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of structures is not valid. How do ª spanwise structuresº have ª a
helical geometry of propagationº?

In summary, the originof the reported¯ uctuationsof velocity and
streakline pattern is the helical mode instability, as indicated by the
authors’ own data. It is the same phenomenonthat is responsiblefor
wing and tail buffeting. The evidence of any other phenomenon is
yet to be offered.

References
1Hubner, J. P., and Komerath, N. M., ª Counter-Rotating Structures over

a Delta Wing,º AIAA Journal, Vol. 34, No. 9, 1996, pp. 1958±1960.
2Gursul, I., ª Unsteady Flow Phenomena over Delta Wings at High Angle

of Attack,º AIAA Journal, Vol. 32, No. 2, 1994, pp. 225±231.
3Wentz, W. H., andKohlman,D. L., ª VortexBreakdownonSlenderSharp-

Edged Wings,º Journal of Aircraft, Vol. 8, No. 3, 1971, pp. 156±161.
4Thompson, D. H., ªA Water Tunnel Study of Vortex Breakdown over

Wings with Highly Swept Leading Edges,º Australian Research Labs., Note
ARL/A356, 1975.

5Wolffelt, K. W., ª Investigationon the Movement of Vortex Burst Position
with Dynamically Changing Angle of Attack for a Schematic Delta Wing
in a Water Channel with Correlation to Similar Studies in Wind Tunnel,º
Aerodynamic and Related Hydrodynamic Studies Using Water Facilities,
AGARD-CP-413, 1987.

6Earnshaw, P. B., and Lawford, J. A., ª Low-Speed Wind-Tunnel Exper-
iments on a Series of Sharp-Edged Delta Wings,º Pt. 1, Royal Aircraft Es-
tablishment, RAE TN, Aero. 2780, 1961.

7Erickson,G. E., ª Water-Tunnel Studiesof Leading-EdgeVortices,º Jour-
nal of Aircraft, Vol. 19, No. 9, 1982, pp. 442±448.

8Garg, A. K., andLeibovich,S., ª Spectral Characteristics ofVortexBreak-
down Flow® elds,º Physics of Fluids, Vol. 22, No. 11, 1979, pp. 2053±
2064.

9Roos, F. W., and Kegelman, J. T., ª Recent Explorationsof Leading Edge
Vortex Flow® elds,º NASA High-Angle-of-Attack TechnologyConf.,NASA
Langley Research Center, Hampton, VA, Oct.±Nov. 1990.

10Visbal, M. R., ª Computational and Physical Aspects of Vortex Break-
down on Delta Wings,º AIAA Paper 95-0585, Jan. 1995.

A. Plotkin
Associate Editor

Reply by the Authors
to I. Gursul

N. M. Komerath ¤ and J. P. Hubner²

Georgia Institute of Technology,
Atlanta, Georgia 30332-1050

P ROFESSOR Gursul insists that the generation, evolution, or
methods of suppression of ¯ uctuations in vortex ¯ ows have

been completely de® ned by the helical mode theory of Gursul.1

This is as interesting as his statement that ª ¯ uctuating velocity in a
plane for a three-dimensional¯ ow does not mean much.º

Gursul’s objections can be removed by reading previous work,
referenced in our original Note. We agree that the ¯ ow over a delta
wing goes round and round and downstream, generally within a
conical envelope. Disturbance structures in this ¯ ow, away from its
axis, should take a helical trajectory, regardlessof the precise mech-
anism of their generation. Linear stability analysis should show a
mode of propagation that is helical, and this may amplify. This does
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not provide any informationon the nature of these disturbances.For
this, Gursul cites surface pressure data (scalar) and single-hot-wire
data (also scalar) as proofof the orientation,shape, etc., of thesedis-
turbancestructures,and asks readers to ignore our quantitative¯ ow-
® eld visualization and phase-lockedvelocity measurements, tied to
hot-® lm spectra, which unambigously resolve the shape and orien-
tations of the structures.

We take no issue with the obvious fact that we are dealing with
postburst vortex ¯ ow, so Fig. 1a of the Comment is a nonissue.
However, we do maintain that the ¯ uctuations do not originate in
the core region. We have studied this problem as follows.2 First, we
tried ® nding strong cores and burst phenomena over an F-15 scale
model at 20-deg angle of attack. No unburst vortex region (and
therefore no explicit bursting) is observed over wings with sweep
much below60 deg for a > 20 deg, and so explanationsthat depend
on burst locations and core phenomena are inadequate for the vari-
ous aircraft con® gurations with moderate sweep where we showed
the same phenomenon. Next we accumulated hot-® lm spectra with
different ® lm orientations and showed that the quasiperiodic ¯ uc-
tuation originated over the wings and ampli® ed toward the tails.
We then studied the ¯ ow over 60-deg wings where bursting could
be observed. We tracked the ¯ uctuations upstream to the wing sur-
face by coherence maximization of space-separated sensors. The
coherence of the ¯ uctuations is quite low in the postbreakdown
core region, and the frequency is different from that in the outer
annulus. This is quantitative evidence that the ¯ uctuations do not
originate in the core region at all. Let us think beyond the result
that linear stability theory gives a frequency in the right ballpark.
This would happen equallywell if the generationmechanism is due
to centrifugal instability near the surface, as we have postulated.
Note that this applies as well to other experiments on vortices near
surfaces. The disturbances would still go helically around the pe-
riphery of the swirling ¯ ow. Gursul’s question: ª How do `spanwise
structures’ have a `helical geometry of propagation’?º is answered
in textbooks.3

We visualized the phenomenonusing laser sheets at differentori-
entations and con® rmed their frequency by counting using video
frames, compared with hot-® lm data. We used laser velocimetry,
with a surface hot-® lm providing the sync pulse, to measure the pe-
riodic velocity ® eld in two planes, both cutting across the spanwise-
oriented structures,which the laser sheet images showed. The phe-
nomenon was con® rmed. Measurements of lateral velocity, whose
lack is cited by Gursul, are irrelevant to the issue.

Because Gursul spends considerablespace requotingGursul,1 we
draw attentionto the databehindhis conclusions.Figure 11 of Ref. 1
shows that the helical mode explanation performs poorly for sweep
of 60 deg; no lower sweep is considered.The straight line drawn in
Fig. 12 ignores the other featuresof thedata.We thankGursul for his
comments. Unfortunately,the ¯ ow continues to exhibit phenomena
that go beyond his descriptions.This is not unexpected: shear layer
transition, for example, was not fully explained with the discovery
of the Orr±Sommerfeld equation.

Finally, the helical mode theory offers little guidance on how
to suppress these ¯ uctuations, which is the whole point in study-
ing them. We have shown how to do this4 using surface-mounted
devices that do not perturb the core regionor the wing global charac-
teristics and yet reduce the ¯ uctuationsby over 50%. This is strong
and useful evidence for the correctness of our interpretation of the
¯ ow.
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