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A Real hypersonic surfaces are
rough.

A Isolated roughness includes:
A Fasteners
A Joints
A Tripping elements
A Gap filler

A Distributed roughness
A Machining marks
A Ablative heat shields
A Thermal protection tiles
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Surface roughness introduces
disturbances into the boundary layer,
which may be enhanced through
transient growth. l Receptivity

Forcing External Disturbances

Transient growth, beingonmodalin
nature, can exist in regions subcritical Primary ModeslB lC Dv Bypass

to other transition mechanisms. ,
Secondary Mechanisms
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transition occurs earlier than
predicted even on highly polished Turbulence l

surfaces, may be explicable through
roughnesanduced transient growth.
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Transition map adapted frovlorkovinet al (1994)
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A Computations of surface roughness
are expensive, except in cases of
Isolated roughness.
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A Existing literature on experimental
roughnessnduced transition is vast,
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A Focuses on empirical correlations L
.. . . O Reda /distributed/P # constant N
for transition prediction e [pe:l,e;} o .
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A Often utilizes noisy, conventional o}
wind tunnels Nosetiptransition data from ballisticsange

experiments; threedimensional distributed
roughness, compressible flonRdda2002).

A Physicdased transition correlation is
desirable.
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A Computations of optimal disturbances fo
compressible boundary layers exist:

A Flat plate/cone, sphere (parallel):
Reshotkaand Tumin(2004)

A Flat plate, sphere (neparallel):
Zucchetret al (2006)

A Sharp cone (noparallel):Zuccheret al
(2007)

A Transient growth is destabilized by wall
cooling and increasing spherical radius bt
stabilized by flow divergence.

A Lowspeed experiments indicate roughnes
Induces suboptimal disturbance growth
(White 2002, Whiteet al 2005).
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Optimal growth factors for zero pressure
gradient;Rg = 9 x 16(Reshotkcand Tumin
2004).
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Optimalspanwisevavenumberfor zero
pressure gradientRg = 9 x 16(Reshotkcand
Tumin2004).
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A Lowdisturbance test

Mach 6 Quiet Tunnel (M6QT) environment up to a
Re =10 x ¥on1?

e A 40 second nominal run
uiet Test Core . .
T time

A
_ . Quiet test core defined upstream by Mach A Hotwire anemometr
Straightwall section and slow 5.91 uniform flow and downstream by : y
g?())(p?;i??hggngft?errmggliﬁte; acoustic disturbances generated by nozzle used as primary
W , . :
wall turbulent boundarylayer eddies and dlag nostic (presenﬂy

radiated along Mach waves

uncalibrated

Settling chamber boundary layer Toggling bleed valves allows Vacuumpressure blowdown Enclosed fredet test section
removed via vacuum ejectors, initiating quiet (0.05% Pt'/Pt) or configuration using a twstage with two-axis traverse
new laminar boundary layer on nozzle noisy operating conditions air ejector system
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Smooth, 5degree cone with
Interchangeablanosetips

6.35 mm radius, smooth

6.35 mm radius, discrete

1.59 mm radius, smooth
roughness elements

6.35 mm radius, quasandom

1.59 mm radius, discrete o
distributed roughness

roughness elements




