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NGHIEN CUU ANH HUGNG CUA GOC DANH LUA SOM TG
DAC DIEM QUA TRINH CHAY VA HINH THANH PHAT THAI
CUA DONG CO DANH LUA SU DUNG NHIEN LIEU CNG BANG

PHAN MEM AVL BOOST

ASTUDY OF THE EFFECTS OF IGNITION TIMING ON COMBUSTION AND EMISSIONS CHARACTERISTICS OF

S.1. ENGINE FUELED WITH CNG BY AVL BOOST

Nguyén Puc Khanh, Hoang Dinh Long,

Tém tét

Bai bao nay trinh bay két qua nghién cdu nh hung cba g6c danh kia som tdr dién bién qua trinh chdy va
hinh thanh phét thdi clia déng co dinh It cuing bifc sif dung nhién liéu khi thién nhién nén (NG, Nghién
citu dugk thuc hién trén phan mém mo phang chu trinh cdng 1c cia dgng < AVL Boost. Qud trinh md
phéng duoc tién hanh trén dang ca 4 ky, 4 xylanh, dénh liia cuing bikc, co dung tich 1.5 it tai t6¢ 9 4000
vong/philt vgi budm ga mé hoan todn, ¢6 gbc danh lia s6m nguyén bén -8 dd truc khuju ('TK). Két qué
md phang cho thay, kh ting goc danh 1a som thi 4p sudt va nhiét 46 trong xylanh cang ting; dp sudt chi
thi trung binh (IMEP) va &p sust ¢6 ich chl thi trung binh (BMEP) ¢6 xu huding ting, dat i tri1on nhit tai
gbc dénh tiia -20°TK tuy nhién, IMEP va BMEP ¢6 xu hugng gidm khi tiép tyc t3ng géc danh Iira som. Phit
thé1 déc hai cda dong o nhws NO, ¢6 xu uigng tang va thanh phén HC ting manh khi tang gdc dénh tita
56m trong khi thanh phan CO gidm mt chit khi thay déi gbc dénh lka sgm.

Tirkhoa: dong co (NG, gdc dénh 3 som

Abstract
This paper presents the research results of effects of ignition iming on combustion and emissions of Compressed
Natural Gas (CNG) fueled Spark — Iginttion (S.1.) engines. Simulation process is conducted on AVL Boost, an
advanced simulation software in Inteal Combustion Engine (CE) research field. The subject of this study s
a d-cylinder, 4 stroke, spark ignition engine with the volume of 1.5 liters at a speed of 4000 rpm and full open
throttle; and its ignrhon timing is -8 arank angle (°CA). The results show that ignition timing has a significant
influence on engine performance, combustion and emission characteristics. In spedific, the maximum of gas
pressure, gas temperature In cylinder has been inareased with advanding ignition timing. Indicated Mean
Effective Pressure (IMEP) and Brake Mean Effective Pressure (BMEP) also have been increased with advanang
ignition timing ta gain a maxmum value at 20°CA. However, IMEP and BMEP tend to be deaeased when
<onnnmly advanung 1gnition timing. Some texic of hamul emissions such as NO, and HC are sharply
ignition timing, whereas (( isslightly d dwith ition timing.
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1. INTRODUCTION

Compressed Natural Gas (CNG) has,
been widely used as an alternative fuel.
for internal combustion engine [ICE!
because of its appropriate chemkal
properties. Its high H/C ratio leads to!
low level of emission comoponents and
high research octane number leads to 4,
lower knock tendency‘. Due to someo‘
its favorable physio-chemical propemes‘
CNG appears to be an exellent fuel fovSJ
engines. Moreover, standard S.l. engmef
can be converted to operate with €]
quite easily by adding a second fuelling,
system® and compressed natural ga,
help to reduce the dependence on cru%
oil, However, CNG has quite slowe,
flame velocity than gasoline, leadin¢
to longer duration of combustion (047
for gasoline versus 0.38 for CNG*'),
therefor, it is nesecsary to adjust for
advancing ignition timing. According
to Evans RL®, ignition timing for natudl
gas has to be advanced between 2 an8
10° CA compared to gasoline engine
stoichiometric operation condition.

In this study, a simulation model
of CNG S.. engine converted from
gasoline engine has been developed
and then the ignition timing is adjusted
from initial value to estimate its effects


mailto:khanh.nguyendut@husLedu.vn

on combustion process and emissions
formation characteristic of the engine

2. CONTENTS OF SIMULATION
STUDY

2.1. Simulation object

The object of this study is INZFE
Sl. engine. The specifications of the
engine are listed in Table. 1

Table 1. Engine specifications

Name INZFE

Number of cylinder 4

Type Sparkignition
Volume 150

Bore 75.0 mm
Stroke 847 mm

¢ rvo 10.5:1

Ignition timing -8°CA/4000 rpm

2.2. Simulation methodlogy

Study was conducted on advanced
technology simulation software AVL
Boost. Boost is one-direction simulation
software, which can simulate and
calculate  thermodynamic and  gas
exchange processes in combustion
engine. The software can simulate any
type of engine with different types of
fuel blends with high accuracy and
reliablity to make an advantage of
research and design engine.

The ICE was simulated at speed
of 4000 rpm, at fully opened throttle,
CNG mass was controlled to keep air
exceed ratio constantly equal to 1.
The ignition timing was adjusted to
icrease or decrease from the original
point (-80CA) with interval of 40CA to
analyse the effects of this parameter
on combustion process and emission
formation characteristic of the engine.

3.SIMULATION MODEL BUILDING

3.1. Engine model building

Based on theorical manual and
elements included in data base and
technical parameters of ICE, the model
was built as shown in Figure. 1

3.2. Fuel model

Fuel blend used in study was CNG
with major compositions as presented
inTable. 2

Figure 1. Simulation model of engine on AVL Boost
Table 2 Compositions of natural gas ©**

Items Symbo! | % by Vol. %
Vethane | CH, 96,40 +0,30
Ethane | GH 250 +0,30
Propane | GHs 0,20 +0,10
Butane CGHi 0,07 +0,04
Carbon [0 0,20 0,10
dioxide
Nitrogen | N, 053 +0,10

[others [ (H0+1 [ 0,00

These components were inputted

Cors g o
Figure 2. Cylinder pressure vs crank angle at
different i,

into the software to calculate physio-
chemical properties of CNG fuel
including low heating value and
stoichiometric ratio A/F.

4. SIMULATION RESULTS AND
DISCUSION

The simulation results of effects of
iginition timing on combustion and
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Note:

$B1,2* System boundary;
CL1: A cleaner;

11-4: CNG Injectors;
C1-4:Gylinder;

PLY.2. Plenum;

MP1-8: Measurement points;
R1-8: Restrictor;

J1-11: Conjuntions
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Figure 3. P-V diagram at original, optional,
advancing and retarding ignition timing
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Figure 4. IMEP, BMEP and peak pressure raise at
different g,
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Figute 5. Combustion duration at different g,
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emissions formation charactenstic of
the ICE were showed in Figure 2 to 9.

4.1. Effects of ignition timing (¢,)
on engine combustion process

It can be seen in Figure. 2,
when retarding ignition timing, in-
cylinder pressure decreases because
combustion process starts latterly, even
ATDCin the cases of -8 and -40CA. When
advancing ignition timing, combustion
process has been started earlier
according to the variation of ignition
timing. With the advancing ignition
timing, in-cylinder pressure tends to be
increased respectively but the losses
in pumping work may be increased.
it can be clearly seen in Figure. 3 and
4, which show P-V diagram, IMEP and
BMEP at different ignition timings, At
ignition timing of -20°CA, the IMEP
and BMEP gain maximum values of
11.27 bar (increases by 7.4%) and 9.88
bar (increases by 8.3%), respectively
compared to original ignition timing.
However, when ignition timing is
continuously advanced, these values
tend to be decreased although peak
in-cylinder pressure is increased. The
reasonis that advancing ignition timing
up to -24°CA causes the combustion
process to start too early BTDC, so
the increase in pumping work and
decrease in expansion work (Figure. 3)
as results which make the decrease in
IMEP and BMEP.

The varation of ignition timing
not only effects in-cylinder pressure
but also combustion duration of
combustion process as showed in
Figure. 5. It can be seen that total
combustion duration  (determined
from the starting of combustion to
95% of fuel burned completely) has
been decreased remarkably when
advancing ignition timing because
a lager fraction of mixture is burned
completely BTDC as in-cylinder
pressure and temperature has been
increased (Figure .6 below)

4.2. Effects of ignition timing (¢ )
on engine emission formation

The Figures. 6 shows in-cylinder
temperature  at  different ignition
timing which is one of important factor
in NO, formation and the Figure from 7
109 show the concentration of NO,, CO
and HC emission versus crank angle at
different ignition timings.
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Figure 6. in-cylinder temperature vs crank angle
at different g,
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Figure 7. Concentration of NO, vs crank angle at
different ¢,
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Fiqure 8. Concentration of (0 vs crank angle at
different ¢,

As  above discussion, when
advancing ignition timing, in-cylinder
temperature increases to deliver peak
value at TDC. This leads to the increase
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Figure 9. Concentration of totat HC vs crank angle
atdifferent o, .
in NOX emission. The increase is by
value of 8.4% at 20°CA and 11.6% at
24°CA BTDC compared to original
ignition timing (-8°CA).

In reverse to the variation of NO,
emission, the variation of carbon
monoxide (CO) emission (a main
product of uncompleted combustion)
versus crank angle at different ignition
timings have been decreased a little
by value of 3.4% at 20°CA. The reason
is that high in-cylinder pressure and
temperature makes combustion more
completely thereby increasing in CO
emission.

The concentration of HC emission
in exhausted gas, which includes of
not only unburned hydrocarbon but
also form crevice and lubricant oil fiilm
tend to be increased significantly and
the variation tends to be more obvious
at more advancing Ignition timing.
The reason is that the temperature in
expansion in cylinder were decreased
thereby the reduction of post
oxidation . process efficiency when
advancing ignition timing as showed
in the Figure. 6 above. The increase Is
by value of 146% at 200CA and 203%3t
and 24°CA BTDC compared to original
Ignition timing.

5. CONCLUSION

Combustion process and emission
formation  characteristics of CNG
fuelled S.. engines under various
ignition timing were study and the
main results are summarized of follows:
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In-cylinder  pressure  and
temperature have been increased with
advancing ignition timing; operation
parameters including IMEP, BMEP
increase to archive maximum value
at -20°CA but tend to be declined if
continuously advancingignition timing
due to the increase in losses pumping
work and decrease in expansion work.

- Combustion duration was reduced
remarkably with advancing ignition
timing, thereby the increase in peak
temperature in cylinder that makes
NO, emission increased.

- Total HC emissions is increased
significantly because of the reduction
of post-oxidation process efficiency
due to the decrease of temperature in
expansion process.

- CO emission was decreased a
little with advancing ignition timing
because of completely combustion
due to high temperature and pressure
in cylinder.

Phan bién khoa hoc: TS.
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TRUGNG DAI DIEN VAN PHONG JICA VIET NAM DEN THAM TRUONG

Séng 05/8/2013, dng Mutsuya MORI - Trudng dai dién vin phong
JICA Vigt Nam va dng Phuong Hoang Kim - Vu tridng Vy Phit trién
Nguén nhan lyc (B¢ Cong Thuong) ddng th 1a Gidm ddc Dy dn JICA -
HaUl giai doan 3 va éng HG Quang Trung — Vu trudng Vu Hop tac quic
1€ (B9 (ong Thuong), dén 13m viéc vai 13nh dao truimg Dai hoc (ang
nghiép H3 NGi. Tiép ndi thanh cong clia hai giar doan déu trong dy dn
JICA-HaUl, cac bén tigp tyc trao d6i nhig phiin cong viéc cda giai
doan 3, hign dang duoc trién khai thuc hién tai truong Dal hoc Cong
nghiép H Nt Vé phia JICA, ng Matsuya Mori cam két ddm bdo hd
trg Nha trusiing vé nhan hyc dy &n va cic thiét bi may moc cin thiét
cho dy 4n. V& phia By Cing Thuang, dng Phuang Hoang Kim ciing
cam két hd trg va phéi hop voi JICA Vit Nam d€ trién khai thuc hién
giai dogn 3 cia dy dn dat két qua tét. Vr ket qua cda dy dn JICA -
HaUl giai doan > vakét qua budc déu cda dun JICA - HaUl giai doan
3, c4cbendéu t ntudng dydn JICA - HaUl giai dogn 3 sé dugc tring
Dai hoc Cong n hiép Ha Noi thuc hién thanh cong./.
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