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The Effects of Tumble and Swirl Flows on the Flame Propagation in a
4-Valve Gasoline Engine
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Kern-Yong Kang ( Korea Institute of Machinery and Materials )

ABSTRACT

The effects of tumble and swirl flows on the flame propagation were investigated
experimentally in a 4-valve optical gasoline engine. The tumble flow patterns, generated
by various intake ports of different entry angle; 25° , 20° and 15° , were characterized
under motored conditions with laser Doppler velocimetry. Inclined tumble(swirl) flows
were induced by three different swirl control valves. The initial flame propagation was
visualized by an ICCD camera and its image were analyzed to compare the enflamed
area and displacement of initial flames.

It was found that there is a correlation between the stronger tumble during induction
and turbulence levels at the time of ignition resulting in faster flame development.
Inclined tumble was proved to be more beneficial than the pure tumble for faster and
stable combustion under lean mixture conditions, which was confirmed by faster
propagating flame images.
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Table 1. Parameters of the pentroof chambered 4-valve research engine

Displacement (cc) 1998
Bore X Stroke (mm) 86.0 X 86.0
Compression ratio 92 :1
Maximum valve lift (mm) 9
IVO BTDC 100
Valve timin IVC ABDC 55°
& EVO BBDC 55°
EVC ATDC 10°
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Figure 1. The 4~valve research optical engine
(a) The shape of tumble ports, 6= entry angle; 25° , 20° , 15°
(b) Swirl control valves
(c) Side view of an optical single-cylinder engine
(d) Bottom view of an optical single-cylinder engine
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Figure 2. Experimental set-up of LDV set-up
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Figure 3. The concept of flame visualization
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Figure 4. Tumble velocity profiles(1000rpm)
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Table 2. Flow characteristics of SCV's

Configuration Tumble ratio| Swirl ratio | Open ratio |[Tumble angle
(High Turi’ll; no swirl) 2048 0.000 100% 90.0°
(High Tuml:I:lIZ Il:/ldimum Swirl) 3363 0.534 55% (EX)
(High TunlgeH}S;igh Swirl) 2.386 1.088 85% 65.5°
MTMS 50 . oo e

(Medium Tumble Medium Swirl)

25°

20°

15°

Figure 5. Flame Images obtained at 15° CA after ignition for 25° , 20° and 15" tumble
port ( 1250rpm, A/F=17 )
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Figure 6. Comparison of flame sizes for different ports ( 1250rpm, A/F=17 )
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Figure 7. Flame Images obtained at 5° after ignition for various SCV's

( 1250rpm, A/F=17 )
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