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A Experimental study on combustion and exhaust
characteristics by intake composition in SI gasoline engine
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{Abstract)

In this experimental study, it is designed and used the test engine bed which is
installed with the exhaust gas recirculation, and in addition to equipped using by
oxygen adder.

It has been tested and analyzed the combustion and emission characteristics, cycle
variability and engine performance by controlling the oxygen volume fraction, EGR
rate, engine speed and equivalence ratio.

Keywords . Exhaust gas recirculation(EGR), Oxygen adder, Emission
characteristics (EC), Cycle variability(CV), Oxygen volume
fraction, Equivalence ratio(ER)
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Table 1 Composition of dry air

volume mass molecular
Component . . .
fraction(%) | fraction(%) weight
N> 78.09 75.52 28.0134
0, 20.95 23.15 31.9988
Ar 0.93 1.28 39.9480
CO; 0.03 0.046 44,0095
Ne 1.8x107 1.25x107 20.1797
He 524x10% | 7.24x10° | 4.002602
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Fig.1 Air composition and the concept of O2
volumetric fraction change.

AR A0y olole] AEe B84 7]
A dael Bofsh gronz B4 Ao
AA R Egste] A4 AXRS dlal et o4
o Wl H ARAEEES 1S A
2 HFe= A ey go] EES(mole
fraction)¥} &= ow|2 AR 4= girk

3. AISIRHK|

HH
. =200 =]

aj
X o
3.1 AeEKe 44 o 7

SI 7H&=17 |l Al
ol a9l Eir7Rs 2400 vAle d%=
Aely] gistel A8 NS PR AU &
B71715 olgste] Agsiglon, & A= A
= x]—j]g} uRo] tisle] =3hc}

=3t Hiep o] °?J 37 %
gOl e i A
Rk g SRl WHoR i
gokgiet. T1ejar AfolE
9,] A}o]—g ol L. oqz_\‘_ﬂoe gq_'

H=2 v

YT T ARAAEE

£ AgBigon], dao] S AABAC
2RI £ ATolAe} ol Ak
H5go] WHe Aol Tlato] TiE ko)

B BT QAT FAR 270
Azﬂaﬂﬂ—% el 71 el Qs ofgaiol o
kel o 3

b B9 3 gel et

L SkEY diXlow 7|
o] AYL Table Zoﬂ LERY it

& 4715 4397 4] 71Ho R 1138 ceolth
AFAE-L ECU(electronic control unit)e]l 23
Ao HEAA AR 0 JFEglon wE
w2 (feed-back system)»S A EHsIIc)

ShH b=ty AIFAlS] o AHlES AR
7] YeiAE Sul7] A7 (valve timing)7F 5

a3t QA HEg Zujy] BB AHAr)=
Table 20| ZAJSIAT}E =)Aol ARk &7|w

B7} &2l thgold, &7
Camshaft &% A]7](closing
45° 02" oJct.

H Single Over Head

timing)= aBDC



KSAU(C

SIZHER 7| oM E7|2G0f IHE A4 U HZ7| Q0 e dE™ d 59
= 3.2 U
s I sl ol St
o erlad o B150] zAMS] ot Qs daws
“onverter
_________________________________________________ Rtk A 77 ARE e AaBAT) TRl] g0
O2 Indicator FCM:
HDZ [L mjector =, AYE ol il ¥t Ase st
- Spark Plug —___ ] H‘(‘)‘].O:] —1—7]% _‘EJ_ ‘21_—6]}7]_0,] ‘-8__}1\_/\] gﬂﬂ
b Hel gkel dlolelg sk 11 Fekde] £
NS ey 78] AN XA W ke £ A
B S a3 claed dasad B
AR EAS B4tk sileng, o4
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Table 2 Specification of tested engine

o W FEfe] tigt HolHE 53] $sto]

[tem Specification
Model and maker D11 T8 PR 2L dadt HoHE Vst
Classification Gasoline Engine ok o2t 242712 Table 30 HERHACH
Number of cylinder 4 in line A3 7)1= ZF 7|33 Aol diste] MBTE 3
Stroke 4 Stk Table 39 e 2ol ZTelas: ¥
Bore x Stroke 73 x 68 mm 3}}_74 3334_7]%’ ?q_e_'gr%k JQ}A]7] 7)o ¢+
Displacement 1138 cc A1} 2 on 2n =5 glo|g 71&A| 7]=3k},
Compression ratio 8.0
Power : Table 3 Engine operating condition
Max, output 31.6/3_100(ps/rpm) — :
Torque: Engine operating ngine .op.eratlng
7.7/2200(kg.m/rpm) variation
Fuel System MPI(controlled by ECU) Engine speed(rpm0 | 800, 1,500, 2,500, 3,000

Connecting rod 043 m

length - O, volumetric 19 20, 21, 22, 24

fraction, &(%)

Valve position S ING Over Head Valve — -
Load condition Idling, Full Load
Valve timing o
VO BTDC ° Spark timing MBT
IVC ABDC 45° 02"
EVO BBDC 43° 31"

EVC ATDC 12° 29"
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Cylinder pressure, P (kgicm?)

T
1500rpm
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MBT
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Fig. 3(a) Cylinder
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40 A

Cylinder pressure, P (kg/cm?)

30 4

20 -

Crank angle, 6 (deg.)

ressure (P)-crank angle(9)
diagram for O2 volumetric fraction at
engine speed 1,500 rpm.
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Figure. 3(b) Cylinder Horessure (P)-crank angle (9)
o]

diagram for O2 volumetric fraction at
engine speed 2,500 rpm.
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Table 4 The change of Pmax, dPmax and
dQmax with O2 volumetric fraction(€) A 28, A W oFE oz HE ALl
£ 19 %20 % |21 % |22 % |24 % AP
Pmax | 2839 | 30.62 | 32.27 | 36.50 | 38.62 s ?;Eﬁ%%—%(% T ool AgS el
(0°) | (30°) | (28°) | (26°) | (26°) | (26°)
1,500| dPmax | 0.595 | 0.770 | 0.830 | 1.178 | 1.369 71 |8} o] Fig. 4(a) ~ Fig. 4(0) 3 Table 4
pm | (0°) (12°) | (12°) | (14°) | (16°) | (13°)
dQmax| 398 | 427 | 459 | 553 | 637 off Weboleh. = AbaAIEEEo] 19 %elld 24
(0°) | 5% | (22°) | 22°) | 21°) | (20°) WA S7Fde] weEl YEdAEE FTIHEE,
Pmax | 26.79 | 32.85 | 35.85 | 41.19 | 45.51
ik 2 SO o} A 0] S+ oF %
(0 0) (290) (280) (250) (210) (160) Q Eﬂ/\}- O] %L;ﬂoﬂl’e CI)E'_ _’__ 9\]\]_;]> “Ul:—?_]: ?:]Eio] ";I
2,500| dPmax | 0.503 | 0.734 | 0.898 | 1.200 | 1.548 dP
rpm (9 °) (']0°) (’]O°) (9°) (6°) (7°) EH7} ﬂlﬁ_ ?:;—F:I‘IJ\O‘I‘)O\ go —0)“2] %}:O] OO] ﬂj—, ‘1
dQmax| 343 | 427 | 458 | 504 | 521 L -
) | 28 | @19 | 219 | (162 | 99 wjo] A= Z4ert o gElo] MAsk= AlVE
Pmax | 21.92 | 27.58 | 317 | 37.38 | 40.30 olmjgit), whba HojorEle] HREAZ| 7} ARAFA
(0°) | 33°) | (32°) | (30°) | (26°) | (25°) . 100 a2 -
3,000{ dPmax | 0335 | 0531 | 0.733 | 1.068 | 1.198 OF ofFdhil Sles B e GAA gl
rem | (6% | (10°) | (14%) | (13%) | (11°) | (12°) ok 4= ok Fig. 52 ARE =yt Ade] oA
dQmax| 3.23 | 396 | 458 | 539 | 5.81 = - LA 2] A<
(00) (320) (290) (250) (200) (190) = EO]‘C‘ P_V}\\j_‘jl;{_?‘_}\i, 7]—]1—_.}‘94;19_—’— 1,500 I'pm
|
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Table 5 Carbon monoxide formation engine
speed and oxygen volume fraction

&(%) 19 20 21 22 24
1,500 EO 6.08 | 595 | 554 | 531 | 4.83
rpm (%)

2,500 EO 782 | 714 | 6.27 | 5.67 | 5.00
rpm (%)
3,0001 €O 857 | 803 | 765 | 7.06 | 6.22
rpm (%)
10
—-1500 rpm
9 —
—A—2500 rpm
s —4—-3000 rpm
S
O
Q7 -
N
6 - \\
\
5 T
4 | | | | | |
18 19 20 21 22 23 24 25

O, Volumetric fraction. & (%)

Fig. 6 Carbon monoxide variation with O,
Volumetric fraction change according to
engine speed.
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Table 6 Unburned hydrocarbon formation for
engine speed and oxygen volume
fraction

E(%) 19 20 21 22 24
1,500 U!,—‘C 285 242 203 198 125
rpm (%)
2,500 UHC 305 261 216 206 136
rem (%)
3,000 Ul—iC 360 296 255 242 155
rpm (%)

400

1500 rpm
350 —
—A—2500 rpm
3000
00 :\\\ ~4-3000 rpm

250 —

UHC (ppm)

200 —

150 —

100 L

O, Volumetric fraction. & (%)

Fig. 7 Unburned hydro carbon variation with
O, volumetric fraction change
according to engine speed.
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Table 7 Nitric oxides formation engine speed
and oxygen volume fraction

§0) [ 19 [ 20 [ 21 [ 22 [ 24
1,500 NOOx 280 | 372 | 830 | 1267 | 1520
rpm (%)
2,500 NOOx 130 | 260 | 650 | 1294 | 1560
rpm (%)
3,000| NOx 83 153 | 282 | 606 | 1131
rpm (%)

1800

1600 {~ —m-1500 rpm

1400 L 42500 rpm /
E 1200 L —4—-3000 rpm
5 /
g 1000 |- //
Z 800

600

400

200

/
/
A

/

)

0, Volumetic fraction. € (%)

Figure. 8 NOx variation with O, volumetric
fraction change according to
engine speed.
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