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Abstract

The purpose of this research is to study on variables affecting fuel injection
performance of biodiesel fuel injection and pyrolysis fuel. To test for variables affecting the
fuel injection performance of biodiesel fuel injectors and pyrolysis fuel. By experimenting
and modeling using computer programs to compare results. Finally, for to use the
information in the design of the car nozzle to work well with Biodiesel and pyrolysis fuel.
The tested fuels, which are pyrolysis fuel, Bio-diesel fuel, and diesel fuel, are tested by
tester Anton Paar@ Stabinger Viscosmeter (model SVM 3000/G2), ASTM D341 standard. The
result shown that the density of the fuel is increasing normally. However, the viscosity of
the diesel and biodiesel are strong increased whereas the reducing of temperature is
unaffected to the pyrolysis fuel. The fuel injection performance test showed that the
density and viscosity of fuel were the major variables that affected the injection
performance of the fuel. In case of using pyrolysis oil Injection performance is trend to

higher other fuels and cold conditions.
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2.3 Mslaneisnsmsanomnas
mMnszinsnsindeimdsentiinaunsalditves Udnia wasanel2], Demotteuay
Ay [3], and Payri azAte [4,5]. é’mwmﬂwmaﬁa, Momeasured @1W1IAAMIALIALUYT
1000-2000 ps w&NEUFUNNSUaeduaun1sin (SOA) vamsamuinassauensan
(discharge coefficient, Cd) dheaun1si (2.1). e?iﬂwdmfﬁ]wﬁﬂLﬁSQﬂWiLﬁmﬁmmﬂmiUﬂaumaﬂ
nsdavhdnuazdavadn [5,6] 895N slnalBeunamamgud ey, @unsi 2.2) Muamean
gUFUNTImMTNANUeIIan wasanusIneudIves
WIRA,V, 00 @N0N50ALIMLAINENNTTIUBS ﬁ' (@umsi 2.4);

AUNISAMURBLEBY (FUNIST 2.3) T998TUD

Cd — mme.asured 2.1)
Mep
Mip = norifice . SC1 / 2AP. pf (2.2)
Mep = Norifice - Pr-ScVin (2.3)
2AP
Vth - T | (2.49)
Pf
V .D
Re = % (2.5)
m
V ) < measured 2.6)
MR Norifice-Sc-Pf

W9 Nofice ADTUIUVBY oOrifices UUNUNULNFAAVDINIRA V83 orifice saan, AP ADAIILAU

Wasuwuas (AP = ANUAUNITAN, Pi - ANUAUNEIRR, Pb), Pf ABAMUNUILUUTOUTOLNES a
gAY, uar Vi, ANUSIVDLTEINEINNI9eDNTaIEn. Re fiaAl wslutiues Auinan

Y

d' d' I3 v a & [ ¢ v a
dUNTN 2.5, B V., eon ﬂ'ﬂllLi'JV]'NE]@ﬂSUQQEW’JQW, Do A® Laumqu@uaﬂaﬁﬁmﬁ@@@ﬂﬂ@ﬁgﬂqa@

and V AANUnTinve el nae g ivewagANAUUTIEINIAL. Voo, AUIMLARNENNTS
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HUTTFATeIEn MudwiuNniinueainanneen(S,) wazazdedliivsingnisainng
Bntu [6,7], Msgegdeniswinnisagdenisivalisanisluawintu. waganusann duasenis

Tvavaaawnas

2.4 AMUNUILUUVDILYDINGS

ANUTUILLLY LT INEINRuTUNAkaz g T a NS AUINLARNENITBY Riazi

[8] faannsit 7
P = 0.99.5G-10-3.(2.34-1.8985G).(T-288.7) (7)
ilo; SG Aernudad iy uay T Ao aaumgdl (K)

2.5 AMUNLAVDILTDLNAY

a

ANUninveueIngs Ngamaiiund (-4°C fis 100°0) anunsaAialagldaunisves Riazi (8]

3

LOg].O(VT ) = A.(V311(1oo)/—|—)B.T -a (8)
A = Log10(Vis111100) +a 9)
B=h. LoglO(V(311(100)) +C (10)

dleo: T Ao el (K), Vispy100) AB AI1UNHATAY 7l 311 K 39 38°C, uay a = 0.8696, b =
0.2801 and c = 1.8616
dmfuiigugiian -4°C fs -10°C anrsaduInlaeldaunis 1o Riaz [8] wavimunlng

[

Tinprabath wazaag [2] Al

I_Og].O(VT ) = A.(V269/T)B.T -a (11)
A = Log10(V(zs9(100p)+2 (12)
B =h. I_Og].O(V(zég(loo))‘FC (13)

dlo; T fl 9N (K), Visoaoo) AB ANUITAAAL 71 269 K 39 -4°C, a = -0.8639, b = -87.6560

ey ¢ = 124.30



2.6 \assadravamasigndanudrlulusisanlug (Overall spray structure) [9]

a a

dowdsgndudilulufesnlndveuaiasudinusidngifevdonaissienudy
sewinenuduluvierhiauasnszuenguiluansaiuunn isversesusifivanuuniay
yauiiauiusEning 200-1700 atm wetfanisdneinialunszuenguiiauiu 50-100
atm v6lsdA,bxitkl 1000 K hazAMUNUILULTENINe 15-25 ke/m3 lag§rin@ndvuin 0.2-1
mm wazdidnadussriner e daduiugudnanseglutig 2-8 dumniRvesiuiufieai
T¥furlufiannugaesdumizussann 0.8 fanuninsening 3-10 ke/m.s wazaA1UFIR"
Ustanas 0.003 N/m (7 300 K)

U 2.1 wandlasaadradomnds figndaradilulufesnlng veedossusisuidoinas
Tnensehluidodemduisooninidnfazduthuasnszaeeenidnlunaniuenmealngsou
Tnganuisadudurasmsadluazannndt 100 m/s aduuenvesdeimasiinsesnainsiin
ssupnifuneavideazessvunadusigudnats 10 ps Alndfunisesnvesindn wnuveava
(wnuesase) feanannimidnaninlulufennlvdasunnduneavuedsdediluldsees
Framiafienitnnuenfiunniludosazees (breakup length) idlemavendemdnndoud
pona1n¥iadn wavesoinanesluasdinasiuiy awsdasuiuseniliniuniiafia
arusianasasvosadsdassluluiesalailnatulndtudlefinsdasolufesnadiuves
nsvjadhiitesa

a 1 v

sUN 2.2 wansninatgvaatamasnanaanadntiulunialulasiau Adadeeldmeadanig

U U q

A18ANALANANN LA LU U AL A TN EBILUUABATNSINTIUS A L DL AT U UMAILAE AN

USHIUUDILMAILAUYDNNANTY [9]

Spray angle Break up
.M(\ length
9\

JUN 2.1 msilwesdAgyildimunlaseasiaweinslaiomas [9]



Diesel fuel- Pi=30, 60, 90 MPa, Pb = 2.5 MPa.

ALY

= 400 667 933 1333 2667 3334 ._ ps
MR i et e e et it

JUN 2.2 m‘wa'wuaﬂL%@Lwﬁa‘ﬁvjqL%ﬂlﬂluluimwuﬁﬁwé’amﬂL'%:uam 400 pis

neAYaNLBLNAINegvauusnvesasdagsEivenow i lviinasnausenineleeinadsdiy
9INANTaULNUYBIMal Sudunalidadiuauysalirgaaaiuuininatuaranandugud
(@mandsluleinay) Avovvesausd Weawdwadrluluvinaiuuenvesisawnluiiluny
o v v ¥ & v o a Y] v & al a %
funtaisasning awsdnazgnisdulnlnalfeulumuniaazanyiny awsdiiguinaniiossn
Tvimssanu Tuesesdnmnusiluanznisdndamasinluva A ose uURRaT9L NU TN
NsInszUanazyilalUsonendu 2 @ (2 fAan19)
Wogantuszuunslugun9szuulenistnaiure 1N AN oL AN TR INANSEWING
Wandeiueainians ianuveseinmeagyilvlastasvesamdsiignaaviuinluluies vie
wiludl wWasuudasly dsgu 2.4 uansdeguuuuresausddadunauiannisdademndaluiun
v A ¥V d' a dl' d' % %} & gj v
Smivesnszuanguidilulunisivatuvesennia esindimsiadeunduiusnsluiuidaiivay
WUILNUVBINTEUBNGUITENIIUT NG ud1iueIna WeaUsdrluuinTunazdias

awsgnandadedluluiianisnisinarudmivaniiznisdnfesduailsdosnisldliven

¥
=

wnndthunsdnlidnsivaty dnvasddyresansdfintulifeasiivinuredlevuinlng

AUTNYVBILAUYBILNA



Combustion
chamber wall

-3 1 1 1
0 1 2 3 4 5

Radius, cm

' (%

2.3 ANs el sgauuanvasalsgunduRwa 910 12 A [9]

CaN
.
=>

Nozzle hole

JUN 2.4 lassaiavesadsgninainannnisdadennds [9]

2.7 Adeiiieadas

2.7.1 Ujna Bunszum [10] Wdnwinisvanudesanufounazesnladuediulasiauly
Adespusiwanliiudunauiudsiufioa lusnadudesas ¢, oo, o tsuhdilewmdy
©00% Wavtnifufiea ImwmaauﬁuLﬂ%wu@?ﬁmaqmﬁm LazynEeUTinNLIS150UA 6,000
rom Tasmslianesidoyamuiilunszuongu wasnavaaeunui Wonauthiuudaluthiiy
Figaundy dwalfnudulunssuenguianindy annisAnwmuinimasidiuuid
ity vldduwaniuiinnuuuduannty slndulutiiadanou Suinns Sadewmas
Aou Wus i 05 - 1.7 ssrmandewios ilewisututhiuiiea

2.7.2 ugewissar dales [11] M@Enwnisifuieuazndelulofiwarnamsigvuin

< [ a 5 ! =i [ N ! ¥ S
ananeitug Chlorella sp. wiiadAn nuianzmvangaulunisituifglamsemesguiiley
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Fawafiaudy 152 fiadnsusedns pH 6 Latlunsanay 60 w1 wasle3anealsafiay
dudu 143 Gadnfusedns pH 8.1 anlunisanau 40 unit Falwuseansamlunisifiuiies
Wiy 100 nsnletufiadmldanainsieusenaudie 3 viin fensaunduidfn Sevas 27.73 nIn
Urduiilawadn Sovas 15.99 waznsaletadn 5.69 wuimsldaadudisajisendinarinlings
wentulutumeunisdrevinldennninnisldnsmiduiiseiisen

2.7.3 faaud Soyeuasey wae Any [12] I§Fnwnsaaintuainamse Spirogyra
sp. nandululerwaiiiofundinunauny fefvhazanedunis (Hexane) annturiiud
afnlduwandululonsasienszuiumsnsudieamesiiandy wuinduiiadaléan

v Y

amswanilauTugeesear 87 warliuSunanidiuiesay 12 lnvasAusenaunanveiniuiy

aaa

Dunsaludu ihduiiadaladie Free Fatty acid gafisSewaz 65.9 vibilianunsaldiasaujize

(%
a

Aluvdls Foddmussuffsefidunsauny uazdonhuiateuuy 2 duneu  Taeidleduan
UffSemaudioameifadu nuhiivinasdiaeamefiiutuiuiosas 50 laedarumineg
71 3.94 Cst. éﬁ‘lfuaiqﬂiﬁd’mm'w Spirogyra sp. ansaruwandululefwaielddundnu
yaunld insnzamaeidesie T Winendeluliinugs wasdeaniagmlaniou

2.7.4 Nwafor [13] #Anwinsifiugamaivesdouasluiuaussous vouniosous
Fafilduhifufiviianmiiseunsil Tneldiniessud 1 gu 4 Fnedademdadwionulnd
Tnonss naaeufinuiEasey 3000 pm lumsmaaeuiinstuiindeyarusulunszuengy wa
nsneaeuniteanidu 3 nadl Ao ileluguidamamudy tifufinliausugeaslunssuen
guinnninindufiea uaraudfwessgnssdaiatiosniinisléiufiua msduudes
ihifugemdssinizien (BSFQ) vashsfufisanaziintuiy failndiAsstuiianszausiuas
msliidufindudomas fe1 BSFC ganhinslfihiufiwaiionissnugs  doguidoinds
wui mnudugeaelunsruenguiidwihiusiufiss nsdudesihiud o insusn
ihifufindianganiinisldfufieaiionssaum waglndifestuiionszangs  wagnsdanig
dewssuifsuthifufiviiguidomdsiulidudemamuinmsvantdesauouiialndifoiu
slutansunindansuauinaslfatuarssanarmveanauningd - dufue uafivlode

HC weshdufwalgendnsléihduiivindusomasriuligudomaing



uni 3

ASanduuiag

3.1 35n15AIUN5IY

MssdunFIselavimuduneusad
1 Anwsuteyauaynguiiifeitos
2. 98NLUUKALATIIYANAGDY /aaniuulusinsy
3yhnmamegeukaziutoya/AAT1eRA19INNs Run TUsunsy
43AS189HE
5. YSuuse
6. a3y, 3nV318UNTANE
7. QEVNOALAZINYLNIIILIY
3.2 9ANUUULAZATINYANAADY /aaniuulusunsy

3.2.1 Wsuonasn neadau

Wuiliveaeulunuddel Useiie 3 ¥ila fie Wiludwa didiulnlsladandnain
wanadniilduds unululefwandnaniiduwdalaan Inevinsnaaeuiigagll -10°C &
40 °C

ss OF Corty

| Biodiesel Pyrolysis

‘ Diesel

' 1% '
o w

JUN 3.1 dndiunldnaaeu



12

3.2.2 MInaaeuAMaNUATDTBNES

TunsvazeuanauiRvendemddiiaiadinseinuautRidoinas Anton Paare
Stabinger Viscosmeter (model SVM 3000/G2) v83 %eeUfjURN15338 PRISME uminende
Orleans Ussien3auaa annsadaldna aunuiudutazanuviandoutu Inelduinsnns
Naaau ASTM D341 mmm"ﬁ’mlﬁ(ﬁ?m&iqmmﬁ—56 9 105°C, 1AL IRTI 20IAY

MUY +/-0.35% mugu 3.2 luvaeidenlavihnmeaeunaaudfidennds Iins1enaiy

a

PUUULAEAINVLA Y89udune 3 wle Naand 20, 15, 10, 5, 0, -5, -8 °C wipwUSauna

9 Y

N1INAEDU

SUT 3.2 1AT0IATIERANUVEALAYAIIUVIUILLLYBY Anton Paar® Stabinger [14]

3.2.3 ANSNAFBUNITAALTDLNAS

ganegeuluanideillasunisesnuuuniy uITeves Tinprabath way

Aoty [2] Ingransnaaeuaugui 3.3
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-

oooo

e —— e e

Injection Rate
Analyzer

Fuel
Tank

Injector
Driver

Tube
Pline Piezo Pressure Sensor Loops
/
Fuel \; /" Injector + Temperature Sensor
Filter \ . 4
| A\

/
Piezo =~ [-—2
Pressure N\ _Back pressure(Pb)
Sensor J . Constant-
" Pressure Valve

(Fuel Exit)

High

Pressure Catiassn
Pump Rail

Piston

Injection Rate Device

5UTl 3.3 YemaaeusnsINIBnvesiida (310 IAV GmbH® technical specification) [2]

U7l 3.3 yamaaeudnsnsdnvesinda Aldlunisindnsnisdnlaglidiiasiz
"Injection Analyser" (3u K-025-50, IAV GmbH®) [71] n15inn15luaiiniiuaziden 10 ps
Tneflauiosmss lunsia +/- 0.2 mg. ( 20 mg./stroke) @115 USUAILA (L59AUUDY
Wadgenas) 990 0.5 8 18 MPa fﬁ’aluimwufwL%amiaLﬁaéhm%mw%ﬂumzuaﬂguﬁ
a¥1auseiu (Mieussiudn) lneldiedesuensdya o Maximator® (fu M 189 D) Lilelwls
wsaun1sanldfe 200 MPa viefiamdondiinisindaniesinainuduves Kistler®
piezoelectric pressure sensor (¥6ia 4067A3000A0) iio¥aAnuLUAsunUatvaaudui

aglndfiuniadivesiiae

Wdafinaasunseiliuwuy piezoelectric 3u 1KD Mdiusasudlaled lagviinas
NAABUNISANT @1UNIVNIAINTIULATING AEIFINTTUANENS UNT.WNTLUAT LATNAFBUNTS

WATILVNITAN N R JURN1TIT PRISME 1um3nende Orleans UseimerTauaa

3.2.4 N159nkUUTUSHATY
A ~ ~ ) ! a & I3 = a
WistSeusunanisneaaunuluma wuin1sias1eeanity 3 15adfe

1.NM5IASIZAAIMUNUIU UV DT DLNA
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ANUNUILNYR LT mEau I UNAkarauniidausaAuInlanINan e

Riazi [8] faaun1si 3.1

PT = 0.99.5G(2.34-1.8985G).(T-288.7) (3.1)

lg; SG FleANUANT NN Uag T e gaunigil (K)

2 ANUNLAYDITDLNA

=

ANUNEAveATBLNAY NRaumniiund (-4°C fa 100°C) anunsadwiailagldaunis

)

YD Riazi [8]
Log(vr ) = Avs1/T)B.T - a (3.2)
A = Log(v311(100) )+2 (3.3)
B = b.Log(v311(100) )+C (3.4)

\ile; T Ao aaumgfl (K), U311(100)) Ao Aanamdlaaay 71 311 K w3e 38°C, uay a =

0.8696, b = 0.2801 and c = 1.8616

dwiuigauilan -4°C s -10°C awnsaAnalagldaunis ves Riazi [8] uaviaiun

[

1m® Tinprabath LazAtg [2] Al

LOg(VT ) = A.(Vzég/T)B.T -a (35)
A = Log(Vasor100) )+a (3.6)
B = b.LOg(V269(100) )+C (37)

lg; T Ao 9l (K), Vigssrooy AR ANUMEAREY 71 269 K %130 -4°C, a = -0.8639, b

= -87.6560 way c = 124.30
2.MFUATILAENTTOULNSAN

Tomuaunisn 2.1
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Cd _ mmeasured
Mep

nseuldswnsuiissausuiunanisneasdaeld 1Uswknsy Matlab

3.3 dn19N1INNEaU
3.2.1 MIVAGBUNIAIAIIUNUALAZAIUIUILUY

PTunudea dndulnlsladananannwatafinildwar undululefiwanin

nududelaan Inevinsvaaeuiigugl -10°C § 40 °C
3.2.2 MINAOUANTINULNTAN

inmaaeulounivies wagiiamumngil, 8 °C, 0 °C, -5 °C, uag -8 °C (+/-0.5
°C). Minus 8 °C, A211AUUBINITAA(PY), A9LA 30 — 60 MPa. LAagAINUAUNAINITAN, P,
AIA 1 - 2.5 MPa Lanfildlun1saa@elnds a1n 2000 s 89 4000 ps. Tuiindaya 50 ATS

= a 44' a A a sa & a & a
AIUNUBINTRAN 1 HZ L‘WEJ‘MaﬂLamﬂﬁm@miaLG]"U‘IJI‘IJﬂ’]iQ@LGUEJLW@& [2, 5, 6].



uni 4

NaN1SAN®EN

4.1 namsAnwIAMANURAYIYDINES
NANISNAFDULALANIND1809A38LUTHNTY VBIAINUNUILUULALANUNTLAYDIUIU

WWoAAndluANS197 4.1 Laznnsen 4.2

AT 4.1 NaNTVAFBULAZAIAININEIRIELUIUATN YBIAMURUILUUYBUTDINGS (kg/m?)

gruuniinIsnagey Pyrolysis B100 Diesel
T,C LUURIaD9 VA&, LUUTIa89 YINEDY, LUUINABY YINEDY,
-10 817.29 818.20 898.71 901.90 855.95 856.80
-8 815.81 816.80 897.38 900.15 854.45 855.05
-6 814.32 815.40 896.05 898.40 852.95 853.00
-4 812.83 814.10 894.72 897.00 851.45 851.60
-2 811.35 812.70 893.39 895.50 849.95 850.20
0 809.86 811.10 892.06 894.10 848.44 848.80
2 808.38 809.60 890.73 892.60 846.94 847.40
4 806.89 808.30 889.40 891.20 845.44 845.95
6 805.41 806.30 888.07 889.75 843.94 844.50
8 803.92 805.40 886.74 888.30 842.44 843.20
10 802.44 803.80 885.41 886.85 840.94 841.70
12 800.95 802.50 884.08 885.40 839.44 840.30
14 799.46 801.00 882.75 883.95 837.94 838.90
16 797.98 799.40 881.42 882.50 836.44 837.50
18 796.49 798.10 880.09 881.05 834.94 836.10
20 795.01 796.50 878.76 879.60 833.44 834.70
22 793.52 795.00 877.43 878.15 831.93 833.30
24 792.04 793.40 876.10 876.75 830.43 831.90
26 790.55 792.20 874.77 875.30 828.93 830.45
28 789.06 791.10 873.44 873.85 827.43 829.10
30 787.58 789.00 872.11 872.35 825.93 827.65
32 786.09 787.80 870.78 870.95 824.43 826.30
34 784.61 786.20 869.45 869.45 822.93 824.90
36 783.12 784.80 868.12 868.05 821.43 823.50
38 781.64 783.30 866.79 866.50 819.93 821.85
40 780.15 781.50 865.46 865.00 818.43 820.50
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AN 4.2 HANISNAABULALANINTNADINIELUTHATY VBIANUNUAVDUYDLNGD (m¥/s)

gruniinIIvacey Pyrolysis B100 Diesel
T,C LUUINADY NAEDY, WUUTIADY NAdaY, WUUTIADY Ay,
-10 4.42 4.16 23.42 23.31 11.24 11.27
8 4.17 3.95 19.75 19.72 9.99 10.38
6 3.94 3.71 17.09 16.97 9.18 9.28
4 3.73 3.52 15.12 15.12 8.63 8.63
2 3.53 3.33 13.91 14.00 7.97 8.04
0 3.35 3.17 12.99 13.03 7.48 7.51
2 3.18 3.01 12.15 12.15 7.02 7.04
4 3.02 2.87 11.38 11.35 6.60 6.60
6 2.87 2.74 10.67 10.63 6.22 6.21
8 2.74 2.62 10.02 9.97 5.86 5.85
10 2.61 2.50 9.42 9.38 5.53 5.52
12 2.49 2.39 8.87 8.83 5.23 5.22
14 2.38 2.29 8.35 8.33 4.94 4.94
16 2.27 2.20 7.88 7.87 4.68 4.68
18 2.17 2.11 7.44 7.44 4.44 4.44
20 2.08 2.03 7.04 7.05 4.21 4.23
22 1.99 1.95 6.66 6.69 4.00 4.02
24 1- 9. 1.88 6.31 6.36 3.80 3.84
26 1.84 1.81 5.98 6.05 3.62 3.66
28 1.76 /) 5.68 5.74 3.45 3.50
30 1.69 1.68 5.40 5.50 3.28 3.35
32 1.63 1.62 5.6 5.23 3.13 3.21
34 1.57 1.56 4.88 5.02 2.99 3.07
36 1.51 1.51 4.65 4.80 2.86 2.95
38 1.46 1.46 4.44 4.60 2.74 2.83
40 1.41 1.42 4.23 4.44 2.62 2.74

NANIVIAZDULARSTITUT 4.1 nudiynemgivesdeimdsdmuruiutiures tifuly
Tofwaiirngean uay thifulwlsda azfleamumunuiutosiian duisufisarvegssaing
voInTMANLMUULT TR NTaINGS ST mnUIauelndeimdsdianamuiy
dudlegunliemdsanas uaznuiaunsil 1 aunsoldviueanumuiuiulddnnada

Wonds lagilAnmnuaaininiiouggn 0.3%
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Density (kg/m?)
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800
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Kinematic Viscosity (mm2/s)

Biodiesel
Diesel
Pyrolysis
Correlation

|
He)»

|
>

P

4W'N'\'l'l'l’l'l'I'I'I'I'[‘I'
42 8 -4 0 4 8 12 16 20 24 28 32 36 40 44
Temperature (OC)
E‘Uﬁ 4.1 ﬂ’J’]ﬂJMH’]LLﬁU‘U@QL%@LWSQ
24
i A Biodiesel
®© Diesel
20 — | Pyrolysis
Correlation

| %

A&\A\\«“A

| T { T | T I T | T I T I T I T { T I T l T | T | T | T
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JUT 4.2 AnumilavaadeLnis
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INFUN 4.2 uanspuduiussenineumgiuazanuvinaatvesdomas wuiivnau

DHuANNWRINGS Wegugiliiuduriaunila zlid iy waglumanduiuilieaugilan
AAunnaziiaraniuiu Ineenenawingamail -4°C Arunilavenidiufiua uaz

ndiululefiea sLiinTueg1aguuss windununanuniaveshdulnlslagafisludng

[l

a = Aa = - va o a v & a a Ao = o
nf Fenauifvedlnlslada nseeilluguaud@nflunisldwemddonmgia@ilunay

(%
o w

VUINU

e

wansolulafwa 91nNSIaun1si 2.2 wag 2.5 aunsaldvinuneanuniaaaules

NRO)))

ANAY warNanzannil laglAianunaInlAFeuEdEn 3%

(=)

AVUAL

-

24

il A
A Biodiesel /= 100G
= @] Diesel i s
m Pirolysis y
200 4~ / A
— /
18 — g
@ /
N 16 —
£
E A A
14 —
172
3 / A 1=00C
;L’ 12 /
o - g - A
210 I A
- Ve A
X g 5 v, A
] 2)\\® A
1 e 27 -MAT1=200C
6.— ]
4 i b .. s
&t Y B
| -
|
&)
! [ J [ | | Ypf #®x; !
800 820 840 860 880 900 920

Density [kg/m3]

A o v 6 ! 1 = ‘434" a

JUN 4.3 AUALTUE T8I NANUMUILUULAZ AUV TAYBUTRINGS
WataiAuvuIkuukazANdau L lgunsm deansauduiuslugun 4.3 wudi
Anuvilanazanuvuikduiiulduanas Weaugiicmanas uidmiuvindululefiwange
QiFINAYEe —0°C LWIldNanAUUNIIILUA BUNANAYAND1AANINB1RILAAINATTLY

1na3m pour point way 30 vesddululediua



4.2 NANISANWIANTIOUNITAALYDLNAS
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NANISNAADULALA1ININ1aDINELUSHNTY VBIAUUTLANTN152A(Cd) VaIMIAnLYaLNaY

wandlunisei 4.3- 4.5

AN 4.3 HANISNAADULALANININAD9EIUTHNTY VBIdUUTEaNTN15R(Cd) Vaaiadn

Wolnas Nigaumniivies (Troom, 20°C)

AP Cd exp. Cd Corre.
B100 27.5 0.8726 0.8727
37.5 0.8969 0.9009
ar.5 0.9157 0.9179
57.5 0.9274 0.9296
Diesel %5 0.8955 0.8893
37.5 0.9133 0.9135
47.5 0.9277 0.9283
57.5 0.9334 0.9388
Pyrolysis 275 0.9007 0.9066
37.5 0.9251 0.9276
475 0.9361 0.9398
57.5 0.9465 0.9485
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AN 4.4 HANISNAABULALANINTNAD9 8L UTWNTY VBIduUsEaNTN1520(Cd) Vaaian

Wolnas Ngaumigiivies (T= -5°0)

Ap Cd exp. Cd Corre.
B100 21.5 0.8285 0.8338
375 0.8702 0.8715
47.5 0.8891 0.8940
57.5 0.9054 0.9094
Diesel 271.5 0.8522 0.8645
375 0.8849 0.8945
47.5 0.9066 0.9127
57.5 0.9198 0.9251
Pyrolysis 275 0.8864 0.8948
D5 0.9098 0.9276
47.5 0.9289 0.9398
57.5 0.9386 0.9485

AN 4.5 HANISNAADULALAIINTNa899 8L UTHNSTY VBIduUTeaNTN15R(Cd) Vaaan

Wi Ngaungilvias (T= -8°C)

Ap Cd exp. Cd Corre.
B100 2745 0.8275 0.8206
D 0.8568 0.8609
a7.5 0.8789 0.8855
5715 0.90306 0.9016
Diesel 27.5 0.8523 0.8587
375 0.8866 0.8902
ar.5 0.9063 0.9086
57.5 0.9219 0.9217
Pyrolysis 275 0.8853 0.8918
37.5 0.9169 0.9155
a7.5 0.9277 0.9297
57.5 0.9352 0.9396
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Taglunsdrassmelusunsuldaunisves Tinprabath [2,6,15) Ineiinanni1sAe Tinprabath

et al. [6] laWmuann1sved Soteriou et al. [16] oAUl duUsyansSn1san

(Discharge coefficients) lngande aunisiuesyd Jslmduaunisi 3.1

AP—-AP,
Cd = [—= (3.1)
AP
Toil AP, = A.vP. (VD) (3.2)
warA AB,C,D falun15197 4.6 [6,15]
A1519% 4.6 AIASN NLFALIELMIAT Discharge coefficients
QIR A B C D R
Troom 95.32 0.33 -0.02 -0.49 | 0.9864
T=0 fi9 -8°C 40.70 0.22 -0.002 | 0.43 0.9577
1
0.95 — //1
NS g~ -
. - —® -
3 ES N\l A\ |
g 09 — //;/{
[0}
3 1 P
()
E 0.85 —
3
(a)
Troom (20°C)
087 A Biodiesel
5] Diesel
-] [ ] Pyrolysis
Correlation
0.75 | T I T { T | T | T { T [ T |
25 30 35 40 45 50 55; 60

Pressure Difference [MPa]

JUN 4.4 nswlSguiiiuandudsedivanisia (Cd) 1nMmeaed uag aun1IANNENTUSYD

Tinprabath [2] iU AMURLLANANYEINTTRA (Pressure difference) Nigaungilvies
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0.95 —
. i
O
£ 09—
O
&
[
o] =
O
[
=g
8085 —
[§]
L
a
T=-50C
018 51 A Biodiesel
o Diesel
5 [ | Pyrolysis
—————— Correlation
0.75
7 T 7V el T 1T U 1T 7 1T 77
25 30 35 40 45 50 55 60

Pressure Difference [MPa]

JUN 4.5 nswSuiisuandudsdvan1sin (Cd) 91nMmeaed wag aun1IANNENTUSYes
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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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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).

o1 = 0.99.5G-10"3.(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]

Loguo(vr ) = A.(/31IT)B.T - a )
A = Logio(V(r=311)+ @ 3)
B =b. Logao(V(r=311)) +C 4)

Whereas, T is temperature (K) v(r=311) 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)B.T - a (5)
A = Log1o(V(t=269)) + @ (6)
B =b. Logio(v(r=269)) +C (7

Whereas, T is temperature (K), V(r=269) is Kinetic viscosity at 269 K or -4°C, a = 0.8639-, b
= 87.656-and c = 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.
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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/m3) | (mm?s) | (kg/m®) | (mm?s) | (kg/m3) | (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 | 8127 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 | 8025 2.39 885.40 8.83 840.30 5.22
14 801 2.29 883.95 8.33 838.90 4.94
16 | 799.4 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 | 793.4 1.88 876.75 6.36 831.90 3.84
26 | 792.2 1.81 875.30 6.05 830.45 3.66
28 | 791.1 N 873.85 BT, 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 | 784.8 151 868.05 4.80 823.50 2.95
38 | 783.3 1.46 866.50 4.60 821.85 2.83
40 | 7815 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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