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Numerical Simulation on Interactions of Longitudinal Vortices in a
Turbulent Boundary Layer

Jang-Sik Yang?

Abstract : This paper describes the numerical simulation of the interaction between
longitudinal vortices (“common flow up”) and a 3-D turbulent boundary layer over a flat
plate. To analyze the common flow up produced from vortex generators, the flow field
behind the vortex generators is modeled by the information that is available from
studies on a half-delta winglet. Also, the Reynolds-averaged Navier-Stokes equation for
three-dimensional turbulent flows, together with a two-layer turbulence model to
resolve the near-wall flow, is solved by the method of AF-ADI. The computational
results predict that the boundary layer is thinned in the regions where the secondary
flow is directed toward the wall and thickened where it is directed away from the wall.
Also, the numerical results, such as Reynolds stresses, turbulent kinetic energy and
skin friction characteristics generated from the vortex generators. are reasonably close
to the experimental data.

Key words : Longitudinal vortex(F%3% 9+%), Vortex generator(+5247]), Numerical
simulation(521814]), Half-delta winglet(¥H2<])
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(a)
Fig. 1 Schematic of a half-delta winglet

(b)

(a) Angle of attack of a vortex generator
(b) Layout of a vortex generator
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Fig. 2 Solution domain and boundary condition

{a) Physical wind tunnel domain
(b) Computation domain and conditions
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(a) Experiment (Pauley and Eaton) (b) Present result

Fig. 3 Secondary velocity vectors at X=66, 97, 142, 188 cm

(a) Experiment (Pauley and Eaton) (b) Present result

Fig. 4 Streamwise velocity contours at X=66, 97, 142, 188cm
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(b) Present result

Fig. 5 Streamwise vorticity contours at X=66, 97, 142, 188cm
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Fig. 6 Turbulent Kinetic energy at X=97cm
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(a) Experiment (Pauley and Eaton)
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Fig. 7 Reynolds shear stress at X=97cm
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Fig. 8 Spanwise distributions of skin friction
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