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Text Mining the Global Abrupt-Wing-Stall Literature
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Text mining was used to derive technical intelligence from an abrupt-wing-stall database derived from the Science
Citation Index database. Both concept and document clustering were used to provide the structural taxonomy of the
global abrupt-wing-stall literature and the estimated relative levels of effort in the major subcategories. Bibliometric
analysis of the abrupt-wing-stall literature generated author/journal/institution publication and citation data.

I. Background

BRUPT wing stall (AWS) reflects uncommanded lateral mo-

tions of high performance aircraft. In military operations, AWS
can lead to loss of target tracking. AWS variants have occurred on
almost every high-performance aircraft for the past five decades.! In
the late 1990s, the U.S. Navy, U.S. Air Force, and NASA undertook
a joint research program to understand the fundamental causes of
AWS. Prior to program initiation, a historical literature survey of
AWS was commissioned, and a report was issued by Chambers in
1999 (Ref. 1).

The present study was initiated to complement the Chambers
report. The main study objective was to identify global science
and technology (S&T) that had both direct and indirect relations
to abrupt wing stall. One subobjective was to estimate the overall
relative level of global effort in abrupt wing stall S&T, as reflected
by the emphases in the published literature. Another subobjective
was to identify the linkage between the historical references from
the modern published literature and the historical references in the
comprehensive literature survey conducted by Chambers.

II. Approach

To execute the study reported in this paper, a database of rel-
evant abrupt-wing-stall articles was extracted from the Science
Citation Index (SCI),? using the iterative search approach of simu-
lated nucleation.®* The Web version of the SCI accessed about 5600
journals (mainly in physical, engineering, and life sciences basic re-
search). The extracted database represents a fraction of the available
abrupt-wing-stall (mainly research) literature, which in turn repre-
sents a fraction of the abrupt-wing-stall S&T actually performed
globally. It does not include the large body of classified literature
or company proprietary technology literature. It does not include
technical reports or books or patents on abrupt wing stall. It covers
a finite slice of time (1991-mid-2002). The database used repre-
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sents the bulk of the peer-reviewed high-quality abrupt-wing-stall
research literature.

The database was analyzed to produce the following character-
istics and key features of the AWS global literature: 1) recent pro-
lific AWS authors; 2) journals that contain numerous AWS papers;
3) institutions that produce numerous AWS papers; 4) keywords
most frequently specified by the AWS authors; 5) authors, papers,
and journals cited most frequently; and 6) the technical structure
(taxonomy) of the AWS literature.

Because of space limitations, only summary results are presented
here. The readers interested in the detailed bibliometric and cluster-
ing results are advised to obtain Ref. 4, which also contains in-depth
descriptions of the text mining processes used.

The bibliometric portion of the study was based on counts of
authors, journals, institutions, countries, and citations. Once the rel-
evant AWS records were obtained, the bibliometrics tabulation was
straightforward.

The computational linguistics (clustering/taxonomy generation)
portion of the study was more complicated computationally. Two
methods of clustering were used: concept clustering®® and doc-
ument clustering.”® In concept clustering, related words/ phrases
are grouped into clusters, based on their cooccurrence within some
computational domain (e.g., journal paper abstract). In document
clustering, documents are grouped into clusters based on some mea-
sure of their similarity. Both clustering approaches offer different
perspectives on the structure of the technical literature. Neither is
inherently superior.

III. Results

A. Bibliometrics: Comparison of Cited Papers
in Present Study with Chambers’ Study References

The initial Chambers literature survey report' contained 37 sep-
arate references, mostly organizational reports. Only one reference
linked to the peer-reviewed published journal literature. An updated
historical survey was published in 2003 (Ref. 9). The new survey
contained 61 separate references, of which 24 were in common
with the 1999 survey. Seventeen of the 61 references in the new
study were to papers resulting from the joint NASA/Navy/Air Force
Abrupt Wing Stall program. All of these 17 papers (plus Chambers’
updated study) were presented in three special abrupt-wing-stall ses-
sions at the 41st Aerospace Sciences Meeting and Exhibit in Reno,
Nevada, in January 2003. In the updated survey, three references
linked to the peer-reviewed published journal literature, compared
to one in the initial survey.

One initial purpose of the present text mining study was to exam-
ine the relatively recent peer-reviewed published journal literature to
both complement the 1999 Chambers’ study and to ascertain the con-
nectivity between the references in the abrupt-wing-stall published
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literature and the references in Chambers’ 1999 report. (This goal
was updated to include Chambers’ 2003 report as well.) To accom-
plish this expanded goal, all of the references cited in the present
study were searched to see which of the separate references in the
Chambers first and second reports were also contained in the present
study.

From Chambers 1999 study,' only three of Chambers’ 37 refer-
ences are in common with the 40,245 references in the present study.
Agreement between the 2003 Chambers’ study® and the present
study is moderately better (seven out of Chambers’ 61 references
in common with the present study). For a relatively focused topic
such as abrupt wing stall, one would have expected a more sub-
stantial overlap. Many of Chambers’ references appear to be quite
applied, with focus on tests of specific aircraft. In contrast, the SCI
papers tend to be more fundamental, concentrating on the analysis
of basic flowfield phenomena and physics. In addition, authors tend
to cite even more fundamental references, and so the combination
of fundamental papers from the SCI retrieval coupled with their
even more fundamental references identifies a fundamental set of
cited papers that complements the more applied set in Chambers’
study.

These results offer further insight into one of the main findings
of Chambers’ studies, namely, that abrupt-wing-stall-related prob-
lems have occurred on almost all high-performance aircraft since
the early 1950s. As Chambers’ studies show, many of the abrupt-
wing-stall-related problems on specific aircraft tend to be published
in contractor reports or other organizational reports not easily ac-
cessed to the degree of the SCI, if they are published at all. Neither
the sponsors, vendors, or researchers and developers are motivated
to report widely such problems on aircraft that they have funded or
developed. Again, as Chambers’ reports show, the developers gen-
erate “band-aid” approaches to resolve the problem for a particular
aircraft. However, the absence of widely available and easily ac-
cessible documentation leads to repetition of the problem on future
aircraft. This history emphasizes the need for a nationally mandated
policy to document all federally funded research and development
(whose results are both positive and negative) widely in the readily
accessible published literature, so that mistakes in the future can be
avoided by lessons from the past.

The authors end this bibliometrics section by recommending that
the reader interested in researching the topical field of interest would
be well-advised to, first, obtain the highly cited papers listed in Ref. 4
and, second, peruse those sources that are highly cited and/or contain
large numbers of recently published papers.

B. Computational Linguistics Results

Before the elemental clusters and the resultant taxonomy are de-
scribed, the organic differences between AWS and technical disci-
plines text mined previously require some discussion. Most previous
text mining studies (performed by the first author) using concept or
document clustering focused on basic physical science disciplines
(e.g., analytical chemistry,® electrochemical power sources,” non-
linear dynamics,'® and fractals''). The focus tended to be on basic
phenomena, rather than including systems or technologies. A strong
disciplinary thread at a consistent descriptive level throughout the
data allowed division of thematic categories into relatively crisp
and complementary subcategories. At any hierarchical level in the
taxonomy, the categories were sharply defined and complementary
(e.g., nonlinear phenomena could subdivide into chaotic nonlinear
and nonchaotic nonlinear).

For text mining studies that did not focus exclusively on a single
descriptive level, such as fundamental phenomena, but focused on
multiple descriptive levels, such as fundamental phenomena, tech-
nologies, and systems, the taxonomy categories had a different type
of structure. In those cases, there was a competition in the algorithm
among phenomenon subdivision, technology subdivision, and sys-
tems subdivision. One technology could contain multiple phenom-
ena, and one system could contain multiple technologies. Sometimes
the phenomena subdivision dominated, sometimes the technol-
ogy subdivision dominated, and sometimes the system subdivision
dominated.

Abrupt wing stall is an engineering science discipline, rather than
aphysical science discipline. It is not a single descriptive level disci-
pline in the sense of chemistry or physics, but rather is a multi-meta-
level descriptive discipline. Many abrupt-wing-stall papers integrate
the phenomena with the technology, or the technology with the sys-
tem, or all three. The consequence for clustering is that the larger
cluster themes are not thematically pure in every case. In particular,
some of the smaller clusters under the larger computational cluster
have both computational and experimental components, although
different from the surface-pressure measurements characteristic of
the other major cluster.

The concept clustering taxonomy results showed that the central
abrupt-wing-stall theme is understanding and controlling the main
factors that lead to vortex breakdown, flow separation, and eventual
stall. The highest taxonomy level can be divided into two categories,
each relating to how vortex breakdown and separation are induced.
The first category covers angle-of-attack induced vortex breakdown
and flow separation leading to stall. It focuses on vortical flows over
delta wings at high angles of attack, emphasizing surface-pressure
distributions and vortex breakdown locations. The second category
covers other causes of vortex breakdown and flow separation leading
to stall, mainly shock-induced and aeroelastic coupling induced.
It focuses on numerical computations of transonic shock-turbulent
boundary-layer flows, as well as aeroelastic coupling between the
flowfield and the body.

The next highest taxonomy level can be divided into four cate-
gories. The first category focuses on vortex breakdown on high-
angle-of-attack delta wings and its subsequent impact on flight
dynamics, supplemented by laboratory experiments that empha-
size surface (especially pressure) measurements. Its five component
subcategories are as follows: 1) vortical flows over delta wings
at angles of attack, concentrating on measuring surface-pressure
distributions, determining kinematics, dynamics, and breakdown
location of the vortices emanating from the leading edges, and ex-
amining vortex shedding from the trailing edges; 2) airfoil flow sep-
aration and subsequent stall over a range of Reynolds Numbers and
freestream Mach numbers; 3) delta-canard configurations, empha-
sizing vortex structure, dynamics, and breakdown, and their impact
on stall; 4) temporal amplitude and frequency of unsteady pitching
and rolling motions, especially the impact of the rolling forces and
moments on the aircraft flight controls and dynamic stall, and meth-
ods to dampen the rolling moments for improved flight dynamics
control; and 5) visualization of flow phenomena over swept wings in
wind and water tunnels, for the purpose of identifying vortex burst-
ing and breakdown, using root chord and apex to nondimensionalize
the results.

The second category focuses on maximum lift/drag augmentation
by leading-edge flap deflections that increase camber, smooth the
flow to reduce suction, retard vortex breakdown, and delay separa-
tion and stall. It cannot be subdivided further.

The third category focuses on numerical solutions of the Navier—
Stokes and Euler equations for transonic shock waves, mainly fo-
cused on shock interactions with the turbulent boundary layer that
lead to vortex breakdown and flow separation from the shock-driven
adverse pressure gradients and including mass bleeding to control
separation. Its five component subcategories are as follows:

1) The first subcategory uses numerical solutions of the com-
pressible Navier—Stokes and Euler inviscid equations, emphasizing
implicit algorithms with finite volume mesh integration, to simulate
shock-wave interactions in transonic flow and generate complex
three-dimensional supersonic and subsonic flowfield structures.

2) The second subcategory uses accurate spatial discretization
finite volume codes with high-order upwind smoothing opera-
tors to solve coupled Navier—Stokes/turbulence transport equations,
emphasizing the one-equation Spallart—Almaras flow turbulence
model.

3) The third subcategory includes turbulent boundary-layer sep-
aration related to pressure gradients, especially to adverse pres-
sure gradients caused by shock-induced pressure increases. Empha-
sized are the laminar-turbulent transition, separation bubble growth,
and subsequent flow reattachment. Adequacy of kinematic eddy
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viscosity closure and k—e wall region models is examined, and
adequacy of measurements of turbulent shear stress, mean turbu-
lence energy, skin friction, and velocity profiles in different layers is
studied.

4) The fourth subcategory uses direct rapid numerical simulation
of incompressible Navier—Stokes equations for the inner viscous
region, coupled to an integral formulation for obtaining inviscid
external potential flows.

5) The fifth subcategory includes normal and oblique shock-
wave/boundary-layer interactions. Emphasized are normal and
slanted bleed slots upstream, downstream, and across the shock im-
pingement point to retard separation and delay stall. Boundary-layer
displacement and momentum thickness distributions are provided.

The fourth category focuses on oscillatory aeroelastic interactions
affecting flight dynamics and methods to control the vortex break-
down locations and shedding that drive these unsteady oscillations.
Its six component subcategories are as follows:

1) The first subcategory is the use of high-image-density parti-
cle image velocimetry to study vortex breakdown. Emphasized are
instantaneous three-dimensional vorticity structures and streamline
patterns, including crossflow plane variations, and especially veloc-
ity field structures and vorticity contours.

2) The second subcategory is vortex kinematics and dynam-
ics leading to breakdown and eventual stall, concentrating on the
axial vorticity and axial-to-crossflow energy evolution in the pri-
mary and secondary vortex cores, as the vortex cores evolve in the
streamwise direction, and on the parameters that can delay or retard
the transient onset of vortex breakdown. Emphasized are velocity
field data at different incidence angles at different chordwise loca-
tions above 75-deg delta wings and their relation to conical flow
behavior.

3) The third subcategory is the simulation of aircraft forebody
tangential jets blowing along the leeward side to delay the onset of
leading-edge vortex breakdown and subsequent stall.

4) The fourth subcategory is linear and nonlinear aeroelastic re-
sponses to excitations and disturbances, emphasizing the evolu-
tion from multifrequency responses at low speed through single-
frequency responses at critical speed (signifying the onset of flutter)
to limit-cycle oscillations accompanying wing rock at higher speed.

5) The fifth subcategory is dominant mechanisms of characteristic
flow modes of vortex formation, surface evolution, and shedding in
the wake of NACA airfoils, emphasizing the correlation between
the different evolution processes of the surface flow and the wake
instabilities, as well as the evolution to stable vortex shedding in the
wake.

6) The sixth subcategory is laser-driven flow visualization around
fighter aircraft, with emphasis on buffeting of vertical tail/fin (espe-
cially on the F/A-18 aircraft), and feedback from the tail location
and dynamics on the vortex breakdown location and eventual stall.
Rigid and flexible fins are studied, including root bending of the
flexible fins to obtain the buffeting response, with emphasis on spec-
tral power fluctuations, especially focusing on peak power spectra
fluctuations.

The document clustering results showed that about 58% of the
documents in the database can be classified as angle-of-attack in-
duced stall, whereas the remaining 42% can be viewed as shock
and aeroelastic coupling induced stall, subject to the uncertain-
ties caused by phenomena-technology systems and experimental-
theoretical mixing discussed earlier. Angle-of-attack induced stall
subdivides into slightly over % angle-of-attack variation and slightly
under é lift augmentation because of effectively changing angle of
attack through flap modifications. Shock-and-aeroelastic-coupling
induced stall subdivides into slightly under % shock-induced stall be-
cause of boundary-layer separation, and slightly over % aeroelastic-
coupling induced stall because of change in vortex breakdown lo-
cation from aeroelastic feedback.

IV. Conclusions

The open literature references were almost disjoint with the
contractor-report oriented references. Both studies served to com-
plement each other. Future literature surveys should integrate the

Chambers’ report traditional methodology with the present text min-
ing approach.

Concept clustering was appropriate for identifying the techni-
cal structure of the AWS literature. Document clustering provided
a similar technical structure for the AWS literature and provided
estimates of relative levels of effort as well.

Appendix: Text Mining Bibliometrics Overview

The combination of text mining and bibliometrics is being devel-
oped by different researchers for these and many other applications.
Its component capabilities are as follows.

Science and technology (S&T) text mining is a process for
extracting useful information from large volumes of technical text,
based mainly on the mechanics of computational linguistics. It iden-
tifies pervasive technical themes in large databases from frequently
occurring technical phrases. It also identifies relationships among
these themes by grouping (clustering) these phrases (or their par-
ent documents) on the basis of similarity. Text mining can be used
for the following: 1) enhancing information retrieval and increasing
awareness of the global technical literature®!%*; 2) potential dis-
covery and innovation based on merging common linkages between
very disparate literatures'’~%; 3) uncovering unexpected asymme-
tries from the technical literature?'-??; 4) estimating global levels
of effort in S&T subdisciplines**?*; 5) helping authors potentially
increase their citation statistics by improving access to their pub-
lished papers and thereby potentially helping journals to increase
their impact factors'®!'; and 6) tracking myriad research impacts
across time and applications areas.?>2

A typical text mining study of the published literature devel-
ops a query for comprehensive information retrieval, processes the
database using computational linguistics and bibliometrics, and in-
tegrates the processed information.

Evaluative bibliometrics?’~2° uses counts of publications, patents,
citations, and other potentially informative items to develop science
and technology performance indicators. Its validity is based on the
premises that 1) counts of patents and papers provide valid indi-
cators of research and design activity in the subject areas of those
patents or papers; 2) the number of times those patents or papers
are cited in subsequent patents or papers provides valid indicators
of the impact or importance of the cited patents and papers; and
3) the citations from papers to papers, from patents to patents, and
from patents to papers provide indicators of intellectual linkages be-
tween the organizations that are producing the patents and papers,
and knowledge linkage between their subject areas.’’ Evaluative
bibliometrics can be used to do the following: 1) identify the infras-
tructure (authors, journals, institutions) of a technical domain, 2)
identify experts for innovation-enhancing technical workshops and
review panels; 3) develop site visitation strategies for assessment of
prolific organizations globally; and 4) identify impacts (literature ci-
tations) of individuals, research units, organizations, and countries.
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