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Abstract—In high pressure laminar explosions, special behavior may exist called instability at negative 
Markstein numbers. This behavior will cause pressure oscillations and will have certain effects on 
burning velocities of the fuel mixture. Flame winkling begins to appear as a results of Darrieus-Landau, 
D-L, instabilities and thermal-diffusive effects at higher pecelt number (as critical value is exceeded). 
Consequently an increase of burning rate will take place. This increase is capable of creating a pressure 
waves strong enough, if aligned non-orthogonally to parts of the flame surface, which result in further 
wrinkling from the Taylor instability along with vorticity generation. In this work, an iso-octane mixtures 
were ignited at two diametrically opposite sparks close to the wall of the bomb at higher pressure in the 
later stages of combustion. An advantage of this technique is to allow for instabilities to take place and to 
view the two flames structures through a central window. More details about this method are found in 
[1]. This method was also applied to investigate instabilities effect on turbulent flames.  
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I. INTRODUCTION 

It was shown from Theoretical studies [2-4] and experimental researches [5-7] that Laminar spherical flames 
can become unstable above a critical Peclet number (the flame radius, r, normalized by the flame thickness, δl). 
These instabilities become manifest as flame wrinkling over a range of wavelengths. As a results, the laminar 
burning velocity, will be influenced and hard to evaluate experimentally. High Peclet number, Pe can increase at 
high pressures, (as in engines) due to the smaller flame thickness values of, δl. Also, it was found that as 
pressures increase the strain rate Markstein number, Masr decreases [5,6,8,9]. The associated instabilities with 
these flames cause a continually increasing burning velocity. This work reports a study for iso-octane – air 
explosion at an equivalence ratio,  =1.6. The initial conditions were 0.5 MPa and 358 K. With the emphasis on 
unstable flames. The mentioned method above was advantageous in that Peclet numbers were maximized by 
large flame radii and small flame thicknesses 

II. SPECIFIC OBJECTIVES 

The purpose of conducting this investigation is to study the structure of unstable flames, Bothe laminar and 
turbulent flames at high pressures and temperatures at late stages of combustion process where values of 
pressure, P, and temperature, T, will be high. These instabilities will start to develop when cells evolution start 
to appear on flame surface area and begin division. Also, the effects of such instabilities on the burning rates 
enhancement for laminar and turbulent spherical flames at certain conditions have been investigated.  

III. EXPERIMENTAL 

A 385.6 mm diameter spherical stainless steel bomb had three pairs of orthogonal windows of 150 mm 
diameter was used. The inside radius of the sphere, Ro , was 192.78 mm. The vessel and the used mixture (iso-
octane-air mixtures) were heated by electric heaters (6 KW) up to 358 K. The integral length scale of the 
turbulence, l, was 20 mm. Pressures were evaluated by a Kistler 701 pressure sensor. An automotive ignition 
coils were used to supply the energies of about 26 mJ to the two diametrically opposite spark plugs with a gaps 
of 11 mm from the inside wall. High speed Phantom digital camera at 3,700 frames/s with 256 × 256 pixels was 
used to observed the two flame fronts by schlieren photography. The spherical stainless steel bomb was also 
equipped with four peripheral fans, driven by electric motors, for mixing the reactants and to generate 
turbulence. The flame front has Cartesian coordinates measured from original images and used to obtain the 
appropriate polar coordinates. This was done by using Adobe Photoshop. An output sample for this analysis is 
shown in Fig.1 below. 
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R mean radius 
r1 bottom flame radius 
r2 tope flame radius 
T time from ignition  
To initial temperature 
Tu unburned gas temperature  
u' r.m.s turbulent velocity  
u'k effective r.m.s turbulent burning velocity 
ul laminar burning velocity 
un stretched laminar burning velocity 
ut turbulent burning velocity 

 laminar flame thickness 

 equivalence ratio 
b burned gas density 
u unburned gas density 
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