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Abstract : In this study, a chemical reaction mechanism reduction was performed to address lengthy simulation times
resulting from the complex chemical structure of the chemical reaction mechanism that is used in simulating the oxidation
process of fuel in combustion simulations. Mechanism reduction was achieved by removing the chemical species and
reaction equations that were considered low in importance in the chemical reaction mechanism. Likewise, mechanism
synthesis and coupling were performed for soot calculation. However, errors occurred in the simulation results due to the
removal of the chemical species and reaction equations. Therefore, the pre-exponential factor of the Arrhenius equation was
adjusted to improve accuracy. Thus, a reduced chemical reaction mechanism for biodiesel was developed, resulting in a 9.54 %
error for soot, 4.14 % error for NOX, and 9.2 % deviation for IMEP.
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Fig. 1 Flowchart of CFD analysis for reducing errors in
biodiese mechanism

2.2.1 0D CVC i
 ATFelA = el A Ak AlAfE = 223 ol A
A= sekge] whe AR E A s A4 A
14 3 2 7130 2] 0D CVC(Constant Volume Combustion)
RS AL2EI T o] L2 WL Fig 29} o] &
3} HALE 918l AR = TFEe Input LS AE
F= A= e g o] g e st

Wl ol A ARE-E Input 91U Jung 5'Po] 7aksk
Hlo] @ T Al F 24 vw|AUF2] Gas phase kinetic chemistry

> o ok
td

i

g

ol WU S Ho ol

O



HO|2CH £4 S OIHUSY WSEE HY0 TOE Soot HIZY 23 HH

: Input file Surface / bulk :
1 phase Chemistry :
H Gas Phase / Thermodynamic I
1 chemistry / Data Transport 1
| Thermodynamic Properties Input |
] Date 1
i R — l """""""" i
GAS-PHASE SURFACE TRANSPORT
KINETICS Utilities KINETICS Utilities Utilities

Reaction and

_

Thermo data
| ——
Pre-processing
—— )
¢~ Appllcatlnn \1 CHEMKIN

—hl Post-processing I

\ - |nput - PF
—

Fig. 2 Pre-processing structure of chemkin

¢} Thermodynamic dataE A}8-8}aL, Soot A4kl AHE-%]
= Surface chemistry= Chou 5'9¢] 7|3} Soot surface

oAU E AT,

2.2.2 3D CFD &y

& A vlel ey A Fa sk WA YFe] 2
AF =43} 7iade 918l 3D CFD <X &4 Z=a9S
ARSI 14 AlE Ol E Fell A
El5 A9 dlolH e} vag s PL‘}
1t} Table 1- 3|4 ol A%l 3D
Eaules

Table 1 Models applied to 3D CFD

Description Model
Droplet break up KH-RT
Droplet collision ROI
Turbulence flow RNG k-¢

Droplet vaporization DMC
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Table 2 Engine specifications and operating conditions

Description Specification
Displacement volume (cc) 3733
Bore x Stroke (mm) 75.0 x 84.5
Compression ratio 17.8
Engine speed (rpm) 1,500
SOE timing (deg. BTDC) 3,6,9
Injection pressure (MPa) 100
Injection quantity (mg) 12
Coolant temperature (K) 343
Nozzle hole diameter (mm) 0.128
Number of injection hole 6
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Fig. 3 Schematic of spray visualization experiment
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Fig. 5 Injection rate profile of biodiesel

Table 3 The KH-RT constant used in the validation process

KH-RT Constant First Second Third
Discharge coefficient 0.3 0.9 0.6
Size constant of KH breakup 1.0 1.0 1.0
Time constant of KH breakup | 50.0 40.0 60.0
Size constant of RT breakup 0.2 0.3 0.15
Time constant RT breakup 1.7 1.5 1.0
RT distance Constant 3.0 1.5 5.7
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Table 4 Analysis of influence of PAHs reactions

No. PAHs formation reactions ISG (%)
1 chs + A=A, +hy+h 100
2 A, +oh= A +hypo 29.381
3 ety =A +h 10.558
4 Ajcyh+oh=Ajc,h +hyo 3.170
5 A, +0=chycot+ Ac,h 3.350
6 Ay toh=A; +hyo 2.747
7 Ay + A = A +hh 2.745
8 ey Fayrs = A, 0.695
9 Ay tehy, =A +h 0.033
10 A, +h=A, +h, 0.057
11 Ajc,h+h=A] +h, 0.041
12 Ay +eyhy = A, +h 0.033
13 A, +oh=A, +hyo 0.0040
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Table 5 Analysis of influence of soot surface reactions

No. Soot surface reactions 1SG (%)
1 Soot(s) + ey, = h(s) +2c+h 100
2 h+h(s) = soot(s) + 43.081
3 h(s) +oh = hyo+ Soot (s) 23.535
4 24, =32c+20h(s) + 28.72500t 6.289
5 Soot(s) +h="h(s) 1.546
6 Soot(s) +hy = h(s) +h 0.284
7 hyo+ Soot (s) = ol +I(s) 0.027
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Table 6 Pre-exponential factor modification process of PAHs formation reaction

PAHs formation reactions Pre-exponential factor
Original First Second Third
s+ A = A,y +h 5.00E11 8.50E11 3.00E12 4.50E12
A, +oh= A +hyo 1.45E13 3.65E13 8.00E13 9.08E13
eyhy ey = A +h 1.90E12 2.50E12 1.40E12 1.58E12
Agchitoh= Ajc,h” +hyo 2.10E13 4.10E13 8.1EE13 5.50E13
A, +o=chyco+ Acyh 2.20E13 5.00E13 3.04E14 1.94E14
Ay +oh= A +hyo 1.70E12 4.50E12 2.54E13 1.44E13
Table 7 Pre-exponential factor modification process of soot surface reaction
Soot surface reactions Pre-exponential factor
Original First Second Third
Soot (s) +cyhy, = h(s) +2c+h 8.00E07 1.00E08 3.00E08 2.00E08
h+h(s) = soot(s) + 4.20E13 7.50E14 3.20E14 2.10E14
h(s) +oh = hyo+ Soot(s) 5.00E10 8.00E10 6.00E11 2.00E11
24, = 32c+20h(s) +28.72S0t 9.00E09 3.00E10 5.30E10 4.50E10
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