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The objective of this research was to classify off-the-

surface and crossflow velocity singular points as well as
verify some of the mathematical predictions made in
singular point mathematics using Computational Fluid

Dynamics (CFD).
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CFD Grid and Solution Files
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e CFD Solution the Navy has provided

— 6,7,8 & 10 degree AOA grid and solution files
* Wind-Up-Turn
* Mach 0.80
o Altitude of 15,000 feet

» File sizes, each solution is:
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~6 million grid points into 46 zones
Grid: 117 MB
Solution: 195 MB

Tecplot files are an additional 1.2 GB for each solution




Wing Geometry Definition 1l
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Singular Points and Flow Topology @
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Adopted Tobak and Peake’s* terminology

* A line of separation is present when the skin-friction lines emerging from a
nodal point of attachment are prevented from crossing by the presence of a
particular skin-friction line emerging from the saddle point.

* Global line of separation is defined as a skin-friction line emerging from a
saddle point which other lines converge onto and leads to global separation.

* Local line of separation 1s defined as a skin-friction line that does not emerge
from a saddle point which other lines converge onto and leads to /ocal
separation.

» Most researchers agree that the convergence of skin-friction lines on either side
of a particular line is a necessary condition for separation however, it should
not be used solely to define it as this may occur in other situations as well.

* M. Tobak & D.J. Peake: Topology of three-dimensional separated flows. Ann. Rev. Fluid. Mech. (1982)
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Singular Points and Flow Topology
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Singular Points and Flow Topology @
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\\\ : 1s a point common to
an infinite number of velocity
. lines.

Focus: a point in which an infinite
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Pressure Coefficient Contours Ve Tech
<
Wind-Up-Turn, 15000 feet, M = 0.8, Re = 49 million N AND STATE ONERSTY

6 deg AOA 7 deg AOA

*Note: Blues indicate lower pressures
Reds indicate higher pressures

10 deg AOA
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Separation Contours
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Pressure [sobar VIB I fech

M = 0.8, 6 deg AOA, Wind-Up-Turn, Altitude 15k feet et
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Normal and Oblique
Shock Interaction

Normal Shock

l

Oblique Shocks
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Detinition of Chordwise Stations
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M = 0.8, AOA = 6°, Wind-Up-Turn, Altitude 15k feet

Cross Flow Velocity Traces

07/13/01

&

Station 4

/
/; :

(Statinn 3

13




Cross Flow Velocity Traces Vi Tech
<
M = 0.8, AOA = 6°, Wind-Up-Turn, Altitude 15k feet VIRSINA FOUTECHN INSTITUTE
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Cross Flow Velocity Traces VIS Tech
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M = 0.8, AOA = 7°, Wind-Up-Turn, Altitude 15k feet O AND STATE UNVERSITY
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Cross Flow Velocity Traces VIS Tech
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M = 0.8, AOA = 7°, Wind-Up-Turn, Altitude 15k feet ~ yarmesy e
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M = 0.8, AOA = 8°, Wind-Up-Turn, Altitude 15k feet

Cross Flow Velocity Traces

Virginia
gm Tech
3

VIRGIMNIA POLYTECHNIC INSTITUTE
AMD STATE UNIVERSITY

07/13/01

i
Station 2

17




Cross Flow Velocity Traces Vi Tech
b
M = 0.8, AOA = 8°, Wind-Up-Turn, Altitude 15k feet VIRSIA FOLTECHNC INSTITUT:
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Cross Flow Velocity Traces Virginia

M = 0.8, AOA = 10°, Wind-Up-Turn, Altitude 15k feet
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Cross Flow Velocity Traces Virginia
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Off-the-Surface Plane Definition g
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Off-the-Surface Velocity Traces ngf@ﬁech

VIRGIMNIA POLYTECHNIC INSTITUTE

M = 0.8, AOA = 6°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY
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Approximately on the surface
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Off-the-Surface Velocity Traces ng@m
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M = 0.8, AOA = 7°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY

Approximately on the surface
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Off-the-Surface Velocity Traces ng@kch
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M = 0.8, AOA = 8°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY

Approximately on the surface
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Off-the-Surface Velocity Traces ng@m
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M = 0.8, AOA = 8°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY

Approximately 0.25 feet off the surface

07/13/01 75




Off-the-Surface Velocity Traces
M = 0.8, AOA = 10°, Wind-Up-Turn, Altitude 15k feet
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Approximately on the surface




Off-the-Surface Velocity Traces ng@kch
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M = 0.8, AOA = 10°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY

Approximately 0.25 feet off the surface

07/13/01 27




Off-the-Surface Velocity Traces ng@kch
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M = 0.8, AOA = 10°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY

Approximately 0.5 feet off the surface
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Off-the-Surface Velocity Traces ng@m
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M = 0.8, AOA = 10°, Wind-Up-Turn, Altitude 15k feet ANDSTATE UNNERSITY

Approximately 0.75 feet off the surface

07/13/01




Conclusions Al
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« Verified that a line of separation in the crossflow is an indication that
separation may be present on the surface of the wing

« Flow topology for this wing 1s more sensitive to shock location as
opposed to angle of attack

« Increasing the angle of attack increases the area of separation and
distance in which it occurs off the wing

« Verified that a line of separation present in the off-the-surface planes is
an indication of separation

« Showed that the lines of separation may also indicate the location of
the separated region
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