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Inftne Reynoelds number, the
wal pased drag reduction control

‘ ductienNmrsensor/actuator size and
Inc 2ase In reguired sensor speed, as well as
Increase in the number of sensors/actuators

Control effects can last about x* ~ 1000
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—— 30x15210 manipulator (h =0.56)
— /1 =0.258,1=1.80-2.45(Saville & Mumford 1988)

— 12 =0.488, [ = 1.80- 2.46 (Saville & Mumford 198%)
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Turbulent Drag Reduction
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Ul t drag reduction

_FINen-difensienal partic ’Ja Size: d and d*/7*
PaltICIESIOHUIG aer , atio: R = p/p;

L Stokes number (time-scale ratio): St = 7,/ 7;
Galileo number (gravity/viscosity): Ga = [(R-1)-d *g]*?/v
Froude number (inertia/gravity): Fr = d*/Ga
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dt=1.7
R = 8,800

© Unladen Flow (¢=0}
® Laden Flow ($=0.2)

++—— Unladen Flow (¢=0.0}
— — - Laden Flow ($=0.2) -- - .

Rogers & Eaton (1991)
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with an increase
in mass loading

Kulick et al. (1994)



— Two-way coupling

Clean channel

Zhao et al. (2010)

d*=0.36
R=1,042
St = 3.33

— Two-way coupling
== == = Cleanchannel

with micro-particles

without particles



Fornari et al. (2016)
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Lee & Lee (2015)
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Soldati (2005)



B Near-wall conitre mq Jes are not appropriate for aircraft
apr)h aun ,ml 're/ re passive. Tine control effect lasts only

0] FRe I g downstream (x* ~ 1000), which requires a

'p'.l'JﬂJ.J IVENTUIMIG eft‘ actuators to cover the entire flow surface.

Our focus shotlditherefore be directed towards Outer-layer
control; whose downstream effect lasts much longer (x/o ~ 50).
Also, the number. o r‘e’quired actuators are less, to be placed
only at strategic positions over the aircraft surface.

Solid Particles Injection must be fully investigated for its drag
reduction capabilities.



