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Comparison of Swirl Ratio Measured by Impulse Swil Meter and Particle Image Velocimetry

in a Steady Flow Bench of SI Engine
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Abstract: The swirl ratio in a SI engine is investigated in a steady flow bench according to the measurement methods: an im-
pulse swirl meter and particle image velocimetry (PIV). When measuring the swirl ratio using the PIV, the torque is evaluated
based on the cylinder center and swirl center, respectively. The position of the measurement plane is considered. As a result,
in the upstream, the swirl ratio measured by the impulse swirl meter is estimated to be larger than that from the PIV measure-
ments due to the unstable vortex motions. Regarding the PIV measurements, the swirl ratio based on the cylinder center has
been found to be lower than that based on the swirl center. On the other hand, the difference in swirl ratio has decreased
smaller as the measurement plane moved downstream due to the stabilization of the vortex motion.
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Figure 1: Schematic diagram of the steady flow bench and

PIV measurement.
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Figure 2: Velocity vectors, and contours of the tangential

velocity and angular momentum measured by PIV at valve
angle = 11°, measuring position = 4.5B, valve lift = 6 mm;
(a) tangential velocity based on the cylinder center (b) tan-
gential velocity in basis of vortex center (c) angular mo-
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in basis of vortex center
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Figure 3: Comparison of the non-dimensional swirl between impulse swirl meter and PIV results as the evaluating position at

valve angle = 11° (a) 1.75B (b) 3.00B (c) 4.50B (d) 6.00B
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Figure 4: Comparison of the non-dimensional swirl between impulse swirl meter and PIV results as the evaluating position at

valve angle = 26° (a) 1.75B (b) 3.00B (c) 4.50B (d) 6.00B
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Table 1: Characteristics of the measurement error according to the evaluation method of swirl

Characteristics of measurement error
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