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Research on Aerodynamic Drag Reduction by Vortex Generator
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Abstract

One of the main causes of aerodynamic drag for sedan vehicle is the separation of flow near the vehicle's rear
end. To delay flow separation, bump-shaped vortex generators are tested for application to the roof end of a
sedan. Commonly used on aircraft to prevent flow separation, vortex generators themselves create drag, but
they also reduce drag by preventing flow separation at downstream. The overall effect of vortex generators can
be calculated by totaling the positive and negative effects. Since this effect depends on the shape and size of
vortex generators, those on the vehicle roof are optimized. This paper presents the optimization result, the
effect of vortex generatorsin the flow field and the mechanism by which these effects take place.
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Flow around a sedan
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Schematics of velocity profile around rear end
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Schematics of flow around vortex generator
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Velocity profile on roof (100 mm upstream from rear end)
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Location of vortex generators
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Effects of bump-shaped vortex generators
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Effects of delta-wing-shaped vortex generators
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Total pressure distribution (upstream of rear spoiler)
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Velocity distribution by PIV measurement
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Velocity distribution by CFD
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Pressure distribution of vehicle (CFD)
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Vorticity distribution behind vortex generators (CFD)
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Velocity vectors around separation point (CFD)

ooboooboobooooboooooooboaoo
oobobOooobocrbObOO0ooooooooomob
oboboooooooboobooobooooooooooooon
vGUiloOooooooOooooooooooooooo
ooboooboooogoo

oo b oo

ooboobooooooobooooooooo
(1) CoooOoooooooOoOobooOoOooooooo
obobooobooooooooooooooobooo
gboboooooovehoooooooooo
oboboooboooooooobooboooooboo
gobogisoz2smmminoodond 100 mm
oboool1ooooobogooo1oommbonOg
gbobooboooooobooooooobog
obobooobooooooobooooooooboo
gbobooboooooobooooooobog
obooooooooooooon
gbobooboooobooveOoooboooo
obbooooboooooooobono.coend
goooooooo
(3 vecOoOOoooOopoooooooooooooo
cFRbOO0OO00O0OO0O0OvVGOOOOOOoOooo
gboboobooooooobooooooooboog
gobooboooooobooooooboo

@

oobooooooboooooooboooog
ooboooobooooooooooboobooo
ooboooooobooooooobooooo
oooooood
gobooboooobbooobooobooooooo
gvGOooooooooooooboooooooo
gobooboooooooboobooooboooooag
ooboooooooon

oooao

(1) Hoerner, S. F., Fluid-dynamic Drag, Published by the Author,
1958

(2) Hoerner, S. F., Fluid-dynamic Lift, Published by the Author,
1985

(3 0000000 C0OO0OO0ODOO0O0O0OOOO Vol.5,No.9,1983

(4) Hucho, W. H. Aerodynamics of Road Vehicles Fourth Edition
SAE International 1998

gooo

18

SsEmE /2 VW~ 2004 NO16





