

7]

(8]

191

(10]

(11]

Journal of Scientific and  Industrial
Research., 64 (2005), pp. 890-896.

A. Demirbas, * Global biofuel strategies.
Encrgy Education Science Technology., 17:
pp-27 63.

N. Alkabbashi, Md Z. Alam, M. E. S. Mirghani
and A. M. A. Al-I‘usaiel, Biodiesel Production
from Crude Palm Oil by Transesterification
Process. Journal of Applied Sciences 2009;9:
3166-3170.

K Fangsuwannarak and K. Triratanasirichai,
Improvement of Palm Biodiesel Properties
by Using Nano- TiO> Additive, Exhaust
Emission and Engine Performance, The
Romanian Review Precision  Mechanics,
Optics & Mechatronics, No. 43 (2013), pp.
111-118.

K Fangsuwannarakand K Triratanasitichai,
Effect of Metalloid Compound and Bio-
Solution Additives on Biodiesel Iingine
and Exhaust
American Journal of Applied Sciences 10
(10:2013), pp. 1201-1213,

M.G. Kulkarni, A.K Dalai Wastc cooking oil

Performance Emissions,

an economical source for biodiesel: a review
Ind. Eng. Chem, Res,, 45 (9)(2006), pp. 2901-
2913

M El-Adawy, A. Ibrahim, M. El-Kassaby, An
experimental evaluation of using waste
cooking oil biodiesel in a diesel engine,
Energy Technol. 1(12)(2013) 726-734.
A.Tbrahim, M. El-Adawy, M. El-Kassaby The
impact of changing the compression ratio on
the performance of an' engine fueled by
biodiesel blends Energy Technol. | 1 (7
2013), pp. 395-404

M EL_Kassaby, M.A. Nemit_allah, Studying

the effect of compression ratio on an engine

[12]

[13]

(14

[15]

[16]

[17]

[18]

XXXX

fucled  with  waste  oil  produced
biodieseldiesel fuel, Alexandria Eng. J. 52 (1)
(2013)1-11.

TIZARD and PYE :Philosophical Magazinc,
July 1922,

Krishnamoorthi M, Malayalamurthi R.
Experimental investigaton on
performance,emission behavior and exergy
analysis of a variable compression ratio
engine fueled with diesel-aegle-marmoles oil-
diethyl ether blends. Iinergy 2017; 128:312

28.

Kaimal, V. K, & Vijayabalan, P. (2016). A
study on synthesis of energy fuel from waste
plastic and assessment of its potential as an
alternative fuel for diesel engines. Waste
Manage, vol. 51, pp. 91-96.

H.Raheman,S. V. Ghadge, Performance of
diesel engine with biodiesel at varying
compression ratio and ignition timing, Fuel
87 (2008) 2659-26060.

Pankaj Dubey, Rajesh Gupta. (2016). Study
of the

characteristics for a dual fuel powered single

performance and  emission

cylinder diesel engine, Int. Automot. Mech.
Fng (JAME). vol 13, pp 3373-3388.

Bora, B. J. and U. K Saha (2016 .
* Lixperimental evaluation of a rice bran
biodiescl-biogas run dual fucl dicsel engine
ar varying compression ratios." Renewable
Energy 87: 782-790.

Dubey, P.and R. Gupta (2018)."Influences of
dual bio- fuel ( Jatropha biodiesel and
turpentine oi) on single cylinder variable
compression ratio diesel engine.” Renewable

Encrgy 115:1294-1302.




v

UseIngLueu

[ v 61 a A o oA [ A o IS v (% 1

WBLUSA Wugeu WAAieTuN 20 Aueiew w.e. 2538 Ngineiies Jminveuwny
°o @ = Y = ! a L [ [ ! = =2
dsansAnwdseudatganlsaleunnuuasingdey Janinveunnu lulns@nw 2555
wazdnsansfnunluszaulIgaIng MangnsIAINTINEIUEUR @1913313AINTIULATEINE
°o Y a a 3 a [ = a A A = v o &
d1inivdmnssumans wnInersemalulagasuns Weln1sfnyn 2560 1839159
nsfnwfladanuaulanesidndnwinelussduindfindnwinangnsimnssunieena
LAZIEUUNITUIUNIS a1 IAINTINATEINE WnInenaemalulagasuns Tulnmsdnw
2560 laaszninenisAnwladlonadugaousiedginiaduiaanssueans laun
NFFLURUUIAINTTY 2, WeukuUnang, UJURnismismaans, ssuuatuaulueueus
wazufuanisszutlugueud

= Y va v Y va v yav v 9 Vo avvyg

FagagliITelalivinuveuazaiusnlaannisasunyssgndldivanuideladu
98197 1elE{I78lATT8UarITeTINAUANIATTIWTHANUATNUWHEUNTTIUIU 4 1509
AauanslunIARLIN A



	Cover
	Approved
	Abstract
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Chapter6
	Reference
	Appendix
	Biography

