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Abstract : Three dimensional combustion simulation tools with the flame propagation model Universal Coherent Flamelet
Model (UCFM) has been applied to SI lean burn combustion to study the influence of equivalence ratio on the amount

of unburned fuel. Unburned HCs from piston-cylinder crevices were taken into consideration by using a calculation grid

incorporating the actual crevice volume and shape. The oxidation of unburnt fuel from crevice volume and wall quench

was enabled to be predicted by applying an autoignition model to post-flame phenomena. The calculation results show the

general tendencies for the total amount of unburned HCs and their distribution in the combustion chamber.
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Table 1 Configuration of 3-D combustion simulation

Combustion

(Flame propagation model) UCFM 1, 3, 9]
Combustion
(Autoignition) CTC model [13]

Burnt gas dissociation Post chemistry model [1]
FIST model [10]
Extended law of the wall [16]
ERC model [17]

Livengood-Wu integral [11]

Wall quenching

Wall heat transfer

Spark ignition
Judgment of autoignition

Turbulence model Standard k- model

Crevices
thickness: 0.375 mm
depth: 7.0 mm

Fig.1 Calculation grid
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Table 2 Configuration of 3-D combustion simulation

4-Stroke, 4-Valve,

Engine Type Single Cylinder
Combustion Chamber Pentroof Type

Bore X Stroke 86 x 86 mm

Displacement 488 x 108 m3

Crevice Volume 0.725 x 10® m3
Compression Ratio 10:1
Int. Valve Open - Close| 4 deg.BTDC - 58 deg.ABDC
Ext. Valve Open - Close| 48 deg.BBDC - 4 deg.ATDC
Fuel Gasoline (100 RON)
Engine Speed 1200, 2400 rpm
Intake Boost -13.3 kPa
Equivalence Ratio 0.71,0.78, 0.86, 1.0
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Fig.2 Comparisons of pressure histories and heat release rates
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Table 3 Computational models for unburned fuel prediction

Case 1 | Case?2 | Case 3
Wall quenching
model OFF ON ON
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Fig.3 Comparison of unburned fuel mass fraction with applied models
shown in table 3 at 120 deg. ATDC
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Fig.5 Comparisons of unburned HCs distribution among each models
at 120 deg. ATDC (section A)
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Fig.6 Comparison of unburned HC mass fraction among each models

L EOWED 6, BEfi 7 £ v FETVE LORRZE TV
ORI EWHT 5 2 Lok b, MEAETR 2 T F 5 X
O ERBES DIBRIRZIRRICG 2 20BN EZEN[iETh 5 &
Bz, DBOEZIVGDETVEH T,

4.3. BRITIRICH T 2 RM HC HE)CEET 2145

Hiffiic <, &YHE T UIARM HC FHICE 2 2 E D
BET 2 T\, B v FETLVELXOBRRZIETVDOE
S DB, RffiTiE, ANICEB T2 E% HC @
BB L OEEENCBI L, [BHKHEE 1200 rpm, ik ¢ = 1.0
DEGRGA TR 24T 9 .

TR OBNICE T 2K, HC iz nd. %
BERR T8, RBEITIC X D 7 L E ZRBUTHA L 72800823,
AN DM L L HI2 7 L ERERD S RBEER i X
n, ¥V YEEEGHCHE T 2T I N,

X 8 1Tk HC offiNEEZ =Y. 22112, ZJLVEARER
oo L2EHE, ZLEREEEE R L Vil & D
BRMm» oMM 2 o 5H L, BEEE RS &<
7% 15 deg ATDC FFICHE VT, F ¥ EF 1 AN DO LMK
HC BRIZRAMEZ L 5. BRI =0 FICk 2R HC & &
7 L EARRD ST S 05 A& HC 13RI 21 X DI
DU, WZRITEE TREOR HC O 50% 37 L E A%
BT, b LAIFZ L ERERD S L 723 HC

90 deg. ATDC 120 deg. ATDC

Outflow of unburned HCs
from crevice

FE -
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Fig.8 History of unburned HC mass and contribution ratio
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Fig.9 Variation in unburned fuel concentration and mass flow rate at
the exhaust valve in the exhaust process
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