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A Study on Engine-Out HC Emissions during SI Engine Starting
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Abstract : Engine-out HC emissions were investigated during cold and hot start. The tests were conducted according
to engine cooling temperatures which were controlled by simulated coolant temperatures of cold and hot start, on a
1.5L, 4-cylinder, 16 valve, multipoint-port-fuel-injection gasoline engine. Real time engine-out HC emissions were
measured at a exhaust port and cylinder head using Fast Response Flame Ionization Detector(FRFID). Unbumed
hydrocarbons emitted at the cold coolant temperature were much higher than those of the hot coolant temperatures. And
the main source of the high HC emission was confirmed as misfire at cold coolant temperature. In addition, the effect of
intake valve timing on engine-out HC emissions was investigated. The results obtained indicate that optimized intake
phasing provides the potential for start-up engine-out HC emissions reduction.

Key words : HC emission(&t3}¢4 &), Cold start(*32]5), Coolant temperature(*dZ}5=

(A7173} 717, Intake phasing(E7]17]17H

1. M 2

AN AHEAE W& 7k 1A ol9lel] By o
H(CO Wl &3 HAIYE 7 R 42 S
A HA S 3 gl o]dl t-g-8t7] At £ %
Qo] ofz) A5 WolATo| Aad AFAES
7120 2 3k 3-Liter Car(d & 32]E] &2 100kmE 3}
ZHE Aol gl o) A2 A<
o, Aol Ast % AT FAAY AQ 58
o ZEZ st AulE VESIL YT
T AR HY S IS 9
W) A2 A B 2 AF s
o, o 3 & M g3he] ] 24

-
23 A

1 fis

ol

L.

1-_1

o}m t_’o{r o N,
o W ¢
ol

L2 J
i

N
o
é

N

2t7) e

Alal

lf‘ F{

o S
N, R
o
0

‘—1—‘
‘_4

M

o

* To whom correspondence should be addressed.
sskim@silla.ac.kr

22

2 %), SI engine

3 mEAA oF 10% o] 4e] AR BAEIE Am
9&ol F LeiA glek. Tt AP Y AT 5
& AL FHAA L ANE A A3 D A $E
Jztel ostel vjdasirae) vige] S48 3
e Gur ez 3 9ol Qe 5, 27 A
5 A9 vidasead MEe §71FE 9 da

AN 2R JPOR A% F7|sh AR B

A EF 2 A2d Heolie] Wagee gao
2% B9 94 59 G 2A wh
mebd, B ATl e ¥as eE 2 §

B 4y A7)l g 107148 7lee A% 2
AXE A DA LA P deE g0 WE
S4g BAa A Btk o8 Sstel A HES
A 7oA Pl AR A MERS Ao s 5

A8 5= ¢)3= FRFID(Fast Response Flame Ionization



HIIHSE 7|Ee] AIS Al O|gElsSA0] HiE S4 1T

Detector) & o|&3}o] A% 2 AGAJE A] v|Aels}
S vl & Sl tha) stk

2 M8 R

galeiE 7|39 4
$FRFIDS] A £+
sl o] W& S o
slal7] $13he], FRFID A3&3
"o A 2B Ag7kR 9 A7) 50mmr)F HE
£ u)7] sjy =0l X3St el A-y W
" At ae] W 548 B41387] S8t &5
AT AEY TIZHE I AAG] A=
ste] AE & skt

B o o)} AL A BxL 47 1.58 ] DOHC
V&8 7)o F£QALFE Table 10 3G T
Ad dojgt AL $ste d=zZr|(Koyo Co,
360ppr)E w71 BB Zo] AFe)] HX|st] A=A
7z 2°mlt}h 17]] B A7 AP EHEE S B E
Ao A # APz dBAdS Y5t 713y
49 AU 9] FY FAREAA o] FAAEE 31
o A=y o] = 4 Aol X3 A5
aE9 2 Feo GAE =AM (Kistler, 6052 &
6517A)F &3t] SA AT} Fig. 1> A8 7= 9
NEFEE Yepd ZolH, Al 2 A5 EAS &
A317] Y5t 718 AAZ W] HES FHA
ool A7 F& T3, 4 Azl 7]
ol HslA|7], AREAZ] 2 FdHE 42

=
ZAH QT WS SEE WS 25 24

\ ECU [———

FV Acquisition

T pev
Prezo sensor L Data
&l o
Encoder nverter % System
FRFID

Fig. 1 Experimental setup

2R & 0]-&5}e] 30T, 50, 70T} 90C= 2238}
Aok

Fig. 25 A5 2 AX S Al ¥+ 2282 24
g 713 3 SE vehdl L Qo AlE F 2F 500ms
FZolA Alge] AejdA 71# A7t 5439
ZF7Fetel, A% F 750~2,500ms Ftelli= Wz
2 xd wel 7] B3] A4} 1,400 ~2,000rpm 2.2 1}
Bl glo], 713 A WEe] S8 ¢ A
o} wabA, 2 APz A0 vjAgtsleae] bl
E5E 2L Y5 exd wE 719 Ao
HA5o] A vehde AlF A FE Al F2~3
Z F< YA E T 53 UEGO AX &
v 7) My Z2 =7} AR H ol A st S35k
o, 7] A Al WS e g WS
1S Fig. 30l JENASITH Fig. 39 235 v Wz}
F 2= EE e Aol JYARE 7] AlE F oF
600 ~750ms -2l A FFu]7F 0.5~0.68 9] o}
T F5% 3AHE YERT o] F oF 900ms7HA]

B

Table 1 Test engine specification

Item Specifications
Engin type IL 4, DOHC
Bore x Stroke (mm) 76.5x 81.5
Compression ratio 9.5
Displacement volume (cc) 1,498
Max. Power (PS/rpm) 100 /6,000
Max. Torque (kgf - m/rpm) 14.0 /3,000
Valve timing
IVO(BTDC)/ IVO(ABDC) 8§CA/42CA
EVO(BBDC) / EVC(ATDC) 42CA/8CA
Starter (kW) 0.8

Engine speed [rpm]

0 T T T T v T 1
0 500 1000 1500 2000 2500 3000 3500

Elapsed time {ms]
Fig. 2 Engine speeds at starting according to coolant
temperatures
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Fig. 3 Equivalence ratio at starting according to coolant

temperatures
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Fig. 10 Effect of intake valve opening timing
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Fig. 11 Averaged HC emissions according to intake valve
opening timing
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