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ABSTRACT

Thailand is facing waste problem according to Thailand Pollution.cantrol department
30% of wastes in'landfill'is plastic this waste plastics-are unable to decompose in natural
way but can be transformed to-fuel using pyrolysis process. Waste plastic oil.is interesting
because it can be-usedin diesel engine. This paper investigates engine performance using
waste plastic oit:and the combustion characteristics of waste plastic oil under different
ambient temperatures by constant volume combustion’chamber (CVCC). - The ambient
temperatures were (00K 900K and 1100K. CVCC experiment was conducted using the single-
hole injector with-commaon rail system with 4 MPa injection pressure. The results from engine
performance test showed that waste plastic oil gave less power output than diesel from
1.73% to 6.30% but waste plastic oil showed less Brake specific fuel consumption than
diesel from 3.30% to.6.24%. Waste plastic oil-also showed higher thermal efficiency than
diesel from 0.05% t0.0.96%. From CVCC test the results showed that waste plastic oil has
lower peak heat release rate than diesel from 22.33% to 44.98% and showed shorter ignition
delay than diesel from 2.63% t023.42% furthermore this characteristics trend to decrease as
temperature increase. The results alsoshowed that waste plastic oil has longer combustion
duration than diesel from 3.07% to 4.12% and higher cumulative heat release than diesel
from 3.42% to 13.06% furthermore this characteristics trend to increase as temperature
increase. The results can be used to optimize injection timing and to modified engine
operating condition throughout improvement of engine performance by using waste plastic

oil.
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2.1 ueNeU99

PMNNUINBVDY TIUTY warane. [2] Ievin1s@nwirarenTudAI Iz nuEEnanainle
liuiSosusignizidnsianisdnvuindn Feimsessus 1 gUruin 411 3.4, 8% Mitsubishi D-800

Tnevinisnaanansil Muihsiufiaa 100%, waviidufwanautitudinsievanvssnaiaindndiy

75:25, 50:50, 25:75, 0;100 nadauiUIAI DU UANAIUESITOU 1500 Sausauadl innselnans Uan
UNAN UATFIRNEINY NANTIVIAABINYT WRuduassnaTnueswanadnlda1ussAnsawidamny

SouvsnlnalAesnuihduiwe wazvSuaasuanwlulodelndfusfuiaduiea

NuITuRe U Tuadea wazmng. [3] 1Avinn1sAnuiNar oI ue N veENa&in s aanssouy

| 7]

! a - 3 = g w al 4 — : P ¢ ol
uwazn1sUdesiafivluniossungnsudndien sdauwuudnese (Direct injection) Tngirpsounild

nageuAe ISUZU 1 4JA1 e 90 Wswh 8 gufirnasiasay 1000-3400 REM wavldnn1saaes
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= o a o s
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nslduniiufanvegwananilalaenindanlsannnislddTuiiea fe 1.6-3.0% ludiesounisly

91 (2000-2600 rpm) Feagusiodndiudingwasadndfinenmlumsthanldumauwnududiva
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UV AR warany. [4] lavanisAneamanniUsusiuveenisiea lvdvue sty
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In-Cylinder Pressure @ 2100 rpm, Load 25 % In-Cylinder Pressure @ 2100 rpm, Load 50 %
- -

WPOSD i WPOSD

A 4 C'.i ) P X ) « &0 L« 100 Lo 20 &U.i\- ) ( I‘ ,6 w B0 1
InCylinder Pressure @ 2100 rpm, Load 75 % In-Cylinder Pressure @ 2100 rpm, Load 100 %
- -
- L
wosd i WPOSD

Pressure (bar)

L]

“track angle (gffee)” © ° B0 Sark angle (Gigren)”
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JUN 2.4 msuSsuifisummianluvieaslmifvesminarfewisssau 120 pdns finnsisou 2100
50U/UW [4]

[
a w d\Lv

nuddslildaguiamnsatmniluimuaiumslunmsimuiseonsdiiuideiwds

NVBENAERNlRABeTUlUaWIAR [4]

v al

2.2 NeifiiNe1eaNuIAIIeUnGLYA
2.2.1 MSMUVRIATDIBUARLYA

MsvieuRsATEseusRlYA 4 Tamaztulunisvineiunsuseu 1 dpdnsasiinsiinusedud
9 (Stroke) fid Jenazgu (Intake stroke), Timaedn (Compression stroke);, 33m¥rinda (Power

Y v <
stroke), wazdevzaIy (Exhaust stroke) Asnuandluzuy 2.5

p: pressure
pAQ’"% V: specific volume

P

5
p4 - T Qo
Py 1)7 i 2’>5-'
0V V %

Ad as s L L s ot
JUN 2.5 uamsamduiussenineudu (P) uazUszanns (V) vesindnsiiea
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nszvun1san 11U 2 Wunsguenmdngvioamnlvsifianusuned

nsEuuNsaIn 2 1 3 WWunszurunsdafmuuuesisuin (Adiabatic compression
process)

nsvuaumsan 3 W 4 WumsveneshnisliruduasiinasUsuinsvasernaveosh
\ulumudnsnadu Cut-off Ratio MTen1wilng)

nszuaun1931n 4 W 5 Wunisvenefinisuuuesifeuidn (Adiabatic expansion
process)

nsEUUNTN 5 16 Wunsudesnnuouivsimsasil

g

nTEUIuN153IN 6 W 7 Wunisangeiniandawdsesnannvonalnsimnusundi

) v = =
2 UUNDUNN ilﬂﬁi‘lﬁu'ﬂaﬂ A4 UnNALYA

< ] & a a  w o i =l al PR e
Tunseseudifiva Wamdwzgninddwesnluilaensitouiignguazinfouiivuils TDC

nduiiomdaznaniniueimaneuiinnsgessidawaziinnsdanysesmuiounufivanslusy

726

Rate of Heat Release

] {
Premixed
combustion
- fe—ste—fe He—= // -
Ignition Rate-controlled Late
delay combustion combustion
SOl EOI .
+ R ; 1
160a b1?0 180 190 200 210

Crank Angle, deg.

d s s 1 =i ot t 4 !ﬂ'
JUN 2.6 uansdmniiulanddssnnufouiloutiuyudeinios [5]
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9 a W b Wutumeuiiinnisardiluniseaseida (Ignition delay) Aptnaianseninems

Suaninduaammaesuiaiuianigen v

90 b W ¢ Wutursuiianiswnlungdanswas (Premixed combustion) AptaaiafiAnnng
Udesaudeustnnaiinndewdildviinmsaauiveinasninanisiianisardrveanisgn

szingninindiaunue

P

90 ¢ W d 1lutumaunisinludlaefignaiuguge (Rate controlled combustion) Tag

|
a

waINAiemdsinauiueiniaseninegatmiaitivesntsaassidaianisin undaunuauddu
ﬂu a & w = 8 | ' ﬂl 4/ (=) 5 o e ! b2 L4

Womangegniatinanagwsatiios lnsnsssingvestiomasiuvilviensinisUdeueiuauluios
wilndfanas uazazret ) \isdudadamswalwiTudnessuilonyadndowasns nsUanUdos

ASBURYLABE Y anad

90 d 1 e uranisenlmidmay (Late Combustion) N1sUasddesaiiufousiiuse
Mednsiioy auwveiinlnainmate Uedvfie inamaenniidomdansdiudbignmibmiounun,

Wansenivemadegluanuazonswlviindndnga natssaumu

2.3 N1518094N15 N NI LULAS DI UAR LA

Tunmsnwangfnssunisunlvdsilutmadsnawailnlumsenindnnelueiowussiag
fududesitvildnlurdossudmividosnniisnuasiiiuuas atrdlsisylumaenisd fodui
wareIsmsvfgunsaflunismassdnuinginssamend dnsethaty inastuslusda (ORE),
i3 stUALUUEALSY (ROM), wiosn Insluuuiiuiunnsasdiiinasiva (CPFR) Foaumnlusiuuuuiunns
asftuuuldrudou (CVHO), wourluiUSumsasiwuuldidomadinnlusianmii (CVPC) uasias
wrlvdUsunmsaedt (CvCo) Tnscvecifuiitnsnmavhauiinseunqumntrsvesnisinivsivesniosons
Awadaiucvcciagnldogauninaslunsinsiuaunasnisunlviivenniassudiiea (6] Tng
aVae ﬂy’umzmmﬁj’wammmﬁ’uuaxqquﬁnw'(,uﬁml,mlwﬁdauﬁ%ﬁmL"?';amﬁalﬁimﬁqni’w i

rusiukargamgilasluissninivesAdeduudunsdiaosruiuazaamalinnesluko s
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Yo o0 Conditions at
L/ /mc
% 3 ® ORE1 |
E' 10 L..;;(,.{_ff,; ‘ * OREZ |
ALY
£ [t mem
ElE T
g s e
o
T — 20 kg/m3
40 ho'm3
- m ;_....._G{.kg,-mj
b -
0 | T — ) _ —
Temperature (K]

A d ! L3
sun 2.7 Reulvmsinindlunsiazgunaninisveass [7]

o = al )
M990 2.1 LLam ﬂ'ﬁL'iJ?EJ‘ULﬂEJUﬂu’UﬂQ'l‘TﬂV]ﬂa@Q

Type of optical test rig ORE RCM RCYM CPFR CVHC CVvPC

Optical accessiblity 7 0 0 4 4 3 +

Similarity to the real engine situaion 0 - - g o e

Free spray penetration distance 0 + + et ++ ++

Control on trapped gas p/T 0 + 0 ++ o+ ++

Control on trapped gas composition (le.

EGR) 0 = 0 + ++ o+

Flow field impact combustion - = = 0 - -

Test facility volume 0 + 0 0 ++ G

Time to switch between operating

conditions (ie.T) 0 0 0 0 - ey
120-

Time between tests [s] () 1 600 1 1.3 60 600

- v v o 9 o ¢ i ' &
M1519% 2.1 mmiﬂﬂ':;U“Lﬂ’n ﬁQLLNOREf\}zﬁﬂ'}']ﬂJWmQUﬂULﬂﬁa\?HUWaLsﬁﬁﬁﬂﬂﬂqq O CVCCUU
= v a v i v o o w | v a
Liﬁll']xﬁllﬂ'ﬂzl‘llﬁﬂwqL‘Ua'ﬁLwa\7‘U@Qﬂ7'5LN'ﬂu‘lﬂlli]']ﬂﬂ'ﬂLWi']ﬁsL‘VT’U'JQﬂqimqqquﬂﬂqﬂl\?ﬂ?']Ltaglﬂﬂiﬂ.l"lﬁi

& a o '
VNALBDILTDLWAIVUINAIN
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2.4 ysiuanvgzwarain (WPO)
2.4.1 nszurunsinlslada (Pyrolysis process)

nszvunsinlslada Ao mszuiunisuanduseaaisivesansusznouvietansineg fe
vy o a - a 4 = = a
AusauRigumgiiuszunn 400-800 °C luussemaiivsimaineendiau wiefieandiauludsuim

i1 IIJ a c‘ b3 Y 1 [ =Y =
Uoeuin lnamluuandnflaannszuiunisinlsladaaiuisouvsoandy 3 vdamiuaniisie

judsund (Primary Products) [11]

o Y

[ [

a  w fa 2 o ] a ¢
NAAAUNVLUUNY YA Laz Uk (Char) LWUNERAUNY

as

Shsnduvewdndusialdduegivaniiedliivu gumgd Sasusalunislimaudeududu nasle

[ 1
s =t s v

Isladanwanafiniu wandefildazluegiviflinaraindszinnle wnwarainwa 1adnussunnivesly

as [ as

a v o ) H Ay vy 1 v 5w a
wanadnaylauduninsosas 80 vesdwmidn Wsiudladulugssdsenavlume duuudu

2 3 v !
v o=l o ar o a s (! [

Wune ddudiea Wdue1 wartdundn wausauiuag drun1enlanserdsenaunaty fn

AU

ot

FITUYIALANORNT1dIUYBIRIAY SENBUTIRANA 1 U N Y

wanAnnUsunil HanA NN AL A

MS LU ILAA

1400- 1650°C.

Char 25.50% o
Activation (800 -1260 mafi')

)
co co,

UL
Boudouard
reactor
2CO + €O, + C Boudonard
carbon

A = s ¢ v a = U
U 2.8 uanawdnsnusildannszuaunisinlsladannueswanafnuazenssouia[L1]
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2.4.5 JUADUNISHANUILUIINVYZWAERAN
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! Condensers w

2 Pyrolysis Reactor -

K % w
i ! g &
| : 83

' Burners & It

. ) et

*eece . ........ 0N ..... 5 £
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-—

Sorted PE & PP

Waste Plastics \ef w Y 4
Storage
Tanks 7
Diesel Naphtha Gasoline

N3N 9 gunsailunisHAnuiuR Ny NAIARnTI T

—

)
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7)

Storage Taﬂk4

Distillation
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i @ & a '
2.5 npufiineadasivszuumsiadamwdauusiesay

ST BINALUUT 9TV DRI DS Lﬂuixwﬁﬁ'ﬁumﬁuunLﬁa'lﬁLLiqﬁuﬁwﬂwﬁ'wq
519374 (Common Rail) Lﬁa5af(fw:]z561151ﬂuﬁmesam'1nm'iﬂszmawauuawﬂwmuqm
Sidinusndla (Electronic Control Unit : ECU) dannstileAussdontiadnlwannsadavaranssld Tng
TuszuunsuueuLsaasamuRuNsanligavgumuanefivinzanls Tay ECU anansnddame
ldnniduieed wu sumweanangniden Aussanh ussiurhiilusn guuiluareandiau
uleids Siliaunsadadamdsivarsnislunisynsadadfissadaiion (Muttiple Injection)

ausavTunauafulunsneenlvdiastiisannsionveunsosuusle

' Fueltank Sensors

= °
JURN 2,10 uanin vt IsEUUABNLBILIA (8]
SEUUABLNDULSAYSENDUME

4 L2 & &’ - L4 e = L3 ¥ 1 as
1) Juuseiugs lnsamsntduioddiiniudugeia 1,800 uninde 180 MPa Tuadiiu

Y

=)

\w3nspudusiaziu Insussiufigadvialiidemdwnnsuazeaslafnimsldvhdauuuiinunuied

138n31 Fuel Atomization

1 = e 1 Ad d ! u 4 1 dy al
2) i'Ni'JllﬁJﬂﬂ‘b‘ﬂJ%L‘TJUW@LéﬂLLaSEJ’]'W]&JF]’J’]?J%U’]%J?TWLWBWU@BLL?Q@UW%Q TNIIUUILINYT

s v Aﬂl 1 t 4 dy = Q‘ ! LR 4 ¥ 4 al as = ot
ﬂ??&Jﬂu’[ﬁﬂﬂWLLﬁE‘U']EJIWﬁEﬁE]E]QL‘UBLWEQV]%']EJIUEJ\MENLNWI%MV}HW@QNﬁﬂUﬂJ%LWN@UﬂH

‘o ) v oo ) | o v v o
3) WULLDIINAINAY I‘ULWaﬂ’JUﬂﬂﬂ?quﬂuﬂqﬂiu57Qi'J§JLW@1WL%Nqﬁﬂwﬂﬂaﬂqqgﬂqﬁw%ﬂu
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VDILATDILUR
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4) mhemuaunieBianinsia (ECU) WiNoruaumsvhauressyuuseslagldnugiu

'
= v o a [

ndayailadivanwueinelusruutu MIrnausy (Pressure Limiter), wuwwaininadu

AR, LUULBIIUNUYBIIEUNRIED, aunnillod
5) fANARAINAY

6) Biaalnslialasiiiadyln (Electronic Driver Unit) uihafudeyanin ECU iteululd

Ay vAaliimnzauiunisziarauiveesaeud
7) vdevimihidetemasdngwoann i
8) MINTDILTDLNGY

9) faunau

2.6 AUSTNINEY9NUNITNNADY

muvsiithedesiuntmeaededun mwuiuszriramswnlyl samgflunisiwlugl s

artlunisanseiie dasansUasainiou

2.6.1AUAUTENININISH L3AST
ANANT NN SR L umalUseuRud unasnnnisiuasuiUaa e usey Aanw
\induveseendiou tiueuduannimilufionsanguvglisswirenisun il muditilunisge

suln dmsn1svanlasselauseu Ysuanislassninussuasay wasUSunmun1iuasunnuteu

2.6.2 rungiilun1swlugd
gamgdlunmsinalud (BulkGas Temperature) Ssdnraaldiarnaausulunisimn il

#unng

Ppulk M

Thuike = Tine (2.1)

int
Thuix wnugamgivowiandmingaszin

Ting  wiunamgivesfaisnodwasn v
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P WNUANAUYDILNANEIRINYATELTR
bulk J
Pt wnuanuduvesufianounisynsuda

M uwsarduwdnluanasewing wnsueiuazansseiy

2.6.3 ansIn15UdoBANTOU

PR3 INTUaesAINI U (Heat Release Rate) Aadnsin1sUassminusouiiiomadsuasseean

g lsianunsaruiadls aedunas

dQ av/// /A ., d
—=plly —yP (2.2)
dt y—=1..dt ~—y=1dt

IJU:’IU

ot & a W val ] 2 w
‘U\ﬂﬂﬂ']'i“ﬂﬂaa\iu ﬂ‘immwmm’ﬂm.mmmm muuam‘i?mi‘daaaﬁ?’lmaumm‘mamgﬂlﬂ

WosanmsldvesnnlmiuSuiasasilag Nusuass lufinisiugeulias annsnanjUldsiaunis

aQ 1 dp
—=_—yE 3
dt y=1 = dt e

Y WuEns @A TOUT NI

V' wnulSuamseasvioanlesl

dp ) = o A v
E WNUAIINITURATULUAIAUA U B UAUN AN

2.6.4 Anuatilunisynsuln

Auarilunsanszidnegnition Delay) Aostusiiaasemnanigasusudaiioinas (SO
igaiiuiunsseda (SO0) Bensynsudnvasfivawdaladu 3 dureu Ao muartlunisan
szLiin(ignition Delay) N5 lusiansuan (Premixed Combustion) n1sienlusidn (Late -Control

Combustion)
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2.7 ﬂq‘dﬂ'ﬂ LNEUBINUNITAN Elﬂ"lWll'U‘U‘UqIﬂ?ﬂ‘irlw

& w i & a & o v v ' a & | a8
ﬂTill'ﬂ\]Lﬂuaﬂﬂm:ﬁﬂLﬁﬁﬂ'ﬂaqL'UaLWﬂQUUEnﬂqﬂf\]suaﬂ‘lﬂﬂ')Em’]LUa'] LWT]3Lﬂﬂ°Uu‘[U°U']\H']a"tﬂau

= o - I’:‘ ¢¥¢I’ - } 23 ¥ L7 Ld J _= 9 L I
n1'mﬂmanwmsauﬂseﬂ,ummfaaﬂsmaLaan'Lmnaaqmmﬁ"Jqqwmwamiawatwaq Tneltuanmsanunin
= [ o P o o (BN a3 & o o v
WUUERTUMIUN 4 Hiagenduduasninuvasiuilawas (Light Source) ansdwasluinszanies (Concave
u & o o ' & a i o v [
Mirror) 21nNudMaINNIEaInzasNouNualUsadamaaluniaaenlugd (Cvee) Tusnnssnudunseanlay

o o o v o o a o ] ' ¢ = i '
DNATIUNUINIEMIAUINTIUUERVIENAIINNTITUNLURITINATA TIULANATIVDILN LA UTERITNATTUAUILUUY DY

¢ & P ° & a nlel ) o q ¥ a X Y e v v @ o <
ALUSOLYBLNAILAL AV UTDINGIN LININY V]'ﬂ.%mﬂﬂq"a’“‘ﬂu LLa'JUU‘WﬂﬂTWFIFJEJﬂﬁBJUUWﬂﬂWWﬂ?’]?JLS']EﬂQ

Concave mirror 1

Pressure
g transducer sensor

High speed

6 .. video camera

3‘Llﬁ 2.11 wann1sanen wkuUsledng w (shadoweraph technique) [9]
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3.1 gunsain1masauUszansawiaiu

3.1.11A3098Us KUBOTA RT140 DI plus ES

sastltdmsunIsaassnswi luilieS eseudvinauuas S aUs L BVE AN YR AS B9 UAT Le

yindiudawinnuesnatafnuisuieuiviniufiwauinsgu

SUT 3.1 IeSnanuilivaaey T11]

= a & b
M15197 3.1 WS LuATlaMAda U

Model

KUBOTA RT140 DI plus ES

Type

Diesel, 4 stroke, 1 cylinder, water cooled

Injection type

Direct injection

Bore x stroke 97x96

Displacement 709cc
Maximum power 14hp/2400rpm
Maximum torque 5kg-m/1600rpm
Continuous power 12.5hp/2400rpm
Compression ratio 18:1
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3.1.2 Eddy current Dynamometer

o 1 - Y v

LAS®Y Dynamometer 3uU ED-60-LC Wudseunn Eddy current NuS2UUTEUI8AUTOUNIY

U1 gnirunldluntsvageunisniussdanaziidswsuniossudiaiuisondnls tasaq
a o d 2/ 1
Dynamometer kuU Eddy current @uisninomnsinisildsuiiaved Load laag1esiasalae
= i ¢ - - o a

AUANNTE (Load) lnemsilfeuudasusausniilswas Tnaussusniinandeilifuusausniiiinain
o 2 da N O = ° ¢
gunawimdnfilinamnanuimaniai uazudimdnfifistuainmsmieniuulsmesd wazmiunu

AMIVNNUNIUADUNIADS

d v w oo
3.1.3 1ATRYINAIUMD

gﬂﬁ 3.2 Black smoke Meter: Filter Type [11]

\nTaa¥mmTusi Y (Black smoke meter) @%a  Okuda Ju DsM 240 Wifefauiunamniudng
Udorpaninainmisinvitendsssus tdssinatusiesgrimldlarmdudusenisouna
luielodenoufiasnsowazindeegudsndnivoyniansasatnsgnunses afus 0 Wadisus
wngnmIliiiduazensuuiinses uanudu 100 Wesidwsivuneaauiinsyaunsesazgnun
paushoynpaTuluyniuf Wesidusives smoke meter uansifanunsnasuldinszanunses

aunAaINNsansealiUunauviils
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3.2 gUnsninsnagauanwaIznN s gl

aw O v v o o o v ol W 1%
lunuidedladenldtearindiusuasmsiidusonmn nifidaruisadunanisienlnsivas

a 2 L3

5 avud & v v o o « o & a
Wemdslaitavisaesinuvesissnludgnfnmeonszanmandiieidunanisainsmnindivadoinds

v v oa aa ea o da ¥ 4 o - v @ = ¢
TﬂawadeﬂlwuﬂﬁmmﬂWSJQﬂﬂimﬂaﬂﬂmwﬁmmL‘wamamNEJ‘LJI‘?Jﬂ’l'iMﬂﬁENI%LWJE)MﬂULﬂiENEJum‘W

7]

fimsgasuiiauuudn Swiunisliinadadenmuvugiisusasduiinameendasauisage

3.2.1 uwudsgunsninmnaeg

Meter
Inverter
Controler
T@ U Thee
Priose Supply
Cedescops I
[2voo ] 1
| Suoply [ {
[ Pine I
Dalay
—
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3.3 UnLunnagaau
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Conventional
Properties Standard WPO Comparison
Diesel (B7)
Density @30 °c g/cm, ASTM D4052 0.824 0.805 -2.31%
Viscosity @40 °c mm?/s ASTM D445 3.24 2.90 -10.49%
Heating value (MJ/kg) ASTM D240 45.86 46.29 +0.94%
Distillation T10(°c) ASTM D86-11b 2071.7 182.4 -
Distillation T50(°c) ASTM D86-11b 287.9 290.7 -
Distillation T90(°c) ASTM D86-11b 3523 3854 +9.40%
Cetane index ASTM D976 60.43 67.93 +12.41%
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A15199 3.3 WaulvlunisAnwinisiwalwsl

Conditions
Parameters
Test fuels Diesel. Waste plastic oil
Nozzle orifice diameter Single hole 0.2 mm
Energizing time 2.5 ms
Injection pressure 100 MPa
Ambient gas temperature 1100°K, 900 K, 700 K
Oxygen concentration | 21%
Ambient pressure 4.0 MPa
Repeat 3 Times / Condition

3.4.2 35N13N1UAAN LUNISNAABY
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u
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aCoHz + bOz2+ cN2  — dOz2+cNz + aH20 + eCO2 (3.1)
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Gas composition [mol%] Gas composition [mol%)] (Composition at start
Percentage of
(Composition before spark ignition of injection
oxygen
concentration (a) (b) (c) (d) (c) (a) (e)
CzHz2 02 N2 Oz N2 Hz20 CO2
21% 5.5 29.3 67.2 21.0 67.2 35 7.1
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4.1 AMANUAVDIUTLULYDINAS
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WeanlIsuifisuamandiivestismdsseninsfatudiduiiowdsanvsenataing
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e A '

winflweinaesninansemufuniswlul widwiuauaui@iuanaefiundnazuanslu s -
1 uansliiuindiomdannvesnarainiiamumuwiuiitosnindouwd iz 319% yildianne
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NVYENATFAANUATAITUNUANUBUNINYDENE IS 10.49% azansonaruuazonazsenetyy

I3
.. a s a1 b

leldfnindends venanililemdwinveenanafndedidiniuiou (Heating value) flunnnin
& a a ) al o T — a o i i
Wonasawausrauna 0.94% mduluaniznassiferiusiaassdedafivswanuinseseuiio
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M3197 4.1 ;snpuauiArenhduiwawa i udomaionugewanaan

Properties Standard > 2N WPO
Diesel {B7)
Denisity @30 °c ¢/cm, ASTM 04052 0.824 0.805
Viscosity @40 °c mmi/s ASTH Dads 30 280
Heating value (Ml/ke) ASTM D240 4586 46.29
Distillation T10(%c) ASTM D86-11k 2877 1824
Distillation T30(°c) ASTM D86-11b 2870 2007
Distillation TS0(%c) ASTI D86-11b 2523 2854
Cetans index ASTH DITE 63.43 £7.93
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4.2 SUIIOULVIUAIDIBUATINIAFDU
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BSFC @60%load
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Break Thermal Efficiency(%)
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Apparent heat release rate of fuel
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4.3.2 anuartrlumsgassdanasszezinanisinlngd

& o = | a & a a o
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Ignition delay of fuel
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Fuel Ignition delay of Diesel Ignition delay of WPO
Temperature (ms) (ms)
700K 1.178 0.902
900K 0.807 0.659
1100K 0:651 0.634

U

3U7 4.15 uazn191e? 4.3 uantbiiudelnnatlumsenssdavestiomdsainveswanaiin

wWisueunuionwdssialaatismdinvaenatannititnailuniswa e nndd ainwseiiea

3.07%, 4.12% uay 4.019% Agamgsieainlmd 700K, 900K Wa 1100K Ay wagiiuualiud

a & 4 a o & d 1 a Ay = A a & a
wiatudlogamniliindy Wowwnaudrdilunsypssibanduaadiogamaiiadu JunaliAnnns

anasotmlvsiansway (Premix combustion) kazaengam s iuuuins nszany (diffusive

combustion) Fsvltrsaantumsmalvdiiiudumiugy
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Combustion duration of fuel

=
o

; : :

4.12% 4.01%
3.07%

e Diesel
e WPO

Combustion duration (ms)
o b= N w FaY wu (e} ~l (0s] w

600 700 800 900 1000 1100 1200
Ambient temperature (K)
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= < = | a
M1 4.3 LLEWNfﬂiLU3EJUW1HU%QQL?ﬁW‘U@QﬂWSQﬂiSLUW

Fuel Diesel WPO
Temperature (ms) (ms)
700K 5.358 7 5.52%
900K 5.832 6.073
1100K 5.019 6.156
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4.3.3 Ysurunisuandaasainusoussas

A ! & - =
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| £ . = ' ¥ a a P & a a _ a
drnAusau (Heating value) fsnnnindiamdsdigauasidoisinideaindsainsgsnaradnilaini iy
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Cumulative heat release at 700K
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Cumulative heat release at 900K
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Time after injection
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Curnulative heat release at. 11.00K
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a Y A | o 1 a <
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51 asunanisfing
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Iniaeligamgliiuanens msagunasswdaluauaiu dwuusnie aussouzvoumsseurfaaild
vuemdinvezwatadnuSouiiouiuidomasiiens duiaesde sasimsvdesainuieud
U3ng, onsmsUandeemuipuaray, Anuaidilunisgesude wavdiudiauldruaulalus

A lains aaensedsuivesasd wazn1snmulvawlan v
5.1.1 AUTIAULLATDIBUAN

< & = a A W =1 a a ° o
TAUDII N BINASIINVLENATERNLATATTUNUTLLULDE NI DLNASFE 2.31% YL

anmeihiadeiu dhfudemdwntvswenainavgndarhdianniludildtondutemiedioa
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wasilosmnAranuaniilunisgaselinfuansnsnidamasiion shlldmadsnidomaiiee
6.30%, 2.97% 3.20% wag 1.73% ﬁﬂ?”lllL%’J'iaU 1800RPM, 2000RPM 2200RPM &g 2400RPM

AINEIRUDIAN I EAULATDRANAIES

2 a5z revieipsusineaiuidoseiniaimasnvs s narasniiriaudouiunnnid
Wewndsdian 0.94% vhlWarnsndadeinasdrddeusntudidiooninlnefiléiddeoantiviniu
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f1.6.24% uasfpsainAIAavne T amAIInuE R aNaRnTIte YR T DINARLYA 10.09% v
Iaunsaduazeesldfuasnanivenialin nindemaiies dmalidomdainvozwanannd
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900K war 1100K audwulasanuartilumsyessdniuuilinivzanaslegumgivontlugd
gaulemniiamasannsnszvsuagnanfigumgiigalsisiningnmgiinn
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https:/www.dieselnet.com/tech/diesel_combustion.php#heat

D. N. Ngunyen, H.Ishida, and M. Shioji, “Ignition and Cambustion Characteristics of Gas-
To-Liquid Fuels for Different Ambient Pressures’, Energy Fuels, vol. 24 no, 1, pp. 365-
374, Jan.2010.

R.S. Baert, P. J. Frijters, B. Somers, C. C. Luijten;and W. de Boer, Design and operation
of a high pressure, high temperature cell for HD diesel spray’ diagnostics: guidelines

and result’, SAE Technical Paper, 2009.
FEUUADUUDULIA, Lmﬁd“ﬁlm https.//www.afiaustralia.com.au/diesel-injection

M. SOMBAT, ‘COMBUSTION CHARACTERISTICS OF HYDROTREATED VEGETABLE OIL
(HVO)-DIESEL BLENDED UNDERLOW AMBIENT OXYGEN CONCENTRATION AND
DIFFERENT AMBIENT TEMPERATURE’, A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF MASTER OF ENGINEERING IN AUTOMOTIVE
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ENGINEERING (INTERNATIONAL PROGRAM) INTERNATIONAL COLLEGE, KING MONGKUT’S
INSTITUTE OF TECHNOLOGY LADKRABANG, 2017

B. JIRAMED, ‘EFFECT OF PALM METHYL ESTER BLENDING ON COMBUTION AND
PARTICULATE MATTER CHARACTERISTICS IN SMALL Cl ENGINE, A THESIS SUBMITTED IN
PARTIAL FULFILLMENT OF THE REQUIREMENT FOR THE DEGREE OF MASTER OF
ENGINEERING  IN  AUTOMOTIVE ~ ENGINEERING  (INTERNATIONAL ~ PROGRAM)
INTERNATIONAL ~ COLLEGE, KING MONGKUT’S INSTITUTE OF TECHNOLOGY
LADKRABANG, 2016.
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Yoyaduwesianausiu B Kistler type 6053CC60

Type 6053CC...U20 (other specification as for Ty

pe 6053CC...)

Measuring range bar 0..300
Calibrated partial ranges bar 0 ... 8,0 ... 200,
0... 300
Overload  bar 350
Acceleration sensitivity
axial bar/g <0,0005
radial — bar/g <0,0005
Thermal shock error :
(at 1 500 1/min, pmi = 9 bar)
Ap (short time drift) bar <+0,7
Apmi % <
Apmax % <+15
Type 6053CC...U40 (other specification as for Type 6053C...)
Calibrated partial ranges bar G 100,0 ... 200,
0 ..250
Operating temperature range °C ~20 ... 200
Temperature min./max. -50 ... 200
Sensitivity shift
22 . I07C % <2
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ayauama% 3 1Wd e Mitsubishi 'z;'u super line induction motor 5hp

SF-JR 3HP 4P 100L

53

R
A B __Q KL
Kal oK 1o
&
4 e N .
(LIRS q
e ‘
& 4%:, . 4
Frame No. Frame NGl Frame oot as
63 71~ 0L Hwod o et
Fig. 6 Sacuon A-A Fig. 7
Dimensions (mm)
P Outpue HP (W) Moter Torminai Box
Mocer ~ ™ Fig.
2-Pose 4-Pom 6-Poia RoSH C VU SEolicEaceAl W\ ) BEEe Mol IN(X XB“Z BAIKG KD KL kP~
63M 1/4(0.2) 1402) - 1214.736 63 130 50 40 23 1263 - - - 2244 135 - 100 12 40 7 384 75 PFU2 130 162
M 112(0.4) 12(0.4) 1/4(0.2) 2 1285 83 71 1476 56 45 32 1448 - - - 2485 148 - 110 18 45 7 445 67 PFU2 140 161
80M 1(0.75) 100.75)  1/2(0.4) 122 98 80 161.6 625 50 32 1654 - - - 262 160 - 125 15 50 9 395 38 PF34 145 -
IR 9L 2015322 215 1(0.75) 743 117 90 1836 70 625 4 1863 - - - 3115175 - 150 15 5 9 53 59 PF¥4 158
100L - 322 2019 173 131 100 207 80 70 65 2035 230 40 45 366 200 212 180 4 63 12 65 64 PF¥4 170

112M 5(3.7) 53.7) 322 181 138 112 228 95 70 6.5 226 253 40 45 381 230 242 180 4 70 12 69 87 PFV4 182 -
1325 17.5(5.5), 10(7.5) 7.5(5.5) 5(3.7) 211.5 155 132 266 108 70 65 265 288 40 45 450.5 256 268 180 4 89 12 75 9 PF1 210
132m . 10075 7.5(5.5 230.5 174 132 266 108 89 65 265 288 40 45 4885 256 268 218 4 89 12 94 9% PF1 210

0
* Trve perpenaicutar vanation of lokerance for the snar center 1s -0.5
** Tris camension 15 for moaer wruen KP > H oy,

N r,'::,. Snan Ena Boaring No. Approximate Wasgnt (kg) m{r.&“.'; Paciang Weignt (xg)
e T O IR S T U W DwveEna Opposne 2-Poie 4Poie 6-Pote i il 2-Poie 4-Pote 6-Poie
63M 23 - 103 16 - 1 - 6201ZZ 6201712 6.5 6.6 - 245 £ 2212 193 5.1 6
M 30 25 120 14,6 § 3 5 6202Z7 62017 8.0 9.2 9.0 275 x 256 x 180 12 8 8
B80M 40 32 140 196 6 35 6 620427 620322 10.5 1 n 315« 270 « 206 10.7 1.7 15
90L S50 40 1685 246 7 4 8 62057 6204727 17,205 20 215 368 « 280 x 226 17.2, 21 20 195
o 100L 60 45 193 286 7 4 8 6206IZ 620571 - 24 25 430 « 355 « 300 28 21
N2M 60 45 200 286 7 4 8 6207Z1  6206ZZ KX) 36 37 477 3994 315 40 42 44
1325 80 63 239 38«6 8 5 10 630822 620722 47,55 48 50 579 x 435 x 347 55,63 56 58
132M 80 63 258 38«6 8 5 10 630827 620722 - 58 61 579« 435 347 - 66 69

'« MITSUBISHI ELECTRIC AUTOMATION (THAILAND) CO., LTD.
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?’i‘aya Inverter three-phase 380 VAC model ND1-4-5A5

LED monitor Up/Down keys
\ihen the mator is runing or stopped © | During operation ; Used to increase or
The monitor display the speed manitor decrease the frequency or motor speed.

(such as output frequency, set frequency,
output current, cutput voltage, DC-bus voltge,
Motor speed, Lines speed)

Alarm mode: The monitor shows the cause of
Trip with a fault code.

Data key

Uud to change ma LED romtur
and fo store the function code
and data.

Program key

This key valid if the function coda F301=0
In data setting . Used to indicate the function
code Number or to change data set value

Unit dlsplay
Tha unit of the d splayad at the
LED monitor is indicated
Use the data key to switch tha
Displayed data

Potentiometer
Used Lo set the frequancy
and issue the PID process

commands.
Used to set data. l }
Run key { | Stop key
- f-.- - D e — —————
Whil Used 1o siop the opcmﬁon
Used o ahrl the mmﬁun . This key invalid if the
This key is invalid i the function code F201=1 funétion code F201=1
(operation by axternal signals). {aperation by extarnal signals)
Alagrm moge . Rasets a trip pervention mode.
g. : w ; .r D
B
{5
Single- Snll-:nollng
phass | ND1.2.001 1 83 | 126x 147 x 145 Not include
220VAC
ND1.2.002 2 8o 1
ND1.4:001 1 as R
o | WD14002 |2 | 48 alalis A il
3VAC | ND1.4.003 3 82 o it
ND1-4-845 | 88 | 11 " ,
T T - 7] 131 x228x1978
Phasa
220vac | ND1-2-8A8 | B85 | 178
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Compact general purpose
3-phase + neutral EMC filter

Technical specifications

Three-phase + neutral line filter for
general purpose four-wire filtering
Compact space-saving design
Choice of connection style

Low operating leakage current

93a Compact general purpose three-phase and neutral line EMC filter
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l I II)SCHBFFHEF
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safety for electronic systems

Approvals

N @ X

ROHS
2R
By December 2008

Typical electrical schematic

Maximum continuous operating voltage:

3 AB0VAC (FN 256)

15

3x 520VAC (FN 256 -H) L o 2
Operating frequency: dc to 60Hz O
Rated currents: 8 to_160A @ 50°C 9 © - °
High potential test voltage: P ~> E 2650VDC for 2 sec (FN 256) v N 2 5
P > P-2100VDC for 2 sec (FN 256) Cxm O RQJ.
P => E 3000VDC for 2 sec (FN 256 -H) N
P —> P 2250VDC for 2 sec (FN 256 -H) oy
Protection category: 1P20 — 1 &
IPOO {filters with connectors -28) @ (L @
Overload capability: 4x rated current at switch on, Line Load

1.5x rated current for 1 minute, once per hour

Temperature range (Operation and storage):

=25°C to +100°C (25/100/21)

Flammability corresponding to:

UL94V-2 ot better

Design corresponding to:

UL1283, CSA22.2 No. 81986, EN133°200

MTBF @ 50°C/400V (Mil-HB-217F):

600,000 hours

L

L3’
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FUEL SYSTEM
FEATURE OF THE COMMON RAIL SYSTEM

Fuel Tank

Fuel Filter

Fuei Supgiy Pumgs

One-way Vaive

Fuel Raif

Fressure Limiter Vaive

Flow Damper

Fuei Reil Pressure Sensor

infector

1G. Engine Control Module (ECM)

t1. Camshaft Position (CKFP)
Sensor

12. Crankshaft Fositian (CKP)
Sensor

13 Various Senscr Inputs

DD A LR

I'he common rail system uses a type of accumulator
chamber calied the fuel rail to sicre pressurized fue!,
and injectors that conlain electronically controfled
solenoid valves to spray the pressurized fuel in the
cambustion chambers. The injection system {injection
pressure, injection rate, and injection timing) s
controlied by the engine control module (ECM), and
therafore the cemmen rafl systers can be controlied
independently, free from the influence of engine speed
and load. This ensures a stable injection pressure at all
time, particularly in the low engine speed range, so that
tlack smoke specific {o diesei engines generated during
vehicle starting or acceleration can be reduced
dramatically. As a resull, exhaust gas emissions are
ciear and reduced, and higher output is achieved.

4. High Pressure Control

« Enatles high pressure injection from jow engine
speed range.

« Optimizes control fo minimize part:culaie matier and
NOx emissions.

2. Injection Timing Contro:

« Enagles finely tuned optimized control in accordance
with running conditions.

3. Injection Rate Cecntrel

« Piiotinjection control that performs a smail amount of
injection before main injection.
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