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Vortical Structure which Triggers Boundary Layer Transition
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Numerical study is performed to find a key structure that can trigger the boundary layer transition. Two types
of simply shaped vortex tubes, namely crank-type vortex tube with its middle section aligned in the wall-normal
direction or a Z-shaped vortex tube, are introduced into a Blasius boundary layer as a trigger for the transition. In
the case of the crank-type vortex tube, the horizontal parts quickly disappear while the middle section is stretched
in the streamwise direction by the velocity gradient of the background boundary layer. However, it eventually
decays and the boundary layer stays in the laminar state. However, for the Z-shaped vortex tube case, small new
vortices are generated one after another around the original vortex creating a complicated flow structure which
eventually leads to turbulence. The mechanism which the first one of the new vortices is generated is presented.
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Fig. 1: Configuration of (a) crank-shaped vortex and
(b) S-shaped vortex.
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Fig. 2: Growth of (a) crank-shaped vortex and (b)
S-shaped vortex at ¢ = (1) 0, (2) 25, (3) 75 and (4) 125.

H2®)uz&wﬁ@%éﬁ%é.:@%é%zﬂy
ﬁﬁt@@t%ﬁu?¢uﬁi5#,%ot$%%ﬁ®
RGN EE K -7, TLTt=7512BWVWTCEAL M
@?<meéaﬂﬁbﬁm FDBIRZNZH T AINS 72
BTN, RNGOEHALIERE L CELIRIZER L /2.
t=T5 2B WT/NS R AR MDA E H S
&, ZONZRE A OEEE A TAIEEA U7z Z B & i
EThY, TOMBETZ O Gyl 2 =Tk 2 5]
LaZITCHIRAEENP KRS 2o TWAMNEDIET
Hol-. LT, WsE S ICEET 5l E, AL
tZ@ﬂt%ﬁgmﬁﬁﬁﬁﬁm&%m?éﬁﬁmﬁa
MFHETBEZEIZLDEDHINTWEZ B bh o7,

% 33 BRERGENE S Y RIT L

A06-4

4. F&D

JEFBFEGIC 2 7 > 7RB B N3 Z RO EFEAL
LA, TV ROIEIZIEEA DDA TH -,
Z TUDDGEIT L E A S [EE S BN S 2T &
ZORAFIZEAIL, DWTIRZ EH LW ER I 1
TEHRIC BB HEMBR I Nz, Bl EEThE/NE 2R
W, BEALLRDO—MANEHL 221 T4 D
S5 D -V 5E A & TERD L THT 52

¥
)
J
OF %

vy

LizkvfEons e

SE

(1) Singer, B. A. and Joslin, R. D., “Metamorphosis
of a hairpin vortex into a young turbulent spot”,
Phys. Fluids 6 (11), 3724 (1994).

(2) Yoshikawa, J., Nishio, Y., Izawa, S. and Fukun-
ishi, Y., “Key vortical structure causing laminar-
turbulent transition in a boundary layer disturbed
by a short-duration jet”, Phys. Rev. Fluids, 3 (1),
013904 (2018).

(3) Yoshikawa, J., Nishio, Y., Izawa, S. and Fukunishi,
Y., “Key structure in laminar-turbulent transition
of boundary layer with streaky structures”,Theor.
Appl. Mech. Letters, 9, pp. 32-35 (2019).

Copyright (© 2019 by JSFM



