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2. Detailed Chemical Kinetics
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5. Mechanism

AY


http://www.sid.ir

l95 030 all,08 5 lilgasl aumg ¢ Sl b zrns Sgaun (5 ol dexl ool Slslo e ¢ ol sz g o

P SSedsi-dley ples bsle 5 Loy plipe o Shoe (Koo (o515 Jlidl sl ygige o oolitul 3550 golulas Joo
kgl SVolao b Jade 4t plowd S g5le oS5 b Ve Jlo o (Gligigl 5 5 Satige [10]wo S aslin ;5550
DVFIG S oz 5 9 055 Cmdg po 1) (GBI Joe Wi o 50 LaaisS 1395 5 i 5 el o3850 oS
slp slamlss olulacs Jao L) mbles (Blial ) Jade olord Boile SG Lo 5 9alal56S VoY Jlo o
alllas 1) oUSTonl sl alad aten JoSas 5 Jlidl 5 03,5 <o 5 @y o515 Gedtle j0 4B g g aiBgw (2l
Ganyho (Sealudger Joo b Jabe glosd Bl oS5 b Jlo glas 5o ollSen 5 (26l ouizmen [VV]wis s
Jlo 5o VAW 8 aslin 5 owyp 1) Jpoem 5 Jpo slabalie 31l Slasin ol po dlaise ;o (glabcs
LSis (Jpo g0 dwn a3 ,> lp slasbos golulacs Joo 5l eolaiwl U s[\"\]()l)liw g ool Slels YNY
Joe 05 qwyp dno 8352 Olz o Jate obend [JBgile Sl ool L) jlass gladloaie slay,Sg 0
3l ead JeSas el slaagezr dund @ 4y b o coul glamlss golulacs Joo bl g @dly o glaloin
LYl en 5 ool Sleko 35 Y18 Lo )0 0gb oo aislis lasbozs ab & Jps Clgw 55ed g sl juod]
Moyt il 3B i it 5 Silotend 4 slenlips Jon 5 Jabe bt S g5le oS 5 5l eolizl
&b IS bl 5l jsipe Gaiod jo eolital Syge Glamlsd Jae By 5l j5ige gl o0 (39 0
2,5 50 Ly (Sonliaoge

P55z Seeal ¥l i g o Sles 39,00 dbiwgls Siluie Sl 00 (pwyp Baa b ol Gudos
S5 b Ll psesdle g ond plowl (CRE16) YU o515 Cor 45 oyt somiony S5 35 5y el o0 plonil gmslS
W a5 I Jake oot S5l S5 liine e 3o jlaray ol o0 aglin 5 anlllas 35 b oo 2l 50
wid 0, dlS _alEilesT lanlive b a5 IYYIAVL-BOOST l5ile 5 1o oniiangs comsSy Jow oK b o (6,38 35!
2o b @l Gl jheslaial glrar olpl )oiS EEgm s ;3 (b B GuulS B 4 az g b Cnl oud oS S
oas ooliiasl oyl LAl e by 1, LS iSTam a5 (o)ls aadly S5 51 g lodands B iglojl 4 pmiils oluS 5
Sl ;0 j5i50 0 Shas Comdy iy 9 plosl 4iBs j3 150 Voo v Sl 90 0 lagleJae 5 laialej] pales e
Lol 00l plonl ((Jg0) (s> do )0 B0 g a0, 0 ¥ oy Vel 4 5,008 dewgay (g5le gif s

Ogl B 9 g5l oo g,
& Job o (3920L5 &z g3 L g oad 85 Lo aalyd jl slacgerme (lsiedr 9390 ¢ gige gl (3koite oS 5
Oldae (g5lwans Helaiady gaSy Ll e OYolas oKiws ‘Lcadl 30 Jhw &S YL Coy uioren g
S5 Lshas ululyy ctacdBlS Joes il o350 athew aile Heige slizl ple LYY ]0g5 0 08, 000 ksl )0 b~

% . - . & f . .

@ lie Gl 53 0 Ll O jgoa o @l g 0ad iludue Sl a8 e o soluland (Sealusge s g5l Joe
2R ) ogise selKaly U3 jo (bya lue og aBliarwsd o Vb ey a4 az gl b 0l o Jlos! bdlg) aus
Conlio cB Lai> LSy Slawlre duje pSeie LiolS deb amjio glo oo b o] cuS 5 g oo, Hlaa caslie
g o0l (gilwdnd 29, bl Al s U lgn 156 lae 1 jeige coud i (pdy 09 o0 Hhiae sle e gl
bl 5 Swlus OYolas olliws pbay a5 (gumSs z3 e hol O¥olre oKiws 098 o J> ol p oS Yol
S35 10 0 43,5 15,8 €31, Jlows 45l & a5 b Sl (55, sl 5 0S5 sl oy (sl olan Jal w5 o

1. Detailed Chemecal Mechanism
2. Calibrate

3. Comprehensive Engine Modeling
4. Quasi-Dimensional

AN


http://www.sid.ir

YYD Ll 5 5le o Jsl o )lads cod Jlo «8l ool § S g (cidgh — gode 4y i

Lyl glyls @¥olas Jo ainls 10 09290 bl soled 09 oo Joo 5 00l 00 (e (>, (59,00 S5 (lgiedy Saol
bl o L3 as > b Jol> glolud OS] g8 adais 4y 0,Lgd <S5 g j9950 JolS a5 > SO plosl b a4l
)I ) a‘;u\.o O bl.?u‘ 61).1 ADO uLwSu u|5:> LS”H c\.‘>).‘> 9o aS Sl J9.J J.'lﬂ u‘5.’> sbLo) 9 IR Ml}m Q;L;
- e 2 . o . . . \ - . .
el Jsb e jhd il glizl w2 dadlg) jlad 5 Jsb slesl pwain laylly (Joe (I Sislangs et
ose > Caz oY ol g 63 ,es o el oudats b (gilodnnd sl b 090 oo 0l 028 9 0515 S (gt
ool o) 5 abE a5 15 b 505 e Sy 358 s bl 1 o 35 S el IS 83500 JolS
17 & bsre (530 Ll olod 5 3500 Arabre T a3 e S S Sa S, S8 & sy S Salis Soles
. .. e . . . - ‘e ES v . . &l &
g 0k 5 5 H Ol 12 655l S Jlaie welas b [VON Flogs o Jlael S itagn el 8,505,k ,5LsS
534S Cawl 53 Lo 0gd e dmlie (oo Cawoas 8 Solins cVolae olKws Jo 5 aS dea b > oo elaly
ple ools flgicdas 65959 Sl L ,> &5 Ladd R VST IRCAJER &ly 5o .l oals 423 )F 00 gy Cwed 3l o ol
el ol Al xS 5l (S Il 50 caliendal Co g ) lgp s 4 Az gl b EBgu b, g 00l (6,505l

Sl L5 behs dcgazo,; aS ‘[Y?]\cdlpbso Wiebe oo ,s3l 5l oolawl b Glyisl  Solnoge 5 (g 5lwands
dleo b coly b (gl (Sealinoge 5 ailgs 5l oolainl s (655wl .l ouls plx] Irvlcal glasbos gjlvans
Je azad] ol slaaiio ple u_:la))| 9 [ve-vYAlonss Sl disauns b o glalax aas] g T sladaxd
Oyl Jasl sy gilwand jahate 4y g plol [¥y] &0 5o odbolpiing doles g0 (28,5 Jlai o b 5l ool alaase
RO IPRWIFVEI SN [Y’Y]o_uf)b. 3 SO oliis Jode doo,lern

b gy S S Ao ye (nl 5o a5 ead 9,8 S5 5iee Lulpd 4 bgype slaus 5l gl B el i)
Sl oSS Joe 3 35290 culpd g b yel )b 5l ok sl gl S Sl Al e ol JeSS b el jasdes JB 1
el jeige alise lizl los 5 @yl JEl el )b Vool o e o T ol polie ol 0gd oo mulas Uasg o
bolyh Sougrtiege pd L8, 4 axg b ogdleas 09di o0 bl 9 YU S pe alall 90 o 50 (gl g sailis e (gt
b dasiine jlogei ablii oo guone Cuxdse plill 7 jaidew 5l 3B (Sl zgy5 dbod )3 (29,5 Clgw (opasar 5y
SYolrs oSiws aS el (S8 LLS 090 so puai 18 (295 9 89955 ol Ol Jll Cols g Les (655l sam
(S5 5508) ol 519,51 slaplane sl il sl SYolae (alnl g als 1) 99,57 )kl (23 955 50 5Ll
Lo slojl als (Jloy Seb gae wile) il (o9l 30 (i Gl Gl Gl o8 (alpd 5o aisd oo osliul
5 Sy b obyr oz Sl padl sl (ogatar 5 I Bl Glaysige 50 08 Seg (a9l 0 Sin
9 o2l 3l g 9ad oo il lame slos 4 SGop sles 5 S jaadl JLid l)ls a5 (2,5 oK) las 5l YU sles
9P L (G195 sge Lulid 5o (gaml S plol 5l iy 0l wals3S Cavsay (93 Slo Gl (59,5 58 ol (g4
sty 500 polie dalpd onl o 058 oo plnl Gl B 9o oS Eliol 5 CSgn AL 4 bgrpe sla gl
o 3l Tomn lales 5 &l JUESl il Jolb 10,5 5550 Ll sl il (oaled Jao & Gl 5 s 2L
el oo 03,91 VIS 50 (soSs (55 lwdnnds S e Wg,y 5l eudaisl

1. Topology

2. McCormack Method
3. Non-homentropic

4. Two-zone

5. Liner

6. Blow down

7. Port

A4


http://www.sid.ir

l95 030 all,08 5 lilgasl aumg ¢ Sl b zrns Sgaun (5 ol dexl ool Slslo e ¢ ol sz g o

Create Engine Manipulate the Correct
Topology Results

v

Input Geometric
Parameters

—

Input Performance &
Simulation Parameters

v

Run the Model

Calibrate for the Firing
Conditions

Is
Convergence
Achieved?

Is Trapped
Mass
Correct?

Calibrate for the
Motoring Conditions

Figure 1- The general flowchart of 1-dimensional simulation
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Table 1- Composition of the Tehran Natural Gas [33]

Species Amount (%)
CH, 88
CoHg 4
CsHg 2.677
CO; 111

N, 4.213
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Figure 2- In-Cylinder pressure profile in the compression ratio of 16 and Tehran CNG. (a) Brake Mean Effective Pressure of 2 bar;
(b) Brake Mean Effective Pressure of 4 bar; (c) Full load condition.
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Table 2- Experimental and computed fuel and air flow rates

Parameter bmep=2 bar bmep=4 bar Full Load Condition
Fuel Mass Flow Experimgntal 0.185 0.252 0.335
/s) Simulation 0.190 0.263 0.337
Error (%) 2.702 4.365 0.597
. Experimental 2.843 3.873 5.150
Air N('gf:) Flow Simulation 2.926 4.045 5.187
Error (%) 2.919 4.441 0.718
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Figure 3- Mass flow rates of emissions (a) Carbon mono- and dioxide; (b) Nitrogen oxides. (Dashed lines denote experimental data
and solid lines denote simulation results)
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Figure 4- Effect of hydrogen enrichment on in-cylinder pressure profile at different engine loads. (a) Brake mean effective pressure
of 2 bar, (b) Brake mean effective pressure of 4 bar, (c) Full load conditions.
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Table 3- IMEP vs. engine load for different enrichment amounts

Performance Characteristics Enrichment Amount IMEP (bar)
(%)
10 3.668
bmep = 2 bar 30 3.652
50 3.630
10 5.168
bmep = 4 bar 30 5.145
50 5.109
10 6.700
Full Load 30 6.670
50 6.635
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Figure 5- Effect of hydrogen enrichment on Engine Emissions: (a) Carbon monoxide, (b) Carbon dioxide, (c) Methane.
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English Abstract

A Kinetic Investigation on the Effects of Hydrogen Enrichment on
Pollutants and Greenhouse Gases Emissions of Gas-fuelled Engines in High
Compression Ratio

Seyed Vahid Ghavami®, Ali Salavati-Zadeh®, Ahmad Javaheri?, Masoud Masih Tehrani®, Vahid

Esfahanian® and Ghodratollah Hamzeh-Nava®
1- Vehicle, Fuel and Environment Research Institute, University of Tehran, Iran
2- School of Mechanical Engineering, University of Tehran, Tehran, Iran
3- School of Automotive Engineering, Iran University of Science and Technology, Tehran, Iran
(Received: 2016.5.14, Received in revised form: 2016.10.22, Accepted: 2016.11.12)

Nowadays, the world is facing the air pollution and global warming crisis, in which the role of internal
combustion engines is significant. On the other hand, in spite of diversities in its composition, compressed
natural gas is considered as one of the best choices among alternative fuels. This investigation aims to explore
the effects of hydrogen enrichment on formation of pollutants and greenhouse gases in engines working with
natural gas at high compression ratios distributed in the city of Tehran. To accomplish this, a previously
validated detailed chemical mechanism is embedded with a comprehensive one-dimensional engine model
and the results are verified with experimental observations on fuel and air mass flow rates and in-cylinder
pressure profile for a single-cylinder gas-fuelled spark ignition test engine, at constant engine speed of
2000rpm and compression ratio of 16. The verified model is then employed for performance and emission
predictions under different amounts of hydrogen enrichment. The results indicate that with increase in the
volume of hydrogen, the amount of emitted CO, CO, and CH, reduces, whereas despite the rise in the
maximum in-cylinder pressure, the indicated mean effective pressure decreases.

Keywords: Hydrogen Enrichment, Gas-fuelled Engine, Detailed Chemical Kinetics, Comprehensive Engine
Modeling
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