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3-D Modeling of a Variable Swirl RatioCombustion System
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Abstract: Aswirl control valve designed to adjust the effective flow area of the filling port, was
installed between the intake manifold and the intake filling port in order to achieve variation of
swirl ratio. Influence of varied angles of the swirl control valve on the discharge coefficient and
the swirl ratio of intake ports were firstly investigated on a steady flow rig. Then Particle Image
Velocimetry (PIV) technique was used to visualize the in-cylinder swirl motion. Besides, CFD
method was used to evaluate the effects of varied valve angles on the following air-fuel mixing
process in the cylinder.The results show that CFD reveals the in-cylinder flow structure and the
location of swirl center similar with the 3D-PIV test results. With the increase of swirl ratio at IVC
from 0.57 to 2.05, air-spray interaction in the circumferential direction is strengthened in the terms
of mixture preparation. Strong swirl motion accelerates the heat release during the premixed
combustion stage, which results in an advancement of CA50 and a reduction of combustion
duration. High swirl motion intensity makes a positive effect on the increase of accumulated heat
release under the same air flow mass rate.
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R ES
. Simulated air flow mass .
Angle of swirl control | Intake pressure . . Excess air
trapped into cylinder per i
valve ratio
cycle
Casel 90°(Full close) 4bar 3.71g 1.30
Case2 60° 4bar 4.50g 1.57
Case3 30° 4bar 4.81g 1.68
Cased 0°(Full open) 4bar 4.87g 1.70
Case5 90° 5.2bar 4.84q 1.69
Caseb 60° 4.6bar 4.869 1.70
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CA5/°CA | CA50/°CA | CA90-CA5/°CA
casel 721.6 738.0 61.4
case2 719.2 741.2 68.2
case3 717.2 744.3 72.4
cased 717.6 742.6 70.2
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CA5/°CA | CA50/°CA | CA90-CA5/°CA
case5 719.8 739.0 65.6
case6 718.2 741.6 68.9
case3 717.2 744.3 72.4
case4 717.6 742.6 70.2
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[1] CONVERGE 2.3 Manual, 2016.

[2] Lavison manual of aerosol generator.
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