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Fig. 1. The domain of numerical simulation.
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Fig. 2. The streamwise evolutions of the excited T-S waves

under the localized suction in the pressure-gradient bound-
ary layers of (a) By = 0.1, (b) 8y = 0 and (c) Sz = —0.05.
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Table 1. The group speeds (C,) of the excited T-S
wave packets in the pressure-gradient boundary lay-

ers.

Bu 0.3 0.1 0.05 0 -005 -0.1
Gy (KA) 0358 0.348 0.343 0.336 0.333 0.331
Cy (W) 0356 0.347 0.341 0.334 0.332 0.329
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Fig. 3. The relationships between the initial amplitudes of the excited T-S waves Ap and the pressure-gradients in the localized

blowing and suction boundary layers: (a) Blowing intensity; (b) suction intensity.
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Fig. 4. The effect of different pressure gradients on a-direction evolutions of the excited T-S waves in the localized blowing bound-

ary layers. (a) F' = 40; (b) F = 80.

MR P 4 R (A e B T 2 Mk
7PAE T-S U BRI B BEAE @ 7 1] E A2 ()R
IR, AT RIRAS T-S AP (B k) FAH
BREE; [FIHEA] SRAFHADAAEAL T T-S BRI ()
FIMEE RS, PRANZE S LA 2 (ARG H A5
+0.001, o, =2m/X). NF 2 A] 1, W& R )RR
FH By WABIER, 2R HARFE T-S
WL IEL oo, FAHERBE C 53 5 A8 R I N 218
(Y Tk 3A, Jo 4, L6 RE T R AVER R A R

2
Table 2.

boundary layers.

B 8 100 5 I N R 7 FE AR TR T-S 35 ) 8K
AR T2 B2 2 5 531 L BE T Jg M S A PR A T 0
JEE 31 R N 7 FEAR TR T-S P A/
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The streamwise wave numbers and phase speeds («,, C) of the excited T-S wave packets in the pressure-gradient

By 0.1 -0.05 0 0.05 0.1
F = 30(1K) (0.0977, 0.3071) (0.0960, 0.3125) (0.0949, 0.3161) (0.0934, 0.3212) (0.0915, 0.3279)
F = 30("%) (0.0984, 0.3049) (0.0967, 0.3102) (0.0956, 0.3138) (0.0943, 0.3181) (0.0923, 0.3250)
F = 40(1K) (0.1262, 0.3169) (0.1251, 0.3197) (0.1240, 0.3226) (0.1218, 0.3284) (0.1204, 0.3322)
F = 40(%) (0.1269, 0.3152) (0.1257, 0.3182) (0.1248, 0.3205) (0.1226, 0.3263) (0.1210, 0.3306)
F = 50(1K) (0.1533, 0.3262) (0.1522, 0.3285) (0.1514, 0.3303) (0.1489, 0.3357) (0.1470, 0.3401)
F = 50(%%) (0.1541, 0.3245) (0.1531, 0.3266) (0.1521, 0.3287) (0.1497, 0.3340) (0.1477, 0.3385)
F = 60(K) (0.1792, 0.3348) (0.1784, 0.3363) (0.1772, 0.3386) (0.1755, 0.3419) (0.1735, 0.3458)
F = 60(") (0.1799, 0.3335) (0.1792, 0.3348) (0.1780, 0.3371) (0.1763, 0.3403) (0.1744, 0.3440)
F = 70(K) (0.2047, 0.3419) (0.2036, 0.3438) (0.2020, 0.3465) (0.2004, 0.3493) (0.1985, 0.3526)
F = 70(%) (0.2055, 0.3406) (0.2043, 0.3426) (0.2028, 0.3451) (0.2012, 0.3479) (0.1993, 0.3512)
F = 80(IK) (0.2287, 0.3498) (0.2279, 0.3510) (0.2267, 0.3529) (0.2249, 0.3557) (0.2234, 0.3581)
F = 80("%) (0.2295, 0.3486) (0.2286, 0.3500) (0.2276, 0.3515) (0.2261, 0.3538) (0.2244, 0.3565)
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Fig. 8. The effects of different pressure gradients on ydirection amplitude profiles of the shape functions of the excited T-S waves in
localized blowing boundary layers (z = 300).
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Numerical study of effect of pressure gradient on boundary-
layer receptivity under localized wall blowing/suction”
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Abstract

Boundary-layer receptivity is the initial stage of the laminar-turbulent transition process, and plays a key
role in predicting and controlling the transition. The present researches indicate that the boundary-layer
receptivity is affected not only by the different sorts of free-stream disturbances or the size, shape and position
of the wall localized roughness and blowing/suction, but also by the pressure gradient. Therefore, the local
receptivity under the interaction between the free-stream turbulence and localized wall blowing/suction in the
pressure-gradient boundary layer is studied in the present work, thus revealing the effect of the pressure
gradient on the receptive process and the group speeds of the excited T-S wave packets under the interaction of
the free-stream turbulence with localized wall blowing/suction in the boundary layer. High-order finite
difference scheme is utilized to discretize the incompressible perturbation Navier-Stokes equation. A modified
fourth-order Runge-Kutta scheme is used for time integration. The compact difference scheme based on non-
uniform meshes is applied to the spatial discretization. The convective term is discretized by the fifth-order
upwind compact scheme. The pressure gradient term is discretized by the sixth-order symmetric compact
scheme. The viscosity term is discretized by the fifth-order symmetric compact scheme. Besides, the pressure
Poisson equation is solved by the fourth-order scheme on the non-uniform meshes. The favorable or adverse
pressure gradient promotes or suppresses the receptivity triggered by the interaction between free-stream
turbulence and blowing/suction. And the blowing always induces a stronger receptivity than the suction in the
same intensity. The initial amplitude of the T-S wave and wave packet excited in the adverse-pressure-gradient
boundary layer are two orders larger than those excited in the favorable-pressure-gradient boundary layer. It is
analyzed in detail that the favorable and adverse pressure gradient play a promoting or suppressing role in the
growth of the excited T-S wave. Then the influences of the pressure gradient on the amplitudes, growth rates,
wave numbers, phase speeds and shape functions of the excited T-S waves are investigated. The intensive
research on receptivity in the pressure-gradient boundary layers provides a reference for designing the turbine
machinery blades in the practical engineering.
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