Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 24, No. 1, pp. 092-100, February 28, 2018, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2018.24.1.092

FRAAS U 0T A ZRA FYel o@ W el Ao

*

*F =%
48497 . etdd
* olUietn As| G, AA v sha x4 FT e

A Study on Separation Control by Local Suction in Front of a Hemisphere
in Laminar Flow
Yong-Duck Kang™ - Nam-Hyun An"

* Department of Naval Architecture and Ocean Engineering, Dong-Eui University, Busan, Korea

** Department of Naval Architecture and Ocean Engineering, Koje College, Geoje-si, Gyeongsangnam-do, Korea

2 o :uRAAF FAHY AW AU FHE BAF 0 PR HFE] FEAEOR Bl ol Tl ol U
FEE SEPor] WAAY L AFTET B4 L AFL FU57) WEel £5 AolE A% A7v B QA Atk o2
@ Alolel FulshE aAE HF AluA gl @il o TojH = tg HAUZF FHel WA, olF aE FFAA
F 0 AEAYOR stebahs Aol WaAsm olstrhe Aol Uik mebd, B AFAAE FFREAF W BB WTE A3
qore e BAY oA weE FEAY) JEAES BARAG. F, M-S B4 Bo] kRS v EWS] £35 velo]
% FRIGeIA D SR Aol 4 FU1HeR JFE Fath o BRNA Bl SRt FHRIGOR e £
P FAE FYAA DA HRel Wy FRRE FAANG W APl FHE Fol FR A FYACIR BAo] kR fEE
HaAgoEd 1 gl FEEE AL FF NS L AUREAZ SR 44 L AFHoR RS

O] : uhAlel, MW S, Be] i, FY, 2ESF, FRAAF, UFEA, 52

Abstract : Vortical systems are considered a main feature to sustain turbulence in a boundary layer through interaction. Such turbulent structures
result in frictional drag and erosion or vibration in engineering applications. Research for controlling turbulent flow has been actively carried out,
but in order to show the effect of vortices in a turbulent boundary layer, it is necessary to clarify the mechanism by which turbulent energy is
transferred. For this purpose, it is convenient to demonstrate and capture phenomena in a laminar boundary layer. Therefore, in this study, the
interactions of disturbed flow around a hemisphere on a flat plate in laminar flow were analyzed. In other words, a street of hairpin vortices was
generated following a wake region formed after flow separation occurred over a hemisphere. Necklace vortices surrounding the hemisphere also
appeared due to a strong adverse pressure gradient that brought high momentum fluid into the wake region thereby leading to an increase in the
frequency of hairpin vortices. To mitigate the effect of these necklace vortices, local suction control was applied through a hole in front of the
hemisphere. Flow visualization was recorded to qualitatively determine flow modifications, and hot-film measurements quantitatively supported

conclusions on how much the power of the hairpin vortices was reduced by local wall suction.
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Fig. 1. Schematic configuration of an open water channel.
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Fig. 2. Schematic configuration of experiments for separation
control in a laminar boundary layer. (a) Flow visualization
with a dye supply system only for Fig. 9; (b) flow
visualization and control of hairpin vortices by local
wall suction together with the hot-film measurements in
the wake region for Fig. 10 (c) observed flow field

around a hemisphere.
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Fig. 3. The longitudinal velocity profiles at x=0.5d and 2.5d from
the center of the suction hole. The Blasius profile is

obtained by numerical solution given in Schlichting (1968).
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Fig. 4. The suction velocity in still water by a hot-film probe at

the center of the suction hole.
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Fig. 8. A comparison between the experimental data (@) with
the Blasius profile (solid line). The Blasius profile is
obtained by numerical solution given in Schlichting
(1968). Error bar is indicated at one data point.
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Fig. 9. The interaction of hairpin vortices with necklace vortices.

Time interval between photos is 0.2s.
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necklace vortex positions. (al) Without suction at x = @3} 29 Strouhal =
0.9d; (a2) with suction at x = 0.9d; (bl) without Spectrum Magnitude) =717} Aol & sdB A H S
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=== Set1-Without suction
= Set1-With suction

= === Set2-Without suction H
Set2-With suction
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Power Spectrum Magnitude (dB)

Aol L

St

Fig. 14. Power spectrum analysis. The inset figure shows the
averaged area of frequency where hairpin vortices
are shedding at the tip of the hemisphere around x
= 1.1d. The dotted line is without control and the

solid line is with control.
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