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Abstract
This project aim to create a simulation model of the gasoline engine by AVL

BOOST software. HONDA-D15B. engine was selected to create a simulation model.
The model was created to compare and calibration by reference with the official
data from engine manufacturer. Then could be bring the model was calibrated to
test for studying the effects of ethanol-gasoline blended fuel-in Thailand(E10, E20,
and E85)on engine performance for example torque and power by using the
computer simulation process for testing and collecting all of data. The experimental
results demonstrated when used different fuel for testing in the same engine model
and the results showed the highest performance when used gasoline fuel(EQ) then
E10, E20 and lowest engine performance when used E85 fuel. When compared with
the model using sasoline fuel (E0) the performance of the engine was decreased
1.77%, 3.72% and 23.34%.in case of the engine was fueled by E10, E20 and E85
respectively. To provide maximum-engine performance the ensine must be tune up

to suit the type of fuel used.
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2.2 \w3assudduaunely (internal combustion engine) [5], [6]
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v C; P

augadiondleditn lumawfiRiessinmimsluavesmsnanligaliisnsiiuatosudgandile

Aazlianeu TC uarlands BC lusswienisiilefdni o (aswauemeruidama Adrluiy

nssvenguIsnaniuufaninnnnsnlmifidrseglunsruanguaniginsmsvieiidnn
wdrnndiledtn ufaioglunszuenguasgnsn vilimuduuasgumgiiiudulunae

Usmsanas dasendt msde madaluduliendilefdlauazludugaidegngulis TDC

300 - msien Ty

psia

200

100

TC BC 70/ BC TC
-360 -180° S 180° 360
AU UINOIN e Sz
. ol
IVO = Intake Valve Opens (nm"!amﬁa)
IVC = Intake Valve Closes (1221o6idla)

EVO = Exhaust Valve Opens (123 aduiila)

i

EVC = Exhaust Valve Closes (31a2laiduila)

U7 2.2 ddiummnisailuipdnsmaiuresnseseudddanegasuidadeUsznialv (8]



Reufignguaziis TC sewing 10 f 40 asmdamios Waflouarliussmelwesnuile
Gusumsuntvll FeesRaaliiundialnfisundeeniuluassauese e \Womauasufa
fifheeglunsvuengu udluduiimimesieasnln dumawilundiidedutariusdiumseenuuy
wazmsheusuateseud udlagvhluazegszuing 40 i 60 asendamins Weanswaudomdaiy
exmeentvil mudunssusnguaniindy (Fudminiuluam 3) gandrseiumuduidatuannms
dmifenadraion (Fuditlunm 3) FansidudinddunsmaudunssuanguiiRasnmsmyu
widaagudlaglaifiniswlud (motored cycle) dunsmiiduiiudunsmaudunssuanguild
nsenlugl (firing cycle) lutenisunlugity Tuudaznszuanguuasluusaziginsnisvirauaslyl
wiloufufidieatin (Funswllaviui) el idesnnguuuunsinauasdiulssneuvasansay
sEwlnnssuanguwiaznszuen warlunseuanguidiennuusiauazgdnsnsieuiasuandieiy
viliinssuunsenlmifidedutidasadilinioudy

uananii mawaat%‘yamaaﬁ’ummﬁ'i,uniauaﬂguwﬁa1%3‘3%’amsmsmmﬁmﬁa%’qm::ﬁ’a
Wigulviusenieglaanin (spark timine) Viqu'|zau‘ﬁqﬂ%’qmw'ﬁa%éaw’lﬁwa‘fnmﬁnqeqﬂﬁﬁ'aﬂdw
Famevedniusngidn (maximum brake torque, MBT) thasmgiiaiiienliussmelweaaninrou
(advanced timing) W3avidl (retarded timing) f1masviesningiga Maseaniasouifranas

JnzrgudviadunsifsEiliegnguedn TC uasldduanilognguayi BC Tusywin

Jonwvenedn flegnguinduiiliseanuaaslusumessveyin ndloduruiude Adumi
ausulunszuenguIsganimmituiesuileldy villiledalwasansannszuongu (blow
down) qunseTimifunsEUanguiniummsuluviesulavdie wdniiudlegnguis BC fvuia
fuitndulude TC suladeaninnssuengu

naladasdipnlinedunssiandsgnguaiiu TC Widudintes uazidalefasdnnou

nguiis TC Favilvifiearmnaudaumien (valve overlap, Taambaniureadisass) Jainisiva

D)
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gnvEaunsEAnLaunIeTNduluieTledanevibiladelvandu (back flow) Whivly
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2.4 Lﬂ‘iaﬂﬂUﬂLLﬂﬁIﬁﬁuLLﬂﬁ’Jﬂ'{lﬂﬁﬂ'I?'VI'N’lu

2.4.1 \wpssunuialedu [6]

\nSeseudufialedu (Gasoline Engine) w%am’?awuﬁa}mxLﬁmﬁaaﬂssmalw (Spark Ignition
Engine) mmﬂﬁ’uL%BLwﬁaaamauﬁuimalﬁﬂwfgL'imai‘w‘ia'bﬁwuuﬁm%"aLwﬁﬂuizuulaﬁfiauﬁwféu
nsvuaunsdusluudds T instaodudiou Tnefidnsdunisivaresnasineseifoindaar
ratio) Uszaia 15 wieliinmsunlmlivmnzay viieuasagUszglniussgeesnunsswinedian
Tnsevisaesis Ussmelwazgadunansywitseniauasidamaduennlmlifanlwivinaseui
wigu TagnsynssdnmeluessnlmiesiliAnnsindauiivesgnguisasaiadaddiiu
wiasgudiiluldouldsely

2.4.2 iins Otto-ifinsanumdvaitaioseusidanasynssdafasusenialn

Tins Otto Wuininsgaunivenaieseus reciprocating 1lafidaindsgniassidnde
ey Fpinsigndsdelag Nikotaus AOtto mevm il ldiludnaniatosuduuy 4 Somzlddude
Wl n . o . 1876 luusummeesiulasliigdnsiigniaualag Frenchman Beau de Rochas simun
e 4 Jave [9]
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Panit] 16 s G i 1,5
Voo Volume Vine

gﬂﬁi 2.3 P-V diagram ‘Iﬂ’ldm}“ﬂﬁ 184 Otto cycle [10]
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NIBUIUNITL*2  gnguindauiisnainia wuuualeuidnuuusasiunduld (lawunseln) 1anam
BDC (a1 1) lfls 90 TDC (30t 2) omaliuSunmswiiuituitineuuiagngu (Clearance Volume;

Ve ) gauvipiinasanusuinuiuaingai 1

a

nsesUIuN1I2—*3 Wumssuanuseuvianiswnlulnglausuinsaeit (V=constant) il

Y

wazAmAuRNETY Tunad iR fis Jomeaaseda

NIEUIUNT3—* 4 umsvenedauuudaiieuiiin gnguindiouiinnn TDC lugaumis BDC fenis

wanAUYBILianienlyl wagldausanainszuy

nTzUIUNIs 45 HunmserawnnusausuuUSuInI A (V=constant) Wunisarelausinuieuy

28NINTBUVIUNTEMIANANTRAY AUIganiizisuny

NTEUIUNIT 56 LWunisaeladsainaamaluel [11)

2.5 L%amﬁetamuaa (Ethanol fuel)

2.5.1 pudulnvaudaindenusa
Wwuoa(Ethanol) Wuleansgeduianiiadeaniisnsulsemula dansnivaiifa CHsOH Snway

Y
v

vouanwea asiluvanivadla 158 1alwin sumedlaing asaoluiuayansdunddsugléd Tnoiem
uaaHanNNAYN YA TNTINYURNeY WU 8oy D1alwe Sudidends 977 Wuau
wwyuaaasaundudewasdmsuinsasausils Seanmsaldmsaemiuearingiuivse
o s o =1 ) vl =1 1 » :: at g o o d” ¢ 3 = o '3
sananiuuialeauildteavdenin " uniudemdialgged” Fuawmaidlosadaiuisa
ihlUlduiunTeudduaunisiu waz duiudemaaialesesdmamsundttuivain
fauTzIve Lesnenueanltnauinua1nn s mInT sy nsinuasluyssma lagvisiu
L%@LwﬁdtLﬁaIfuaaa”L%’ﬁzy,é’nmdﬁ': E LansfiaonInadiutanveenues

Tuusswmlveiiufalssadldemded

1) E10 Aouudaundsinausswinienueaosas 10 Auhiudemauialeiutesas
90 TneU3unms E10 lasunissensulumaneyssweanasSianunsaldidomasinuntessudiilisos
USullsi

2) £20 Fethiudawaiinaussuisenueadasas 20 Authiudemduialeiutoras
80 TnaUsums

3)) £85 Aptudawdsinausswinnemueatenas 85 fuihiudemdwialviutenay
15 TnguSunng



A9 2.1 dnTaturauatanderilag g

Fuel type | Gasoline | Ethanol
EO 100% 0%
E10 90% 10%
E20 80% 20%
E85 15% 85%

e - x— 4
AT 2.2 ANEALURUDNTDLNGY [5]

Property of Fuel EO(Gasoline) |[E100(Ethanol)
Density (g/crm’) 0.737 0.8
Stiochiometric air-fuel ratio| . 14.612 9.003
Lower heating value (ki/ke) 43,000 26,950
Octane number(MON) 80-91 89
Octane number(RON) 92-99 107

2.5.2 s mdidawaveniuaa [12]

10

nasuumsenbmidamdduniessuiazianniadenaaiissniteendiauluainiaiu

I3 o L (vl v © v a
Amsuau wazlalasiau m'l.ﬂmwawnu’lugmjaqmmsauaanm LLaam’[wmmmumduﬂiauanqu

Wugeiu naanmanimivesdemdmigluiownivilil suinfusswirdmyssdaviedmne

i Failauisotidadlasululdauldmudenis Taevinluennirusesneusigeandiay
Uszunnd 21% lesuwiinvse 21% laauSuins setusinmaidesldnausuidoindedeluSund

nnndiemdnnn Whinauaudesnisoinalummageiidmiuniswrlnliiawysel viesoniy

Stoichiometric Air Fuel ration
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Feaunsniswnlniveamuasanimed fe
C,HsOH + 3(0; + 3.76N,) =——> 200, + 3H,0 + 11.28N,

wazaun M lvivesufialedunmgud] fe

CgHys + 11.75(0; + 3.76N,) ———> 8CO, + 7.5H,0 + 44.18N,

¥ .
2.6 aUTIAULVDUATALUA (Engine Performance)
1. Indicated Mean Effective Pressure: IMEP

1
IMEP = —- fpc ~dV (bar) - N, R 1
Yo €D

pc Cylinder pressure
Vp Cylinder displacement

2. Friction Mean Effective Pressure: FMEP

FMEP = _Pfr_ Dias) =
Vb " Neyete

Pr, Frition power
Neycles Number of cycle

3. Brake Mean Effective Pressure: BMEP tludausiuladsgaduaninaindidnusn
muauadsusniaglasnimuiuededuian avanuduundLsssaydsluieviiliie
Maw Favnduiasutiieninamila

BMEP = IMEP — FMEP

4. Indicated Power

Py =IMEP Vp neyee (kW) OO ( )

5. Brake Power

Perr = BMEP - Vi * eyere (kW) g — .



6. Indicated Torque

_ IMEP -V,

i=

(N-m)
kcyclen

cycle parameter

2 for two — stroke engines
4 for four — stroke engine

7. Friction Torque

FMEP - Vp
L (1)
: kcyclen'
8. Brake Torque
Torr = —fH— (N -m)
efr “r‘:cyc'te"r
= Ti = TF (N i m)

2.7 AVL BOOST Software [13], [14], [15]

-(5)

.. (6)

by

. (8)

AVL BOOST Aeldsunsuitagsanizmeiignimuntiufiomsassuuuiiasinioseusii

anysal lnewdulusunauiianansesraesipinsnsisuusaeiasusdslufinssuiunisduad

nelu

AVL BOOST gnimairsliulneusunsmuvaslilavfindUssanaainuidn AvL

slusunsuagldisnisinanudnnimamesiauidnduasmsinadundnlunisias e

wiseseud Fedviazfuiugrunahoundnlunisaiauuuhassetewudiesiuteyadifalu

nIsUIUNIVINILBUgAAgTestunsiasssdely

AVL BOOST 5@Lﬂumﬁaqﬁaﬁﬁﬂizﬁm‘%mwLLasﬁUix‘[ﬂ’uﬂﬁaQ’Lﬂa’ﬂuﬁ’m%’mﬁ"’uﬂswsﬁ

AUTIOUSVRUATIBUA WIluanN™y steady state waz transient
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PL2 MP4

gl 2.5 fegtufauiaesangendug AVL BOOST (14]

29AUTENAUTBILUUTIADY

© 0O 0O OO OO 0O 0 o0

Cylinders

Engine

Air Cleaner
Injectors

System Boundaries
Plenums
Junctions
Restrictions
Measuring Points

Pipes

s SRIEY
h a

=

-

B1

-

£

1o

MP1

X
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ATNSANUUNITIVY

(_start )
Create Model

le
3
o N

il R

Model T 7l & Trrrove
i

P i

.«/.'

8 calibration » odel
.\\\ /"/ 1t "

,
b #
aw |

Passed :

L 4
Experiment

l

Analysis & Result

v

FOEATR S

d o) A J -
Eﬂ‘ﬂ 3.1 UNUANIENITALUUNS

diumsadunuredasuimnasiulummtuneufusmunmituandly dravulsesn
Ty 3 davdn fadl

1) damsifendeya Wudinduiuremsdudunuiome aduniawdendeyaniani
Tulhudmiunisadreuuudiast nasnudayaduiiisdasdenisiiulasanuiomn wu daya
oiuald dayariosudduuuy suuuunisaduuudtaes Judu

2.) drmsaiuazuTulnuuuiias iudnnsiidunuinadaasusulsdesldae
Wuas AVL BOOST tleaiuuuitaewnspeufinnefiifidanssouslndifsiuiniassudadeiuuuy
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3) dumaedaunasiiessvaguna Jutisgavigvesnisaduay favihuwuudiaesi

airuazshunmsuiuuplifianindedouwdluvhnsaeuiui@emanenueardngieg eliu
ToyaduTIauEIINUUUIaBsna e Anwfanansenuasu Ul liudus L Ya LAT B U
wasuluaudvswaveudemdtenueadisavdaiu 1aun E0, E10, E20 uay E85

E1 4’ ¥
3.1.4ayaIrTaeudduuuy [16]

Tssaniildvhnsdenieiesuissnmulalesy 4 ATLUBNZULUULUTES HONDA-D158B
Wudessuiiuuuilunisaiauuuinaes faataseuddendrifuedessudlusasu HONDA CVIC
ETi(1991-1997) anwmiidenlinieseudilidesnniuntoseusiivinnisheuiiug Wunsld
winensifledliAnussTond uasamnstlilunsoseaninnisiserienmaassduiiioatouisly

Isaunmn

A3 3.1 Toyadinisrauniosus

Engine type

Inline @ cylinders

16 valve, SOHC

Sl Engine (Gasoline fuel)

Displacement volume 1493 cc

Bore 5 mm

Stroke 84.5 mm

Connecting rod length 137 mm
Compression ratio 931

Maximum power

93 Hp at 5500RPM

Maximum torque

131.5 Nim at 4500RPM

JUl 3.2 1a¥aenud HONDA-D158
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Engine Speed (RPM) i

D15B Engine performance
150 150
125 B s B e Dt R 125 |
e Tl i
s ™~ 5
= 100 . 100 E
z P& il By z
5 75 % 5 g
z e < 5
a 50 /‘/ 50 2 |
- A |
! 25 " 25
| >
1 L
| 0 : - S 0
|
| 9 2 W™ 2 D B TN\ % %
| ® % %% % .%.%,% % o0l 2 %
i

i * Torque ' ® Power

U7 3.3 nawmdsuasusslnvesaiasgudmuuuaingudn (Official data) [16]

v ) < o
3.2 MIATNLASNAFBULUUANABILATOIYUA
msaiunisinaiiutdasialdlunisfneidenidaniunslaldgedund AvL
BOOST uiafedilolunisainuuuiiaes Uiuujuuuiiaas nadauuuuiias paessuivadeya

VLA Ineilunaumnaniun1saniun1sas WaLtnITNAga LUl 896 il

1) 2ENUUULHURIYBLUUINADY
IRauNURITIDNLUUISABE AN WAL I MWL UUEIAUAS D98usa S g lun1snaaau(HONDA-D15B)
viudl 4 nszuengu, 16 @Y, ANBATTINAEUNUAUIna11vemlarieq uasdaduuuy

Ports injections {usu (@3ewazidunlafinanuan 2.)

2) msUsunnuuuInasasAtaussausilaannuusiass

AdunsuiuuAluuassainnsuiua FMEP Wagnsifivdeyalumsidedasiiuluiinisfintsan
aussausvauutasnietauddulaun usadn uay Ads lneReulunimegeuvdniasldluya
nsdimsvageuda lisnidnmauniseninliauysalvsadamawialsdulambda = 1)

(@51eaziBualafinianuan 1)



3) NMINAFDUNANIENUINNLTBIWALEVTUDA

FNSNAARULUUSaa LA ass U UBINEY E10, E20 LA E85

3.1) lashuuuitaeaniessudfildlulisnduidemdseniueasng lnsdaniiuy
U113 Simualtion / Control - Cycle simulation, 1#an General @3 Spicies transport.
INuLden General species setup latayasusunimlavamisanasudnsaiuney

sswinufalgduiuieniuealalasdnsidluulasening Gasoline AU Ethanol a9t

E10, E20, Wag E85 WwinAU 0.9 Au 0.1, 0.8 iU 0.2 wax 0.15 AU 0.85

(R51eaudalanniAnuIN ©.)

M9t 3.2 nsivesnivinasy
Experiment case | Fuel type | AF ratio
Casel EO(Gasoline)| ' 14.62
Case2 E10 14.48
Case3 E20 14.36
Cased E85 13.62

Simulation Contrel f Globals

~=] Simulation Contro
@ Simulation Tasks
@ Cycle Simulation
B Gassk spRefsaup
@8 rHumdie
B mital'Zale
QL JGen= 15 es Sl ]
I initialzation
B oo e Chulrol
@ Restart Control
@ Output Control
B FiRLA b, Contiel
@ Anertreaiment Analysis
= @ Linear Acouslics
Save:
& initialization
B user Defined Parameters

‘General Specles Setup
o Spacies. U W\ ke | 1 Chemistry
) ?W___.____..__F PN P~ Franpmaing
L2 |ETHANOL 020 Y oy SN X
B0z e AL ANNERY a0 LNF
AT [ e : ;
Sfjeg . sl VI ANE
msert | Uretioge Insert Retnive
" koad Slore Load Store
Fuasmmssei

" Mass Based Fractions ~ Volume Based Fractions

. _FuelSpeties’ | || Maas Fraciion | Uiguid Denstly |
¥ L e T gy
1 GASOLINE 0g 73122
2 |ETHANOL 01 8000

3.4 General species setup
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ndeulanisldviianidunnidomausadeiundiilrasasdunaunisuniniveadomas
wiindurdouly (@Jimamé’am‘lﬁﬁﬂmmmﬂ n. 113 1.3)

Tassudainds £10 MWanaunanlunisinlivindu 14.47

Taenhsudands £20 Wansrdunanlunisinlvivindy 1435

lnguniuewnas £85 Ttansiarunanlunisenludivingu 13.61 waz 9.78

&

ntnhreaTdusaunseninivewrasyiadamduanlddayalu Case explorer lnsidanuy
U135 Model / Case explore
wWarumdnsdunanlunismlviilunisne AF_Ratio daguduan

:] Case Explorer
File Edit Insert: Group Bxdras. Run Help

v

A K M BC s

Model

Default i
=] Case Setl
‘ Casel
C) Case?
Q) Case3
C 1Cased
.C) 1Case5
) 1Cased 2500 1447
C Case7 1Case5 3000 1447
C) 1Caze8 1Case 6 3500 14 47
C/ 1Case8 Case7 4000 14.47
C 1Case 10 1Case 8 4500 14.47
C 1Casell 1Cased 5000 1447
1Case 10 5500 14.47
1Case 11 6000 1447

A BIJ ﬁl vV o at ot o 1
3U# 3.5 msdsnutialndiaasindnimsiniluseudieg (Case explorer)
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NANIIANTN

4.1 wan1suiulgeiuudnaes

vaandildinnisaduuuiaasmansiassusidovenduad AVL BOOST ey ald
wuudraeaedastudufalsduiiannsmilUlflumsAnuddonasnaaeuldunuatasudsieduiuy
el uiiiagnalsuuuranunissouditlaludessudugiliamsmilvldnaaeuntednm
LﬁuLﬁm‘LﬁﬁJLﬁaamné’ﬂﬂﬁﬁqm'iuJ'%'aULﬁﬂu’ﬁ’azgaamSﬂus'iw:imwuﬁwamﬁiﬁmwawﬁm%ﬁu
iwsaussiaruuuuiideydldiAssudtuda wazfoyaaussousTINLUIS e AToseusiasT]
amnidedoiiomedentminlVldsulundslsvioli Fadunissnluensisiaesonh
u:umz"waaam%aauﬁﬁlﬁﬁmé»’uﬁguu'wi"mﬁLU‘%'amﬁauﬁ'ULﬂ%wuﬁﬁaﬁuLLUUIﬂﬂlﬁﬁaagamer’wﬁm
wdsseuigananifudoyalunisdnduilafivdlduuiaanadeuimnnenfmesifaussauy

TndlAsanuiAsaseud sy

Fansifsuiisutayaaussous s TTaauaTaudilasun sl S auseoud
AULATEIEUAITIRULLULY xiinanIsandunueaniifal
Tuguvesiduadsseudilarniuuiiassziaauionainaiesesay 0.98

Tuduvesnssdamiateuiildnuuuiiastesimanuienaiandsdasay 1.59

Engine calibration
i 150 150
s ol -
| 125 b ol A 5T p * 125
Y 1 e W e
= u,.p—'“"'f-m e £ |
g 75 e 5 g |
g o o
* 50 il 50 2
25 25
|
0 0
> . o 2 » » 2 » <@ R & ,
3 X ) 6 0 i
2 % % % % % % % % % %
Engine Speed (RPM)
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1. N15ATUIN

wluiinauysalvaudaings

A1919% .1 wansnnaniRnautoimgs

Property of Fuel EQ(gasoline) | E100 (ethanol)
Density (g/cm?) 0.737 0.800
Stoichiometric air-fuel ratio 14.612 9.003
Lower heating value (kJ/kg) 43,000 26,950

1.1 Wawwawnaleau

CBH 15+ 11.75 (Oz+3.76N2)

A/F ratio=

1.2 |Waiwadeniuaa E100
e 2C02 + 3H20 4 3(3.76N2)

R

11.75%29%4.76

111

CoHsOH+ 3(02+3.76N2)

=14.61:1

8COz + 7.5H20 + 11.75(3.76N2)

32

anTIdIUNS

3*29*4.76
A/F ratio = 16 = 9.00:1
msefl n.2 Wamdwfalegeed £10 lnsRauuusasdnlaeuings
Fuel | Volume(l) NS, T MW Mole N Mole Mass
(ke) fraction fraction

CsHis 0.9 0.66348 111 0.005977297 | 0.77461975 | 0.89239791

CoHsOH 0.1 0.08 a6 0.00173913 | 0.22538025 | 0.10760209
0.74348 0.007716428 1 1




1.3 \Wonaawidlygass E10

0.775CgH1 15+ 0.225CHsOH+ 9.78 (043.76N;) —»

9.78(3.76N>)

6.65C0O; + 6.48H20 +

33

9.78*29%4 76
A/F ratio = =14.01:1
96.35
a5t n.3 WowmawAalvesss £20 lngRnuuusnsdulagusinns
Mole Mass
Fuel | Volume(l) | Mass,m(kg) I MW Mole N
fraction fraction
CsH1s 0.8 0.58976 o o 0.005313153 | 0.60435706 | 0.78659838
CoHsOH 0.2 0.16 46 0.003478261 | 0.39564294 | 0.21340162
0.74976 0.008791414 1 1

1.4 Wownwasulalosndd £20

0.604CgH15+ 0.396CoHsOH+ 8.29 (02+3.76N3) —————»

8.29(3.76N>)

5:08C07 + 5.72H:0 #

8.29%29*4 76
A/F ratio = SdH41:1
85.28
a5197 0.4 [WamdwAalvaeed £85 lneRnuuudasdnlaeusunms
Mole Mass
Fuel | Volume(l) | Mass,m(kg) | MW Mole N
fraction fraction

CgHis 0.15 0.11058 149 0.000996216 | 0.06313627 | 0.13987199

CzHsOH 0.85 0.68 46 0.014782609 | 0.93686373 | 0.86012801
0.79058 0.015778825 1 1
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1.5 Wawahalugaad E85

0.063CgH1s5+ 0.937CoHsOH+ 3.55 (0243.76N;) —  2.38C0O2 + 3.28H20 +
3.55(3.76N2)

3.55*29*4.76

A/F ratio = =078:1
50.1

2. msﬁ"m'amwwhmw%’auﬁwmﬁ‘amﬁqﬁlﬂunﬁmaau
TunsAuaalusunsudasnisldaTmusausilunsa I wwiiemisuialodes finanni1swn
wif Tonvgfigendgamaiilednduia :inansnsanautBidiomds n.1

AAnudausvadualedu = 43,000 ki/ke Wae ArRIEBUSTBNENTIIER = 26,950 Ki/ke

Frogunsiuuimfauiesdiemanidlased £85
NAIAIATEN U temaAdlgaad £85 ldAidnndiumarenialydunuieniuea
Winiu 0.1398 waz 0.8602 fNAAY

FatuAm S TaToIWAY £85 = (43.000%0.1398) + (26,950%0.8602) = 29,194.95 kJ/kg

A157971 .5 ArANSaURTB I TURWAYT ITvade Y

Foinds Amau¥ous (ki/ke)

EO 43,000
E10 41,272.98
£20 39,574.50

E85 29,194.95




4.nsauausnsduRaun s ludivadawdswialgaeanidvadauillaldusunasundulte
AananLAE gAY

£ 1
L =

Heyar1nlusunTy AVL Boost 289tifulZeinaED 9 5,500 seusieund

M54 n.6 deyaulinaeimawaviiuinveiauls AVL BOOST

RPM Air aspirated (g) | Fuel aspirated (g) A/F ratio

5,500 1.60853 0.110186 14.598

v v
ot o

wagariuliasreniiu (Volume) t1fiv Fuel aspirated / Density. of EO

0.110186 ¢

Volume = = 0.0001495 |
137 gl’t

FauhiudemadiE10ldvidu- Volume (E0) * Density of £10
Fuel aspirated of £10 = 0.0001495 * 743.48 = 0.11115026

1.60853 ¢

A/F ratio = Air aspirated / Fuel aspirated. of E10 = =14.47:1
0.11115026 ¢

AN597 0.7 Sestatusann s ivive ntsiwdnizlageaniavedauidialdUsuans ¥eiwinad

Fuel A/F ratio
EO 147.761
E10 14.47
E20 14.35
E85 13.61

32
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1. NM39ENLUULUUTIAB AT LA

Tnaas element shaqmmm%‘lawuﬁﬁq \u air cleaner, plenum, junction, system boundary
and enginelkd1d314 connecting pipe WWaurafuiy element siqudaiuwdIt1 measuring
point il pipe 3 AU

El

ot

JU# 9.1 dnuaisrewuudiaesein SB 1 fis Air cleaner

PNNUaNeanIN air cleaner AU plenum3 (Intake manifold)
R1

5
TMpa
5

R2

‘—|——£-— ez

P L]

PL3

JUM 2.2 dnuzvauuiIasean Air cleaner §4 PL3



viefteanan plenum3 U7 injectors and cylinders
PL3

d [ o =t
UM 9.3 ANWZYBILUURIGEIRIN Plenum 3 09 Junction
= B2
Exhaust header and tail pipe
49

PLS

MP17
48
PL4

MP16
47

CAT1

MP15

J12 46
R10 MP14

MP12

38



Four cylinder sixteen valve engine model over view

MpP2

R1

X MP3

KP1

4 ‘& 1

PL1

PL2

d1udsznausguaddieag

v

b

VVVVVVVVY

1
i
1
Zz
5

Cylinders

Engine

Air Cleaner
Catalyst

Systern Boundaries

Plenum

12 Junction

10 Restrictions

17 Measuring Points
49 Pipes

PLS

R3  pps
B

5U# 9.5 dnunzlagsiuveduuiige

L
CAT

MP
Number
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1.1 General input data
Tmensluiiunu Simulation Control

“i Simulation Control
B Simulation Tasks
- B
- @ Classic Species Setup
B Ar Humdity

B Conve: Contro
B Restart Control
B Output Control

iRE O Link Controt
B Aftertreatment Analysis
- @ Linear Acoustics

& save
& Initialization
@ User Defined Parameters

Cycle Simulation

Species Transport  [Classic b
— Hon-Enging Application —————
Reference Speed | rom i

Reference Cytle Type § e |

D

~ Simulation interval — —
End of Simulation

- Sm{ﬂﬁewmh.;...‘._. <A R
[~ Average Cel sze_ 2 fR0 mm...
- T Simulalion Step Sizs

JUN 2.6 Ne19Y03 Simulation control ~ Cycle simutation

1) Simulation Tasks &an Cycle Simulation

2) Cycle Simulation

Species Transport:

Simulation interval

End of simulation

Spatial pipe discretization

Average cell size

Classic

20 cycle

30 mm

3) Initialization \dan A/F-Ratio waznm Add set T@A1mmn1s14

M15799 2.1 Set a9 Initialization

Simulation Control / Globals

40

Pressure Combustion
Set bar Temp degC Fuel Vapour Products A/F Ratio
1 1 30.85 0 0 10000
2 0.85 66.85 0.07 0 1000
1.5 216.85 0 1 14.3
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4) Convergence control

o i
A17199 ¥.2 A3 Convergence control

Element Parameter Value Unit
1 Cylinder 1 IMEP 500 Pa
2 Cylinder 2 IMEP 500 Pa
5 Cylinder 3 IMEP 500 Pa
4 Cylinder 4 IMEP 500 Pa

5) Restart control

\dan Specific Inerval 91n Restart File Saving interval ld 720 deg @13y Saving interval

6) Output control
Td 5 deg dw3u Saving intérval LA3alaIAAA OK

1.2 Element input data
1.2.1 Engine

1) Engine speed: A@NY2u&an Assign new parameter (global) = Engine_Speed

Cycle type: 4 stroke

Assign existing parameter...

Assignynew parameter {globall... ]

Assign new parameter (local}...

Unassign parameter

JU# 0.7 ¥iw1978¢ Assigh new parameter
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2) Cylinder/ RPE-Rotor setup auguauan

ngine

’ '219(;2‘; i Cylinder / RPE-Rotor Setup

& inertia Moment of Engine -

[E§Cylinder / RPE-Rotor Setup
- @ Engine Friction Iv ldentical Cylinders
B8 Friction[1]: friction_list
B Friction Model
B BMEF Controt o S e
__Firing Angle |
deg |
i Load
: 274540 |
Store |
3 180 - —_—
N80/ /| i
5 i ?

E\Jﬁ: 4.8 n1#198e Cylinder/ RPE-Rotor setup

3) Engine friction 1&an Table
BMEP: 15 bar
A7 .3 A1189 FMEP fiasaulndasaus

Engine
B FMEP
1000 2.3
1500 0.28
2000 0.18
2500 0.054
3000 0.03
3500 0.03
4000 0.03
4500 0
5000 0.4
5500 1.75
6000 3.42




43

1.2.2 Cylinder
1) General Yayavad 4 Cylinder wilaufiudituanunsadnaeniaeidaniuyun’ Element / Copy
data Taetdan Cylinder 1 1Ju 'Source' wag Cylinder 2, 3 uay 4 Ju Targets' MMNUULAaN 'Apply’

AMMUAYUINYBY Bore, Stroke, Compression ratio, connecting rod length, mean crankcase

pressure AU3U

= Identical Cylinders =

- [@ Combustion
« @ Vibe
+i B Double Vibe

i ah
i

m

Cpen Chambeniat £ng

Stroke | W PAS- " mm
Compression Ratio F‘S-— 5]

_ConRodiength |\ [137 . -

*’ VETY
:  EtechvepiowyGap P mm o L)
i B ' Mean Crankcase Press. [1 f." TRk
= [ s30re CUTe x @ Y CYRLS AL e :
= (] rressufe Gldvesubiidd eI AT WL
Bin Cyinde : Sl e

 scavenge Model [Petecttming 7]

LA

gﬂﬁ 9.9 MM Cylinder/ General

2) Initialization

Initial Condition at EO (Exhaust Valve Opening)

Pressure: 5 bar

Temperature: 726.85 degC
Initial gas composition

Ratio type: A/F Ratio

Ratio Value: 143

Fuel Vapor: 0

Combustion products: 1

-7 Cylinder i
g lwm General
B8 Piston Motior
s B ot Author IDelI-TSSGOX
- Comment
- © initialization e |
B SHP Condtion Setting -Resuit Name | Datefl6. Feb 2015




3) Combustion
Vibe
Start of combustion:
Combustion duration:
Shaping Parameter m:
Parameter a:

4) Heat transfer
Cylinder:
Ports:

Piston:
Surface area:

Wall temperature:

Piston calibration factor:

Cylinder head:
Surface area:

Wall temperature:

Head calibration factor:

Liner:
Surface area:
Wall temperature:
Wall temperature:
Liner calibration factor:
Combustion system:
In cylinder swirl ratio:

5) Valve port specification

assign parameter = Start_of_combustion
assign parameter = Combustion_duration

assign parameter = Vibe shape
6.9

Woschni 1978
Zapf

5809 mm?2
226.85 degC
1

7550 mm2
226.85 degC
1

270 mm?  (Piston at TDC)
161.85 deeC (Piston at TDC)
151.85 degC (Piston at BDC)
1
DI
0

A13199 9.4 A128Y Valve port specification

Controlled by Port
Pipe Control Surface area Wall temp
14 Valve 0 86.85
18 Valve 0 86.85
o5 Valve 8300 Assign parameter
26 Valve 8300 Assign parameter




VPS [1] Pipe 17 Intake Tu Valve controlled

Inner valve seat (=Reference) diameter

Valve clear.

ance

Scaling factor for eff. Flow area

4384 mm

0 mm

1.712

45

Specification Manipulation
Valve opening 340 deg Valve opening 340 deg
Cam length 280 deg Cam length 280 deg
Increment 10 deg
Life cure Flow coefficient
Pressure ratio 1
Effective valve-lift active

A1319% 4.5 AUad Valve lift 5$9319 Crank angle 11U Flow coefficient

Crank Crank
angle Valve lift | “angle | Valve lift
0 0
340 0 490 6.38 i 0.109
350 0.16 500 6.06 2 0.202
360 0.51 510 561 3 0.289
4 0.373
370 1.25 520 D3 R
5 0.453
380 2.08 530 485 6 0.498
390 255 540 4.32 & 0.529
400 3:95 550 3,68 8 0.551
9 0.567
410 368 5 3.2
il = 10 0.579
420 4.32 570 2.55 1 0.584
430 458 580 2
440 54 590 1.22
450 572 600 0.51
460 6.15 610 0.15
470 6.39 620 0
480 6.5




VPS[2] Pipe 18 Intake u Valve controlled

Inner valve seat (=Reference) diameter

Valve clearance

Scaling factor for eff. Flow area

Specification

Valve opening

Cam length

Increment

340 deg
240 deg
10 deg

Life cure

4384 mm

0 mm

1.712
Manipulation

Valve opening

Cam length

Flow coefficient
Pressure ratio
Effective valve lift

46

340 deg
240 deg

il

active

M15797 9.6 A1V Vatve lift 321319 Crank angle fiv Flow coefficient

Crank Crank

angle Valve lift | angle Valve lift
340 0 470 5.41
350 0.7 480 P
360 1.5 490 L2
370 2.6 500 o 1%
380 35 510 4.81
390 4.11 520 4.44
400 4.44 530 412"
410 4.81 540 3.5
420 5.05 550 2.6
430 5.15 560 1.5
440 5.32 570 1.7
450 5.45 580 0
460 5.5.

(@)

0.109

0.202

0.289

0.373

0.453

0.498

0.529

0.551

Wit~ ovin Rl |O

0.567

—
o

0573

—
e

0.584




VPS[3],[4] Pipe 25&26 Exhaust lu Valve controlled

Inner valve seat (=Reference) diameter
Valve clearance

Scaling factor for eff. Flow area
Specification

Valve opening 130 deg
Cam length 260 deg
Increment 10 deg

Life cure

36.77 mm
0 mm
1.242
Manipulation
Valve opening 130 deg
Cam length 260 deg

Flow coefficien
Pressure ratio 1

Effective valve lift active

A319% 2.7 A1U83 Valve lift 554113 Crank angle MU-Flow coefficient

Crank Crank 0 0
angle | Valve lift | angle | Valve lift 1 249
130 0 280 5.75 7 v
140 0.06 290 5.25 A k-
150 018 300 4.83 . 3§
160 0.72 310 436 ; e,
170 1.41 320 4.78 , S,
180 222 330 2.98
7 0.693
190 2.98 340 2.22
8 0.697
200 3.78 350 1.41
2 0.7
210 4.36 360 0.72
10 0.702
220 4.83 370 0.18
230 5.25 380 0.06 X 0.703
240 5.65 390 0
250 5.99 610 0.15
260 6.1 620 0
270 5.98
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1.2.3 Air Cleaner
1) nueuziiluued air cleaner Wiy total air cleaner volume, intet and outlet collector volume

and length of filter element AU

Air Cleaner

- AirCleaner

General

B Friction
- B8 Flow Coefiicients

Author [Deu-rasoox

Comment |
Result Name |

— Geometrical Properies..-

-Tolal AIr Cleaner Volifhe-- ]5—

' Inlet Collector Volume [5—_—

| Outiet Colletor Volurie -~ [i3

} LeﬂqlhofFMerEmnt P———* mim,

| )

o FY I
gﬂ'w 9,10 WM Air cleaner / General

2) Friction specification Target pressure drop

Target press drop

Mass flow 0.13 ke/s
Target pressure drop 0.008 bar
Inlet pressure 1 bar
Inlet air temperature 19.85 degC

3) Flow coefficients

M579% 2.8 A1 Flow coefficient

Pipe 3 inflow

1 Pipe 3 outflow 1

Pipe 4 inflow

1 Pipe 4 outflow 1




1.2.4 Catalyst

1) General

49

Catalyst

-t Catalyst

2) Type specification

.
B Intial Solid Temperature

i»

General

inlet couecmo:ume EE
: .auuaﬂonemrvmm F)

Ui'! 9.11 Wi1einaeY Catalyat / General

Catalyst type specification

General catalyst
General catalyst

Activate

Open frontal area (OFA)
Hydraulic unit

Hydraulic diameter
Geometrical surface area (GSA)

3) Friction

Friction specification
Target pressure drop

Target pressure drop
Inlet massflow
Inlet temperature
Inlet pressure
Target pressure drop

1

Diameter
116.5385 mm
01/m

Activate

0.13 ke/s
826.85 deg C
1.4 bar

0.22 bar

B Type Specification ' Author [Dell-T3500X
; fmnon Comment |
- B c: Result Name | Date23 Jan 2015
87 - i R
B s :
- B Heal i~ Chemical Reactions
B 'Monmrm anuue [5
J Lenglh nf Monolﬂh ]33 mm



4) Flow coefficients
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A15190 9.9 A1 Flow coefficient

Pipe 46 inflow

1 Pipe 46 outflow 1

Pipe 47 inflow

1 Pipe 47 outflow 1

1.2.5 Injector
1) General

1ayaveq 4 injector indlaunuaiuannsoAnaenlaeideaniuyuns Element / Copy data
Tmendian Injector 1 10y 'Source' uay Injector 2, 3-uas-4 \0u Targets' 91ntiuiden 'Apply’

Trganinan Air Fuel ratio wuu injection nozzle (continuous injection)

2) Mass flow

Air fuel ratio:
Injector model:

Air flow taken from
measuring point:

the injector covers

3) Flow coefficient

Ratio control
assign parameter = AF Ratio
Injection Nozzle (Continuous injection)

Measuring point 2
25 % of the total air flow

M197197 .10 1 Flow coefficient

Injector 1

From Pipe 9 to 13 0.98

From Pipe 13 to 9 0.98

Injector 2

From Pipe 10 to 14 | (.98

From Pipe 14.to 10| 0.98

Injector 3

From-Pipe 11-to 15| 0.98

From Pipe 15to 11 | 0.98

Injector 4

From Pipe 12to 16 | 0.98

From Pipe 16 to 12 | 0.98




S

1.2.6 System boundary

ﬁ’muﬂam’.}xLéuﬁuLﬁuLLasé’uQﬂ pressure, temperature, fuel vapor, combustion products and
A/F ratio

1) General

Standard for Boundary type

2) Boundary condition
\dan Local boundary conditions 1dan Set 1 @135U Preference
A15199 ¥.11 A1994 SB 1 waz SB 2

Gas
Fuel ' | Combustion .
Pressure (bar) | temp Ratio type Ratio value
vapor products
(degC)
SB1 0.995 30.85 0 0 A/F ratio 10000
SBZ 0.995 676.85 0 i A/F ratio 14.3

3) Flow coefficient
A5790 9.12 A1 Flow coefficient

s Pipe 1
Pipe 1 inflow | 0.95 outflow. 0.95
Pipe 49 Pipe 49
A\ pe ipe
inflow 1 outflow 1

1.2.7 Plenum
1) General

A1519% 2.13 A1USuRsee9 Plenum

Global
Volume (L) o
Initialization

Plenum 1 2.6 Set 1
Plenum 2 2 Set 1
Plenum 3 25 Set 3
Plenum 4 6 Set 3
Plenum 5 6 Set 3




2) Flow coefficients

A15199 .14 A1 Flow coefficients

Pipe 2 Pipe 2
Plenum 1 inflow B outflow 0.9
Pipe 6 Pipe 6
S inflow 0.95 outflow 0.95
Pipe 7 Pipe 7
inflow 0.95 outflow 0.95
Pipe 8 Pipe 8
inflow 1 outflow 1
Pipe 9 Pipe 9
inflow 1 outflow 1
Plenurd 4 Pipel0 Pipe 10
inflow 1 outflow 1
Pipe 11 Pipe11
inflow 1 outflow 1
Pipe 12 Pipe 12
inflow 1 outflow 1
Plenurn Ve Pipe 47 Pipe 47
inflow 0.6 outflow 0.6
Pipe 48 Pipe 48
inflow 0.65 outflow 0.65
B Pipe 48 Pipe 48
inflow 0.9 outflow 0.9
Pipe 49 Pipe 49
inflow 0.9 outflow 0.9
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1.2.8 Junctions

1) General

M13199 215 AYUBIAITYNIVIBYRY Junctions

Junction 1

Refined model

Angle between pipes

135

a5

180

Junction 2

Refined model

Angle between pipes

180

0

180

Junction 3

Refined model

Angle between pipes

180

0

180

Junction 4

Refined model

Angle between pipes

180

0

180

Junction 5

Refined model

Angle between pipes

180

0

180

Junction 6

Refined model

Angle between pipes

0

180

180

Junction 7

Refined model

Angle between pipes

0

180

180

Junction 8

Refined model

Angle between pipes

0

180

180

Junction 9

Refined model

Angle between pipes

0

180

180

Junction 10

Refined model

Angle between pipes

30

165

165

Junction 11

Refined model

Angle between pipes

30

165

165

Junction 12

Refined model

Angle between pipes

30

165

165
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1.2.9 Restrictions
1) Flow coefficient

@1519% 2.16 A1 Flow coefficient

Restriction From Pipe 4 to 5 1
1 From Pipe 5 to 4 1
Restriction From Pipe 5 to 6 1
2 From Pipe 6 to 5 1
Restriction From Pipe 7 to 8 0.85
3 From Pipe 8'to 7 0.85
Restriction | From Pipe 33 to 37 0.8
4 From Pipe 37 to 33 0.8
Restriction | From Pipe 34 to 38 0.8
5 From Pipe 38 to 34 0.8
Restriction | From Pipe 35 to 39 0.8
9 From Pipe 39 to 35 0.8
Restriction || From Pipe 36 to 40 0.8
7 From Pipe 40 to 36 0.8
Restriction | From Pipe 42 to 43 0.9
8 From Pipe 43 to 42 0.9
Restriction | From Pipe 41 to 44 0.9
g From Pipe 44 to 41 0.9
Restriction | From Pipe 4510 46 0:9
10 From, Pipe 46 to 45 0.9
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1.2.10 Pipes
A15199 2.17 AIR19¢) 989 Pipes

Pipe ) o Heat

length Diameter | Friction transfer | Wall temp (degC) C_ah_jk_)at

(mm) (mm) coeff. b initial

Pipe 1 110 Table 0.001 i 30.85 Set 1
Pipe 2 140 45 0.019 1 30.85 Set 1
Pipe 3 220 Table 0.001 1 30.85 Set 1
Pipe 4 220 Table 0.01 1 30.85 Set 1
Pipe 5 60 60 0.01 1 30.85 Set 1
Pipe 6 60 100 0.01 1 30.85 Set 1
Pipe 7 40 70 0.034 1 30.85 Set 1
Pipe 8 105 Table 0.001 1 30.85 Set 1
Pipe 9-12 25 PY.5 0.0036 1 36.85 Set 1
Pipe 13-16 25 335 0.04 1 66.85 Set 2
Pipe 17-24 25 33.5 0.04 1 66.85 Set 2
Pipe 25-32 25 28 0.04 1 576.85 Set 3
- Pipe 33-3§ 80 ES 0.04 1 576.85 Set 2
Pipe 37 305 32 Table 1 Assign parameter | Set 3
Pipe 38 300 32 Table 1 Assigh-parameter | Set 3
Pipe 39 270 32 Table 1 Assign parameter | Set 3
Pipe 40 285 32 Table 1 Assign parameter | Set 3
Pipe 41 50 35 0.023 1 Assign parameter | Set 3
Pipe 42 50 34 0.023 1 Assign parameter | Set 3
Pipe 43 360 37 0.022 1 Assign parameter | Set 3
Pipe 44 290 T 0.022 1 Assign parameter | Set 4
Pipe 45 50 a4 0.021 1 Assign parameter | Set 3
Pipe 46 970 Table Table 1 Assign parameter | Set 3
Pipe 47 860 46 0.021 1 Table Set 3
Pipe 48 970 46 0.021 1 Table Set3
Pipe 49 330 46 0.021 1 Table Set3




A519% .18 AL

Agntaafunnsan ¥.17

Diameter Bendine radius Friction coefficient
Location | Diameter | Location Bending Location X Friction
X{mm) | Y{mm) | X(mm) | radius Y (mm) (mm) coeff. Y
Pipe 1 0 -
110 aq
Pipe 3 0 w
220 80
0 70
Pipe 4 110 60
220 60
0 75
Pipe 8 52.5 5
105 65
0 a5 0 0
70 a2.7 105 120
115 a1.3 210 60
Pipe 9-12 170 36.8 320 10000
25 s
265 33.4
320 33.4
0 0.04
Pipe 37 102.5 0.04
213.75 0.023
305 0.023
0 0.04
110 0.04
Pipe 38 205 0.023
300 0.023
0 0.04
115 0.04
Pipe 39 1825 0.023
270 0.023
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Diameter Bending radius Friction coefficient
Location | Diameter | Location Bending Location X Friction
X (mm) | Y {mm) | X(mm) | radiusY (mm) (mm) coeff. Y
0 0.04
102.5 0.04
Pipe 40 2135 0.023
285 0.23
0 a6 0 0 0 0.019
220 a6 220 10000 220 0.06
Pipe 46 400 a5 570 100 570 0.06
570 a6 970 10000 970 0.019
970 a6

1.2.11 Measuring point

1) General

#5799 9.19 6UNLI83 Measuring point UL Pipes

Location of measuring
point from upstream pipe goput
s AW extent
Measuring point 1 170 Standard
Measuring point 2 35 Standard
Measuiing point 5 200 Standard
Measuring point 4 60 Standard
Measuring point 5 40 Standard
Measuring point 6 40 Standard
Measuring point 7 40 Standard
Measuring point 8 40 Standard
Measuring point 9 50 Standard
Measuring point 10 180 Standard
Measuring point 11 50 Standard
Measuring point 12 260 Standard
Measuring point 13 200 Standard
Measuring point 14 50 Standard
Measuring point 15 900 Standard
Measuring point 16 50 Standard
Measuring point 17 305 Standard
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1.2.12 Reference point for volumetric efficiency

\donuyuns Simulation / Volumetric efficiency Atgusuae ududonii Measuring point 2

/5.::-1 kaent e

Reference Element

Current reference element. Measuring Point 'MP2'

;

Cancel

Hel

Valid reference elements are plenum and measuring point.
Clear

i

‘gﬂﬁ 9,12 M9 NY8Y Reference element

2. Case series calculation
2.1 Assign new parameter

1 b
ol A al

1) AgNYWYa Parameter wavidan Assigh new parameter (global) dwmiunisfivwasidenass
wsn waldinunisdiamedneluidan Assign existing parameter
A51991 9,20 FIMAUINIZATI Parameter

Parameter Description Path

Injector 1 (Injector / General / (Air fuel ratio))
Injected air/fuel ratio Injector 2 (Injector / General / (Air fuel ratio))
AF_Ratio
- for each injector Injector 3 (Injecter / General/ (Air fuel ratio))

Injector 4 (Injector / General / (Air fuel ratio))

Initial air/fuel ratio in ) .
AF Ratio Cylinder / Initialization / (Raito valve)
- the eylinder

Cytinder / Combustion / Vibe / (Start of

Start_of Combustion Start of combustion )
-~ combustion)

Cytinder / Combustion / Vibe / (Combustion

Duration of Combustion | Duration of combustion )
T duration)

Vibe shape parameter | Cylinder / Combustion / Vibe / (Shape parameter

Vibe_Shape
- m’ m)
Cylinder head Cylinder / Heat transfer / (Cylinder head: Wall
Cylinder Head T
- - temperature temp.)
. Liner temperature at Cylinder / Heat transfer / (Liner: Wall Temp.
Liner TDC T
- TDC <Piston at TDC>)
) liner temperature at Cylinder / Heat transfer / (Liner: Wall Temp.
Liner BDC_T

BDC <Piston at BDC>)
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Parameter

Description

Path

Piston_T

Piston temperature

Cylinder / Heat transfer / (Piston: Wall

Temperature)

Exhaust_Port Wall T

Exhaust port wall

temperature

Cylinder / Valve port specifications / (Port:
Wall temp: Line for pipe 25&26)

Engine_Speed

Engine speed

Engine / Engine speed

Exhaust Wall 1 T

Exhaust wall
temperature for first
stage of exhaust
manifold.-(L.e. first
pipes after exhaust
port runners.)

Pipe 37 (Pipe / General / Wall
temperature)

Pipe 38 (Pipe / General / Wall
temperature)

Pipe 39 (Pipe / General / Wall
temperature)

Pipe 40 (Pipe / General / Wall
temperature)

Exhaust_Wall 2T

Exhaust wall
temperature for
second stage of

exhaust manifold.

Pipe 41 (Pipe / General / Wall
temperature)

Pipe 42 (Pipe / General / Wall
temperature)

Exhaust Wall 3 T

Exhaust wall
temperature for
third stage of
exhaust.manifold.

Pipe 43 (Pipe / General / Wall
temperature)

Pipe 44-(Pipe / General / Wall
temperature)

Pipe 45 (Pipe / General / Wall
temperature)

Pipe 46 (Pipe / General / Wall

temperature)




2) dwsuvie 47, 48 way 49
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Wall Temperature Table
Location () | Well Temperalure (¥)
K
1 pw ‘7 ] ) =Wal|__T__Upﬂ_CaIa|Y:_”‘“ L é_—._ ._.__.:;;_.._.. Bl _.._‘_!t__._.._.._._ A
2 |860 =Wall_T_Down_Cat; s i
5 T Assign new parameter (global)...
4 Assign new parameter (local)...
5 Unassign parameter

Eu‘vd'; .13 w1 Wall temperature tablevad Pipe 47, 48 iy 49

3) Yeyanas Cylinder waw Injector inflaufufiuanniodnasningidanuyuis Element / Copy
data Teewdien Cylinder 4 1u ‘Source’ way Cylinder 2, 3 war 4 1 ‘Targets’ anntiuiden
‘Apply” LULAEIiU Injector

AN5199 ¥, 21 M NLIAasa379 Parameter

Parameter

Description

Path

Wall T Up_Catalyst

Exhaust wall temperature
at upstream end of pipe
downstream of catalyst.

Pipe 47 (Pipe / General. / Wall temperature -
table /' Wall temperature at first location in
table, 0 mm)

Wall_T_Down_Catalyst

Exhaust wall termperature
at downstrearn end of
pipe downstream of

catalyst.

Pipe 47 (Pipe / General / Wall temperature -
table / Wall temperature at last location in table,
860 mm)

Wall T Up Exshust

Exhaust wall temperature
at upstream end of pipe
between two exhaust

plenums.

Pipe 48 (Pipe / General / Wall temperature -
table / Wall temperature at first location in
table, 0 mm)

Wall_T_Down_Exshust

Exhaust wall temperature
at downstream end of
pipe between two

exhaust plenums.

Pipe 48 (Pipe / General / Wall temperature -
table / Wall temperature at last location in table,
970 mm)

Wall_T_Up_Tailpipe

Exhaust wall temperature
at upstream end of tail

pipe.

Pipe 49 (Pipe / General / Wall temperature -
table / Wall temperature at first location in
table, 0 mm)

Wall_T_Down_Tailpipe

Exhaust wall temperature

at downstream end of tail

pipe.

Pipe 49 (Pipe / General / Wall temperature -
table / Wall temperature at last location in table,
330 mm)




4) {@onuyund Model / Parameters 1ian 'New parameter lundnwisfiwasiudeutionn
Parameter_1 Wy Exhaust Wall T Factor 3 nuuldaaniuduwvindu 0.01 Tuman Value wiigvas

wisilimasiliu Ratio [-]
5) Formula of parameter

A13197 U.22 gnIFNUBd Parameter

Parameter Formula
Exhaust Wall 1 T 660+Exhaust Wall_T_Factor *(980-660)
Exhaust Wall 2 T 640+Exhaust Wall_T_Factor *(950-640)
Exhaust Wall 3 T 630+Exhaust Wall T Factor *(930-630)

Wall_T Up_Catalyst 550+Exhaust_Wall_T-Factor *(1024-550)
Wall T _Down  Catalyst 550+Exhaust WallT Factor *(965-550)
Wall T_Up Exshust 510+Exhaust Wall T Factor *(885-510)
Wall_T Down_Exshust 510+Exhaust, Wall_TFactor *(850-510)
Wall T Up_Tailpipe 480+Exhaust Wall T_Factor *(768-480)
Wall T Down Tailpipe |  480+Exhaust. Wall T Factor *(737-480)

6) The model pararmeter Fsiudagudiedng

Parameters [

| Parameter v 7 junit’ |
A iy i, S £ S Wit . N H(RE!E) RIS
Cylinder_Head_T K (Téfnperalure)
Duration_of_Combustion “deg (Angle)
Engine_Speed pm (Angular Velocity)
Exhaust_Port_Wall_T : 'K (Temperature)
Exhaust_Wall_1_T .giobal =660+Exhaust_Wall_T_Factor*(980-660) K (Temperature)
Exhaust_wall 2 T global’ «. =640+Exhaust_Wall_T_Factor "(950-640) K (Temperature)
Exhaust_Wall_3_T :gioba| =630+Exhaust- Wall_T_Factor *(930-630) K (Temperature)

= | Exnaust_wall_T_Factor global .. 0.01 : [1 (Ratio)
Liner_BDC_T global -, 360 K (Temperature)
Liner_TDC_T global 300 i K (Temperature)
Piston_T global 450 K (Temperature)
Start_of_Combustion global 3 deg (Angle)
Vibe_Shape global 24 [ (Ratio)
Wall_T_Down_Catalyst giobal =550+Exhaust_Wall_T_Factor *(965-550) K (Temperature)
Wail_T_Down_Exhaust global =510+Exhaust_Wall_T_Factor *(850-510) K (Temperature)
wall_T_Down_Tailpipe global =480+Exhaust_Wall_T_Factor *(737-480}) K (Temperature)
Wall_T_Up_Catalyst global =550+Exhaust_Wall_T_Factor *(1024-550) K (Temperature)
Wall_T_Up_Exhaust global =510+Exhaust_Wall_T_Factor *(885-510) K (Temperature)
wall_T_Up_Tailpipe global =480+Exhaust_Wall_T_Factor *(768-480) K (Temperature)

o v ) 1
JUM 2.14 BUIR199I98194Y89 Parameter
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7) (&ion Model / Case explorer uagidaniuyuns Group / Edit 3nnuudguwiifiweinldanuniy

su

Y

Parameter Group Editor

Case Set

Unused Parameters
Exhaust_ Wall 1_T
Exhaust Wall 2 T
Exhaust_Wall_3_T
Wall_T_Down_Catalyst
Wall_T_Down_Exhaust
Wall_T_Down_Tailpipe
Wall_T_Up_Catalyst
Wall_T_Up_Exhaust
Wall_T_Up_Tailpipe

_iJ Case Set 1 :J ‘
Parameter Group ‘:‘_’ Default _..,J -

Used Parameters
Engine_Speed
AF_Ratio
Cylinder_Head_T

- | Duration_of_Combustion
Exhaust_Port_Wall_T
Liner BDC_T
Liner, TDCT |
Pisten T !
Start_of Combustion !

1 Vibe_Shape

~ | Exhacst Wall_T_Factor

U7 .15 utlieauand Parameter Al

8) 3 nuLieniiyurd Insert / Case lagls RuTNMLA 11 Case 31058UIAT08UA 1000 &3 6000

sausauLasldAnIumi59l

A998 9.23 @7 Parameter lulsiay Case

Cas: o<t Engine_Speed | AF Ratio | Start ‘of Combustion | Duration”of Combustion | Vibe Shape
Case 1 1000 14.61 3 40 2.4
Case 2 1500 14.61 -3 41 2.38
Case 3 2000 14.61 -6 7 42 2.28
Case 4 2500 14.61 -7 43 2.08
Case 5 3000 14.61 -8 a4 1.83
Case 6 3500 14.61 -9 45 1.68
Case 7 4000 14.61 g i 46 1.62
Case 8 4500 14.61 “18 a7 1.56
Case 9 5000 14.61 =Lk 48 L)
Case 10 5500 14.61 =15 49 1.38
Case 11 6000 14.61 -14 50 L2
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Case set | Cylinder Liner B | Piston | Exhaust Port | Exhaust Wall T
i _Head T e e DC_;' T _WaLl—_T Faztor o
Case 1 480 390 360 450 430 0.01
Case 2 492 396 368 460 444 0.12
Case 3 504 402 375 470 458 0.304
Case 4 516 408 385 480 473 0.538
Case 5 528 414 390 490 487.5 0.645
Case 6 540 420 400 500 500 0.762
Case 7 | 552 426 410~ {510 515 0.872
Case 8 564 432 417 520 529 0.911
Case 9 576 438 425 530 543 0.943
Case 10 588 444 433 540 558 0.964
Case 11 600 452 444 555 580 0.985

3 Run simulation
w ] R o/ E .'i A L « 5 .’,'
UuvinwuuiInaessausae ”Lﬂmugm'i'l,é'an Simulation / Run Wagiaanyianieia Case way Task
#u5U

Y

1 Run Simulati % T N
£74 Run Simulation ;K @A ﬂ
« Run Data

Run Name testdcy16v 2015-05-22 15:15:45

R 7 e g@"’ J f =S

Cases v Tasks
e -’ - ¥ Kodel Creation
4 v Cycle Simulation
« Creation of Series Results

Fiiter:

Case Set1.Case 1
|[] Case Sel1.Case?2
|[] CasesSet1Case3
|[¥] CaseSeti1Case4
|[] CaseSet11Case5

i &) K
| # Computing Resources

b Advanced Options
b Preprocessing Log

JUTN 9.16 w1989 Run simulation
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4. Post-processing
Wunisuaneadnsvsanuuiians
LﬁaﬂLméU’E‘f Simulation / Show Results ﬁﬂ@ﬂﬁmﬁ"ﬁ

%1 IMPRESS Chart - noname (Moded) - Page 1of T 0 A SRR
Fle Edit View insen Report Page Qptions  Help

"l Ko W@ ook D/ ARODIE A G - s
QOO L.+ = , & v Parameter values
Report Resuts | Tempiates | Operatons | 75.1417/156.986 [mm]
(¥ Load ¥ =eisac K Ceicte T Model View 7
X ]Defaun (Engine_Speed) j
L Results s
- i C\Wsers'\Dell-T3500X\DesktoptestrunicyVtestdcy16v Ca
s & Case_Set_1 - Layer_1
- gy Engine 1 P E-——.—-- Power Engine 1 (hp)
“» EndOICycleTime g0 3 e
~. CycleAveragedSpeed & 70 e
“. CycleFrequency £ 204
“. CyclePeriod 5 0 o
“. AmbientPressure %, § :' —K
~- AmbientTemperature 1 wdld -
“ PeakFiringTemperature 1 W"h o
~v PeakFiringTémperature-CrA ] E L - ; A e
- InjectedFueiMass 4030 TROD | (20000 2530 3000 2500 <000 | 4503 5000 &500 €000
~. Convergence Engine_Speed (rpm)
| Start of High Pressure ]
: Combustion l
Geometry =0
i Performance ‘
“. IMEP
"~ BMEP
~. FMEP
“. AMEP 1
" Torque
- FrictionT orque
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5. General species transport

huuuaesiildldfniiudemauidlsead Taaidenuyuns Simualtion / Control - Cycle
simulation, t@an General #1130 Spicies transport. sntudan General species setup ldtoya
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fodwifiu 1

Simulation Control / Globals

-7 Simulation Control

@ Simulation Tasks Ganeral Species iy
- [@ Cycle Simulation
- B -;.-:. { Species Set Homogenous Reaction Set
by ¢ Species | Key | _ Chemistry |
Y General Species Selup 1 |GASOLINE__ ) _jbrnd  iavichembmdinp |
& Initialization A [ o TI— - .
B Convergence Contro s 1l o i
@ Restart Control o N2 . . !
B Output Control 5 CO2 SO - 1

B FIRE/CFD Link Conpfol e S 77 !

IAﬂemeatmentAnalysls g o ¢ Bge s 9
- @ Linear Acoustics ]@n-- : m =" _‘_mseﬂ ; Remarey,
H save /i Load | I'store Y-~ 4 Load {\ Store . |
& Initialization 6 e AN 7 G T
B8 User Defined Parameters ie v
; FUQISPBCHSSGI /

‘-’" Mass Based P!a:ﬂons PWmﬁaseuFracuom e
” 4‘\“__'5_;!&6!85 5 Mﬁsﬂ!@gﬂj qunuoemg

3 mmﬂ b ]
GASOUNE__ 09 A 73722 B AYal
2. JETRANOL | 10 ID1 W IBGOU B
2 e Do W, == A ¥ | j A . | ) Pamove
A\ 2 T ' & & 5

Store

P v .
3UY 2.18 WuNIWB3 General species setup
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Species set:  GASOLINE, ETHANOL, ©2, N2, COZ, H20, CO, HZ, O, OH, H, HOZ, H202, N, NO,
N20

Homogenous reaction set:

Key brnd

Chemistry: avlchembrnd.inp
Volume based fractions
Fuel species: GASOLINE, ETHANOL
Mass fraction: 0.9,0.1

Liquid density: 737.22, 800
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AN5199 A.1 NS euigUAIAaATeEUASE NI UUA1a89 AVL BOOST futayaaseaneuan

< < = a i ¢ ' o ) oW o v oo
A157199 A.2 MslU3guifigulselnlaTeseuiseniTawuuTged AVL BOOST NUVBHRTIININGNARN

RPM | Official Data (Hp) | AVL Model (Hp) | Error (%)
1000 8.4 8.37788 0.263333
1500 19 19.4818 2.535789
2000 31.25 30.5007 2.39776

2500 40.6 40.1343 1.147044
3000 55 52.824 0.332075
3500 62.5 GR350 0.23024

4000 72.5 12593 0.128276
4500 84.5 84.8427 0.405562
5000 90.6 915822 1026518
5500 93 93.8703 0.935806
6000 85 83.8251 1.382235

Avg. error 0.98064

RPM | Official Data (Nm) | AVL Model (Nm) | Error (%)
1000 59.375 59.6581 0.4768
1500 91 92.4856 ” 1.6325
2000 106.25 108.596 2.2080
2500 1156 114.317 1.1099
3000 122 125.385 2.7746
3500 126 126.866 0.6873
4000 128 129.232 0.9625
4500 1315 134.257 2.0966
5000 128 130.358 1.8422
5500 119 121.535 2.1303
6000 98 99.4851 1.5154

Avg. error 1.5851
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AN5199 A.3 WigugumaamIaaeudvlaanLuuIaadlusazytaLTaLnE

RPM | Gasoline(E0) (Hp) | E10 (Hp) | E20 (Hp) | E85 (Hp)
1000 8.3779 8.2148 | 7.9950 | 59224
1500 19.4818 19.1627 | 18.7997 | 15.4341
2000 30.5007 299480 | 29.4286 | 24.0130
2500 40.1343 39.4630 | 38.7758 | 31.9623
3000 52.8240 52,0204 | 51.0280 | 41.4383
3500 62.3561 61.2939- | 60,1238 | 48.5819
4000 725930 71.3350/ | 70.1451%.[56.9655
4500 84.8427 83.3214 | 81.8205 | 66.0906
5000 915372 89,9643 1f ~88:3769. <\~71.6047
5500 93.8703 92.2211 | 90,2020 | 70.0119
6000 83.8251 82.0412 | 79.8853 | 58.1955

a1919f a4 Winwisuusidaaieeudildaniuudtasdluudasaintemas

RPM | Gasoline(EQ) (N.m)-| E10 (N.m) { E20 (N.m) | E85(N.m)
1000 59.6581 58.4968 56,9313 42.1727
1500 92.4856 90.9704 80.2473 73.2697
2000 108.5960 106.6290 104.7790 85.4970
2500 114.3170 112 4050 110.4480 91.0403
3000 125.3850 123.4770 121.1220 98.35%4
3500 126.8660 124.7050 122.3250 98.8421
4000 129.2320 126.9890 124.8740 101.4120
4500 1342570 131.8500 | 129.4750 104.5830
5000 130.3580 128.1260 125.8650 101.9780
5500 121.5350 119.4000 116.7850 90.6451
6000 99.4851 97.3680 94.8093 69.0675
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A1319% A.5 WasidudnisanadvesanssousiAsavaunllaldldamnaalnas i

WaFauiisunuuialsduEo)

RPM %Reduction E10 | %Reduction E20 | %Reduction E85
1000 1.9466 4.5707 29.3093
1500 1.6383 3.5014 20.7772
2000 1.8113 3.5149 21.2706
2500 1.6725 3.3844 20.3615
3000 1.5217 33999 21.5541
3500 1.7034 55§94 22.0894
4000 1.7356 3.3722 AL§272
4500 1.7928 35618 22.1024
5000 : 17.77122 3.4467 21.7708
5500 L7567 39083 254165
6000 21281 4.7000 30.5750
Avg. reduction (%) 1.7654 3.7218 233413
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A15197 .6 Wasidudnsiiuduresaussouviasaseudiilolddowmas E85
WlsusunaukasnainsusuAsaseuAu lLauA WU 1

RPM | E85 lean burn (Hp) | E85 Stoich (Hp) | %increase (%)
1000 5.92237 8.27453 39.72
1500 15.4341 19.2644 24.82
2000 24.013 30.0211 25.02
2500 31.9623 40.2364 25.89
3000 41.4383 52.4165 26.49
3500 48.5819 61.7893 i 27.19
4000 56.9655 72:1158 26.60
4500 66.0906 84.7061 28.17
5000 71.6047 91353 2725
5500 70.0119 | 93.2443 33.18
6000 58555 83.6802 43.79
Avag, increase (%) | | 20.83

M15199 A.7 MaUTsUmsukTaUalaltlaua wIny 1 sYnInaaoinge E0 wag E85

RPM | EO (Hp) E85 (Hp) Change of power (%)
1000 8.3779 8.2745 -1.2336
1500 | 19.4818 19.2644 <1.1159
2000 | 30.5007 30.0211 ' 5724
2500 | 40.1343 40.2364 +0.2544
3000 | 52.8240 52.4165 -0.7714
3500 | 62.3561 61.7893 -0.9090
4000 | 725930 72.1158 -0.6574
4500 | 84.8427 84.7061 -0.1610
5000 | 91.5322 91.1353 -0.4336
5500 | 93.8703 03,2443 -0.6669
6000 | 83.8251 83.6802 -0.1729
%lncrease Avg. 0.6763






