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Analysis of Knock Phenomena (1) Unburned Gas Temperature
Measurement by Accurate CARS Thermometry and Validation of a
Reduced Chemical Kinetic Model for Auto-ignition
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Abstract

Accurate CARS thermometry was developed in orderthe heat release due to end-gas reactions were measured
to measure the unburned gas temperature in an engine exactly.
CARS system was modified by using single- The reduced chemical kinetic model for auto-ignition,
longitudinal-mode pump beam, by eliminating developed by Cowart et al., was investigated in terms of
nonresonant components with polarization technique  not only knock onsets but also the unburned gas
and by improving the spectral resolution of the detectiortemperature. The adjustment of the isomerization
system. This modification greatly improved the reaction in their model was required to give agreement
accuracy of temperature measurement of the averaged between the predicted and observed knock onsets and
and single-shot CARS from 100K to+ 20K, fromz*
150K to+ 40K, respectively.

Unburned gas temperature in a single-cylinder engineat auto-ignition. Knock onsets on a cycle-by-cycle basis
was measured by accurate CARS thermometry. As a was predicted within the accuracy of 2.5 deg. crank
result, it was experimentally proved that the unburned angle using the calibrated model. Finally, the effects of

core gas was compressed adiabatically. The temperatunon-uniformity of the unburned gas temperature and the

temperature. However, the model calibrated in this
study was not able to represent a steep temperature rise

difference between the knock and non-knock cycles, anmixture for knock occurrence were discussed.
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Schematic diagram of CARS set-up.
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Table 1 The accuracy of temperature measurement of
averaged and single-shot CARS in the
temperature range of 300-800K for pressures

of 0.1-3.0 MPa.
Accuracy
Method Before After
improvements improvements

(Fig. 1)

Average
(300 shots) +100K +20K
Single-shot +150K +40K

Table 2 TRE-II engine specifications.

Fig. 6 Type Single cylinder, SOHC 2valve,
Oil-less
Chamber Pancake type
Spark plug Fuel delivery Port injection
Measurement Bore 83.0 mm
point y
Stroke 85.0 mm
Quartz window
Compression ratio 9.2
Laser beam
»
Table 3 Operating conditions.
Speed 1200 rpm
Fuel PRF RON100 (isooctane)
Equivalence ratio 1.0
Intake air temperature 33°C
Fig. 7 Schematic of the measurement geometry and Ignition timing 25 deg BTDC
location of the CARS measurement point. Throttle lever Wide open throttle
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Table 4 Reduced chemical kinetic model

() 17 species

RH (fuel), O (oxygen), R (alkyl fuel radical),

H02 (hydro peroxy radical), F?g:(alkylperoxy radical), "ROOH (hydro peroxy alkyl radical),
O,ROH, OROOH (hydro perozide), "OH (hydroxyl radial),

H,O (water), ORO, C=C (olefin),

HOOH (hydrogen peroxide), R'CHO (aldehyde) R"O,

R'CO (acyl radical), Epox (epoxide).

(b) 19 reactions

Arrhenius parameters of equilibrium constants K = A exp(—E/RT) and rate constams kxp(—E/RT) are

for isooctane oxidation at 700 < T < 1300 K. (Units : cc, mole, sec, kcal)
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Reaction AHgy  Log A E Log A" E' Log A~ E

1 RH+Q === R+ HO, 46.4 1.5 46.0 135 46.0 12.0 0.0
R+0 === RO, -31.0 -1.4 —27.4 12.0 0.0 13.4 274

3 RO, =«=® ROOH 7.5 0.0 9.8 11.0 20.8 11.0 11.0(*)

75 0.0 10.2 11.0 212 11.0 11.0(**)

4 ROOH ==® QROH -31.0 -1.9 —27.4 115 0.0 13.4 27.4

5 O,RO,H —» OROOH + OH -26.6 11.3 17.0

6 RH+OH —» R+HO -23.5 13.3 3.0

7 OROOH —®» ©OH + ORO 43.0 15.6 43.0

8 R+0, =2 HO,+C=C -135 00  -135 11.5 6.0 11.5 19.5

9 HO, + HO, —® HOOH + G, -38.5 12.3 0.0

10 HOOH +M —3 20H + M 51.4 17.1 46.0

1 ORO —» R'CHO + R"O 8.5 14.0 15.0

12 RO, + HO, —» ROOH +Q -385 12.0 0.0

13 ROOH —3 OH + R'CHO + C=C -3.0 14.4 31.0

14 RGO+ RCHO —» ROOH +'R'CO -0.6 11.45 8.6

15 HO,+ RCHO —3 HOOH +R'CO -0.6 11.7 8.6

16 C=C + HQ —» Epox + OH -0.23 10.95 10.0

17 HO, + RH <¢=® R+ HOOH 8.0 0.9 8.0 11.7 16.0 10.8 8.0

18 RO, + RH =¢=® R + ROOH 8.0 11 8.0 11.2 16.0 10.1 8.0

19 R+R—» RH -85.0 13.2 0.0

(*

Cowart et all”

(**) This work
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Fig. 12 Comparison between the measured temperature

by CARS and the calculated temperature by
reduced model listed in Table 4.
(a) Knocking cycle. (b) Non-knocking cycle.
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