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Abstract

The study of the efficiency of fuel consumption by adjusting the fuel injection pressure
is basically one optimization method to maximize the engine combustion. In this current
study, the Honda wave 110 cc. engine has been used to test in particular the fuel injection
by adjusting the pressure of injector. To control the pressure of injection was made by
automatic valve injectors with three different pneumatic pressure which were 2, 2.5 and 3
bars respectively and the similar running distance of 5km. The results showed that at 2 bars,
the obtained fuel saving was 1,020.68 km/L and the speed at 25.23 km/h which

corresponded to the highest CO2 emissions during the engine combustion.
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é’mwmsamL%JaLwaqQﬂﬁmﬁmi']zﬁmﬁ%miﬁuaa Payri et al, Dernotte et al. wag
Tinprabath et al. M¥fuinaduussansnisvantass cd lnglddnsnisivaresnands Jn
NsEEvaNwliueAAa 1,000-2,000 s Mé’qmﬂ@'ué\’umiﬂizﬁu (SOA) FrsivanLasa
U'ﬁ'mgmiai%”mﬁnﬁLﬁm%'aqﬁu%umaumiﬂmLLaszmﬁuaqﬁaam (@1n13909 Bernoull)) @uu@in

TiAaauslunistoudn wanduUseansnisanaoinds (10)
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PIOMNIING AALTIUIAVDITDLNAS

Dpo = Ugpooooo -Ug /ZAD-Pf

(2.5)

Opp = Upoogaoo 00 UsUog
(2.6)

AT LN AIN9DaNTEN

2A0]
[DD - — (27)
Po

Tne

s
A o/ a a

Cd Ao duuszandnisvaniass
Oogooooo Ao omsinsinaveadeindsads (kg/s)
Oon fe  seasimsluavestomdadegud (ke/s)

Noice A8 F1UIUFUUIAA

S, A Wunsesn (m?)

Pi A WLS9RUIIan (bar)

Pb fo usesulwanau (bar)

O A8 ANUEIWUILYRNTBMES (kg/m?)
= < a a

Vin AB AULTNTING BE (M/s)

a 1

2.4 szuuilnufng [4]
syuuiudnd  vanete  ssuuiildornmiaduivihoulunisdsiiaslunstuiniou
gUNIaleNeY vaaATeIdNTANeY Inurseiinnisindeu Wy nszuanguvseeimasay
a a s . o 1 a Id = =
TuuAnd (Pneumatic) 11971nA177 411 (Pneuma) lWuA1wININLUTIL vneds  ay
= a a a ¢ = a [y N a N v @ = o
o awmela  Andwindldunisfinwifvrivanlazaniedounuazdaudunilsludiuiu
Wemsiiiundslagnitwuduinegwdeilieuiioldautelagiu  wywdlasanisnslddouu

Andusausadelusias 1w nslaliians (Ktesibios) Wgneeniitenisandnd nsldguidilue
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TunsogausiioUszanas 3,000 Unew wazidle 2,000 Uneuwnansnlusialsasistuluglaely
[ @ Y] 1 o0 WY & £
andalUunaINa L Uusu
Tugael A, 1653 Unaena larunundniin anusunnseinludsdulag Anuves

< 1

& = = a o P a O A 1w
fnavsevetlnaiieglunvusUnnazarevenludidmmndelunvugdatug  Turuafivindu

' £ ¥
aad a =2 A =

nouiiintuldadunsisuduresnmsnyivduingd

'
Y Y Y Y [y [

Puedadamsudl 17 Hduaiifefuszuvadaviossuuiusdndiitevnanly
Turugramnssy seunlurisnansaiaiamssuil 18 1ud fnd IseAugiedosinglethid
anguindeuiiluuazndulngldlothdsiamaduganiiaruduussenia  wardsiliodldnanemn
Jusiurndinvesnsadiensyuenauvesssuuiouufind

Uaquulatinnsldaudauavsyuuihuainduildiueganiviedmivnwingg  lu
Tsaamugaamnssy oA $un1sUsTgiuvie usunTEUINHARE S IUMTUTENBUA
#1199 uvudneYan aufisst uazausudug Snnnune

Y 13 -]

nnUsrasAvaInIsiiaudnuntdluaugnaIinssien sy ueg9dnludhuas

[ 7 (%
o w

AMTUTENIALTIU Tdnsidaudatiudniinisusznausiudunalniiaiunsasaulantunig
muaudnlutdfuuulsanela Snnsaudanazszuviiuuinddlivondnnanausens
YDRUDIAUDA

LawdadiUsualidialunng uvie insiellegvialy

2. audpanunsadwiuluauviendssuznilnag  lade  wazlifpsdenduan
anu150UapeNaluUsTENNAlANAIINITIULAD

3. aunsainiivandaliludunuls vinlranuisadhlulgnulaniudasnis

[ I a a A a 1 A o~ U = (v :.J/ = 1 o I3 Ay

4. audnluinnisseidavsednlnedalinissidy setulkidanusnduises
= & a dl' o a
fgunsaliivewsiaunaieldlunisdasiunissdn

5.audaliiianalsiemsilssuuvesgamgil danuudueulunsiaugs ud
avegluanzomumnianng Anu

U 9 Y Y

6.\nveslauavgunsalluszuvihuudndillaswaiauude  shilvidsiangn
MUY hazgenungsnwladng

7audaiananiigs dmugnsanusilunisvhauiagaie

8.4WTAMIVANAIINGY AR wazusIvesaNsnluszuuTuuAndlany
ABINS

9.in3pailouazgunsnlvasssuvihuuindanunsaldnuiumalalaeliifinnis

=
31337k
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10.mapdeuilumenssansnsarinaldlngnss

URIGHENRNHRE

1 audafinrutusaziuaronsfesiigunsainsesanutiusasziuazonsroy
IRUEARLY

2 pudniiAssfuiloszuiefiseongusseimamsizardulsiosigunsaliudes
(Silencer)

3 audnasUsendnanzildusaeefnaniarini  Tneunfudaldausui
600 kPa (6 bar) sﬁaﬁwﬁ’maumagﬁ 20,000 - 30,000 N éﬁu@QjﬁUﬂ’NNL%’JLL&%SEJ%V]N#L%&WN

4.530u TuAnd azdienufuiildonidios 4-7 bar

5 audaidusinansiideuthaumailowIeuifisufuszuunsiasundamdsa
Ju (egndlsfimuazgnenesangUnsnivistuduiiinagn Wukuuieq woedausausiigs
n31)

mshauesssuuihufndagdessyneusegunsaling  Ssaunsauts
sonidudnilvgq 16 2 dw Ae dndleguenisasuazdruiieglinias gunsafludiuiioguen
29951uA 1nTeadnan dufiuay eessruisanudou eesnsosluriendn wdosvihauus 1y
fu wargunsaifieglunasléun edasnsesausn MamuauaTuiy gunsaliuthifundody
(gUnsaivis 3 frflsuduendy yauinisansn (Service unit) ) Fufuides NdeuALde

nINslvaresay 1M&IMUANAINEIMTeNAIMIUANSRTINITING waznszuanguay Wusu

F
1
+ El
356 I
- L
F _,m T\“"—P
1Tl m o »
a= == 1l =
' -
Y Y ¥ ¥

gﬂﬁ 2.11 nguasUana [4]

1% '
[

NNYUesUIaAIaElaANUENTUSIENINMSE AUAY Lasun Al

F = PXA (2.8)
Tnedi

F Ao wsavnseyinannnieusn (N)
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P Ao  ausu (N/m?, Pa)

A A9 NUNNTeR (m?)

AMUAUUTITINIEA Py (Atmospheric pressure) A9 AIUAUANIIZUTIEINA
Unf fifleiiu 1.013 bar Tuszuu Sl wie 1.003 kef/cm2 Tussuuius3n w3e 14.7 1b/in? lu
szuudangy AnuAuAe o 9esneg  uufalanazunnsnsiussssRuANgILAT gl
glely

ANUAUFLYTA] Pups (Absolute pressure) Ag AUFUUTSIINARILARRG
R INADIAINAULNT

AUAUNT Py, e (Gauge pressure) g Arfig Ul NN InANNR U Y
TnafisefuinsTaLaAuFuUTIEINA Lflummé’uﬁLLamﬂ'ﬁquhmmﬁumimmﬂ QzilAn
Dugudluan1izuni visenuiuusseinie

AUAUAYYINTA P, (Vacuum pressure) fio AITUAUIINAIINFUAUE
duysal (absolute zero pressure) lUaufannufuusssrnia Wurdsinianuduusseiniea
1195 InANUsuilA L Tuay

<

Y] x ¢ = U aAa 2
AIUAUAUTANY T Pope, (Absolute zero pressure) A AUAUNNALTUAUY

Y

FatoAnuiuduysaliian
gnsmnuRuduysal

Pabs = P 4P (2.9)

gauge atm

Tned
Pabs AB ANAUUYIAL (bar)
A .
Peauge A® AINAULAA (bar)

Py D AUAUUTIEINIA AU 1.013 bar

2.5 szuuatuANBiansating [5]

[ 1 YY)

JEUUAIUANBLANITng Usznaumeyanassaiuau (ECU) Mngiadudyqyiamieg

3
o Y (VY] 1

waraunIalvingu lneyanass ECU 985udnaaaIndingiadudyqyinsiig q lussuuwas

[ Ag>]

AIUANNTSYIN 91U GagUT 2.12
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( ) ( ) ( =\
UUILATIAFAY WUIEAILAN UUILAFIAFAY
- J . J ' J
FINTIATUAMMAUIAULTY | muamsaat T udomas | | = ian
fmsrdupauiiluelen | AIUANNITINITUTBY — Junhshudomas
Huhtudemas S
Fansadugumgiionntd | - fRgAgAIEILN
N o NCR AIUANNITVINNIUTDS CY
Fnsradugamgluniueieq| = y N = | vaeslinsizilym
sxUUgAsHLUn
FINTITUAINS? — "
AILANNISINNUYBIaRn b
F1m57195U9NTIaU = | |LAAAINRAUNATZUUIUEY
- LYaUATOIIEAINDY
1Mo =
ECU

Wasu Wunaag API

Naa9 API

JUN 2.12 unudsnisvhauvesssuumuaudiannseting [6]

9IN3UN 2.12 wanaunuieinuresssuumuaudiannseind lagavaduiudsunaes

AIUALNITANLTDLNE S mﬂﬂa'aaLﬁmﬁuﬂéaqmmumsamsﬁaL‘wéa Wasudunans APl @9azsin
v A | ° o o | | &

MAWNUNEDY ECU lagmauaun1syinauiengs kazaiunsausuesng o vasgunsailag
FoNAwISH5I3UTe API Tech

JUT 2.13 wansdnvaglusunsuildriunaes APl azlugenduisdnsagy Fedinisns
ANMUANY USB Port 5&1NATa98Us Nand APl LazmauRaes @9innsimasiuluswnsy
g v ) ] | o A = P ) a
dnuanizsausendnagldauludiuvesssuunsmdagausenauniy USuvawegumad

niian USuraleaumngionnalara1s eI uANnIsan
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Y 1 1

sUTl 2.13 usnsdnwasslusunsuildaiundas API [7]

Y

2.6 NMSATUIUAINISUSTLREALTBLNAS [8]
1 U dy a ¥ o 1 v : = r-:qu a
ANsUsENdaLaINd e TagansA1uIuA18nIIN1sauUR L aInGaveenIs

LUITUTDUAUSENIAUNTULABLNAY ABLYS rN19Ns0Iala MseeUsSunansTunlaly fedl

szozmelumsia (00) Xemmmunniuveadenas (/1)

dnsin1sauLtuans (km/L)

| P
imindemaan ()

. o X o 0
ANNITUTENEALDLNGS (km/L) = (HD—_TE) (2.11)
07X1000

IR
[ A9 szuzviiniseaeu (km)
[ Ao uniniaindanauvinnismegsu (kg)

1 Ae dmtniwewmamasiinisvagaay (ke)
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[ A9 Auvuiuuvestomnwas (ke/m?)

2.7 MamunmusuAdeitiades

dwduiiragimnssumans  aviverdomelulasvuseanszuns  iinsdarii
suEdaustl w2508 Feldemsusendaidomas 365.00 Alawnsdedng duftaosd w.m.2549
vhmstanduuelsloudnd IddnsUssndadomas 45338 Alawnsrodns duflad
wA.2550 Waszuugesndalvl  IdmnsUssndathifudemas 866.63 Alawnsdedns
Iisunefasusuitanmwemsemalusugaudnu wa2551 Iesfmunduiany ldiannsyuuds
frdauaranusadeanuldenisUssvindemas 856,18 Alawnsredng Ta¥useTasuduiia
vosUszmalusugaudnuin.a. 2553 Tiianduiiaulifaunszuudshddmildanssendn
Fonds 416,39 Alawnsiodns liunstasuduiiaomosandlujugaudnm  waz 16
JusunwresUsznalngludisaunisusty HONDA ECON POWER CONTEST 12th a4 @uny
Wealdwesin  Weudedld  Ussweasnssgussynvuin Naannsuatusaveiy aue
Amnssumand ainerdomeluladviseanszuns WSusetaduduid  Aimsusenda
Founds 977.12 Alawnsdodns w2554 Idiannszuudadeomadimilag ECU Tunseuau
msdn eunetasusuiaowesusamaluiugandnu uaz fsussTaruzida susufind
vosUsemAluguUszvsuily  na2555  Idiannssuudszalofiiuazuiuanudunisde
Fowddl IFsumetadusuiinds vessundlusugaudnw uas IFSumetarusan Susui
uils vossunalusugaudnu Ndufunuvessumalnednassludhsmnsudsdu HONDA
ECON POWER CONTEST Ussnaas1ssguszaneudu  wdsiniumnsiiufidavisausenin
Honds vesanirimnssumans uninendumaluladsvmsnanszung iumsnganisudedu
Frarrudlosniiuin IWngnislésunsageanuesnsutsiuriaiunia widagiuil inalula
nsUsevdndemadldiauituggesandannn Tngiavnznsldneufiawmesniuaunsan
domdudeliAnnsUszmdndemaagean dasululfiiium wa 2559 ddsmnmsudedudn
pds IdenmsUssndndamas 1005.28 km/L IdSumestasudiuiiasossamealugul ey
Tnefurugida amnsUsendndomas 2800 km/L laSusieTasusud 2 YaUsEmnAluIY
sy Aaduludfiiumn w.a.2560 Tidhsunsuteiudnads Idansusendnidomas 470
km/L I3ussTasosusidasudui 5 vossemalusugaudnu lnofiuvuzida Ansusznda

Weownaa 2,900 km/L wazlasus1eda Popular Vote Sudufl 2 a1ndiduas 470 iy
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ASanduuivg

3.1 359n15AIUNI5IY

mssdunmsifeldvimudunoudsd
1. Anwnsmdeyauaznguiiifetes
2.aaﬂLLUULLazU%’Uﬂqﬁaﬂiwé’ﬂL%@LWSQ /’ejaﬂLLUUIUiLLﬂi@JmUQﬂJﬂﬁaﬂL%@Lwaﬂ
3.4MINAABULATLINTINNTUIITY
43A51E9Ng
5. YSuUse
6. a3U,3nn518UNSANY souszmdndomasildlunisnagon

7. UNDALATLHYLNTINUITY

3.2 nMsuiulsesauseundalainasuazn1mneay
3.2.1 saUsevdawaindmlglunisnasaey

saUsendaamanldlunisnaasuaes saussivginaldlunisuystudusauni
Uszndaomds Jadusauseivg 3 da saguil 2 Tdwiessuduessanewesled gu Honda
wave 4 39z IUINANUINTEUBNEU 110 cc. srUUAAKUY PGM-FI 1¥ndeeniununiside

Y94 APl SrUUNsAadanasanansausunsiuiduld 91uiu 2 Audsy 3.1 uay 3.2

5UN 3.1 sauszndaiiioinaa Aull 1
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5UM 3.2 saUszndaiiainds Aun 2
3.2.1 wwmenmsuSulgesausendaiiamnas
o A
TRAUIN 1

thsnvesgudl Ufiudhdiu By Parts Jutszv1vu m1asudsly Ju aaufnw
1.ARIUNSTUVAD

- Lﬂ?iaué’awﬁ%ﬁuaqﬁﬁw Fudeduuudneinid

- Wasy deundauuuansuoy Auae anUudeawuu ceramic, 874 IRC
2 WAL TEUUAIANST

- wWasunnszuudsueile suduwuulsduesd
3 AUITEUULAS 098U

- Overhaul w3aslngl (angu AMuau uaw) Tdiineuves Idium
4 szutidulae

- Wasunnwandusgiiiles
5. NUITEUULUSA

_ wWasuRaUsn + 99LUsn Join tech rl
6 HausEUUaNSA oINS

~ Wabuszuvansalung (Fase 1na¥h 11drUsunsasv)
7 AUNTTUUNABIAIUAN EF

- l9naoswee APl 9.1 Stan Alone
8. UsuAsuAudulunsdaidowddald ndes APl SaufulUsunsunUAY
naes API
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saAUN 1

thsnvesgudl 3 Uiludndiu By Parts 1 Jugan@nw wnautsly fu gaufnw
LRIUNTZUUANNTAS
- Wasudeuazensln uazgniude
- wWasuszuuduan was 19
z.ﬁ@umiswLﬂ%aaumasqmmﬁm
- Overhaul ip3dlvisl (gngu fugu wew) Tdvafieuvea rdium
_¥naesues APl 9.1 Stan Alone uaz Wasuszuuluiilng
3. WAIUITEUULUTA
_ WaBY RELUsn + 99NN + JuLusa
4.szutiduiae
- Wasy weud 2etsAUBa way Ausiesingg
5 FAUNSEUUT DN
~ Wavuszuuauselng @ase 1na¥a 11drUsunsasiv)
- Wassssuvastiu uavnaenuialdungiy
6. /AL LATITOLAE A
- 6, Ygry, ydlnyl
7. Ysudsumnusulunsdademastngld naes AP sauulUsunsy
AIUAN NABY AP

3.3 NNTHUIT/NAFRU
3.3.1 TupaInlinedau
Prunldnegeuluaudded fe wialased £20 daduluaunfinivosniswyadu

3.3.2 SLUUAAIDNEINIUNYNITLUITUYDY UTEN 10 N gaum 311in

TLUURAWRINGINUNNMTUIetuYes UTE Lo #i gaum 911R Lanafagui 3.3 &

I5wazidunvedgunaifiingg Al
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JUM 3.3 S3UUAARDIMNEIRMINNNNITLATUYEY USEM 18 1 gaus 911A anunsausuausiu

v

A1SRALTBLNEGS [8]

1) Wawmae (Fuel) Tuseninaniswasdu (SeUBITULLAR) AURNTINNTHVITUL
¥ . > B ) - S
nodlydaindeeruuninsningdnanunity fMvusivlydemfunalygea £20

2) ¥ARALMNIUTITBINGS (Fuel Tank) Tuseninanisuvedy giuuwstuaznedly
VRDALNIUTIRTONEWINIIAENIN NMIAMUAAIYDIADALNIUTIUTRINGILY 2 WUk 1.

VIADALNIRUUNULSIAY 2. nasawmkuulunuussiy
3) NSANRIVADALNIUTIATOLNAS

n. NM3AARMABALNIVTTPToMFUYUN15UTERYTvRILnazyAna Tuvued
Tnsfadailaludiia nslaimunivsemiun1iussnm sutuUudmemiu wazgunsum

2999NLUUNBINNTIDAUITEY 18ATUUAUENNTOAIESA NABALNIUTINYBLNGEILN DY

(%
a o

Anasluuwul Amnnduiulanivelnauensdeegluiuiuey

9. MaOAKNIVTIPTBNERzLLLlAINA UV ITIUTINeWEILYY uaznauTuy

&4 v o & o & 0
LSUUULW@EL%ﬂqi‘UiUiﬁﬂUL“U@LWﬁQ”UUEj@VI']EJﬁ"IﬂJ’ﬁﬁVHlﬂ Inglunpinanlinsevoen

& a & ' =~ oA A e A
f. 38‘U‘ULGUE]LW@\TWQ‘VIQJ@W@Q@@ﬂLLUUI@EJiJI@ﬁQaTNVlQ‘\J 'U?J‘llla']lniﬂ LUNONNTD

Y

dy a U dl
UNasTUUWalnasluvuztule
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" dﬁl a U dal a dl

3. N9INNABALNIVTIPTBINEIUS WA anUunalusdlaln nunans
AANTDUVBNYBLNEGS UATAIIUYIIVRIN 0N BIFUAN LATIATINEABIU BN UNTAZ ALY
Wosennd loseineg nguay @99u9 Nratepdsnulune waznesinlniieneneanisla
Wo491N1¢ NOWBLNAINABINNNABALNIVTTVTOINGMVUILNULIIIUILA BT AdUNTUN

a G AI d‘ d' ' = % d{l ' %,1 U dy a dy a d' s

anewadaniedanuy 4 feateadetuieluluveindu Weandmanesn newweindanlyiu
NaeALNIUTTRTBLNAUUNULTIRulnlyin PU vwin 5 x 8 1y, siufuvenawuunentd

18 (One touch tube )

3. Fuarulusruuildondsaze e uiulayniu 1Le0oanasnwnd Ussq

LDLNAIBDNMRIDINDNAUT LA
4) Waeaewnds (Injector)

MnuatnsawysnAulyssuulowdandanigmadaaiunsaidenlyasnung

UFTYTONEINUIATIAT NIV UG DNGITDBNUUUANULLIAAT DA ALY
4.1 15easanlyviaenunILUUNULIIAY Aegun 3.3

n. Muualulyveneiialunsanensenaingunsnlalneneuas neviinlany

wsenulaga
9. mMruawsasuluszuulasiu 3 v1s (0.3 MPa.)

A. §9asensIuivualufiy 2805 $019187U8985194530U ARR9Na TR

wsenuludalaiu 5 u1s (5 kg/cm = 0.5 MPa.)

3. MUNBNUIRINUNGU (one way valve) THUUMAIUANTEAU WoinEsly

WaeALNI MnseaueInatluai sglueunnlusauarinngsie

4.2 lassasnanlnaeauniuulunuusaiy Tanesmuulsiugianizyaid

a

wseiugamiu aslugruusiulng nlunesndasssunuaznens 2 wuunesduniannii

9

D

Aziile
5) vioLoLnas (Fuel Pipe)
5.1 Usuamistravesssuuidomdsazaesluildsundadusznnanisuedu

5.2 NBUIIUEIWRITTUUINAnh T aInGRgn ol uagNULTIR U TO A

d' Aa v Y o
U ¢ NUAINUNTUY V]']u@'J’]N@uLWENW@LW@IMV]E]"LNTEJ"IEJW'J
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5.3 1A59@519b U 2 UUNUBLINAIR 993114171 9nevSalaunute sy

avavaylunoaings

5.4 ﬂmﬁ'??aLwéﬂuizwﬁ'gﬁm%aLwﬁwzmmlulmL%umaﬁ’uqﬂﬂm?ﬁm way
¥aulneenedasy uarinsiasiamenduuiitelmidemas maiuwav’??aLwéqmumaﬁuqq
annsasulUlaeenalsfniy, azluausalyiululaesunsuwssduainiala[@vsunsaivesy
UOAAALSIAUBINA

5.5 maﬁwﬁuﬁmwﬁm@ﬁuﬁqmLmﬁfﬁ’wmu wazN1IReNenasdamunaune
aedn Wudansedadun

6) 518N15A89%Y (Prohibited Items)

o & a @
6.1 1/1'1&11/]'1L“UE]LWﬁQSLMLEJanﬂ’NQﬂJMQNUﬂ@

6.2 Towomdseenauunansindnwseu ity Weunddus wWudw

p9u nlvasiAuunslag
6.3 manfisuazannduluvasAuNUTIRTBINES
6.4 yulvussdulnensauasingeeuomannuNIUITTouAs
6.5 muRndanenanaruiuiioannslvavondemaduszuy
6.6 uaamum‘usia;L%faLwﬁmaaQW%Q@ULLm&mﬂﬁ’Uﬁu‘Iaﬂ
6.7 nadlufndaawmesivhilussiundoy

6.8 1A59AT19arA1INTLIINOUY Nassanutdesuulunisinuudsm o

3.4 @UINNAFDU/ WUV

3.4.1 ¥NNIVAERY A AUINLTIT0 INekaudiwesin uasteas 9.uasUy

[y

3.4.2 yimsnaaeulun1sudsdunse a auiudne Sumesiutuiua weshn 243508
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3.5 80122NITNAFBU/NISUUITY
3.5.1 NMIMAGIU M AUILLTITO Inslaudiwesin uasters 2.uasUgH
- T¥anusiliddeasndn 25 km/h
- amnusiluszsuunsandemamaaouiinudy 2 bar, 2.5 bar wag 3 bar
_ szezmslunisvegey 5 km Miudemawialyeed 95
3.5.2 n15naaeulunIustuase a aunudne Bumesiudunua wesin 3.435u¢
- Tdanusalaitiosnin 30 km/h

Y} a & a a Y
- ﬂ']']ll@u1u38U‘Uﬂ']i‘a®L%@LW@QW@E@UWQ’N@J@U 2 bar

- S3E¥NNGIUNISNAADU 18 km (4 Sauaunuwtd) TeusupInaswnalasad E20

3.6 AnTenansuanEanlalde
dmdumengiasuafivanlods THiaTesineiloids vea KOENG Fu KEG-500

Mobility Fsfinniauifuesiedassadl

- nyusulupaaAULINE AT TN NIAT AUV Y

- NOx m5¥n (gUnsaliaia)-1ansnmendansn to msda (Hold)

- wuunnm @uneanesiadaiinni)

- Extra fInTesuazLAdnsinsingzay

- usiufuuad dynamo 16 wasusuwsaeSesus

- MuMUUIEANSAWHIUN IAFRUTULSLEUNAEDU at-10 °C

- dnlwliRuSugaunnil (2-8 min)

- 9LLEmaNa LED 6 windows

- LA DLANNATUNFLA DN LYLASDIRUN
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asuanenIala lawn

- msusuNauanlan (CO), lalasarsusu (HO), msusulaeanlen (CO,), Lambda
(Air surplus rate), AFR, NOX (Eg‘dﬂiajLa%ﬂJ)

A5197 3.1 Specification i3esiiaseiileidy vee KOENG U KEG-500 [9]



sUTl 3.4 1asesiiaseileide ves KOENG Ju KEG-500 [9]

3.7 MINAdaU o auuuesa nenaudiwasin uastads 2.uAsUgY

Tunsmeaeu o aunuudesn neuaudiwesin uasdeas 2.uasugu Fadulumugun
35-3.8

3.7.1 JuURDUNISNAEDU

1) I529@0UANININUTENTAADIWAINDUINNITNAADU WU L TATEUUTILURNE

[ @ [ % ] ::9{} a
Waanene WassuulnniglusaUseudauinaiudioumaa
2) BSUVAADUNIYAARNISNLATTULIANLUNITRBNANTTN
3) naasuluanmlduassuuauuaunune Inalvanusa lddnin 25 km/hr

4) UNNHaNISNAAaUDN1AUUABIUNNUYOLNEY LAgNINAZBU 3 SOU AaA

LSIPUAN 1 AN LAZUNALRAY

5) ¥ORIIAUUABIUNL UL DLNES

27



3
L]

U

=
7

3.5 N1ATIVADUANINTONDUNINNITNAZDU

28



9
Y]

U

=
7

3.6 mimmaaummw%mﬁauaaﬂmﬂ'«g@amiw

5UN 3.7 90@n15%

29



30

£%

ugn wagantuin

o
=
=p
2
o0
-2
)
20

<

3.8 Managaulun1sudaduaie s autudne dumasiudunua 1wasin 2.435ud

Tumsmegeu s o awindne Bumesiuduuua westn 2.U55udgaduluamugun 3.9 -
3.14

3.7.1 JuURDUNISNADU

1) ATINANNTOIUA LU NITVARBUTFUULUIN NITATIAANTNLATOILUA N1IATIT
¥ ‘3"
sruUANUUABANEaU
2) WaNIUNNINTIA UINITARALTDLNES WAIUIFTPUUATIAARY TEUULTRINGS
o « & 1 Y v < a [ <A 1
warn1svinnurenAIetuRitlddauUaasaseuflumunininsuaturely
3) ARASTEUUIAWBINGS
4) \Fuansmazaseud warddlu 18 km anuEwinudindy 30 km/h

5) Weflagaduaauad Whrindausunanslddemdludnnmin wemuiuainis

1%
IS a

Usyndavana
6) Muindia 1 Tu 3 NAwdvzUsendaiomasgegaazgninsald iiensivaeulag

azidenIIN1sas U URnuNANIeE19ATIAS D L



3
L]

U

=
7

31

sU# 3.9 mMsdnassyuuIgsii

3.10 NMSUSULAULATDILUADNATINOUTIINITUUITU LAY NTHTIVADUTLUUSANUT

RRGER

5UM 3.11 WS UANsudadunarUaeesafuusn



9
Y]

U

=l
7

JUM 3.12 Sumsudatu

ANNVULTIINTTHIITU

3.13 ¥imsield 4 seuauny

32



5UM 3.14 M3l mdnideimaandanisudedu

33



unil 4

NaN1SAN®EN

4.1 HANINAFIY B AUINLUIT INBuauAwasin uasteds 2.uATUgY

NANISYAFDU 3 ASI NAUAU 3 bar, 2.5 bar wag 2 bar fNan1snagaunal

4.1.1 NMSNAFBUASIN 1 ANUAUUIIULYDWNAIT 3 bar

A5197 4.1 WANSNAADUASIN 1 STegn1e 5 km

o L 4 g s - ¥ o eglie
FIUIUASIN 1380 ANULSIRAY Ysuasusiu v
AULUaD
NAEU (min) (km/hr) (co)
(km/L)
1 12.52 21.25 2.6 45.806
2 12.25 05.25 9.5 45.847
3 12.12 36.25 8.5 06.862
?ﬁLQﬁIEJ 12.29 20.25 9.5 65.838
4.1.2 NMINAABUATIT 2 A uRUTNTITaINET 2.5 bar
A1519T 4.2 HANSNAABUASIT 2 SEeEne 5 km
. 5 4 =4 /] Jf PNIING
FNUIUATIN 1380 ALY JSumsundiu v
agudang
NAEDU (min) (km/hr) (co)
(km/L)
1 12.42 26.25 6.5 85.892
2 12.16 02.25 3.5 39.943
3 12.22 12.25 55 09.909
F]"]LQ%IEJ 12.26 11.25 4.5 11.915
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4.1.3 NMINAFBUATIN 3 ANMUAUUNLULYIDNEIN 3 bar

A1571991.4.3 NANISNAABUASIN 3 S8EENI9 5 km

o gj t:ll @ d‘ a %’ Y Umiqﬂ"]i

PIUIUATIN 1381 AULIRAY Y3umsunu P
auLlana

NAEU (min) (km/hr) (co)

(km/L)
1 12.20 21.25 9.4 1,40.020
2 12.31 33.25 0.5 1,00.000
3 12.11 17.25 7.4 1,66.041
ﬂ'%aﬁa 12.20 23.25 8.4 1,68.020

a ™ ~ ' = & &
135199 4.4 [WUS8ULNEUALRAENITNAFDUNY ASY 3

S1nuess | useuay | nan | eudaedy | Usumstsiu | ensimsaudes
finnaeu (bar) (min) (km/hr) (co) (km/L)
1 3.0 12.29 20.25 8.5 65.838
2 2.5 12.26 11.25 4.5 11.915
3 2.0 12.20 23.9b 8.4 1,68.020
E o NeEs 1,020.68
= 838.65
=< 1000 -
=
AOS 800 -
3
1S 600 -
K=
ad% 400 -
u% 200 -
5
1 2 3
adaii

5UN 4.1 Anadensdulfeiniu



a 1 a a a ¢
M19190 4.5 Naﬂ']ﬁV]@a@Uﬂ']ugJaW‘Uﬂ']ﬂ‘l@LﬁEJGU@QLﬂTENEJUW

U LS99
Y co o, 0, HC
ATIN Ay by
(%) (%) (%) (ppm)
NAADU (bar)
1 3.0 4.5 12 1.34 163 1.081
2 2.5 397 11.4 2.68 125 0.990
3 2.0 344 10.6 a7 101 0.924
% 12 914
12 ~ 106
10
8
6 4.5 417
344 3.92
4 2.68
1.34
2
0
CO CO, 0O,
2bar m2.5bar H3bar
sU 4.2 msvdesansuaivlulodeveandoseus
A
1.2
[ —
1 ———— %
0.8
0.6
0.4
0.2
0
2 bar 2.5 bar 3 bar

Ui 4.3 é1 A vesloide

Pinjection
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A15199 4.6 LSIPUANNIAYINIY 2 bar

hSIAUAN
(bar)

NANIINAGaU NaNAIUN

¥ PR . deusudamastaelatuselewl
LASOIEURAMISNANLIN TalaNu19D ) LY. v
1.9 . e WNSIENNTANSNALITUT U BLNAS
1arnuSlaseiiag L

ADUTNIUIN
Talanunsavinnnsveasu vt lulelu
AsuYatule

1.8 WWIas8uR llausaansnle

<

4.2 HAN1INAFIU NITHUITUITY o auNT9 Bumasiuduuua 1washn 2.435ud
NNIHANINAFBUTAUINAUINLYITD Inguaudiwesin uastons 2.uATUsN nudiA
AU 2 bar Inan1sUsendaendageiign aslulun1sudaduase i auude Bumesiuduiua

fa = v o A Y o W a
LEDINE 'ﬁ]ﬂi%ﬂ?’]ﬂmum 2 bar WITIUAITHIIVU NANITUVIAINITIE N 4.5

A15199 4.7 HANSNAFBU STE¥Ng 18 km

F1UAe | wsesuay | a1 | anustedy | dimindisunldll | dnsinisauddes
ANAgoU (bar) | (min) | (km/hr) (9) (km/L)

1 20 34.5 30.45 12.50 1,006.88

NANSYIAABY B AUALTesa Insuaudleasin unsTues @ uAsUgY wAnwIRNeR 4.1 -
4.4 wor 3UT 4.3 wudriiruduresszuuiada 2 bar aglidinsuszndademasgeanfo
1020.68 km/L uagdiaudunisda 3 bar azdszudaidomastioniian ety 838.65 km/L
Fsaoandosriuguil 4.2 nuindieusiu 2 bar axdle1 afusulasenlus (CO, ) 11nfign Faen
O, azfusvsuanisussavanmmsmnlvsive a3 LLazmﬂgﬂﬁ 4.3 NavaanAaaItuNE
Y93gUTl 4.2 way JUT 4.3 Fefldrsnsdruanyavedleds A denuradnties A =1.08) 1inms

wnlndifiuseansamgean Isilvimunisusendaandanniign o ANuAuUNIIAanGU 2 bar
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2 bar 2.5 bar 3 bar 2 bar

aunulneunaunwasin uastues

UM 4.4 nan15UTEngnRananINNIsAaaULAL N THUTY

NA1NUNSALUMNTIUNTITRUITU B AUILTS DUMDSLUTULUA WBsSNA MAINISUTENTR
d’lj a aa U 6 1 1 I3 &a
WoInEdaean 1006.88 km/L @Bifnsusendaniniin1svedeuauIuuwdesn nguaudigasin

v A @ v =2 a v oa | ) A ~ ~ o o
YASTYAS LaNUDY FUNAENINEUINWIITUNLANG1NY  WiawSeuisunut w.m.2560 n1g
1 [} v .72 st’lj a U éjd 1 U dy a %) Vo 'y}

WITUEDUAUSE NI BLNAY TaAUNTAINISUSENTATaWNAY 470 km/L Tulainniswaiuise
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A study on the properties of pyrolysis fuel with biodiesel at low temperatures

= = ;1 a = 1 o dy o ] ¢ ¢ ¢ a a 1
ﬁ?ﬂ‘i] wigslseans' amwns ‘i]‘l!ﬂﬁjﬁzlﬁiﬁ ﬂﬁzlﬁﬁﬁ ’JIﬁ‘i]‘H‘]i’J‘H FANIYIU WANDNINY Uaz ﬂgmm DUNITUIN *

a a 4 a e a o
IﬁT”lﬂ’Jﬂﬂ’Jﬁ’JﬂSﬁJLﬂ%@Qﬂﬁ AULITINT TUMTANT 11“I’i1’3‘1/181?18!‘1/1?]11!1?1%51"]511%]6%!5zuﬂi

4 < 4
1381 auu‘ﬂiwﬁmgi 1 4AINTATINN L"’UGI‘UN‘%@ AFUNANIUAT E-mail: padipan.t@rmutp.ac.th

2 o e A Y o w a o ~ = o ~ ¥ A
ﬂ1ﬂ3%1!ﬂﬂiuiﬂﬂﬁﬁﬁlﬂiiﬂmiﬂQﬂuﬂTﬂ\‘i Uﬂﬂ1ﬂﬂlﬂﬂ1uiﬂﬂqﬂﬁﬁ’iﬂiiﬂ 1]141'3‘1/]'(’”?1ﬂ!ﬂﬂiuiﬂﬂWizfl]@iJLﬂﬂTWfizuﬂiﬂ’iu@

4 < 4
1518 auu‘ﬂiwﬁmgi 1 4AINTAINN L"’UGI‘UN‘%@ AFUNWHIUAT E-mail: chonlakarn.w@cit.kmutnb.ac.th

U U
unnage
4o a4 . B T
unanulinaen ugamiareaiuiemas 3 siia
v 12 . o 2o ~ T S
launiingulnTs Taga i luTofwauazihiufamaiigaigie
A w1 ¥ o A 9 o = o Yo J
oA ganiaa e niiuiiosdunouinni lldiusooudnsa
TavpauauiianAamdesnseuguauasgIumslaaaos loido
¢ Y A A ¥ A a4
199508UA (Euro 6) Uszmalfiiiol w.a.2550 dosnadoinromaai
a0 3o daw ¥ U P
Qaunil -7°Cnsiuf lsmamouaiatilsznoudds tiiudiaa il
= ¥ o a y A o ¢ e & o
Tslagd wazingiu'lulefwa TaelHasosdmz iaumuiasomas
Anton Paar@ Stabinger Viscosmeter (model SVM 3000/G2) Wan19
I ] ¥ 1
NATOUNUIN NYAUHTAINNUH MU LVDIF WA WA UAY uARI 1Y
A ¥ o oa ¥ o a A A '
nila vouiuiudaa uay Wi luTofwa Daudusuumsi Tua

ad

1= 1 =1 %l s =
gaugiinanas lufimadomsanunilavesiniululs laga

9 9
o w o @ A o a

3
Mmdiany: gauduilamomas, ludiea, Hlu'nls laga,

9
1351 Ty Tefura

Abstract

The properties of 3 types of fuel which are pyrolysis fuel,
biodiesel fuel and diesel fuel at low temperature are discussed in this
paper.The objective of the research is to study the primary properties of
the fuel before applying in vehicle in order to comply with EURO6
emission standard (version 2106). Regarding to the standard, the
properties of the fuel has to be tested at -7 °C. From Anton Paar@
Stabinger Viscosmeter (model SVM 3000/G2), the analysis data found
that the density properties tend to increase at the lower temperature.
The viscosity properties parabolically increase at the lower temperature.
It is found that the temperature of the pyrolysis oil affect to the viscosity

properties the least.

Keywords: Properties of fuel, diesel fuel, pyrolysis fuel, biodiesel fuel
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Riazi [8] 1
p r=0.99.56-101(2.34-1.8985G).(T-288. 7) 1)
1
;SG A (K)
2.2
(-4°c  100°C)
Riazi [§]
Logw(vr) =A.(31L/T)BT- a 2)
A =LoglO(vIT 3)) +a 3)
B =b. Log10(viT 30 +c (4)
o (K), v( 31K
38°c,  2=0.8696, b=0.2801 and ¢ = 1.8616
-4°c -10°c
Riazi [§] Tinprabath [
Logw(vl) = A.(269/T)BT - a ()
i =LoglOvr,.6)+a (6)
B =h. LoglO\VIL.6) +¢ (7)

; (K), Vi 269 K
-4°c,a=-0.8639, b=-87.6560 ¢ =124.30

23
Anton Paar@ Stabinger Viscosmeter (model SVM
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Abstract

This paper is studied about the characteristic of 3 kinds of fuel which are pyrolysis oil, Bio-diesel
oil, and diesel oil in standard temperature and low temperature in order to study the basic characters
of the oils before using in the vehicle. The characteristics of the oil have to follow the emission
standard of the car ( EURO 6) which released on 2016. In the EURO 6 standard, the emission test has
to be done at the temperature -7°C. Therefore, the temperature -7°C is an interesting point to study
the characteristic of oils as it is an essential function to predict the emission of the vehicle. The
pyrolysis oil and the biodiesel oil are concerned as the alternative energy which is potentially
subsidiary oil for diesel engine and they made for recycle material. The tested oils, which are
pyrolysis oil, Bio-diesel oil, and diesel oil, are tested by tester ASTM D341 standard. The machine
can be tested under the temperature condition -56 till 105 °C . the result shown that the density of the
oil is increasing normally. However, the viscosity of the diesel and bio-dielsel are palabplically
increased whereas the reducing of temperature is unaffected to the pyrolysis oil which is relevant to
Riazi and Tinprabah’s equation to predict characteristic of oil.

1.Introduction

Nowaday, the biodiesel and other alternative oil are mix with diesel 2-20% to reduce using petroleum
[1,2]. As this reason, the bio material and waste material are used to produce the oil as they can
increase energy reliability, environmental friendly and greenhouse gas reduction. This bio-oil is
normally has high cetane number but low sulfur and aromatics[3]. The disadvantage of the biodiesel
is high viscosity, high cloud point, high pour point but low heating value. the used in engine are
produce high NOx which leads low engine power and high cost [1]. Therefore, it is necessary to study
fuel characteristics which are; density, viscosity at the point that low temperature effects the emission
occurs in engine especially at the starting period of the engine. The European Union has established
the emission standards in 2016 which called Euro VI [4]. This standard will be the latest standard
applied to cover the starting engine at low temperature problem which are advance spraying
characteristics and emission at the low temperature [4]. At temperature-7°C, the viscosity of the oil
is increased rapidly[4]. Applying bio-diesel or pyrolysis oil 5% blended is unaffected to the spray
nozzle of the engine [4,5]. The emission is tended to behave follow the Euro standard. However, it is
essential to study the characteristics of bio-diesel and pyrolysis oil in terms of physics fuel properties
at low and high temperature [4,5,6,7] which influence the flow and spraying of fuel in nozzle head
include the prediction of spray characteristics. The spray length, spray angle and fuel atomization are
the spray character that influence the engine performance and emission from engine. The objective



of the research is to study the characteristic of the fuel at the temperature -7°C regarding the EURO
6 standard. The research are applied with pyrolysis oil, diesel oil, and bio-diesel oil from canola oil
at the testing temperature condition -8°C to 40°C. The concerned characteristics are density and
viscosity.

2.Theory

2.1 Density of fuels
The density of the fuel at ambient temperature and low temperature can be analyzed by the equation
of Riazi [8] as shown in equation (1).

pr=0.99.8G-107.(2.34-1.8985G).(T-288.7) (1)

Whereas; SG is specific gravity and T is temperature (K)

2.2 Viscosity of fuels
The viscosity of the fuel at the temperature range -4 °C to 100°C can be predicted by following Riazi’s
equation [8]

Logio(vr) = A.(/311T)E.T-a (2)
A = Logio(vir=311)+ a 3)
B=b. Logio(vir=311)) +c (4)

Whereas, T is temperature (K) vir-31) is kinetic viscosity at 311 K or 38°C, and a =
0.8696, b = 0.2801and c = 1.8616
For temperature 4-°C to -10°C can be calculated by following Riazi’s equation [8] and developed by
Tinprabath , et al [4] as shown;

Logio(vr) = A.(269/T)2.T - a (%)
A = Logio(vir=269)+ a (6)
B=0b. Logio(vir-269) *+c (7)

Whereas, T is temperature (K), vir-269) 1s kinetic viscosity at 269 K or -4°C, a = 0.8639-, b
=87.656-and ¢ = 124.30

3.Experimental apparatus

3.1 Viscosmeter

The testing apparatus for fuel characteristics is Anton Paar@ Stabinger Viscosmeter (model SVM
3000/G2) of Laboratoire PRISME, from Orleans University, France. The apparatus is able to measure
both density and viscosity by using ASTM D341 testing standard, the temperature can be measured
from -56 to 105°C, and the accuracy of the density is +/- 0.35%

Fig.1 Anton Paar@ Stabinger Viscosmeter (model SVM 3000/G2) [9]



3.2 Fuels

The research are applied with pyrolysis oil, diesel oil, and bio-diesel oil from canola oil at the testing
temperature condition -8°C to 40 °C.

Fig.2 Experimental test fuels
3. Results and discussion

3.1 Density

The testing result of the density is shown in figure 3. It is found that the density of the fuel is
decreased when the temperature of the fuel increased; on the other hand, the density is increased when
the temperature is decreased. The bio-diesel fuel is the highest density while the pyrolysis is the
lowest density. The diesel oil behave in between the two fuels. The figure shown that the densities of
three fuel are increased while the temperature is decreased related to the equation (1) in every types
of fuel at the 0.3% accuracy.

3.2 Viscosity

The testing result shown in figure 4 is the relation of the temperature and the kinetic viscosity of
the fuel. It is found that all the experimented fuel at this range of temperature behave similarly which
the viscosities of the fuel are decreased when the temperature is increased whereas, the viscosities are
increased while the temperature is decreased. Especially at the temperature -4°C, the viscosity of
diesel and bio-diesel are dramatically increased whereas the increasing rate of the viscosity for
pyrolysis oil is in normal rate. It could be count as the advantage character of the pyrolysis oil at the
low temperature. At this point the behavior of all the fuel can be predicted by the equation (2) and (5)
with 3% accuracy.
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Table 1

Fuel matrix in standard conditions

Pirolysis Biodiesel (B100) Diesel
T, | Density | Viscosity | Density | Viscosity | Density | Viscosity
°C | (kg/m®) | (mm?s) | (kg/m?®) | (mm?%s) | (kg/m’) | (mm?/s)
-10 | 818.2 4.16 901.90 23.31 856.80 11.27
-8 816.8 3.95 900.15 19.72 855.05 10.38
-6 815.4 3.71 898.40 16.97 853.00 9.28
-4 814.1 3.52 897.00 15.12 851.60 8.63
-2 812.7 3.33 895.50 14.00 850.20 8.04
0 811.1 3.17 894.10 13.03 848.80 7.51
2 809.6 3.01 892.60 12.15 847.40 7.04
4 808.3 2.87 891.20 11.35 845.95 6.60
6 806.3 2.74 889.75 10.63 844.50 6.21
8 805.4 2.62 888.30 9.97 843.20 5.85
10 | 803.8 2.50 886.85 9.38 841.70 5.52
12 | 802.5 2.39 885.40 8.83 840.30 5.22
14 801 2.29 883.95 8.33 838.90 4.94
16 | 7994 2.20 882.50 7.87 837.50 4.68
18 | 798.1 2.11 881.05 7.44 836.10 4.44
20 | 796.5 2.03 879.60 7.05 834.70 4.23
22 795 1.95 878.15 6.69 833.30 4.02
24 | 7934 1.88 876.75 6.36 831.90 3.84
26 | 7922 1.81 875.30 6.05 830.45 3.66
28 | 791.1 1.73 873.85 5.74 829.10 3.50
30 789 1.68 872.35 5.50 827.65 3.35
32 | 787.8 1.62 870.95 5.23 826.30 3.21
34 | 786.2 1.56 869.45 5.02 824.90 3.07
36 | 784.8 1.51 868.05 4.80 823.50 2.95
38 | 783.3 1.46 866.50 4.60 821.85 2.83
40 | 781.5 1.42 865.00 4.44 820.50 2.74

3.3 Relative density and viscosity

The testing results are shown in figure 5 and table 1. The correlation of density and viscosity
plotted as parabolic shape which shown that the density and viscosity tend to increase while the
temperature decrease, the trend is dramatically shown in diesel and bio-diesel which the pyrolysis oil
behave generally. The reason of this issue could related with the pour point and the CFPP of the diesel

and bio-diesel which are lower than pyrolysis oil.

4. Conclusions

The study of characteristic of pyrolysis oil, diesel and bio-diesel oil at the room temperature
and low temperature is shown that the decrease of the temperature is unaffected with the density of
the fuel but affected with the kinetic viscosity of the diesel and bio-diesel. The kinetic viscosity
property of the pyrolysis oil behaves ordinarily with the low temperature. Therefore, it can concerned
that the pyrolysis oil can be blended with diesel or bio-diesel oil in order to apply in vehicle in the

future.
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