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Varation of Exhaust Gas Temperature with the Change of Spark
Timing and Exhaust Valve Timing During Cold Start Operation of an SI
Engine
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Abstract

Experimental study of variation of exhaust gas temperature was carried out with the changes of spark
timing and exhaust valve timing during the cold start operation of an SI engine. To investigate the
effects of these variables on combustion stability, cylinder pressure and exhaust gas temperature were
measured and analyzed. Experimental results showed that exhaust gas temperature increased when spark
and exhaust valve timings were retarded from the baseline cases. However, combustion stability during
cold start deteriorated under the retarded conditions. To increase exhaust gas temperature for fast
warmup of catalysts while maintaining combustion stability, an optimal condition for spark and valve

timing retard should be appied for the cold start period.
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Table 1 Specification of test engine

Items Specifications

Bore 82 mm

Stroke 93.5 mm

Compression ratio 10.3

Idle speed 800+100 rpm

Spark timing BTDC 10°+ 5°

Intake timing BTDC 8°/ ABDC 40°
Exhaust timing BBDC 50°/ ATDC 10°
Valve overlap 18°
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Fig. 1 Schematic diagram of experimental setup
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(a) Valve Train

(C) Variable camshaft and cam sprocket

Fig. 2 Variable timing camshaft installed on the
cylinder head
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Fig. 3 Variation of exhaust gas temperature with
the change of exhaust valve open timing
(spark @ BTDC 10°)
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Fig. 4 Rate of heat release curves with the
change of exhaust valve timing
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Fig. 5 Variation of exhaust gas temperature with
the change of spark timing (exhaust valve
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Fig. 6 Rate of heat release curves with the
change of exhaust spark timing

ztEd A9 ddHoes ¥y oujsl F3lol
ot 3, ojol] we} A4xA Ue JIFIAS F
2% Reoz AZEn wetA) FdEewrl Zr)
ated ATDC 50° CA ZWolA Hdo Ew&s
Holyw it} wiwo] wWly glo]wo] Aztgd A&
Az Hu dWEEL $& §hd ATDC 100°
CA o o277 JHozs = ZAE B
olFov o ¥ dWEEL Yl vt A
5 AF7t2Y 2 A4 &7 AstHY
a4 R 7225 E WA AE A A7

tlo

A FwA FASER wjr)srae 27 A5En
JE Ao B F o

32 M7l WMol g
BHAZE Ao NAAFEL WA
Ao, 29 L 7o B4 Fol A



Fg vXE T dgolt YAF Z7)0 )
717k~ 9] REE ol uoE HFAE A7
ANA Ee LA NHE 550 FE Ao AR
Y Ao 7 F ded, 49 AgE o
2@ A& Fedsn Ao

Fig. 5& w788 BE 7IEEHE 1A}

3 FIAE AR 2 AZARE 9 wjr) s
o 2 WIHE ANEZ Jehd ool
Fig. 5014 vl uie} Zo] 7]&48 2 A3}
A7l XZhe] A4S wlwslRd, NAAZ A¢
of wWjrl7tx9 =7t %7 A Jelyes RS
E F Aok o "M HIAZE JA7AR
BTDC 15°9] Z$olle= wi7)7ks 2%71 34 7

a%m gt A& 2 % Ytk EF o3 Fig
6o vtehts WsAY] Wstl WE PEE T
He B 2 olfe U B3R AT 4 3

L @9Ee UL AvEd ASAVIgE B
Aol DuEE THe Pyol M Ag 2
F Atk ARAA WPl meh dYE e FA
o oz o5 BYL H: AL BIY 4
ek ARAez FRAIG A4HW Y 2
$Egol WAHE Aol xojAn ¥y]Ans}

dele AFAMA 2EE FSAY AeE ¥dd
o mEA HEAZ] AL wirivts 2EE 4
SANA Zo @45 =& € ¥R ofyE,
BAE 2719 HC W23 #ZaA7e ads
71 ¢ & Aol

o ¢

33 HEAD| F ¥E Eto|Ye I
Aot 22 23S T3 HaAY A 2 8

Bepolg el Azte 27 AFA HAEAY A3

2 223 HY2ET =i st Hrlta
L5 AsAsE Aoz v 2, of
% wgziel 4Ryol EAWTE, F F 20|
SAA BHE Aol GE HREHol EA B
e @ WHE FA Aot AL dAi H3
of e WHE dod & 7] WE) T W
F7te) 4uAe PEaE Ao Wastn 2
% itk Fig 72 ABAY) 2 Mrelgel w
#7t Aol g A9 Wrts L8 9

Als F 50z HEez A oo 29
Asbol s shst 2ol wz1ER Gold
Azb @D AFHA7] R zZro] FAlo) HLEFH= A
M 713 e Wr7ts 25 BEE £

o

_{
30 onl
fo H

AE - 2EH
Y 30 \ e Eubaus s tempernare
gl \\ ]
PN\ N
i \1
i, \\ \ a
sf R = "“\_/zao"\
= . | (a) 50sec
Exhaust valve open titming 'CA, reference @ BBDC 50 *CA)
. o 20 —— Exhoust gus temperature
290 { 270
g‘z !“\m\ 2”—\209——
3
E ° 310 \m—\m\
g Yoo b
I \ \ . - (b) 100sec
Exhaust valve open timing (CA, reference @ BBDC 50 °CA)
IS \ m\\, ]
% 10 \’\uo\
\\
L (c) 150sec
Exhaust valve open timin; g(unfmm@nnmw 'CA)
\ \\ \y., \mj [ —
g"” \\
E \ N\
g
':Eé 10
w m m ) (d) 200sec

Exhaust valvi mﬂmlng(‘CA.nrnm@ BBDC 50 *CA)
Fig. 7 Exhaust gas temperature contours wieh the

changes of spark timing and exhaust valve

timing



233 WslBe YAFA W7EY o B WHAT] Wl BE wrlkae) £xws 389

ku
HJo
o
o
Jot,
>
N

)
i
b
iu)
2
of,
L

£ b
or X
H‘Uﬁr&r
o
jz’j:&m
oo <
£ 3
Jir}"_a
fﬂgﬂ
o 1 ofr
ot
oo o
_\:_L

27 9 Aoz qzay.

Fufo} AEAHE FAAZIZT As Hrzt29
2xEE WaA A5A F dE 712 FFA]
W3 R EZPEE o]y WItE FAd H8shs
d7E FY5to g 2 2ES

(1) w7 e go]we 7t BE9uiAlA

UZA H7I7tre 2EE AR

BT HEEo|Ye Xzt o3 Ao ¥
ddH oz ok Aoz L)

(2) W72 e elojiel A7t WMo HFIH

FINA 27N EA dade ARITAHS
7EN715 StEAREEE Hojxme] BAYPAF

A42E ALANG = HIA79 Az
stgol B4 AAE =34 9ok o8 @ &
8 vj7)k29 2%} A5 Eh
(3) AEE A7) R BEEIY AoE A
5 x7)o] ALsE wjr|NE SRS ASAH =
o] ddo] =& & F Y& Ao Jgdrh

2Ll e

L 1o ol o

a3

% 7|

o] ATE uHF BK2IF IFUYEa $5
A el Adstel sRldgn AFaE

SERUE

sARUsty @71BUgL ATHAAZ S5
o] 0.

AA T

(]
e

=)

(1) Russ, S., Thiel, M. and Lavoir, G., 1999, "SI
Engine Operation with Retarded Ignition: Part 2-
HC Emissions and Oxidation," SAE Technical
paper 1999-01-3507.

(2) Kistler Instrumente AG, 2003, "Kistler Instruction
Manual: MS Sensors Type 6052B,” p. 28, 002-
017e-02.03.

(3) Kim, D.S., Kim, S.C., Hwang, S.H., Cho, Y.S.
and Ohm, LY., 2004, "Estimation of Exhaust Gas
Recirculation Using In-Cylinder Residual Gas
Fraction in an SI Engine," Transaction of KSAE,
Vol. 12, No. 1, pp. 55~60.

(4) John, B. Heywood, 1988, "Internal Combustion
Engine Fundamentals," McGraw-Hill, pp. 413~418.
(5) Kim, CS., Song, HB., Lee, JH.,, Yoo, J.S.,
Cho, H.S. and Ahn, D.Y., 2000, "Effect of Valve
Timing on Residual gas Fraction and Combustion
Characteristics at Part Load Condition in a SI
Engines," Transaction of KSAE, Vol. 8, No. 4, pp.
26~33.

(6) Jang, JY., Park, YK, Bae, CS. and Kim,
W.T., 2002, "Effect of Operating Conditions on
the Residual Gas Fraction in an SI Engine,"
Transaction of KSAE, Vol. 10, No. 6, pp. 11~18.



