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We investigated laminar separation and turbulent transition phenomenon around two-dimensional bump geometry for

the purpose of building a simple way to determine the optimum control-condition of separation at the wing leading

edge. As a result, we found that there was a difference in the size and occurrence position of the two-dimensional

vortex. In Re;, = 4000, two-dimensional vortex exists in the bump wake rather than the separating position. On the
other hand, in Re;, = 16000, 64000, two-dimensional vortex is generated in the vicinity of the separating position, not
in the wake. Velocity shear rate of the base flow is considered to be one of the parameters of inflection point

instability. The size and location of two-dimensional vortex are different in Reynolds numbers, because the base

flows are different.
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Fig.1 Schematic of the computational domain
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Fig. 2 Computation grid (Grid 2) and instantaneous flow field; every 5 meshes are plotted in each direction and the contour represents streamwise velocity u
from -1.0(blue) to 1.0 (red) at Re, =4000. Flow is coming from left to right.

Table. 1 Grid resolution of computation cases

i Grid number Grid resolution for & Grid resolution for viscous scale

mo- | Grd | Re | Re; @ NONENyop) | Av/6 | AzesS | Apns | Ax' Az Ay

1 1 4000 183.6 0.0005 527,157,127 0.159 0.0155 0.209 0.523~891 | 0.0512~0.872 | 0.690~11.7

2 2 4000 183.6 0.0005 757,215,167 0.0990 0.0137 0.150 0.366~5.83 | 0.0507~0.806 | 0.551~8.76

3 1 16000 593.6 0.0005 527,157,127 0.387 0.0378 0.510 3.00~26.5 0.294 ~2.60 3.96~34.9

4 2 16000 593.6 0.0005 757,215,167 0.0990 0.0137 0.149 0.733~11.7 0.101~1.61 1.10~17.5

5 3 64000 1280 0.0005 1051, 249, 251 0.0998 0.0162 0.132 1.13~28.8 0.183~4.66 1.49~379

2 Copyright © 2013 by JSFM



@

FHEAG TS, B AE X T 3 AR S, X2 1SS
PEDREA(Grid 2) & it & Ol z g, ), 770 v FERE S &8
BEICHEBINTH D, SSRGS OTRN ST u 283 AT
SIFROFEII IS T2 550 TRAE L, BEmAOOmSTEERITL, fhred
O BB TS,

NOTEE b, SNBROBE w, ZIARE T DA /L AEL Rey,
(i) % 500, 4000, 16000, 64000 &35, ZDOKE, N7 D
THRRIET, SRR ORK & 72 DBEN S O, i/ NER
JBES 5 &5 &, K217 T & 52 Rey, OHIINZLEN S I3 L,
—EEISESN TN,

F VIR EAT > TR D 7 — AW, ZORED LA /v
ZEFEAER LTz 3 fEOK T O T4 L, § LR —L Tk
TAL LTS TGS 27 d. £, Re, IR T § ZFEAICHHHA
L72Res b= LTEY, Re, =500, 16000, 64000 |3-Z1F4 Re;= 183.6,
593.6, 1280 |\ ZHM3 5. #ERHEORHIZHWHEFIT Re, = 500,
4000 (L Grid 1, Re,=16000 (X Grid2, Re,=64000 (% Grid3 Th 5.

1 5,=025
E -<3- 2D Computation
Z: —A— 3D by Grid 2
p) I
G\
0.1F "
< £ S

6f e

T \9\;3

2t

0.01 bl
10’ 10’ 10* 10° 10°

Re,

Fig.3 Minimum boundary layer thickness & around a bump
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Fig. 4 Inatantaneous flow field. Iso-surface of Q and contour of streamwise velocity u from -1.0(blue) to 1.0(red).  (a) Re, =4000, (b) Re;, = 16000
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