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Abstract : Homogeneous Charge Compression Ignition (HCCI) engines are being widely researched today, having attracted
considerable interest for their low emissions and high efficiency. However, HCCI engines have a narrow range of stable
operation owing to the occurrence of extremely rapid combustion at high loads and misfiring at low loads. Extremely rapid
combustion at high loads is an especially large factor preventing expansion of the stable operating region. It is also known
that abnormal combustion accompanied by in-cylinder pressure oscillations resembling those of knocking in a spark-ignition
engine occurs in HCCI engines as well depending on the operating conditions. The purpose of this study was to identify
the characteristics of pressure oscillations due to knocking in an HCCI combustion system. Using a two-stroke single-
cylinder engine, pressure oscillations were investigated in detail on the basis of in-cylinder visualization/imaging of the
combustion flame across the entire bore area, frequency analysis of the in-cylinder pressure waveform, and spectroscopic
measurements. The results revealed that the maximum pressure rise rate, dP/dtyax, increased as the ignition timing advanced
and the equivalence ratio increased and that in-cylinder pressure oscillations occurred under a condition of dP/dtmax higher
than approximately 7 MPa/ms. The visualization results showed that HCCI combustion accompanied by in-cylinder
pressure oscillations occurred in the latter stage of the combustion process due to rapid autoignition of the unburned end gas.
Moreover, under a condition of a high equivalence ratio, a highly brilliant autoignited flame occurred over a wider area of
the combustion chamber. The power spectrum of the in-cylinder pressure oscillations indicated that they possessed unique
frequency components in high-frequency bands, in addition to the frequency components around 7 kHz.
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Table 1  Specifications of test engine and test condition.
2-Stroke Air Cooled Single Cylinder Gasoline Engine
Scavenging Type Schniirle

Bore x Stroke 72 mm x 60 mm
Displacement 244 cc
Equivalence Ratio 0.5, 0.6, 0.7
Effective Compression Ratio 14

Engine Speed 1200 rpm

Throttle WOT

Test Fuel n-heptane (0 RON)

Frame Rate 54000 fps (0.133 deg./frame)

Cylinder Head

__________

. M%
' 395.2nm 7

)
—
 —

©)

Bore
$72

Piston Crown

2)

e

Fig.1 Configuration of optically accessible engine and equipment.
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Fig.2 Definition of knocking intensity, Pxi.
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Fig.3  In-cylinder pressure, light emission and knocking intensity under
different scavenging temperature (¢ = 0.5).
DEHLT 212fE», 2 v F v 7mEER BR, M2 Tk

T 2P MO 2R LT d 2 EDHERTE S,
ZofEmE, wInoMRICEB Wb EETH B, ME
DFERIE, RBED FEDEMITRICERE L, EA b Vb
Ik RN, I EASIESMD D, BN R
BENERTh 2 EFEZ NS, 2T, AU R 6%
295,

J v Z#REIZ AU TV HCCL BbE s 7 v 7 IkRE %
U 7 HCCI MBED M SAEDTER TE - 9 =05 1I2BIT 3
Tsc =313 K, 336 K OAIEULAER 2K 6 (R d. /7 v 7 ikE)
MEL TWARW Tse = 313 K 13, RAIDHE KEDFHEB D
5 BER B LIS 2 THR &4 1T, RN oL THE
KEDFEBLL T BMFDBIETE 2. —J1, /v 7ikE)
WA U7z Tse =336 K &, MRBEDHTMEE (0 = -10.3 deg. 7>
5 -8.93 deg) T, MRAICHBEKRDFHIT 2T BI%E
TE2HD00, MREEREBFRORBRITICE VT, JERIcHE
WHARNZ, O HIRINR & 2T H A KR 3FEA L T
52 EDBEETE D (Region A), & 512, BEEAFTICHESE
DEVHBEKREPFHEHL TW5E Z L2595 % (Frame A),
Thbb, SIRBEICE T 2RV ADHEKICLS , v 7
IRENFHS & 72 X 9 1T, HCCI BRBEICHE T, MREEED
WL, AAMKEOHIZ X 2T, HEXLPTOHEE
PORAICHERRDFEIL, R DIRBERT B T F
HWUAASARICE D ERES NS Z L TRUEICAE KT 5
7o, J oy 7iREEEL S EHRIND,

3.2. HCCI / v 7 iREN B R LR
HIEi O W HULRER T, 7 v Z7iRkE) 2 ) HCCIIABET I,

(50

HABMEE &5 55 57 %180 %5 (2015 4E)

4 kHz High-pass 1 g;
Filtered Pressure {
-1 0.0
s 02 =
% 0.4 3 04 %
o 02 ° =
Ay A
g oo “MW g
2 02 i 2
g 04 Jos4 &
& 1 &
] 0.2
\['\AVAVA . 0.0
— -0.2
- 04
N = 1200 rpm Tsc =306 K _| 6
4 =06 Tsc=318K |
e=14:1 Tsc=326K .
=
g s| ‘
= 4 235
A gz
g E=
72 2+ 3 = %
g 5 A
i ]
Pressure 2
1
Light Emission 1
(395.2 nm
0 lols TP S I P P It
-40  -30 20 10 TDC 10 20 30 40

Crank Angle, 0 [deg.]

Fig.4 In-cylinder pressure, light emission and knocking intensity under
different scavenging temperature (¢ = 0.6).
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Fig.5 In-cylinder pressure, light emission and knocking intensity under

different scavenging temperature (¢ = 0.7).
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(A) ¢ =0.5, Tsc = 313 K (Normal HCCI combustion)

3.20 deg. 3.47 deg. 3.73 deg. 4.00 deg. 4.27 deg. 4.53 deg.

4.80 deg. 5.07 deg. 5.33 deg. 5.60 deg. 5.87 deg. 6.13 deg.

(B) ¢ =0.5, Tsc =336 K (Knocking HCCI combustion)

-10.3 deg. -10.0 deg. -9.73 deg. -9.47 deg. -9.20 deg. -8.93 deg.

-8.67 deg. -8.40 deg. -8.13 deg. (Frame A) -7.87 deg. -7.60 deg. -7.33 deg.

Fig.6  Visualization results of HCCI combustion given in Fig.3 (A) Normal HCCI combustion (B) Knocking HCCI combustion.
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Fig.7 Power spectral density of the in-cylinder pressure given in Fig.3
under different scavenging temperature (¢ = 0.5).
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Fig.8 Power spectral density of the in-cylinder pressure given in Fig.4
under different scavenging temperature (¢ = 0.6).
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Fig.9 Power spectral density of the in-cylinder pressure given in Fig.5

under different scavenging temperature (¢ = 0.7).

Table 2 Vibration modes and vibration mode factors.

+i=
Mode Shapes | [~ | i
-+
m, n 1,0 2,0 0,1 3,0 1,1
P 1.84 3.05 3.83 4.20 5.33
§ I 6.66 kHz 11.0 kHz 13.9 kHz 15.2 kHz 19.3 kHz
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Fig.10 In-cylinder pressure and band-pass filtered (4-9 kHz, 9-12.5 kHz)
pressure under different equivalence ratio.
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(A) $=0.6, Tsc =318 K

-10.1 deg. -9.87 deg. -9.60 deg. -9.33 deg. -9.07 deg. -8.80 deg.

-8.53 deg. -8.27 deg. -8.00 deg. -7.73 deg. (Frame B) -7.47 deg. -7.20 deg.

(B) $=0.7, Tsc =306 K

-9.33 deg. -9.07 deg. -8.80 deg. -8.53 deg. -8.27 deg. -8.00 deg.

-7.73 deg. -7.47 deg. -7.20 deg. -6.93 deg. (Frame C) -6.67 deg. -6.40 deg.

Fig.11  Visualization results of knocking HCCI combustion given in Fig.10 (A) equivalence ratio ¢ = 0.6 (B) ¢ =0.7.
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Fig.12 Influence of ignition timing on dP/dtmax under different
equivalence ratio.
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