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Abstract: The leading edge receptivity to vorticity disturbans investigated by a
three-dimensional numerical simulation. The dishimdes are given by a two
dimensional periodic vorticity fluctuation at theatream boundary as a boundary
condition. The vorticity fluctuation inside the bulary layer becomes more
intense when the vertical scale of the oncomingiaity fluctuation is larger. It is
shown that the tangential velocity induced at thegration point has a strong
influence on the receptivity.
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1 Introduction

The concept of the receptivity was proposed by Muik{1] as a key problem in a boundary layer
transition process. Because the boundary layevasteity layer, this study focuses on the changes
the vorticity fluctuation pattern to understand treceptivity. In this study, the leading edge
receptivity against incoming vortical disturbances numerically investigated, focusing on the
deformation of vorticity patterns inside a boundayer.

2 Numerical method

Three-dimensional incompressible Navier-Stokes ®&gus are solved by the finite difference
method using a body-fitted coordinate on a regghit system. A third-order upwind difference
scheme is used in the convection terms. For therd#rms, the second-order central difference
scheme is employed. The third-order Adams-Bashfexgplicit scheme is used for the convection
terms and the Crank-Nicolson implicit scheme isligdpo the viscous terms. In addition, the multi-
directional finite different scheme is used for tliscretization of the all terms in the N-S equagio
Figure 1 shows the computational domain aroundaflate with an elliptic leading edge of an
aspect ratio of 1:5, whereis the leading edge length ahds the half of the thickness of the flat
plate.The origin of the Cartesian coordinate system isaséhe tip of the leading edge of the plate,
wherex, y and z axes denote the streamwise, vertical and spaniisetions, respectively. The
numbers of grids are 449 pointsdrdirection, 193 points im direction, and 6 points ig direction.
The flat plate length is four times larger than lgvegth of the leading edge. Reynolds nuniiesed

on the leading edge lengthand the freestream velocity,, is 4.0x10". The spanwise length of the
calculation region ib.

As for the velocity boundary conditions, the noip-stondition is imposed at the wall, the
Sommerfeld radiation condition is applied at theleiuboundary and the Dirichlet condition is
enforced at the upper and lower boundaries. Adherpressure boundary conditions, the Dirichlet
condition is used at all boundaries and at the.Wdlé pressure averaged over the calculation igeld
adjusted to be unity. After the base flow becomeady, two-dimensional disturbances are added to
the freestream by periodically changing only threeaanwise velocityu at the upstream boundary.
The following equation describes the disturbance,
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wheref is the non-dimensional frequencly, is the length of the

oscillation regionA is the amplitudeg = 1.25643[2], ands is the

parameter corresponding to thertex core radiusAlso, t is the

time. In this study, the simulations are perforniedthree different

s scales ofs/b which are 1, 2 and 3. The amplitude of the intr@alic

Figure 1C0m9;utational domain fuctuation A is 1% of the freestream velocity and the non-
dimensional frequendyyis 1.

3 Numerical Resultsand Discussion

The RMS values of the velocity fluctuations in thall-tangential direction measured at the grid
points next to the wall are plotted in Fig.2. Fig@ shows that the velocity fluctuations in thelwal
tangential direction become larger in proportiorthi® scale parametsdownstream. There is also a
noticeable difference between thg,s at the stagnation point depending sih It should be noted
thatu',ns at the stagnation point corresponds towtle®mponent velocity there. Figure 3 depicts the
RMS values of the vertical velocity fluctuatiovig,s in the freestream along tlyéa = 0 line. It can be
found that thev's reaches its peak very close to the leading edge ljefore it is damped by
viscosity. It is also shown that, is influenced by the vortex core radmslhese results imply that
the leading edge receptivity is governed by theioper tangential velocity fluctuations at the
stagnation point.
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Figure 3 Distribution of the vertical velocity
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Figure 2 Distribution of the tangential velocitudtuations
near the wall

4  Conclusion

A numerical study is performed to investigate atieh between the vorticity disturbances and the
leading edge receptivity. Freestream disturbancegi@en as a two dimensional periodic vorticity
fluctuation at the upstream boundary. The resuisththat the velocity fluctuation inside a boundary
layer becomes more intense when the vertical sifalee oncoming vorticity fluctuation is large. It
is found that the tangential velocity fluctuatiamsar the wall at the stagnation point strongly affe
the amplitude of velocity fluctuations inside a dmsiream boundary layer.
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