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Construction of a Detailed Kinetic Model for Gasoline Surrogate Mixtures

Akira Miyoshi ~ Yasuyuki Sakai

Gasoline surrogate mixtures consisting of five components, isooctane (branched-chain alkane), n-heptane (straight-chain alkane),
methylcyclohexane (cyclic alkane), toluene (aromatic), and diisobutylene (alkene), were proposed and a corresponding detailed chemical kinetic
model for combustion, SIP-Gd1.0 (SIP gasoline surrogate detailed kinetic model revision 1.0), has been constructed. The mechanism well
reproduces the ignition delay times measured by shock tubes and laminar premixed flame propagation velocities of air-mixtures of each
component, two and three components mixtures (PRF and TRF), and five-component surrogate mixtures corresponding to JIS 2nd grade gasoline

("regular") SSR and 1st grade gasoline ("high-octane") S5H.
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1. 20 Table 1 Composition and octane numbers of the SIP common
HIV v D OENRALIZBNT, EX YU Dk gasoline surrogate mixtures
CRERLH A K IEMEICTIIT 2 2 L O TE 23S HE D SSR¥ SSH?
BAFSITEHERER L FF o T\ D, AL T SIP TEHTRER: Constituent vol% | mol% | vol% | mol%
il BV kT — A O TIRR I, ERRICREERERICH isooctane (CgHg)” 29.0 | 23.8247 | 31.0 | 24.7040
WERNTWS 5 AR 1 A— NMREI O ZES S A L n-heptane (C;H ) 21.5 | 19.9032 | 10.0 8.9797
7. ZoWuF— NEASWIEL, EURIRA BV CHEO methylcyclohexane 5.0 5.3173 5.0 5.1578
C;H
L2 T BECN AL H Y Y DRI D LR [ 5
S O B HERET B © LS ST diisobutylene (CgH;¢) 14.0 | 12.1247 | 14.0 | 11.7611
= - - ' toluene (C;Hyg) 30.5 | 38.8301 | 40.0 | 49.3974
2. EEFE RON 90.8 100.2
. MON 82.9 88.8
FUSFHEIZIE Chemkin Pro @ %\ M3 Chemkin-II © /<

@ "S5R" and "S5H" stand for the SIP common surrogate mixture
corresponding to "regular” (JIS 2nd grade) and "high-octane"
(JIS 1st grade).

b 2 2 A-trimethylpentane.

) Approximately 4:1 mixture of 2,4,4-trimethyl-1-pentene and
2,4,4-trimethyl-2-pentene.
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Fig. 1. Ignition delay times measured by the high-pressure shock
tube at Sophia University (HPST@Sophia) and those simulated by
the proposed surrogate mechanism SIP-Gd1.0 for the stoichiometric

air mixtures of fuel components, isooctane, heptane, and toluene.
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Fig. 2. Comparison of the experimental ignition delay times and
kinetic simulations by the surrogate mechanism SIP-Gd1.0 for the
2.,4,4-trimethyl-1-pentene / air mixtures a) with equivalence ratio, ¢
=1.0and b) ¢=0.5.
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Fig. 3. Pressure and temperature dependence of the calculated
rate coefficients for reactions (1) through (3). The infinite signs (o)

indicate the high-pressure limiting rate coefficients.



C3H6 = C2H3 + CH3 (5)
aC3H5 +H = C2H3 + CH3 (©6)
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Fig. 4. Experimental and simulated ignition delay times for the

methylcyclohexane / air mixtures a) ¢ = 1.0 and b) ¢ =0.5.
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Fig. 5. Comparison of experimental and simulated laminar
premixed burning velocities of air mixtures of a) isooctane, b)

n-heptane, ¢),d) toluene, and e) methylcyclohexane.
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Fig. 6. Ignition delay times of the stoichiometric air mixtures of
PRF and TRF.
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Fig. 7. Laminar premixed burning velocities of
a), b) PRF and ¢) TRF.
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Fig. 9. Laminar premixed burning velocities of S5R and S5H.

Symbols denote experimental data measured at Osaka Prefectural
University (exp@OPU).
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