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A numerical study on the aerodynamic characteristics of a variable geometry throttle

valve(VGTV) system controlling air-flow rate
Hyun-Sung Cho! - Chul-Ho Kim?®
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Abstract: A butterfly throttle valve has been used to control the brake power of an Sl engine by controlling
the mass flow-rate of intake air in the induction system. However, the valve has a serious effect on the volu-
metric efficiency of the engine due to the pressure resistance in the induction system. In this study, a new
intake air controlling valve named "Variable Geometry Throttle Valve(VGTV)" is proposed to minimize the
pressure resistance in the intake system of an Sl engine. The design concept of VGTV is on the application
of a venturi nozzle in the air flow path. Instead of change of the butterfly valve angle in the airflow field,
the throat width of the VGTV valve is varied with the operating condition of an Sl engine. In this numerical
study, CFD(computational fluid dynamics) simulation technique was incorporated to have an aerodynamics per-
formance analysis of the two air flow controlling systems; butterfly valve and VGTV and compared the re-
sults to know which system has lower pressure resistance in the air intake system. From the result, it was
found that VGTV has lower pressure resistance than the butterfly valve. Especially VGTV is effective on the
low and medium load operating condition of an Sl engine. The averaged pressure resistance of VGTV is
about 49.0% lower than the value of the conventional butterfly throttle valve.

Keywords: Variable Geometry Throttle Valve(VGTV), Induction resistance, CFD(Computational Fluid
Dynamics), Volumetric efficiency
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Figure 1: 2-dimensional views of the butterfly type
throttle valve and VGTV
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Figure 2: The numerical grids of the butterfly-type
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Table 1: Important operating variables of the throt-
tle valve [6]

Variables Operating Range

Opening area ratio

0 0 0 0
of the valve(%) 11.6% | 25.4% | 41.2% | 77.7%

Mass flow(kg/s) | 0.021 | 0.024 | 0.029 | 0.03

Volume flow(m®/s) | 0.018 | 0.02 | 0.024 | 0.027

Inlet velocity(m/s) | 5.68 | 6.27 | 6.81 | 7.66
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Figure 5: Comparison of the exit air velocity of the
throttle valves with the valve opening rate
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