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COA DONG C O D A N H LUfA SUf DUNG NHIEN UEU CNG BANG 
P H A N MEM AVL BOOST 
A STUDY OF THE EFFECTS OF IGNITION TIMING ON COMBUSTION AND EMISSIONS CHARACTERISTICS OF; 

S.I. ENGINE FUELED WITH CNG BY AVL BOOST 
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Nguyen Thanli Trung 

Tdm t i t 

Bai bao nay trinh bay ket qua nghien ciiu anh hudng cua gdc danh lAa sdm tdi dien bien qua trinh chay va 

hinh thanh phat thSl eua dgng co danh Ida cUdng bdc sddung nhien lieu khlthlen nhien nen CNG. Nghien 

cdu duoc thuc hien trSn phan mem mo phdng chu trinh cdng iii cCia dgng eu AVL Boost. (Jua trinh md 

phdng duoc tien hanh tren dgng cfl4 kjf, 4xylanh, danh Ida cudng bdc, ed dung tich 1.5 lit tai toe dp 4000 

vdng/phut vdi bucBn ga md hoan toan, cd gdc danh lula sdm nguyen b^n -8 do true khuju (TK). Ket qui 

md phdng cho thay, khi tang gdc danh Ida sdm thi ap suat va nhiet do trong xylanh cSng tang; ap suat chi 

thj trung binh (IIVIEP) vi ap suat c6 ich chi thi trung binh (BMEP) ed xu hudng tang, dat gi3 tri ldn nhat tai 

goc danh Ida -20TK tuy nhien, IMEP va BMEP cd xu hUdng giam khi tiep tuc tang gdc danh 1 ^ sdm. Phat 

thl i ddc hai ciia dong co nhu NO, cd xu hudng tang va thanh phan HC tang manh khi tang goc danh Ida 

sdm trong khi thanh phan CO giim mgt chut khi thay ddi gdc danh Ida sdm. 

Tdkhda'dong eflCNG, goc danh Ida sdm 

A b s t r a c t 

This paper presents the research TBSults of effects of ignition timing on combustion and emissions of Compressed 

Natural Gas (CNG) fiieled Spark - Iginition (5.1.) engines. Simulation process is eonduded on AVL Boost an 

advanced simulatiiH) software in Intemal Gimbustion Engine (ICE) research field. The subject of this study is 

a 4-cylinder, 4 stroke, sparii ignition engine with the volume of 1.5 liteis at a speed of 4000 rpm and full open 

thmttle; and its ignition timing is -8 crank angle fCA].1he results show that ignition timing has a significant 

influence on engine perfomiance, combustion and emission characteristics. In specific, the maximum of gas 

pressure, gas temperature in cylinder has been inoeased vwth advancing ignition timing. Indicated Mean 

Effective Pressure (IMEP) and Brake Mean Effective Pressure (BMEP) also have been increased with advanang 

ignition timing to gain a maximum value at 20°CA. However, IMEP and BMEP tend to be deoeased when 

continuously advancing ignition timing. Some tone or harmful emissions such as NÔ  and KC are sharply 

increased with advancing ignlfion timing, v/hereas CO emission is slightly decreased with various ignitiontiming. 
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1. INTRODUCTION 

Compressed Natural Gas (CNG) has|, 

been widely used as an alternative fiieli 

for internal combustion engine (ICE) 

because of its appropriate chemleal 

properties. Its high H/C ratio leads to'' 

low level of emission comoponents and!' 

high research octane number leads to a|, 

lower knock tendency"'^'. Due to someo| 

its favorable physio-chemical properties. 

CNG appears to be an exellent fuel for S,l, 

engines. Moreover, standard S.I. enginer 

can be converted to operate with Cm 

quite easily by adding a second fuelling' 

system""' and compressed natural gâ  

helpto reduce the dependence on cwd̂ ^ 

oil"". However, CNG has quite slowa 

flame velocity than gasoline, leacJinf 

to longer duration of combustion (0.4; 

for gasoline versus 0.38 for CHG'^\ 

therefor, it is nesecsary to adjust fbi 

advancing ignition timing. According 

to Evans RL™, ignition timing for natural 

gas has to be advanced between 2" and 

10° CA compared to gasoline engine m 

stoichiometric operation condition. 

In this study, a simulation model 

of CNG S.I. engine converted from 

gasoline engine has been developed 

and then the ignition timing is adjusted 

from initial value to estimate its effects 
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on c o m b u s t i o n process a n d emiss ions 

f o r m a t i o n charac te r i s t i c o f t h e e n g i n e 

2 . C O N T E N T S OF S I M U L A T I O N 

STUDY 

2 . 1 . S i m u l a t i o n o b j e c t 

The o b j e c t o f t h i s s t u d y is 1NZFE 

S.I. eng ine . T h e spec i f i ca t ions o f t h e 

eng ine are l is ted in Tab le . 1 

Table 1. Engine specifications 

I4ame 

Number of cylinder 

Type 

Volume 

Bore 

Stroke 

Compression ratio 

Ignition timing 

1N2FE 

4 
Spark ignition 

1.5 lit 

75.0 mm 

847 mm 

10.5:1 

-8''CA/4000rpm 

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 (-SOCA) with interval of 40CA to 
analyse the effects of this parameter 
on combustion process and emission 
formation characteristic of the engine. 

3.SIMULATI0NM0DELBUILDING 
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 m o d e l 

Fuel b l e n d u s e d in s t u d y w a s CNG 

w i t h m a j o r c o m p o s i t i o n s as p r e s e n t e d 

in Table. 2 

Note: 

SB1,2'System boundary; 

CLI: Air cleaner; 

11-4: CNG Injectors; 

C1-4:Cylinder; 

PL1,2. Plenum; 

MP1-8; Measurement points; 

R1-8:Restrictor; 

J1-11:Conjuntions 

Figure 1. Simulation model of engine on AVL Boost 

Table 2 Compositions of natural gas""" 

Items 

Methane 

Ethane 

Propane 

Butane 

Carbon 

tjioxirte 

Nitrogen 

Others 

Symbol 

CH, 
CiH, 

CiH, 

C,H„ 

CO, 

Nl 
(H,0+1 

%byVol. 

96,40 

2,50 

0,20 

0,07 

0,20 

0,53 

0,10 

% 
±0,30 

±0,30 

±0,10 

±0,04 

±0,10 

±0,10 

These c o m p o n e n t s w e r e i n p u t t e d 

Figure 3. P-V diagram at original, optional, 

advancing and retarding ignition timing 

Figure 2. 

different (p̂  

Cylinder pressure vs crank angle at 

i n t o t h e s o f t w a r e t o ca lcu la te p h y s i o -

c h e m i c a l p r o p e i l i e s o f CNG f u e l 

i n c l u d i n g l o w h e a t i n g v a l u e a n d 

s t o i c h i o m e t r i c ra t io A/F. 

4. SIMULATION RESULTS AND 
DI5CUSI0N 

The simulation results of effects of 
iginition timing on combustion and 

Ignition Dm ing (CA degree] 

Figure 4. IMEP, BMEP and peak pressure raise at 

different (p̂  

S T S ^ : 

m 
Figure 5. Combustion duration at different ip̂  
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emissions formation characteristic of 
the ICE were showed in Figure 2 to 9. 

4.1 . Effects of ignition timing (tp̂ ) 
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 
ATDC in 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. 
Fiowever, when ignition timing is 
continuously advanced, these values 
tend to be decreased although peaic 
in-cylinder pressure is increased. The 
reason isthatadvancing 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 variation 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 (<p,) 
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 
to 9 show the concentration of NO ,̂, CO 
and HC emission versus crank angle at 
different ignition timings. 

Rgure 6. In-cylinder temperature vs crank angle 
at different {p 

IgnltlantlrTilnglCAdeere, 

Figure 7. Concentration of NÔ  vs crank angle at 

different^ 

Igniiion timing |CA degree 1 

Figure 8. Concentration of CO vs crank angle at 
different ip 

As above discussion, when 
advancing ignition timing, in-cylinder 
temperature increases to deliver peak 
value at TDC. This leads to the increase 

Ignition II ming (CAdBg.ee I 

Figure 9. Concentration of total HC vs crankangle 
at different ip̂  

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 film 
tend to be increased significantly and 
the variation tends to be more obvious 
at more advancing ignition timing. 
The reason is that the temperature Jn 
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% at 
and 24''CA BTDC compared to original 
ignition timing. 

5. CONCLUSION 
Combustion process and emission 

formation characteristics of CNG 
fuelled S.I. engines under various 
ignition timing were study and the 
main results are summarized of follows 
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I n - cy l i nde r pressure a n d 

t e m p e r a t u r e h a v e b e e n increased w i t h 

a d v a n c i n g i g n i t i o n t i m i n g ; o p e r a t i o n 

pa ramete rs i n c l u d i n g IMER BMEP 

increase t o a r ch i ve m a x i m u m va lue 

at -20"CA b u t t e n d t o b e d e c l i n e d i f 

con t i nuous l y a d v a n c i n g i g n i t i o n t i m i n g 

due t o t h e increase in losses p u m p i n g 

w o r k a n d decrease In e x p a n s i o n w o r k . 

- C o m b u s t i o n d u r a t i o n was r e d u c e d 

remarkab ly w i t h a d v a n c i n g i g n i t i o n 

t im ing , t h e r e b y t h e increase in peak 

t e m p e r a t u r e in c y l i n d e r t h a t makes 

NOj em iss ion inc reased . 

• Tota l HC emiss ions is inc reased 

s ign i f icant ly because o f t h e r e d u c t i o n 

of p o s t - o x i d a t i o n process e f f i c iency 

due t o t h e dec rease o f t e m p e r a t u r e In 

expans ion process. 

- CO e m i s s i o n w a s dec reased a 

l i t t le w i t h a d v a n c i n g i g n i t i o n t i m i n g 

because o f c o m p l e t e l y c o m b u s t i o n 

due t o h i g h t e m p e r a t u r e a n d pressure 

in cy l inder . 

Phin bien khoa hoc: TS. Tran Pang Quoc 
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TRUdNG DAI D | £ N V A N P H O N G JICA V | £ T NAM Difi THAM TRUING 

SSng 05/8/2013, dng Mutsuya MORI - Trifdng dai dien van phdng 

JICA Viet Nam vi dng Phuong Hoang Kim - Vy tri/dng Vu Phat tr i ln 

Ngudn nhan luc (BoCongThirong) dong thcrt la Giam doc DUan JICA-

HaUlgiai doan 3 va ongHd Quang Trung-Vutn/dngVu Hc^ tacquoe 

te (Bg Cong ThUcing), den l^m vifc vdi lanh dao tnfdng Qai hgc Cong 

nghiep Ha Ngi. Tiep noi thanh cong cda hai giai doan dau tmng di/an 

JICA-HaUl, cae ben tiep tuc trao doi nhdng phSn cdng viec cda giai 

doan 3, hiSn dang difcic trien khai thuc hien tai tri/dng fiai hoc Cong 

nghiep H^ Ndi. v i phia JICA, dng Mutsuya Mori Gm ket dam bSo hd 

tro Nha tru'dng ve nhan life dif ^n va cac thiet bj may moc can thiet 

cho dd Sn. Ve phia Bo Cdng Thifdng, dng Phifcfng Hoang Kim cung 

cam ket ho trg va phdi hop vdi JICA Viet Nam de trien khai thuc hien 

giai doan 3 cua dif Sn dat ket qui tdt. Vdi ki t qui eua du an JICA -

HaUl giai ftoan^va ket qu^ budc dau (da dUanJICA-HaUl giai doan 

3, cae ben deu t n lu'dng dudn JICA- HaUl giai doan 3 se duoc trudng 

fiai hgc Cdng r ^hiep Ha Noi thuc hien thanh c6ng./. 
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