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ABSTRACT: Knocking has a vital effect on internal combustion engines with the possibility of constraining and damaging the engine frame. 
In this study, experimental and theoretical studies on this subject have been investigated. Experiments on knocking phenomenon performed 
by engine and fuel manufacturers and research institutes have been utilized to reveal the effects of fuel components, octane rating, ignition, 
reaction rate, pressure and temperature. Long-chain fuels preventing knocking and paraffinic oils, have 2 to 3 times more maximum heat 
capacity compared to aromatic oils were explored along with their influence on knocking. Detection of knocking via sensors and various 
approaches on knocking control mechanism calibrations were examined. Through research, theoretical ignition models developed for 
knocking identification, definition of knocking by qualified fuel behavior and modeling of knocking were compared. Discoveries on 
detonation and obtained empirical formulae were introduced by four different ignition models. With the literature work, findings in studies 
on knocking based on fraction mechanics were evaluated. 
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INTRODUCTION: 

The pehenomenon called the "engine knocking" is an 
abnormal combustion mode in internal combustion engines. It 
might lead  very high peak pressure in the cylinde and give cause  
for serious damages in engine parts. 

Couse of knocking the compration ratio of the engine is 
limited. The highher compression ratios means  higher fuel 
conversion in engines. Moreover it means higher cylinder pressures 
and higher gas temperatures which can cause for knocking by 
reason of shorter ignition delay time. Increasing of compression 
ratio is the easiest  strategy for increasing the efficiency of 
combustion, but it's also important to studying about a more 
detailed and delicate combustion processes which governing the 
knocking. 

It is generally accepted that konck is initiated by 
autoignition in the unburned gas mixture as a result of compression 
due to the flame front propagation and the piston movement. 
autoignition can be defined as spontaneous ignition of some part of 
the charge in the cylinder. The autoignition may cause ffor an 
extremely rapid shemical energy release. It causes a high local 
pressure and propagation of pressure waves with high amplitude 
across the combustion chamber. Rapid rise in pressure, temperature 
and vibration of the resultant pressure wave across the combustion 
chamber cause erosion and after fractures on the piston, piton rings 
and gaskets. 

A detailed investigation of the combustion processes in 
internal combustion engines is necessary for the improvement of the 
internal combustion engine technologies. 
In order to assess the studies on the subject so far, we have 
conducted an extensive review on the existing literature. 

Normal combustion 
A combustion process that is initiated only by the spark is 

called normal combustion. A normal engine cycle begins with the 
inlet of a fresh gas mixture in to the combustion chamber. Then the 
piston compresses the mixture. The combustion starts in the sprak 
kernel by an electric spark fired near one wall of the cylinder head 
close the top-dead-center (TDC). A kernel growth immadiately 
follows the spark. The propogation of a turbulent premixed flame 
through unburned gas is started. During this time there is no heat 
release or pressure rise. Next a flame development which begins to 
propogate across the chamber occurs as the flame front accelerates 
and consumes the mixture increasingly. The gases that have not yet 
been consumed are not chemically inert during the period reacting 
in lower rates (Westbrook and Pitz, 1988). The flame front moves 
completely across the combustion chamber uniformly and smoothly 
at a normal velocity in this type combustion until almost all the fuel 
is consumed (Heywood, 1988). The final stage is the termination of 
normal combbustion process.             

Abnormal combustion 
A combustion process in which a flame is started by hot 

combustion chamber surfaces, by hot particles or hot spot or by end 
gas autoignition leading to that some part of all charge is consumed 
at extremely high rates in short time is called abnormal combustion 
(Heywood, 1988). 

Abnormal combustion, commonly known as knock, is an 
undesirable phenomenon in SI engines. Knock may cause damage 
and it is a source of noise in engine (Hajireza, 1988). It has been a 
problem for engine manufacturers, because it is limiting 
compression ratio and hence ultimate engine efficiency since the 
earliest days of the SI engine (König and Sheppard, 1990). 

The word “knock” comes from the noise transmitted from 
the colliding of the multiple flame fronts and the increased cylinder 
pressure to the connecting rod and the driver. It results in an 
excessively noisy, over heated and inefficient engine and occurs 
under certain operating and design conditions as a result of 
compression of the end gas by piston motion and propagating flame 
front and needs to be avoided by controlling engine design 
parameters and operating conditions (Moses et al., 1995). 
Comparison of normal and knocking combustion pressure history 
measured from a six-cylinder engine is shown in figure 1.1 (Turns, 
1996). 

Engine conditions and fuel characteristics also affect 
knock. Fuel conversion efficiency of an SI engine is directly related 
to engine compression ratio. Increased compression ratio increases 
the engine output but leads to changes in the combustion process. 
For that reason, full understanding of the mechanism that promote 
knock is the key for designing modern SI engines, which is 
designed and operated in conditions as close to the knocking limit 
as possible (Stiebells et al., 1996) 

THEORETICAL STUDIES: 
Theoretical model of the combustion is developed to 

explain knocking. These models that developed until today can be 
analysed under four groups. 

• Single regioned one dimensional models: average fuel 
concentration in the combustion room is guessed by 
neglecting the effect of pressure, tempereature and flow 
speed [1]. 

• Multi regioned one dimensionla models: combustion room 
is divided into burnt and non-burnt, zero dimensional 
regions which are in different temperatures and 
compositions [2]. 

• Multi dimensional models: real gas dynamic flow is 
designed in combustion room  [3, 4]. 

In one region knocking model, many empirical corelations are used 
to guess the generation of knocking. The knocking force is 
characterized with the amount of unburnt fuel at the moment of self 
combustion. The amount of unburnt fuel at the moment of self 
combustion is calculated correspondingly to the pressure 
development at knocking span. In one region approach this is 
modelled related to last gas volume change [5]. In the model, 
experimental measurement pressure values and detailed chemical 
kinetic mechanisms are combined to estimate knocking [6, 7]. A 
more detailed chemical mechanism is used to model the self 
combustion between heptan and iso-octane [8]. In another study, 
using experimental pressure values abbreviated kinetic mechanisms 
are developed and used in knocking estimation. The comparison 
between results gained using detailed and abbreviated kinetic 
mechanisms are given at [9, 10]. 
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In two regioned knocking models, the air-fuel mixture in 
front of the forefront flame is defined by one stepped global 
reaction. Completion of the combustion is assessed with an 
empirical relationship and with a short, detailed kinetic mechanism 
knocking is estimated. Two regioned models are not closed, thus 
needs some empirical information and turbulence models [11-13]. 
In knocking estimation, multi regioned combustion models are 
developed too [4]. In these models, Shell model is used for forefront 
flame reactions at low temperatures. Combustion area in front of the 
flame is defined by one stepped global reaction. Model can 
determine a flow term for the motor, but comes short in the fields of 
combustion chemistry and its effect on knocking. For calculating 
the combustion area half empirical turbulence models are added and 
many empirical constants are needed.  

Nakano defined knocking with the crank shaft angle that 
the knocking happens and knocking intensity. Knocking intensity 
can be defined as the amplitude of the oscilliations created by 
knocking or with the unburnt gas at the moment of self combustion 
of the last-gas. 

In one of the lately conducted studies in the field of 
knocking modelling, Moses developed a knocking model by using 
two regions; one in front of the forefront flame the other behind of 
the forefront flame, not needing any empirical information. He used 
two chemical kinetic mechanisms that define high temperature 
reactions in front of the flame and last-gas low temperature 
reactions [15]. 

Models about knocking chemistry are first created by 
Shell Thornton Research Center [11]. These detailed models 
provided improved possibilities in analysing fuel's molecular 
structure, its mixture and the usage of additive substances. Shell 
model requires many experimental tests for each fuel, but detailed 
kinetic models don't usereaction speed data. Westbrook-Dryer 
published an article about wide reaction mechanisms containing 
different working conditions [16-17]. 

Another example of two dimensional models where gas 
feuls are used is developed by Karim and Gao [18,19]. In this 
model, K knockin criteria is introduced. In normal combustion, K 
appears to be quite low but it rises in knocking combustion. This 
result is proved with experiments. 

Latest studies are concentrated on reaction mechanisms. 
Especially groups connected to Westbrook and Pitz, after studies at 
Lawrence Livermore National Labs, developed new expanded 
reaction mechanisms [20]. Same study for n-butane fuel is carried 
out by Kojime with two different models. Despite obtaining same 
results from both models ofr self combustion behaviour, reaction 
speed constants' sensitivities highly differ [21]. Again, more 
detailed reaction mechanisms for combustion of  hydrocarbon fuels 
is developed by Westbrook and his group [22-24]. Curran and his 
friend carried out a similar study for Neo-Pentane [25]. 
Studies on expanded reaction mechanisms that are gained and 
degraded reaction mechanisms that gives approximate results are 
started by Griffiths and his group [26,27]. A similar degraded 
reaction mechanism for self combustion of iso-octane is 
developedby Roberts and his group [28]. Results gained from the 
developed mechanism is compared with the results gained from 
experiments which are carried out by changing compression ratio 
under working conditions and the mechanism is seen to be giving 
close results. A detailed kinetic mechanism for oxidation of iso-
octane and n-heptane is developed by Curran and his group [29, 
30]. 

Detailed chemical kinetics mechanism developed by 
Fabian Mauss [31] is still used in a research by Shahrokh Hajireza 
and Per Amneus at Lund University ( Sweden) [32, 33]. With this 
model, developed mechanisms by Müller [34] and Pitsch - Peters 
[35] for n-heptane and iso-octane fuels, are united and obtained 264 
chemical reactions with 64 components. 
 

EXPERIMENTAL STUDIES: 
The experimental studies on the subject of knocking have 

been summarized in the articles of Litzinger [36] and Clarke [37].  

The first experimental study was done by Bradow- Alperstein to 
forecast the knocking in a içtenyanmalı motor which uses izo-oktan. 
Before that, Mason – Hasselberg have researched the knocking 
potentials of various fuels whereas Livingstone [38] studied the 
anti-knocking potentials of various hyrdocarbon components. The 
experiments concernin the chemistry of knocking have been 
conducted by auto manufacturers, gasoline producers, universities 
[39] and laboratories [40]. 

Vermeersch and his friends have explored the chemistry 
of knocking in reactors and fast compression machinery, on cold 
fire and momentary firing [41].  In a study done by Midgley on the 
fuels, where parafinic gasoline and cerosene were used as fuels; the 
characteristics of bağıl knocking have been researched. The 
connection between the longer chain structure of the cerosene and 
the better anti-knocking feature has been established. The increase 
in knocking resistence has been ensured by Ricardo- Thornycraft by 
adding butil alcohol and benzen to various pure components. The 
research about the effect of the fuel make-up on the knocking was 
started by Boyd and developed through the studies of Lovell, which 
encompassed 300 components [42]. The relationship between the 
increase in heat through spontaneous combustion and the intensity 
of the knocking in the içtenyanmalı motors has been researched by 
Bradley and friends, using the CARS technique. They concluded 
that at the beginning of the knocking, at the same pressure and 
temperature, the maximum heat proportion of the spontaneous 
combustion in parafinic fuels was 2-3 times larger than in aromatik 
fuels [43]. Studies on the subject have been summarized in an 
article by Lignola – Reverchon [44]. 

The octane number, which is the most important indicator 
of the knocking, was classified by Obert in 1973 as motor octane 
number and research octane number. Motor octane number was 
usually smaller than research octane number, the difference was 
defined as “sensitivity” [45]. The effect of the octane numbers on 
the characteristics of the knocking was researched by Haghoie [46]. 
The effect of the additional components on the fuel knocking 
tendencies was studied by Metghalchi-Keck and Maly-Ziegler [47]. 
The spectroscopic research about the motor knocking started around 
1920’s by Clark – Thee-Hanne and the conclusions were 
summarized by Thee. According to these observations, while there 
was an uninterrupted spectrum under knocking conditions ranging 
from 4500 Å to 2200 Å, there was only a 3500 Å spectrum in 
unknocking conditions. During the 1930’s, research by Withrow – 
Rassweiler demonstrated that under knocking conditions, in the 
juxtaposed spectras of the bonds of C-H and C-C, the bonds were 
less intense [36]. Studies by Ando and friends used knocking 
sensors for controlling the knocking limit under accelerating 
conditions and an increase in vehicle response was thus observed 
[48]. The spontaneous combustion in the end gases, the latent 
knocking intensity and the amount of gas speeds were researched by 
Konig- Sheppard in a Yamaha motor using a high speed, natural 
light photographing technique. The cylindrical pressure was 
recorded through three points on the cylinder mast and it was 
observed that spontaneous combustion usually causes knocking 
[49]. Konig and friends, in studies done by the same method, 
established that the knocking damage occurs heavily on crack areas 
[50, 51].   In another study on the same subject, Lightfoot and 
friends used a one-cylinder, optic entry motor. The photographic 
results were verified by analyzing the light emissions from the burn 
room by means of a photodetector [52].   

Another field of study concerns the fast exampling 
subabs. In this article by Lovell in 1927 and Withrow in 1930, the 
establishment of alev speed by taking closed gas examples from the 
cylinder’s different points at different times and subjecting these to 
analysis for oxygen content was discussed. Along with the 
reasearch of Egerton and friends, the effect of squeezing 
proportions on pre-burn reactions and the key role of the organic 
peroxides in the process of knocking was grasped. Besides, the data 
indicated that if enough hydro-peroxide was found at areas near to 
top dead point, it would cause knocking. The experiments done by 
Downs and friends by using mixed izooktan izomers, metan, benzen 
and benzen izo oktan at 1500 d/d, the flame which reached the 
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exampling frame through ionization probe was studied. During 
these experiments, the squeezing proportions were changed from 
unknocking to knocking and examples were collected for each 
individual stage. In the light of the data for mixed izooktans in rich 
conditions, it was observed that the concentrations of aldehyde was 
greater than the peroxides. In the study done with metan, the 
knocking was seen in higher squeezing proportions. At last, the 
measurements showed that with benzen, it was possible to reach 
higher proportions of squeezing with less knocking levels [36]. In a 
fast sampling study done by Hayashi, the knocking was studied 
under two different conditions; first with butane as the fuel, second 
with homogenous premixed gas. By taking the other parameters to 
create knocking, they established that the knocking occured away 
from the normal flame front, in the area of end gases [53].   Other 
research on butane as the fuel was conducted by Wilk and friends 
[54].    

In order to observe the spontaneous combustion of the 
hegzan izomers in a yanmasız motor, the chemical factors 
contributing to the knocking and the results of the model that was 
constructed to understand the molecular factors which determine the 
octane number of hydrocarbonic fuels were compared to each other. 
[55, 56].    

In the research of Randall and friends, the pressure 
changes in internal combustion engines were pinned down with a 
cylinder pressure sensor and were used as indicators of performance 
and knocking. [57, 58]. Using the new control technology, 
developed by Hata-Asano, the relationship between the sensor data 
and motor performance was utilized to improve the motor 
performance [59].  Besides, an “electronic control system” (ECCS) 
by Nissan was developed to detect the change in cylinder pressure 
and knocking control [60]. Another method was put forward by 
FEV Motorentechnik and Aaachen Techincal University and 
optimized the calibration of knocking control system [61].  Hitachi, 
on the other hand, developed the multi-spektrum method to be used 
in knocking research. [62].  

Watanabe – Fukutani has used the exhaust gas 
recirculation model in içten yanmalı motorlar in order to decrease 
the tendency to knocking in heavy duty areas. The result was that 
not only did the model decrease the knocking tendency, but also led 
to a more efficientspecific fuel comsumption [63].  The method of 
increasing the limit of knocking by using the EGR model was 
researched by Okamoto and friends in two different articles [64, 
65].    
In the last couple of years, Westbrook and his group have done 
studies on fast compression machinery, especailly how the changes 
in temperature, pressure and equivalence effetcs the spontaneous 
combustion of n-heptan [66]. With the rise of equivalence 
proportion from 0.5 to 2.0, the start temperature of compressed gas 
was within the range of 675 K and 980 K, while the start 
compressed gas pressure changed from 8 bar to 20 bar. These 
experiments are modelled with a chemical kinetic mechanism. 
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