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Investigation of the Knocking Phenomenon in SI
Engines

Kyoungdoug Min*

Key Words: Knocking(*=7]), Autoignition(AHZ3}), Abnormal combustion(©] < 4v),
Chemical kinetic modeling(3}3} ¥H3 T )

Abstract

Knock in SI engines causes physical damage to the piston and combustion
chamber and lowers the thermal efficiency. The increase in compression ratio which
can improve the thermal efficiency and engine performance has been limited by
engine knock. So the need of making clear the knocking phenomenon has increased.
This paper reviews the methods of knock detection, characterization and prediction of
knock with the reduced chemical kinetic modeling.
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Fig. 1 Photograph of knocking.
Fig. 2 Engine damage by knocking.

3}

o

Compression

o]

of ther AF=

A A AaAie]oly shock tube[17,18],

Rapid

Z1[14],

AA L vho) 4 2 F(microphone)2 o] &
(Schlieren) A}

o
ATob FAMU dlo] A[13],

=)

AN
o

,mo
=

o

N Y

A
2

) 78 % 9
Ao} 7}

& °] 8§35

92

Pz

0
o4

N0

ol 2k 6~20 (kHz) A Eo|Th

=
.
=% 2

2} wepx

Fig.

L

.

3}

=13
=

A4 7

I Fo] "uvba R oA

R

AR

o}

o)

ko]

¢
il

W

)

3}

el
Hle

oj
g
%0
T

bl 8 A7l =

F 4] 7] (knocking detector)l] 2]

9l

}

1000K ©]

ofy

o

ol
tlo

"W

AAE 5 Ao

3]
Sai

1

e}
yol

o]

F4dd.

e



31

2 2000

Vol. 5 No.

WM Y TET KD BT ke TR WA oW RS W 9w mm w
T Ri_ BTERE MITEBRTABENATF S N o,
D _ oM i BE e, BOX = o
WRBFR 8T ITTDT oo TH BT e T DT E N
WL, W g MTPT R BAFLTLHATDHE R oam WY
T MeET DT g g g L, WT MR WE T A d %" o
Soron B o B R J o w M E ORI R I e
n T o oE Yo wr by W oy el : o 1
AE U_ ﬁ_o._ 1 ﬁ =) _ 1:,._ __OL 3y ‘UI B B o le # o _ﬁ ‘uv Lt ~o ﬂ_m.L _._.L
ﬂa ol T D Fm T WER T g 0 2™ NIRRT gt
ol Hie 5 507 — o8 o — o ®F° w N oy o ! > o
% Hodo O 5 oo o _ T — = o X TN
BN ~ I~ - — = £ o o o ! ‘ -
ﬂmz‘_,dfﬁrmm@w‘u.Mo oW.mue_eﬂﬂw.uﬂlcﬂ_io,aeﬁam_wﬂﬂﬂnm.a._z__.ﬂ mHLalq_,m._A
%zgﬁﬂﬂgﬂwﬂE_ZIT&%M@%Q%AL&MM@ﬁo#ﬁmwﬁa wE L
Roog M2 ke s Ty PR g TE W
FHo T P0 sy  amge TP AEFTIT a5 N o B RN
A o B A X, R WL R do e W B2 S
W T W o ® o PmgZ® Y S REBE Yyrs = oWPor B
Mr o AR T L e T Mgt e T e e T e
A A TP M GBTohRs TRMWT DT HM TR PREMNAT B *NT
,,mm_- ‘_ﬂOI .UEH m__pa M‘.—.H e M ﬂ_._._ wl/M = = % ﬁa .w OAN&M. ) Q:Mmm‘a va::memn m:mmm
v I o) J o S § 8 o 2 § 3
g Al FT e w = ARSI SNEACH
ﬂz_ﬁmﬂﬂ,ﬂmwﬁmﬂagd. %ﬂumﬁaT 9 A _.M _
,._t o_a ‘.w,_mo>A < mim gHOIF‘N!MH:i m v..v °
BTG T ST g Y I
o © E WO_E [ S .AEZ! - —~ i
SRS PR : X
w oIk o R T o T S L = 48
f =] —_ T e
i 4% S wm < & u M ﬂ ¥ & =
Qa_uﬂpcma6&ﬂﬂ%w%ﬂmlgﬂ 8 g M -~ e
37 X l 5w o o X o mo 3 3 - -
DL w i, B Ewa Ry 5 ey 28
J;m.m o - w : m Iw m D.llO\
KE 2 ol = ok T E ) oy O 5 g 54 g
ol iy C.._Juo }w\.:\ll_u dﬂoo o 5 w 2
_ ,WH,MV @] ~ w 0 X 7.A 01_.0 D..“ s M B
U o™ QW g W oo g VIR BE > VA VR -
— ooy —~ (el T
eI HE L Eeo 2T w c o7 e
o ..1 ,.l_mu ~ i wo m =0 ﬂ—.ﬂ ﬂe o QE w.c (edWw ) aunssaid
WE W HH e T T 2R =

2 19904

g FopollAM Mz Az 7]

Woz olgH

A

E

=
L=3

. #o

<
T

(wavelet trasnsform)

J
2 ol g3t

Crank angle (deg)
filtered pressure at knocking cycle.

Fig. 4 Cylinder pressure and band pass



32 179 72884
B Az ARE 4 F e V)& 237t gt Aol FHolAR W
9] FFT(fast Fourier transformation)ol| Y]3&} S22 FelFEo] £ ulEogm A
of, Alzbel wWE Fulgo] WE GAHS A A AIZE SHAA HEg&Holn 1
29 F dve FHEL AYz Qo gag Belged dAgd dig A3
Fig. 5 © =7 24A dad Ui ¢4 SHohk3- 7] 7 7F A g o] 7] wjEe Az
R AW B FF AEE FAA = BAbe AL rldd= Az et dhd
Ao, hEdel gdgE Yoz w7 o FagshgrlFe AA 1EIe
o WAL wIsly, AW B2 IF HheA g sekEe] 7 Ao B 3
A3E A& gol2 ¥ W EH(continuous akd Bdol Aabdx HE ssdla,
wavelet transform,CWT)2.2 2|5l x= HEG M2 A 2AH L E5to oz A
Be BAT B8 HAFG T "ol g n7t sssive A
o] At
Sl Pressure e o AA ST Tol e APE A
£40 S ] 209 dzF Westbrook, Dryer, Wamatz 5
B - Sor e o of s Ao gov] FHe WeA
;;‘3 Pressure(6-20 kHz Fitering) ~ | & ¥¥etE 17 FHEAGD ol e
£ ol TN 2A2 s AgRIGAMFE FRH
oz wHsty nestsa22,23]2 B3
EW, HPon 48 Pz Wad e xH
2 v = EAF1HT olgig 7=
£ Op- TR ] ) |
3 ' shock tube, RCM T3 72 2339
5 THOE 480 Ty RdoE %
&0l JbsstARE ALY wlEgH<d

40

60

CA (deg)
Fig. 5 Knock detection using the CWT

(continuous wavelet transform)

32. 8% ¥e 2y

g3t e Sx2ol og B W
2dYe drg Ul Fojaps o
2o sy 9 gaEe gee 4
A 8} 8HRE-8-7] 7 (detailed chemical reaction

mechanism)[8]¢} b3}l A3} 3 51
8% vh3Aln sekEuts e &
A3} 8-S 7] (reduced chemical reaction
mechanism)[4~7,9]2 YE = ot A4
Rk E ol &t AY I o=

A7 At

43537 A Feeke )
oA HHog wkgol Fgro] FHL ub
A& AAst 2 &8 AT W
Holth, o] g EAF Lo 9
g 23 F Shell 2240l Griffiths
2d9] 53 Zo] gl FaFol}
a3 S nEE Ede pusAw
AEv LMz we 49 d4g 2
H2 BE RES Alge 2Ao] dasit
€ 9ol ot EFE Shell ZE-S Uyt
e A2 J1Evkgo Helz £3,
B3 Cox BH[5]o] om o]E &
¢ Keck E9[6,7] ztzhe] wkSo A<
dety wislz Ry AL AAE g
a1, 7Y dad dgoe=z HAFdd



Vol. 5 No. 2 2000 7t oA w7 #HAF A 33

Keck Bd9e] 713 2 Exo oA A4 Aol 3|8 HojA &= NTC(negative
9H-S-(isomeric reaction)! RO, = QOOH temperature  coefficient)d o] LAY E}A
o WgAFE s dgFx W Ak 900K o9 moM= o
ghol ot me|7b shssldE dojoh AH&ukgel Qo] JH oz adty)
aygy F2 AN T £3E o wo] o] flol ApgstE dosi
A7) W] 1 =M At o Keck ERE 407 A9 ol
EAtat7]ell ghA 7F 3l Ha ddes AN 4 den dEg9

AR W ok 4FE o) AA vy

33 .Y 29y ?l RO, = ROOH ¥H3-9] vk AlFo] =

w7 A4E Z9E slEd oA A H82 JbesttE FAe] ey FE A
el m&gol Vst H4gehitg 2RSS OESY] wE ] A A
1 FE olgated EAOZ Shell B DLW IFE X7l Aol BRoE)
43} Keck Z@o] 3l .

A Shell Eﬂ][4]L 7} Al (initiation), Aot 2L HAENIZI|TE dar
% 3}H(propagation), <1 4l(chain branching) 9 2 429 d 23l Fig 6 9F &
2 = (termination) 3 5 49AE s} o] 33 w7 WAL ma"y & g
A3 F g/e whgAoz Ao gl [28].

o olE whgAY AFged HAEH

oA SA4d Hi Adgeziyg B Frogss
A3 Fojok FARH4], APWFs Bol 8%
chopst ol maq z7o] 7h557) i

o] 23 mdE Aol wol A&
5]_—17_ %4[25~27] autoignition
TS Keck Z9[24]& 19719 wkg-2

F 7MY getFoez pAH glo
Zpgrs) A A e of23 Zth RH
0, = R + HO, ¥r&2 Zi%fﬂ 600~
700K o] A &} %3_6& PSEL

3t AR }F uf e w7
Lo &2 AR o}Uﬂ Bl ol Aol Fig. 6 Autoignition site at 1,550 rpm,
H0, ezl ¢J3te] W A(cool flame) WOT and BTDC 14° spark timing
ol FA4ET. 2 F A&AL x4
3 H:0, &z F& ZF7ld uet
H;0, + M=OH + OH + M & & ut
3ol 9ste) OH gztol F71stA

81423
0794388
J0U90E 33

Temperaturg

Progress variable Temperature

_ _ AEVARNN AN HoE Zglol

AA A7) EA3 R 800~900K aase] & dEg T dAule AL

e R 02=RO:WEHR 0 = gy gau 37z AR29D. 342
o A= _

Olefine + HO, ¥Hgo] A& ZAAAAE 2 Adzh gEH)E 510 12:17H% =

AT A SR BEAAE FH gae wae Aoy wEws 3



34 0739 FHd sty R
7he AAoR AL LAY o of Adiabatically Compressed
2E 9 AdHe A7z &4 s Combustible Gas Mixtures", SAE
oo oléhgo]l w7 A AF % T paper 872110, 1987.
A 2R BAE HAE S dx (8) Curran, H. J., Gaffuri, P., Pitz, W. J,
24 448 dd 2 gx 23 5 453 and  Westbrook, C. K. "A
A EFE  gehehg &= 2(chemical Comprehensive Modeling Study of
kinetics)oll o}t gshukg W AYE S n-Heptane Oxidation” Combust. and
ol ol271742] =7 s i ook Flame, Vol.114, pp.149~177, 1998
g A2 el fdEa Sl (9) Griffiths, I.F, "Reduced Kinetic
Models and Their Application to
HOEH Practical Combustion System", Prog.
energy Combust. Sci, Vol.21, pp.25~
(1) Blunsdon, C.A. and Dent, J.C., "The 107, 1995.
Simulation of Autoignition and Knock (10) Chun, K.M., and Heywood, J.B., et
in a Spark Ignition Engine with Disk al, "Predictions of Knock Occurrence
Geometry", SAE paper 940524, 1994. in a Spark Ignition Engine", 22nd
(2) Schreiber, M. Sadat, S.A., and Poppe, Symposium (International) on
C., "Spatial Structure in End-Gas Combustion, pp.455~463, 1988.
Autoignition", SAE paper 932758, (11) Checkel, M.D., et al, "Computerized
1993. Knock Detection from Engine Pressure
(3) Heywood, J.B., "Internal Combustion Records", SAE paper 860028, 1986
Engine Fundamentals", McGraw-Hill, (12) Chun, KM, and Kim, KW,
1988. "Measurement and Analysis of Knock
(4) Halstead, M.P., Kirsch, L.J, and in a SI Engine Using the Cylinder
Quinn C.P., "The Autoignition of Pressure and Block Vibration Signals”,
Hydrocarbon Fuels at High SAE paper 940146, 1994.
Temperatures and Pressure-Fitting of a (13) Spicher, U., and Killmeier H.P,
Mathematical Model", Combust. and "Detection of Flame Propagation
Flame, Vol.30, pp.45~60, 1977. During Knocking Combustion by
(5) Cox, RA,, and Cole, J.A., "Chemical Optical Fiber Diagnostics", SAE
Aspects of the Autoignition of paper 861532, 1986.
Hydrocarbon-Air Mixture", Combust. (14) Spicher, U., Kroger, H., and Ganser,
and Flame, pp.109~123, 1985. 1, "Detonation of Knocking
(6) Keck, J.C, and Hu, H., "Explosion of Combustion  Using ° Simultaneously
Adiabatically Compressed Gases in a High Speed Schlieren Cinematography
Constant  Volume  Bomb", 2lst and Multi Optical Fiber Technique",
Symposium on Combustion, pp.521~ SAE paper 912312, 1991.
529, 1986. (15) Liiva, W.R., Valentine, JN., Cobb,
(7) Hu, H., and Keck, J.C., "Autoignition IM.,, and Acker, W.P., "Use of



Vol. 5 No. 2 2000 e AN =7 AR A 35

Multiple Pressure Transducers to Find
In-Cylinder Knock Location”, SAE
paper 922368, 1992.

(16) Witze, P.O., "The Effect of Spark
Location on Combustion in a Variable
Swirl Engine", SAE Trans, Vol.9i,

p.165, 1982.
(17) Ciezki, HXK. and Adomeit, G,
"Shock-Tube Investigation of

Self-Ignition of n-Heptane-Air

Mixtures Under Engine Relevant
Conditions", Combust. and Flame,
Vol.93, pp.421~423, 1993.

(18) Pfahl, U, Fiewger K. and Adomeit, G.
"Self Ignition of Diesel Relevant
Hydrocarbon-Air Mixture under
Engine Conditions", 26th Symposium
(International) on Combustion, pp.78
1~789, 1996.

(19) Park, P., and Keck, J.C., "Rapid
Compression Machine Measurements
of Ignition Delays for Primary
Reference Fuels", SAE paper 900027,
1990.

(20) Ribaucour, M., Minetti, R., and
Sochet, LR,
n-Pentane and 1-Pentene: Experimental
Data and Kinetic Modeling", 27th
Symposium (International) on
Combustion, pp.345~351, 1988.

(21) Westbrook, C.K., and Dryer, F.L,

"Chemical Kinetics and Modeling of

"Autoignition  of

Combustion Precesses”, 18th
Symposium (International) on
Combustion, p.749, 1981.

(22) Westbrook, C.K., and Dryer, F.L,

Modeling  of

Combustion", Prog.

energy Combust. Sci, Vol.10, 1984,

"Chemical Kinetics

Hydrocarbon

(23) Warnatz, J., "Chemistry of High
Temperature Combustion of Alkanes
up to Octane”, 20th Symposium
(International) on Combustion, p.845,
1984.

(24) Cowart, J.S., Keck, JC, and
Heywood, J.B., "Engine Knock
Predictions Using a Fully-detailed and
a  Reduced Chemical
Mechanism", 23rd
(International) on Combustion, pp.105
5~1062, 1990.

(25) Hatarajan, B, and Bracco, F.V., "On

Modeling of
Spark-Ignition

Kinetics

Symposium

Multidimensional
Auto-Ignition in
Engines", Combust. and
Vol.57, p.179, 1984.

(26) Schapertons, H., and Lee, W,
"Multidimensional Modelling of
Knocking Combustion in SI Engines",
SAE paper 850502, 1985.

(27) Sazhin, S.S., Sazhina, E.M., and
Heikal, M.R., Marooney, C., "The
Shell Autoignition Model: a New
Mathematical Formulation”, Combust.
and Flame, Vol.117, pp.529—~540,
1999.

(28) o1 &F, “H7] A 7 HA Adst
B AX Y dF7, o Wb Y

=%, A, 1999.

Flame,



