k27 F£E

K2-10

BAKRZETIZE FNHEEZTRE

RIS FERITE - BUETAERT % FAUT=IBEG ST BBAICH 1T/ v x> T OfET
Analysis of Knocking in Supercherged SI Engine
by using In-cylinder Absorption Spectroscopy and CFD Analysis
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There is the problem which occurrence of knocking in supercharged Spark-ignition engines. This study investigated the effect of

external exhaust gas recirculation (EGR) on autoignition. Autoignition and abnormal combustion behavior was investigated by using

in-cylinder high speed photography, in-cylinder light absorption spectroscopy and Computational Fluid Dynamics (CFD) analysis.

The results showed that autoignition timing was retarded and reaction rate of each elementary reaction in the cool flame reaction

period was reduced by using large amount external EGR .
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Table 1. Specifications of test engine and test condition

Four-stroke Air-cooled Single-cylinder Engine

Bore x Stroke 85 x 70 mm
Displacement 397 cm®
Engine Speed: N 1400 rpm
Boost Pressure: Pyabs) 130+3.0 kPa
EGR Ratio Y€Ecr)=0,15 %
Compression Ratio: & 8:1
Test Fuel PRF 50

Injected Heat Value

1.4 kJ/cycle (constant)

Table2  Calculation condition
Ignition Timing (1.T.) 5deg. BTDC
EGR Ratio Y(EGR)= 15 %
Initial Pressure 40 deg. BTDC 0.85 MPa(Pb= 130kPa)
Initial Temperature 40 deg. BTDC 675K
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Fig.3 Flame behaver and Measured waveforms (ygcr=0,15 %)

ZIVETIZ, BUETAMENT A2 H L EGR FA NS
WIS TIRE A KRR L, FEBRRER & RIRR7RfH
MIC72 5 Z LN SN TWD. £ 2T, EGR ROZEAL,
\Z K DN FFRIEIRE 2B 5 2NM2 3 5729, EGR 15%
DEMIT DEEiT 21T o 7.

4 |2 EGR 15 % DFHANEIY & Bt RS
o WIRIE, KRS T 7 A 0 [deg] MO TDC
B OWEH t [msec], MEdhiX BBV U XNET) P
[MPa], BRE=E AR RO FFER G BIED Mole Fraction,
PRI AR 361 T A FE PR D BUGIHREE DR 2~

WRIOSHICERT 5 &, R41(HCHO + OH=HCO +
H,0) DOFUSAEEE TWDHEN DD . (KIRE LSS )5
1TL, HCHO DIRENE <725 &, OH H¥RER 5 DH
FlEHEIRD-T RAL OIGIZE Y, OH 2MHE S
5 X757, AR LSS A HET S8 T oEsH
EROEN—TDIEE Y, MRS ZE TS Tn
HEEZLND.

DRI TR D B E KR E COMBICER T2 &,
H,0, L—7RIEMAHEAEL TS 2559, HO,
N—TIIRORFERIGRIE, 3 Q) D& HicFe 59,
2HCHO + 0, — 2CO +2H,0 (EEU)  (3)

Heat Release Rate, HRR [J/deg.]

Absorbance,

FiEES FiRE

ICooI flame area | 0,
|

Ij —— Calculated (by FORTE)
M
e i

43000

Pressure
P [MPa]
Po N N o

0 [mol]
Mean Gas
m(end) [K]

Temperature, T

42000

Mole Fraction

41000

v 0
60 80

240 -20

TDC 20 40
Crank Angle, 6 [deg.]
2B mne e

R36- |

41—
Ve

R14 : 2HO,=H,0,+ O,

3

Reaction Rate [mol/(m” sec)]
o

TTT 7T TT
py)

R17 : HO,(+M) = 2HO(*M)
R14 id? R36 : HCO + 0,= CO + HO,

R41:HCHO + OH=HCO + H,0

R17 > -

43 21TDC1 2 3 4 56 7 8 9
Time After TDC, t [msec.]
Fig.4 Combustion and autoignition behavior and Reaction
rate (FORTE data and experimental data, Yeer) = 15 %)

ZD HO, W—TINRAETHENCL T, BEKIZE
AIREZFEHR L TCNELDEEZ NS, 2D, CO N
(9% Z LTk » T CO, ARSI, BREENSERET S.

4. % W@

SN EGR V% Z & THAEKRZEBA T HEN
TE, JoXri3RBbEND. £, BAEiRIRmETT
Wk abFmEE L v, (KERLSOSH TlE, HCHO @
RENEL b & e H o kI s T
V2 OH 728, HCHO &L OIS TIHEIND L D170,
WREIEIMEIET 2 Z EPMERTE 5. BT, WmARIG
TN S AEKE TlE HCHO 1ZHE STV 50,
H,0, 1R SN TNE Z &0, HO, —TFIG)NE
XTCNDHEEZD.

BEHR

() HHE—BML: XYoo ma Y Y
¥ ~D Low-pressure Cooled EGR 27 LD,
BBV EES 569 59 5

(2) Gaydon, A. G. : The Spectroscopy of Flame -2nd Edition,
London, Chapman and Hall Ltd (1974)

(3) FORTE 40141, Reaction Design : San Diego, 2014

(4) LZHGIOL: BIEAITAE B LIZBRALKSA DAE K D
B, HAESR T RAERRE (2006)

124



