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ABSTRACT

This study was conducted to improve errors such as low-temperature heat release, ignition delays, and
exhaust emissions that occurred during the mechanism reduction process. To achieve this, the error of the
reduced mechanism was improved by modifying the A-factor of the important reaction in the selected
combustion process through the analysis of the reaction path of 0D CVC. As a result of the 3D CFD
analysis, the NOy error rate of the improved mechanism decreased from 92% to 14%, the ignition delay
error decreased by 2% on average, and the low temperature and NTC regions, which were the key targets,

decreased by 6%.
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s
b : Equivalence ratio
"mb . Ambient temperature
P,., : Ambient pressure
md  : Methyl decanoate
md9d : Methyl 9-decenoate

4y
LTHR : Low temperature heat release
ATDC : After top dead center
HRR : Heat release rate
NTC : Negative temperature coefficient
ROP : Rate of production
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Table 1. Mole fraction rate(methyl decanoate, methyl
9-decenoate and n—heptane)

Fuel surrogate Mole fraction
Methyl decanoate 0.25

Methyl 9-decenoate 0.25

n-heptane 0.5
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Fig. 1. Structure of the OD CVC model.
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Table 2. 3-D CFD engine simulation model

Description Model
Droplet break up KH-RT
Droplet collision ROI
Turbulence flow RNG k-¢
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Fig. 2. Grid dependency results.
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Table 3. Comparison results according to the mesh

size
Mesh size
Description -
Small Medium Large
Num.. of Cells 33,060 26,163 19,266
Compression ratio 17.8012 | 17.8015 | 17.8046
Total cpu time (min)| 100.1 75.04 65.82

Table 4. Specification of engine experiment

Description

Specification

Test fuel

Biodiesel

Injection quantity

12 (mg/cycle)

Injection pressure 100 (MPa)

SOE timing -3,-6,-9 (deg. BTDC)
Nozzle diameter 0.128 (mm)

Bore x Stroke 75 X 84.5 (mm)
Engine speed 1,400 (rpm)
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Fig. 3. Reduced mechanism results of heat release
rate and in—cylinder pressure.
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Fig. b. Detailed and reduced mechanism mole fraction
comparison of fuel surrogate (n—heptane, Methyl
decanoate and Methyl 9-decenoate) (Tamp =
700 ~ 1,000 K, ® = 0.5 and Pamp = 1 MPa).
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Fig. 6. Detailed and reduced mechanisms absolute
ROP of fuel surrogates.

Table 5. Adjustment of pre—exponential factor of the
key reaction for in fuel surrogates
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Fig. 7. Comparison of ignition delay of detailed and
reduced mechanisms (Pam, = 1 ~ 4 MPa, Tamp
=700~ 1,900 Kand @ = 0.5).

Table 8. Comparison of the average error rate for
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Error rate (%)
Pamb (MPa)
& =05 ®=1.0 ®=15
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2 9.3/6.8 14.2/10.8 | 17.9/17.4
3 10.3/7.5 | 15.7/11.4 | 17.8/16.4
4 13.7/13.6 | 17.7/17.8 | 18.9/16.0
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Fig. 11. Comparison of reduced biodiesel mechanism
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Table 9. Comparison of species and reaction of

mechanisms
Mechanism
Num. of -
Improved | Zhang. Lei | Brakora. JL
Species 247 156 69
Reaction 1,129 589 192
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