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Executive summary

This report is commissioned to examine the effe@WGAESTS PLASMA SPARK PLUG
(BSP)on the flame kernel growth. The flame kernel groatid growth rate for two kind of
spark plug (BUGAETS and NGK) were investigated gdso-octane fuel at (1 bar, 373k) for
different equivalence ratios. It is shown that flene kernel growth with BUGAETS is
faster than with NGK spark plug for all the equesde ratios especially for lean mixtures.
For equivalence ratio = 1 the flame kernel growth rate is higher compareghe other

equivalence ratios.




= UNIVERSITYOF
#=J BIRMINGHAM

1-AIMS AND OBJECTIVES

Use high speed imaging to examine the flame keshape and the flame kernel growth rate
of the (BSP) spark plug with a comparison to thekNgpark plug.

2-Methodology

The Schlieren system and techniquéldfis used for this test:

A 500W xenon lamp was coupled with a lens group arin hole was placed in front of
them to generate a point light source for the fEsé point light was then guided by the first
concave mirror to produce parallel light which masshrough the vessel and formed the test
field. At the other side of the vessel, anothercawe mirror was used to integrate the parallel
light. The light path was then cut by a knife edgdahe focus for the schlieren effect. The
images were recorded by a Phantom V710 high-spe@e@m@ at a sample rate of 10 kHz and
a resolution of 800x800 pixels. The camera wastawrized with the spark timing.
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Figure 1 The Schlieren system schematic and photo

3-FUEL USED

The fuel used through the experiment is Iso-oct@ne2, 4-Trimethylpentane 95% residue
analysis Distol)

Fuel properties

CgHig

CAS: 540-84-1

MW: 114.23

Density at 26c:690 Kg/nt
Boiling point: 98 to 9&
Melting point:-107°c
Flash point:-12¢c

4-Experimental conditions

1-The vessel temperature: 10
2-The vessel pressure: 1 bar

3-we will use equivalence ratio :( 0.8, 0.9, 1, 1.2)
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S5-TEST OPERATION PROCEDURES

1-Set up all the equipment for schlieren test,udclg the schlieren mirror system, the vessel,
the air intake/exhaust system for the vessel amdéptum

2-The vessel is heated to £0@o reach to the boiling point of the fuel

3- Inject the amount of fuel (Iso-octane) requiestording to the equivalence ratio to the
vessel

4- After an appropriate amount of time (5-10migpite the Iso-octane and air mixture in the
vessel and record the images using high speed aamer

5-Turn on the air intake and air exhaust to puhgelturnt gas out from the vessel

6-After this set of test, prepare the system ferribxt test.

SPARK PLUG

Through the experiments two spark plugs were usa@uvestigate the laminar flame behavior
of Iso-octane fuel as shown in figure (2);
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Figure 2 BUGAETS and NGK spark plug
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6-TEST RESULT

1- At equivalence ratio =0.8 and spark duration 250 ms
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3- At equivalence ratio =1 and spark duration 250 ms
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4- At equivalence ratio =1.2 and spark duration 250 ms
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Flame kernel growth

Figure (3) shows a sample for the flame kernel ¢gincat =0.9 to study the flame kernel
propagation up to ~10 mm

Time BUGAETS NGK




Figure 3 Flame kernel growth until radius ~ 10 mm for 0.9

The characteristics of the igniter like (spark egyerspark duration, gap between the
electrodes and spark shape) can affect the measaingsl of burning velocity.

The ignition energy, well above the minimum igmnitienergy, can lead to very high apparent
flame propagation, due to the expansion of the kspdasma and the conductive energy
transfer from it. As we know, the role of sparktasinitialize a flame, which can overcome
the tendency for the flame to quenblcause of the high curvature stretch rate, dutieg
early stages of flame propagation.

In the present work, the measurements of initein# development are made for two spark
plugs with different shapes to ascertain their eghent effects on the flame development.
Figure (4) shows the flame kernel (growth and glowate) with respect to time for
BUGAETS and NGK spark plug at different equivalenato

The flame kernel (growth and growth rate) for Isdame & air mixture at different
equivalence ratios for the two spark plugs was ttaively analyzed within flame kernel
radius up to 10 mm.

It is obvious that the flame kernel growth for BUERS is faster than NGK spark plug for
all the equivalence ratio specially for lean migtwhere the kernel growth reach to 10 mm
after time 7.7 ms for BUGAETS while take time 9.8 far NGK.

For equivalence ratio = 1 the flame kernel growth rate is higher compareghe other
equivalence ratid2].

The flame kernel growth rate illustrate a decreagelly, and then increase gradually with
the radiug3].

The flame kernel growth rate for BUGAETS is higliesn NGK that mean that BUGAETS
has higher spark energy.
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Figure (4) The flame kernel (growth and growth rate) wekpect to time for BUGAETS and
NGK spark plug at different equivalence ratio

7-Conclusions

1-The flame kernel growth with BUGAETS is fastelmathNGK spark plug for all the
equivalence ratio specially for lean mixtures vehire kernel growth reached to 10 mm after
7.7 ms time with BUGAETS while it took 9.2 ms witlGK.

2-For equivalence ratio = 1 the flame kernel growth rate is higher compar¢he other
equivalence ratio.

3-The flame kernel growth rate illustrates a deseemitially, and then increase gradually
with the radius.
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