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Abstract

Schlieren optical visualization technique system is the unique technique due to the ability in
producing a neutral image easily-interpretable image of refractive-index-gradient areas. The
Schlieren system provides a method for viewing the flow through the transparent media and the
most using this technique is to photograph the flow. This paper presents the review of the
application of the Schlieren optical visualization system external and internal combustion engine in
order to observe the fuel-air mixing and flame development during the burning process. The basic
technique of Schlieren system, especially for Z-type and two mirror Schlieren system provide a
powerful and clearly image to visualize the changes of the density in a transparent medium. This
method can capture spray evaporation, spray interference and mixture formation clearly with real
images. Analysis of optical image visualization observations reveals that the mixture formation of
fuel and air exhibits the influence of the ignition and flame development. Thus, the observation of
systematic control of the creation of a mixture of experimental apparatus allows us to achieve
significant progress in the combustion process and will present the information to understanding the
basic terms of reduced fuel consumption and exhaust emissions.

Introduction

The first Schlieren system was invented by Robert Hook in the 17th century and Schlieren
technique developed in the 19th century by Toepler[1]. The Schlieren technique is an optical
technique that detects density gradients occurring in a fluid flow in its simplest from light a slit is
collimated by a lens and focused onto a knife-edge by a second lens, the flow pattern is placed
between these two lenses and the diffraction pattern that results on a screen or photographic film
placed behind the knife-edge is observed. The schlieren technique is often used to investigate heat
and mass transfer process in gases and liquid[1-3]. Referable to the three dimensionality of the
investigated processes, it's virtually inconceivable to get quantitative result about the density
gradient from the schlieren image[1,2].The primary reasons why Schlieren technique difficult to
produce quantitative results because when the geometry is known or simple like sphere, cylinder or
other it is possible to calculate the density gradient. Thither are many types of Schlieren technique,
setup, but all the setup are based using the same principle [3-6].

Experimental setup

Figure 1 shown the basic setup to observe the experiment, the high-speed image obtained in this
experiment used Schlieren technique[4—8] and the image will be continue process by using image
processing to get the flame characteristics[7,9,10]. Schlieren Z-type with two mirrors reused in this
experimentation. Xe-lamp is used as a light source and a Imm pin hole is used to form a point light
source.
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Figure 3: Effects of electrode shapes on flame velocity [6]

Experimental Result

The ignition process requires a proper distance between the cathode and anode electrodes, and if
they are located too close, although discharge takes place, the mixture does not ignite[8,9]. The
lowest bound of this length is experienced as the quenching distance, and it is a property of the
mixture[ 11-13].The minimum ignition energy decreases with an increasing gap size until the gap
size reaches the critical value, and, beyond this quenching distance, the minimum ignition energy
remains nearly constant over a considerable range of the gap size[5,7,8,14]. The size of the spark
kernel at which the rate of heat loss at its surface is precisely balanced by the rate of heat release
throughout its volume[15—17].A larger spark gap requires greater voltage to go down the gap, an
increase in gap width results in increased arc length more current is made along the spark to hold an
almost constant voltage across it[6,7].

Effects of electrode shape on flame propagation.

The tested electrode shapes are presented in Figure 2.When the electrode shapes are altered, the
discharge phase is shifted so that the energy transfer efficiency is too changed[11,14,19].When the
numbers of electrons emitted from differently shaped electrodes are the same, the smaller or more
sharply tipped electrode produces a higher density of discharged current, which the glow phases to
transmit to the arc phase. When the electrode tip becomes sharper, the ignition energy increases the
increased energy causes faster kernel growth at location A,
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The characteristic of flame propagation with mixture distribution

Kihyung Lee studied a survey along the effect of stratified mixture formation on combustion
characteristics in a constant volume combustion chamber[12]. Figure 4 shows the characteristics of
flame propagation capture by high-speed camera. Where the authors find when mixture distribution
is 100% of injection, the period of flame is short and its lager as the pre-mixture ration
increases[11,18-21]. From the observation also the writers determine the pre-mixture is molded in
the combustion chamber, combustion become unstable because the density of the stratified mixture
around spark plug is cut[6,16,22—-24].
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Figure 5 shows the Fuel stratification flame propagation process with swirl intensity obtained d
from Schlieren method. From the image it can be taken in that increasing the induced-air pressure
will be increased the turbulence intensity and swirl ration[12,25-28]. As increasing the swirl
intensity, will be shortest the period of fuel satisfaction round spark plug and it also had the vortex
to become wider around fuel droplet[11,18,19].

Conclusions

The kernel formation and the flame propagation of a lean gasoline—air mixture are measured by the
laser defection method, and they are visualized using a high speed digital camera. The experiment is
performed in a constant volume combustion chamber, and several kinds of sparkplugs are designed
and evaluated to investigate the effects of the ignition system, discharged energy and conjurations
of the spark plug on flame kernel growth. The results obtained in this study are summarized as
follows:

1. The spark plug design caused the arc where the minimum ignition energy decreases with an
increasing gap size until the gap size reaches the critical value, and beyond this quenching
distance, the minimum ignition energy remains nearly constant over a considerable range of
the gap size.

2. When the electrode tip becomes sharper, the ignition energy increases the increased energy
causes faster kernel growth.

3. The flame propagation speed is dependent on the mean equivalence ratio even in a
heterogeneous mixture distribution.
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