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Abstract : Optimizing in-cylinder flow such as tumble or swirl is one of the key factors to develop better internal
combustion engines. Especially, the tumble, which is more dominant flow in current high performance gasoline
engines, has significant effects on the fuel consumptions and exhaust emissions under part load conditions. The first
step for the tumble optimization is to find an accurate but cost-effective way to measure the tumble ratio. From this
point of view, tumble ratios from three different measuring methods were compared and correlated in this research.
Steady flow rig, water rig, and PIV were utilized for that purpose. Engine dynamometer test was also performed to find
out the effect of the tumble. The results show that the tumble ratios from those methods are well correlated and that the
steady flow rig is the effective method to measure the tumble despite its limitations.
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Fig. 1 Steady flow rig for tumble ratio measurement
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Fig. 2 Water rig using 3-dimensional PTV
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Table 1 Test engine specification
Engine HMC Beta 2.0L
Displacement {cc) 1975
Bore ( mm) 82.0
Stroke ( mm) 93.5
IVO BTDC 9° CA
Valve IVC ABDC 43° CA
Timing EVO BBDC 50° CA
EVC ATDC 6° CA
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Fig. 4 Intake port modification for the different tumble ratios
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Table 2 Test engine specification

Port Base | Tumblel | Tumble2 | Tumble3
Steady rig 0.60 0.83 0.97 1.08
Water rig 0.35 0.5 0.75 1.00

12007507 0.18 0.63 0.83 0.97

PIV_1” [2000/407| 030 | 0.79 1.06 1.32

2000/60”| 0.13 0.78 1.17 1.38

12007507 | 022 0.44 0.91 1.20

PIV 27 12000/409 | 029 | 0.70 1.16 1.81

2000/60”| 031 0.59 1.32 1.92

a) Averaged over 3 cross planes and 5 crank phases
b) Averaged over 3 cross planes and BDC crank phase only
¢) Engine speed (RPM) / Intake manifold pressure (kPa)
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Comelations among Different Tumble Measuring Methods and Significance of Tumble Ratios from Steady Flow Rig
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Fig. 6 Tumble ratio correlation between the steady rig and
the water rig
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