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Analysis of Knock Phenomena(2)

Prediction of Knock Onsets and

Torque at Trace Knock Limit on a 4-cylinder Engine

Michio Nakano, Shoji Nakahara, Kazuhiro Akihama, Shuichi Kubo
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Abstract

In order to predict knock onsets of multi-cylinder
engines, the reduced chemical kinetic model developed
by Cowart et al. was modified using this modified
model, the effects of various factors of engines on
knock occurrence were discussed.

The modified model, of which reaction rate constant
was optimized using sensitivity analysis, represents not
only the knock onsets and appearance of two-stage
ignition but also a steep temperature rise at auto-
ignition.

Using this model, the knock onsets of a 4-cylinder
engine were predicted under various operating
conditions of residual gas ratio, revolution speed,
intake port design and fuel composition. The
predictions were in good agreement with the

measurements for all operating conditions. The
prediction results suggest that the temperature and
pressure histories of unburned gas have a great effect
on the knock onset, whereas the chemical role of
residual gas and the intake flow have little effect.

Furthermore, the effects of the combustion period
and the unburned gas temperature before spark ignition
on the torque at the trace knock limit were predicted.
The results show that the torque at the trace knock
limit is increased by rapid combustion and decreased
by the temperature rise before spark ignition. Under
certain conditions, it was shown that the increase in
torque for the combustion duration shortened by about
25% was negated by the temperature rise of about 15K
before spark ignition.
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Table 1 Reduced chemical kinetic modél

Reaction
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Fig.1 Comparison between the measured
temperature by CARS and the calculated

temperature by Cowart's model.
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Table 2 Reduced chemical kinetic model for
PRF RON100 and PRF RON91.

Arrhenius parameters of rate constarits Wexp (-E / RT)
are for PRF oxidation. ( Units : cc, mole, sec, kcal )

Reaction Log A E Log A E-

1 135  46.0 12.0 0.0

2 12.0 0.0 134 274

3 1.0 217 11.0 110
110 213 11.0 1170

4 115 0.0 134 274

5 1.3 170

6 13.3 3.0

7 156  43.0

8 11.5 6.0 15 195

9 12.3 0.0

10 171 46.0

1 140 150

12 12.0 0.0

13 144  31.0

14 11.45 8.6

15 11.7 8.6

16 1095  10.0

17 1.7  16.0 10.8 8.0

18 112 16.0 10.1 8.0

19 12.0 0.0 183  78.0

*PRF RON100, *PRF RON91
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Table 3 Toyota engine specifications.

Type 4-cylinder, SOHC 2valve
Chamber Dual hemispherical type
Fuel delivery Port injection

Bore 92.0mm

Stroke 89.0mm

Compression ratio 9.3

Table 4 Operating conditions.

Speed 1200, 2200, 3200rpm

Fuels PRF RON100 ( isooctane )

PRF RON91
(isooctane 91% + n-heptane 9% )

Regular Gasoline RON91

Equivalence rati 1.0

Throttle lever Wide open throttle
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( Fuel : Regular Gasoline RON91, predicted by using the reduced model of PRF RON91
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Table 5 Optimized reduced chemical kinetic
model for Regular Gasoline RON91.

Arrhenius parameters of rate constarits K*exp (-E / RT)

are for Regular Gasoline oxidation. ( Units : cc, mole, sec, kcal )

Reaction Log A E Log A~ E-
1 13.5 46.0 12.0 0.0
2 12.0 0.0 12.9 27.4
3 12.5 21.2 11.0 11.0
4 16.45 19.7 12.91 27.4
5 11.3 17.0
6 10.6 0.0
7 54 5.0
8 13.53 7.0 115 195
9 12.3 0.0

10 17.3 46.0
11 14.0 15.0
12 12.0 0.0
13 14.4 31.0
14 11.45 8.6
15 11.7 8.6
16 10.95 10.0
17 12.8 17.1 12.2 7.41
18 11.2 16.0 10.1 8.0
19 12.0 0.0 18.3 78.0
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P, ave. » Which is the averaged pressure at crank angle m, is obtained by Eq.(5)

H,, .. » the heat release per 1 degree crank angle at a crank angle m, is obtained by Eq.(6)

Pm. ave. (Vm),( ~1 \

" Crank angle 'Crank angle
(D) B

P, . : Pressure at crank angle m of cycle .
N : Number of cycles

K : Polytropic exponent

Hm, ave, = Pm—l, ave. Vm—l
k-1

©) —>» D)

(D) —> (E)

Pm—l, ave. (Vm—l)x
H,, ... is found by transformation of H,,

P, .ew the hypothetical pressure, is found by Eq.(7) using A,

V. Volume

...... (6)
J

. ave.

m, ave,

Pm, new = Pm—], new(vm—l)x 1
(V)*

L Hn, new(K—l)} !

Pm—l, new Vm—l

Fig. 11 Method of constructing the hypothentical pressure history.
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Fig. 13 Torque at trace knock limit for various ratio of combustion periods and change in
temperature at 60deg.BTDC. Unit of torque is Nm. HRP means heat release pattern.
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