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ESDU Data Items

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information,
both published and unpublished, and are invariably supported by original work of ESDU staff engineers or
consultants. The whole process is subject to independent review for which crucial support is provided by
industrial companies, government research laboratories, universities and others from around the world through
the participation of some of their leading experts on ESDU Technical Committees. This process ensures that
the results of much valuable work (theoretical, experimental and operational), which may not be widely available
or in a readily usable form, can be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of
your use of our data, or any suggestions for new topics or information that might lead to improvements, will
help us to provide a better service.

The preparation of this Data Item

The work on this particular Data Iltem was monitored and guided by the Aerodynamics Committee. This
Committee first met in 1942 and now has the following membership:

Chairman

Mr A.J. Wells — Independent

Vice-Chairman

Mr P.D. Chappell — Independent

Members

Mr H. Aslund — Saab Aeronautics, Sweden

Mr K. Bradbrook — Independent

Mr P. Camacho — Boeing, Long Beach, CA, USA
Dr P.C. Dexter — Independent

Mr J.R.J. Dovey — Independent

Prof. K.P. Garry — Cranfield University

Prof. J.M.R. Graham — Imperial College, London

Mr M.J. Green . — Independent

Mr J.M. van den Heever — Denel Dynamics, South Africa
Dr G.A. Johnson — BAE Systems, Military Air and Information, Filton, Bristol
Dr E.H. Kitchen — Rolls-Royce Ltd, Derby

Mr C.S. Lee BAE Systems, Warton

Mr J.-B. Leterrier

Airbus, Toulouse, France

Miss M. Maina . — Aircraft Research Association Ltd
Mr R.S.F. de Mello — Embraer, Brazil

Mr A. Miller — Independent

Mr S. Morris — Airbus Operations Ltd, Filton, Bristol
Mr J. Tweedie — Short Brothers plc, Belfast

Dr M. West — BAE Systems, Prestwick.

: Corresponding Member

The construction and subsequent development of the Data Item were undertaken by

Mr P.D. Chappell — Independent.

The person with overall responsibility for the work in this subject area is Mr A.J. _Clarke, Head of

Aerodynamics Group. Documents
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AERODYNAMICS AND AERO-ACOUSTICS OF RECTANGULAR PLANFORM
CAVITIES. PartV: Bibliography (up to 2016)

1. INTRODUCTION

This bibliography consists of a collection of references acquired over the period 1998 to 2016 in relation
to the work on cavities, initially on drag and subsequently on the more general aspects concerning
aerodynamics and aero-acoustics. The work on cavity drag and the early work on cavity aerodynamics and
aero-acoustics was specific to rectangular box cavities, since that was the area in which the great majority
of the available experimental and theoretical work had been carried out. The later work on cavity
aerodynamics and aero-acoustics was able to widen the scope to include cavities of more irregular shapes
typical of weapons bays, but for the sake of consistency the titles of the Data Items retained the term
“rectangular planform”. Although large (more than 1300 references), the bibliography is by no
means definitive.

In an effort to make the bibliography easier to use, it has been divided into a number of sections, each
devoted to a particular subject area. The nine sections are as follows:

Cavity Aerodynamics

Cavity Acoustics

Cavity Drag

Cavity Acoustic Suppression (or Control)

Store Separation and Trajectory

Captive Trajectory System (CTS) and Drop Testing
Model Scaling

Aircraft/Stores Compatibility

Actuators for Suppression (or Control)

~IomEUO®p

The references in each section are listed in date order, one advantage being that it allows the chronological
development of a particular subject area to be followed. As an aid to that, the numbering system within
each section has three components to identify it. For example: A.61.2, where A denotes the subject area
from the above list, 61 is the last two digits of the year of issue” (1961 in this example), and 2 is a number
identifying the particular reference in any given year (number 2 in this example, from a list of 1, 2, 3 ...).
This system has a certain flexibility, another advantage being that it allows subsequent entries to be made
without the need for any renumbering.

There are, of course, many instances of references which cover more than one of the subject areas A to I.
To avoid an extensive duplication of the entries, they have been included in the one section deemed to be
of primary interest. Typical examples of this are mentioned following the title of each of sections A to F in
Section 2.

Many of the references have been obtained (770), but for those that have not, the title (or abstract, if
available) has been used as a guide to the topic of primary interest.

* The first two digits are not given; they are either 19 or 20, and since the earliest reference listed is from 1927, there will be no ambiguity
until 2027.
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THE BIBLIOGRAPHY
A. Cavity Aerodynamics

The references in this section cover all aspects of cavity aerodynamics (see ESDU 02008: A.04.6), such as
flow patterns, flow regimes, pressure distributions, heat transfer, and their variations with cavity geometry
and flow Mach number. Certain aspects relating to the unsteady nature of the flow in cavities, such as
pressure oscillations, vibration and buffeting are also covered. The list includes references concerning
cavities of other than rectangular planform, such as circular, for example, together with others of irregular
shape more typical of weapons bays. The references deal with experimental (wind-tunnel tests and flight
tests) as well as theoretical (including computational and CFD) methods. The presentation in chronological
order is particularly useful in following the progressive development of methods, particularly CFD.
Many of the references in sections B and C, section D in the absence of suppression and section E in the
absence of stores will also be of relevance to cavity aerodynamics.

A.52.1  NORTON, D.A. Investigation of B47 bomb bay buffet.

Boeing Airplane Co. Doc. No. D12675, February 1952.

A.58.1 GIBSON, J.E. An analysis of supersonic cavity flow.

Tech. Rep. 299, MIT Aerophysics Lab., Cambridge, MA, USA, 1958.

A59.1 RHODES, C.W. Bomb bay buffeting and weapon vibration in open bomb bays.

RAE tech. Memor. Arm 1746, 1959.

A59.2  LEUPOLD, M.J.
BAKER, R.W.

A report on research directed toward the design, development,
construction and testing of “aerodynamic cavities”.
Tech. Rep. 417, MIT Aerophysics Lab., Cambridge, MA, USA, 1959.

A.60.1 HARRINGTON, M.C.
DUNHAM, W.H.

Studies of the mechanism for flow-induced cavity resonances.
J. Acoust. Soc. Am., Vol. 32, No. 7, p. 921, July 1960.

A.60.2  ROSSITER, J.E. A preliminary investigation into armament bay buffet at subsonic
and transonic speeds.

RAE tech. Memor. Aero 679, August 1960.

A.60.3  McDEARMON, R.W. Investigation of the flow in a rectangular cavity in a flat plate at a
Mach number of 3.55.

NASA tech. Note D-523, September 1960.

A.6l.1 SERBIN, H.

Flow induced by a cavity in a supersonic stream.
J. Aerosp. Sci., Vol. 28, No. 3, pp. 247-248, 1961.

A.61.2 CHARWAT, AF. An investigation of separated flows — Part I: The pressure field.
ROOS, J.N. J. Aerosp. Sci., Vol. 28, No. 6, pp. 457-470, June 1961.
DEWEY, C.F.
HITZ, J.A.

A.613 CHARWAT, AF. An investigation of separated flows — Part II: Flow in the cavity
ROOS, J.N. and heat transfer.
DEWEY, C.F J. Aerosp. Sci., Vol. 28, No. 7, pp. 513-527, July 1961.
HITZ, J.A.

A61.4 KAWAGUTIL M. Numerical solution of the Navier-Stokes equations for the flow

Full document details: ESDU 16004 2019

in a two dimensional cavity.
J. Phys. Soc. Japan, Vol. 16, No. 12, pp. 2307-2315, November 1961.
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A.61.5

A.61.6

A61.7

A.61.8

A.61.9

A.62.1

A.62.2

A.62.3

A.62.4

A.62.5

A.63.1

A.63.2

A.64.1

A.64.2

A.64.3

MILLS, R.D.

ROSSITER, J.E.

TANI, 1.
INCHI, M.
KOMODA, M.

ROSSITER, J.E.

SONG, C.S.

DUNHAM, W.H.

ROSSITER, J.E.
KURN, A.G.

COVERT, E.E.

QUINN, B.
MAULL, D.J.
EAST, L.F.

NICOLL, K.M.

ROSSITER, J.E.

THOMKE, G.J.

Full document details: ESDU 16004 2019

The flow in rectangular cavities.
PhD Thesis, University of London, London, UK, 1961.

A note on periodic pressure oscillations in the flow over open cavities.
RAE tech. Memor. Aero 743, 1961.

Experimental investigation of flow separation associated with
a step or a groove.
Aero. Res. Inst., University of Tokyo, Rep. No. 364, Tokyo, Japan, 1961.

Review of current work in Aerodynamics Department on
bomb bay buffet.

RAE tech. Memor. Aero 742, 1961.

(Also ARC 23412)

Bomb bay buffeting and weapon vibration in open bomb bays:
Brief review of present position as regards British aircraft.
RAE tech. Note Arm 709, 1961.

(Also ARC 23414)

The effect of cavities on the buffeting of aircraft.
RAE tech. Memor. Aero 754, April 1962.

Pulsation of two dimensional cavities.

4th Symp. on Naval Hydrodynamics,

ACR-73, Vol.3, pp. 913-938, August 1962.

Ed. B.L. Silverstein. Office of Naval Research, Washington DC, USA.

Flow-induced cavity resonance in viscous compressible and
incompressible fluids.

4th Symp. on Naval Hydrodynamics — Propulsion Hydroelasticity,
ACR-73, Vol. 3, pp. 939-966, August 1962.

Ed. B.L. Silverstein. Office of Naval Research, Washington DC, USA.

Wind-tunnel measurements of the unsteady pressures in and behind a
bomb bay. [Canberral].

ARC CP 728, October 1962.

(Also RAE tech. Note Aero 2845)

An analytical investigation of cavity oscillations, cavities with
unobstructed openings, and discontinuous velocity profile.
TR-38, (AD299218), Massachusetts Institute of Technology,
Aerophysics Laboratory, Cambridge, MA, USA, October 1962.

Flow in the orifice of a resonant cavity.
AIAA Student J., Vol. 1, No. 1, pp. 1-5, 1963.

Three-dimensional flow in cavities.
J. Fluid Mech., Vol. 16, No. 4, pp. 620-632, August 1963.

A study of laminar hypersonic cavity flows.
AIAA J., Vol. 2, No. 9, pp. 1535-1541, September 1964.

Wind-tunnel experiments on the flow over rectangular cavities at
subsonic and transonic speeds.

ARC R&M 3438, October 1964.

(Also RAE tech. Rep. 64037, 1964.)

Separation and reattachment of supersonic turbulent boundary layers
behind downstream facing steps and over cavities.
Douglas Aircraft Co. Rep. SM 43062, 1964.
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A.65.1

A.65.2

A.65.3

A.65.4

A.66.1

A.66.2

A.66.3

A.66.4

A.66.5

A.66.6

A.67.1

A.67.2

A.673

A.674

A.67.5

A.68.1

MILLS, R.D.

FOX, J.

WEISS, R.
FLORSHEIM, B.

BURGGRAF, O.R.

FOX, J.

EAST, LF.

SPEE, B.M.

HAUGEN, R.L.
DHANAK, A M.

TAKEMATSU, M.

GILL, A.E.

PAN, F.
ACRIVOS, A.

NAUDASCHER, E.

WHITE, R.A.
McGREGOR, O.W.

KISTLER, A.L.
TAN, F.C.

HAUGEN, R.L.
DHANAK, A.M.

SKINGLE, C.W.
WILLCOX, N.M.

GAUKROGER, D.R.

Full document details: ESDU 16004 2019

On the closed motion of fluid in a square cavity.
J. R. Aero. Soc., Vol. 69, pp. 116-120, February 1965.

Heat transfer and air flow in a transverse rectangular notch.
Int. J. Heat and Mass Transfer, Vol. 8, Issue 2, pp. 269-279,
February 1965.

Flow in a cavity at low Reynolds numbers.
Physics of Fluids, Vol. 8, No. 9, pp. 1631-1635, September 1965.

A model of separated flow in rectangular cavities at

high Reynolds number.

Proc. 1965 Heat Transfer and Fluid Mechanics Inst., pp. 190-231,
Stanford University Press, Stanford, CA, USA, 1965.

A criterion for the transition between flow regimes in
turbulent cavity flow.
AIAA J., Vol. 4, No. 2, pp. 364-365, February 1966.

Aerodynamically induced resonance in rectangular cavities.
J. Sound and Vibration, Vol. 3, Issue 3, pp. 277-287, May 1966.

Wind tunnel experiments on unsteady cavity flow at
high subsonic speeds.
AGARD CP4, Part II, pp. 941-974, May 1966.

Momentum transfer in turbulent separated flow
past a rectangular cavity.
J. Appl. Mech., Vol. 33, Issue 3, pp. 641-646, September 1966.

Slow viscous flow past a cavity.
J. Phys. Soc. Japan, Vol. 21, Issue 9, pp. 1816-1821, September 1966.

The boundary-layer regime for convection in a rectangular cavity.
J. Fluid Mech., Vol. 26, No. 3, pp. 515-536, November 1966.

Steady flows in rectangular cavities.
J. Fluid Mech., Vol. 28, No. 4, pp. 643-655, June 1967.

From flow stability to flow-induced excitation.
Proc. ASCE, J. Hydraulics Div., Vol. 93, No. HY4, Paper 5336,
pp. 15-40, July 1967.

Dynamics of resonant two dimensional cavities in aerodynamic surfaces
at transonic and supersonic Mach numbers.
Developments in Mechanics, Vol. 4, pp. 1029-1046, August 1967

Some properties of turbulent separated flows.
Physics of Fluids, Vol.10, No. 9, September 1967.

Heat transfer in turbulent boundary layer separation over

a surface cavity.

J. Heat Transfer, Trans. ASME Series C, Vol. 89, No. 4, pp. 335-341,
November 1967.

Measurements of fluctuating pressures in and behind the bomb bay
of a Canberra aircraft.

RAE tech. Rep. 68086, April 1968.

(Also ARC CP 1025)
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A.68.2

A.68.3

A.69.1

A.69.2

A.69.3

A.694

A.70.1

A.70.2

AT1.1

AT1.2

AT71.3

AT72.1

A73.1

AT73.2

A733

A74.1
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CHARWAT, A 'F.
REDEKOPP, L.

REIMAN, T.C.
SABERSKY, R.H.

MEHTA, U.B.
LAVAN, Z.

HAHN, M.

NESTLER, D.E.
SAYDAH, AR.

WU, T.Y-t.
WHITNEY, A K.
LIN, J.D.

COVERT, E.E.

JOHNSON, R.W.

MILES, J.B.
WATSON, G.H.

HELLER, H.H.
HOLMES, D.G.
COVERT, E.E.

WHITE, R.A.

WU, T.Y-t.

BILANIN, A.J.
COVERT, E.E.

ETHEMBABAOGLU, S.

HELLER, H.
WIDNALL, S.
JONES, J.
BLISS, D.

BALES, E.L.
KORST, H.H.

Effect of mass addition on the heat transfer to a

cavity in supersonic flow.

Int. J. Heat and Mass Transfer, Vol. 11, Issue 5, pp. 787-804,
May 1968.

Laminar flow over rectangular cavities.
Int. J. Heat and Mass Transfer, Vol. 11, Issue 6, pp. 1083-1085,
June 1968.

Flow in a two dimensional channel with a rectangular cavity.
NASA CR-1245, January 1969.

Experimental investigation of separated flow over a cavity
at hypersonic speed.
AIAA J., Vol. 7, No. 6, pp. 1092-1098, June 1969.

Heat transfer to steps and cavities in hypersonic turbulent flow.
AIAA J., Vol. 7, No. 7, pp. 1368-1370, July 1969.

Final report: wall effects in cavity flows.
Office of Naval Research, Dep. of Navy,
Rep. No. E111A.5, Arlington, VA, USA, 1969.

An approximate calculation of the onset velocity of cavity oscillations.
AIAA J., Vol. 8, No. 12, pp. 2189-2194, December 1970.

Heat and momentum transfer in laminar flow past a rectangular cavity
with fluid injection.
PhD Thesis, Michigan State University, East Lansing, MI, USA, 1970.

Pressure waves for flow induced acoustic resonance in cavities.
AIAA J., Vol. 9, No. 7, pp. 1402-1404, July 1971.

Flow-induced pressure oscillations in shallow cavities.
J. Sound and Vibration, Vol. 18, Issue 4, pp. 545-553, October 1971.
(Also in AFFDL TR-70-104, 1970.)

Some results on the heat transfer within resonant cavities at subsonic and
supersonic Mach numbers.
ASME Paper 71-FE-9, 1971.

Cavity and wake flows.
Annual Review of Fluid Mechanics, Vol. 4, pp. 243-284, January 1972.

Estimation of possible excitation frequencies for
shallow rectangular cavities.
AIAA J., Vol. 11, No. 3, pp. 347-351, March 1973.

On the fluctuating flow characteristics in the vicinity of gate slots.
Division of Hydraulic Engineering, University of Trondheim,
Norwegian Institute of Technology, Trondheim, Norway, June 1973.

Water table visualization of flow induced pressure oscillations in
shallow cavities for simulated supersonic flow conditions.
Paper Z13, Acoustical Society of America, 1973.

Heat transfer within and across nearly circular cavities.
ASME Paper 74-WA/HT-62, 1974.
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A74.2

A75.1

AT75.2.

A753

A754

A75.5

A.75.6

A75.7

A75.8

A76.1

A76.2

A.76.3

A76.4

A.76.5

AT71

AT1.2

AT7.3

CARR, D.L.

NASA

HELLER, H.H.
BLISS, D.B.

FRANKE, M.E.
CARR, D.L.

O’BRIEN, V.

SAROHIA, V.

SMITH, D.L.
SHAW, L.L.

KOVASNAY, L.S.G.

CHIH-MING, H.

PANTON, R.L.
MILLER, J.M.

ADAMS, G.H.

PETYT, M.
LEA, J.
KOOPMAN, G.H.

HARDIN, J.C.
MASON, J.P.

WOOLLEY, J.P.
KARAMCHETI K.

YOUNG, D.L.
LIGGETT, J.A.

GALLAGHER, R.H.

NALLASAMY, M.
PRASAD, K K.

ROCKWELL, D.

BORLAND, C.J.
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An experimental investigation of open cavity pressure oscillations.
MS Thesis, Air Force Institute of Technology, Wright-Patterson AFB,
Dayton, OH, USA, 1974.

Numerical studies of incompressible flow in a driven cavity.
NASA SP-378, January 1975.

Aerodynamically induced pressure oscillations in cavities: Physical
mechanisms and suppression concepts.

AFFDL TR-74-133, February 1975.

(See also AIAA Paper 75-0491, March 1975.)

Effect of geometry on open cavity flow-induced pressure oscillations.
AIAA Paper 75-0492, March 1975.

Unsteady separation phenomena in a two dimensional cavity.
AIAA J., Vol. 13, No. 3, pp. 415-416, March 1975.

Experimental and analytical investigations of oscillations

in flows over cavities.

PhD Dissertation, California Institute of Technology, Pasadena,
CA, USA, June 1975.

Prediction of the pressure oscillations in cavities exposed
to aerodynamic flow.
AFFDL TR-75-34 (ADA018518), October 1975.

Static pressure rise in acoustically driven cavities.
AIAA J., Vol. 13, No. 10, pp. 1403-1404, October 1975.

Excitation of a Helmholtz resonator by a turbulent boundary layer.
J. Acoust. Soc. Am., Vol. 58, No. 4, pp. 800-806, October 1975.

Cavity flow. Volume 1. 1964-1970 (A bibliography with abstracts).
NTIS/PS-76/0040, January 1976.

A finite element method for determining the acoustic modes
of irregular shaped cavities.
J. Sound and Vibration., Vol. 45, Issue 4, pp. 495-502, April 1976.

A vortex model of cavity flow.
AIAA Paper 76-0524, July 1976.

The 2D development of flow in the presence of periodic or random
fluctuations with application to the calculation of cavity tones.
Nielsen Engineering and Research, TRIII, 1976.

Unsteady stratified circulation in a cavity.
J. Eng. Mech. Div., ASCE Vol. 102 (EM6), pp. 1009-1023, 1976.

On cavity flow at high Reynolds number.
J. Fluid Mech., Vol. 79, Issue 2, pp. 391-414, February 1977.

Prediction of oscillation frequencies for unstable flow past cavities.
J. Fluids Engineering, Vol. 99, No. 2, pp. 294-300, June 1977.

Numerical prediction of the unsteady flowfield in an open cavity.
AIAA Paper 77-0673, June 1977.
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AT77.4

AT7.5

AT7.6

AT

A.78.1

A.78.2

A.78.3

A784

A.78.5

A.78.6

A.79.1

A.79.2

A.79.3

A794

A.79.5

A.79.6

A.79.7

SAROHIA, V.

ORLANDI, P.
IANETTA, S.

DeMETZ, F.C.
FARABEE, T.M.

WHITE, R.E.
NORTON, D.J.

ETHEMBABAOGLU, S.

ROCKWELL, D.

NAUDASCHER, E.

ELDER, S.A.

SAROHIA, V.
MASSIER, PF.

TAM, C.K.W.

TAM, C.K.W.
BLOCK, P.J.W.

HANKEY, W.L.
SHANG, J.S.

ROCKWELL, D.

NAUDASCHER, E.

SHEN, P.

HABERCOM, G.E.

ROCKWELL, D.
KNISELY, C.

HARDIN, J.C.
BLOCK, P.J.W.

WINTERS, K.H.
CLIFFE, K.A.
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Experimental investigations of oscillations in flows over
shallow cavities.
AI4A J., Vol. 15, No. 7, pp. 984-991, July 1977.

Laser doppler anemometer flow measurements in a channel
flow with a wall cut-out.
13™ Biennial Fluid Dynamics Symp., Kortowo, Poland, September 1977.

Laminar and turbulent shear flow-induced cavity resonances.
AIAA Paper 77-1293, October 1977.

The momentum transfer of incompressible turbulent separated flow due
to cavities with steps.
NASA CR-151590 (TEES-1086-TR-77-02), December 1977.

Some characteristics of unstable flow past slots.
J. Hydraulics Div., ASCE, Vol. 104, No. 5, pp. 649-666, May 1978.

Review — Self-sustaining oscillations of flow past cavities.
J. Fluids Engineering, Vol. 100, No. 2, pp. 152-165, June 1978.

Self-excited depth-mode resonance for a wall-mounted cavity in
turbulent flow.
J. Acoust. Soc. Am., Vol. 64, No. 9, pp. 877-890, September 1978.

Effect of angle of attack on cavity flow oscillations.
Jet Propulsion Laboratory Publication 79-19 (ADA066047),
October 1978.

Excitation of instability wave in a two-dimensional shear
layer by sound.
J. Fluid Mech., Vol. 89, No. 2, pp. 357-371, November 1978.

On the tones and pressure oscillations induced by flow
over rectangular cavities.
J. Fluid Mech., Vol. 89, No. 2, pp. 373-399, November 1978.

The numerical solution to pressure oscillations in an open cavity.
AIAA Paper 79-0136, January 1979.

Self-sustained oscillations of impinging free shear layers.
Annual Review of Fluid Mechanics, Vol. 11, pp. 67-94, January 1979.

Supersonic flow over a deep cavity for laser application.
AIAA J., Vol. 17, No. 2, pp. 216-219, February 1979.

Cavity flow. Volume 2. 1971-February 1979

(A bibliography with abstracts).

NTIS/PS-79/0259, April 1979.

(Supersedes NTIS/PS -78/0188, NTIS/PS-77/0034 and
NTIS/PS-76/0041)

The organized nature of flow impingement upon a corner.
J. Fluid Mech., Vol. 93, Issue 3, pp. 413-432, August 1979.

Evaluation of a vortex model of turbulent cavity flow.
NASA tech. Paper 1505, September 1979.

A finite element study of driven laminar flow in a square cavity.
UKAERE Harwell, Rep. R-9444, 1979.
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Vortex-edge interaction: Mechanisms for generating
low frequency components.
Physics of Fluids, Vol. 23, No. 2, pp. 239-240, February 1980.

Forced vibrations of a separated shear layer with application to cavity
flow tone effects.
J. Acoust. Soc. Am., Vol. 67, No. 3, pp. 774-781, March 1980.

Observations of the three-dimensional nature of unstable
flow past a cavity.
Physics of Fluids, Vol. 23, No. 3, pp. 425-431, March 1980.

Flow-induced tones in side-branch pipe resonators.
J. Acoust. Soc. Am., Vol. 67, No. 4, pp. 1153-1156, April 1980.

Improved prediction of frequency modes for peak amplitude
pressures in simulated bomb bays at Mach 0.6 to 3.

Memor. RM-708, Res. Dept, Grumman Aerospace Corp., Bethpage,
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Analysis of self-excited oscillations in fluid flows.
AIAA Paper 80-1346, July 1980

Analysis and correlation of convective heat transfer measurements
of open cavities in supersonic flow.
AIAA Paper 80-1626, July 1980.

Analyses of pressure oscillations in an open cavity.
AIAA J., Vol. 18, No. 8, pp. 892-898, August 1980.
(Based on ATAA Paper 79-0136, see A.79.1)

The dynamics of shearing flow over a cavity — A visual study related
to the acoustic impedance of small orifices.
J. Sound and Vibration, Vol. 71, Issue 4, pp. 565-581, August 1980.

Influence of relative depth and Reynolds number on heat transfer in
cavities in compressible gas flow.
Soviet Astronautics, Vol. 23, No. 3, pp. 83-86, 1980.

An experimental study of low frequency self-modulation of an
incompressible impinging cavity shear layer.
PhD Thesis, Lehigh University, Bethlehem, PA, USA, 1980.

An experimental study of cavity flow on sharp and blunt
cones at Mach 8.
AIAA Paper 81-0335, January 1981.

Cavity oscillation in cruise missile carrier aircraft.
AFWAL TR-81-3036 (ADA108610), June 1981.

A review of research on subsonic turbulent flow reattachment.
AIAA J., Vol. 19, No. 9, pp. 1093-1100, September 1981.

Turbulence of a reattaching mixing layer.
J. Fluid Mech., Vol. 110, pp. 171-194, September 1981.

On the theory of unsteady shearing flow over a slot.
Phil. Trans. R. Soc. London, Series A, Vol. 303, No. 1475, pp. 151-180,
November 1981.
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AIAA J., Vol. 19, No. 12, pp. 1527-1530, December 1981.

Oscillations of impinging shear layers.
ATAA Paper 82-0047, January 1982.
(See also AI4A4 J., Vol. 21, No. 5, pp. 645-664, May 1983.)

Laminar separating flow over backsteps and cavities. Part 2: Cavities.
AIAA J., Vol. 20, No. 3, pp. 370-375, March 1982.

Self-sustained low-frequency components in an impinging shear layer.
J. Fluid Mech., Vol. 116, pp. 157-186, March 1982.

An experimental study of hypersonic cavity flow.
J. Spacecr. & Rockets, Vol. 19, No. 3, pp. 195-196, May-June 1982.

Literature survey of aircraft cavity flow.
AFWAL TR-83-160-FIMM, May 1982.

A note on the oscillation of cavities coupled to aerodynamic flows.
Institute for Defense Analyses, Alexandria, VA, USA, June 1982.

The numerical solution of pressure oscillations in an open cavity.
In AFAPL TR-79-2126 (ADA122667), pp. 208-242, June 1982.

Features of a reattaching turbulent shear layer subject to an
adverse pressure gradient.
AIAA Paper 82-0102, June 1982.

Flow separation in shear layer driven cavities.
AIAA J., Vol. 20, No. 7, pp. 908-914, July 1982.

Mechanisms of flow-excited cavity tones at low Mach number.
J. Acoust. Soc. Am., Vol. 72, No. 2, pp. 532-549, August 1982.

Aerodynamic behaviour of slender slot in a wind tunnel wall.
AIAA J., Vol. 20, No. 9, pp. 1244-1252, September 1982.

Fluctuating pressure levels in a cavity exposed to Mach 3 flow.
AFWAL TM-82-188-FIBE, November 1982.

Study of heat transfer in separated zones formed by rectangular cavities.
Soviet Astronautics, Vol. 25, No. 1, pp. 33-39, 1982.

Non-linear resonance interactions in internal cavity flows.
AIAA J., Vol. 21, No. 5, pp. 785-786, May 1983.

Experimental analysis of two-dimensional cavity flow at very
low Reynolds numbers.
J. Fluid Control, Vol. 15, Part 1, pp. 65-77, February 1984.

Organized structures in a reattaching separated flow field.
J. Fluid Mech., Vol. 143, pp. 413-427, June 1984.

An investigation of compressible flows over open cavities including
shear layer thickness effects.
AFOSR-84-1260 (ADA150086), September 1984.
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Studies in cavity flows.
PhD Thesis, University of Southampton, Southampton, UK, 1984.

Low Reynolds number flow over cavities.
Physics of Fluids, Vol. 28, No. 11, pp. 3191-3202, November 1985.

Numerical investigation of incompressible flow in grooved channels —
stability and self-sustained oscillation.
J. Fluid Mech., Vol. 163, pp. 99-127, February 1986.

Numerical analysis of cubic cavity flow.
15" Numerical Analysis Symp., Kariazawa, Japan, May 1986.

Some aspects of supersonic flow over a cavity cascade.
ATAA Paper 86-2025, August 1986.

Computational and experimental investigations of cavity flowfields.
AIAA Paper 87-0114, January 1987.
(See also AI4A4 J., Vol. 26, No. 1, pp. 6-7, January 1988.)

Numerical simulation of compressible flow around complex
two-dimensional cavities.
AIAA Paper 87-0116, January 1987.

Calculation of three dimensional cavity flow fields.
AIAA Paper 87-0117, January 1987.

Time-dependent self-sustaining oscillations of cavity flow.
AIAA Paper 87-0142, January 1987.

Prediction and measurement of flows over cavities — a survey.
AIAA Paper 87-0166, January 1987.

Tone generation by flow past deep wall cavities.
AIAA Paper 87-0167, January 1987.

Experimental cavity pressure distributions at supersonic speeds.
NASA tech. Paper 2683, June 1987.

Computations of three-dimensional cavity flow at subsonic and
supersonic Mach numbers.

AIAA Paper 87-1208, June 1987.

(See also AEDC TR-88-30, 1988.)

Resonant flow in a row of small transverse cavities submerged in a
turbulent boundary layer.
AIAA Paper 87-1235, June 1987.

Turbulent flow over an embedded, rectangular cavity.
AIAA Paper 87-1298, June 1987.

Shear-layer-driven transition in a rectangular cavity.
Physics of Fluids, Vol. 30, No. 10, pp. 2936-2946, October 1987.
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An experimental and computational investigation into supersonic
shear layer driven single and multiple cavity flowfields over

two cavities in tandem.

PhD Thesis, Dept of Engineering, Cambridge University,
Cambridge, UK, 1987.

Unsteady viscous calculations of supersonic flows past deep and
shallow three-dimensional cavities.
ATAA Paper 88-0101, January 1988.

LDV measurements of the unsteady shear layer above a resonant cavity.
ATAA Paper 88-3547, January 1988.

Study of three-dimensional cavity flow at transonic speeds.
AIAA Paper 88-2032, May 1988.

Two-dimensional Navier-Stokes prediction of flight characteristics
of modified Boeing 767 cavity flow.
ATAA Paper 88-2508, June 1988.

Navier-Stokes simulation for flow past an open cavity.
J. Aircr, Vol. 25, No. 9, pp. 842-848, September 1988.
(Based on ATAA Paper 86-2628, October 1986.)

Computational analysis of unsteady supersonic cavity flows driven
by thick shear layers.
Aeronaut. J., Vol. 92, No. 919, pp. 365-374, November 1988.

Navier-Stokes calculations of transonic flows past open
and transitional cavities.
ASME-FED-VOLG66, pp. 121-133, November 1988.

Unstable shear layer oscillations past a cavity in air and water flows.
Proc. Int. Symp. on Flow Induced Vibration and Noise, Vol. 6, pp. 13-24,
November-December 1988.

Navier-Stokes calculations of transonic flow past cavities.

NASA CR-4210, January 1989.

(See also ASME J. Fluids Engineering, Vol. 113, No. 9, pp. 368-376,
September 1991.)

Experiment and computation in hypersonic cavity flows.
AIAA Paper 89-1842, June 1989.

Numerical computation of hypersonic turbulent flows using zero- and
one-equation models.
AIAA Paper 89-2234, July 1989.

Cavity flow oscillation analysis and water table simulation.
MS Thesis, University of Tennessee, Knoxville, TN, USA,
December 1989.

Implicit and explicit computations of flows past cavities with
and without yaw.

ATAA Paper 90-0049, January 1990.

(Also NASA CR-186293)
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Time-accurate Navier-Stokes computations of self-excited
two-dimensional unsteady cavity flows.
AIAA Paper 90-0691, January 1990.

An experimental investigation of supersonic flow over

two cavities in tandem.

ATAA Paper 90-3087, August 1990.

(See also 4144 J., Vol. 30, No. 5, pp. 1182-1190, May 1992.)

Three-dimensional cavity flow fields at subsonic and transonic speeds.
NASA tech. Memor. 4209, September 1990.

Three-dimensional flow in a rectangular cavity.
Proc. 12 Biennial Symp. on Turbulence, pp. A13.1-A13.8, University
of Missouri-Rolla, Rolla, MO, USA, September 1990.

Flow-induced resonance of screen-covered cavities.
NASA tech. Paper 3052, October 1990.

Unsteady flow in a three-dimensional rectangular cavity immersed
in a subsonic crossflow.

Proc. ASME Conf.-Forum on Unsteady Flow, Vol. 102, pp. 45-48,
Atlanta, GA, USA, November 1990.

An investigation of supersonic oscillatory cavity flows driven
by thick shear layers.
Aeronaut. J., Vol. 94, No. 940, pp. 355-364, December 1990.

Effects of yaw angle and Reynolds number on rectangular-box
cavities at subsonic and transonic speeds.
NASA tech. Paper 3099, July 1991.

Navier-Stokes calculations of transonic flow past cavities.
ASME J. Fluids Engineering, Vol. 113, pp. 369-376, September 1991.

Flow regimes associated with three-dimensional rectangular

and circular holes.

Euromech 276, Dynamics of the Urban Environment, Nantes, France,
October 1991.

Numerical simulations of oscillatory flow in two cavities in tandem.
44 Annual Meeting of the Division of Fluid Dynamics,

Bull. Am. Phys. Soc., Vol. 36, pp. 2961-2962, Scottsdale, AZ, USA,
November 1991.

Engineering model of unsteady flow in a cavity.
AEDC TR-91-17 (ADA243636), December 1991.

An investigation of the flow regimes associated with

regularly shaped cavities.

Final Report under Agreement No.2064/120, University of Surrey,
Guildford, UK, December 1991.

Evaluation of shear layer cavity resonance mechanisms
by numerical simulation.
ATAA Paper 92-0555, January 1992.
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Measurements of fluctuating pressure in a rectangular cavity in
transonic flow at high Reynolds numbers.
NASA tech. Memor. 4363, April 1992.

Flux difference split algorithm for unsteady thin-layer
Navier-Stokes solutions.
AIAA J., Vol. 30, No. 4, pp. 914-922, April 1992.

Flow-induced oscillations in cavities — a critical survey.
DGLR/AIAA Paper 92-01-159, May 1992.

Navier-Stokes cavity solutions based on second-order
turbulence modeling.
AIAA Paper 92-2765, May 1992.

Unsteady Navier-Stokes simulations of supersonic flow over a
three-dimensional cavity.
ATAA Paper 92-2632, June 1992.

An experimental study of the flows associated with circular cavities.
Proc. 13™ Biennial Symp. on Turbulence, pp. A23.1-A23.10, University
of Missouri-Rolla, Rolla, MO, USA, September 1992.

The flow in a rectangular cavity on an axisymmetric body.
Paper 2A-5 at the 11" Australasian Fluid Mechanics Conf.,
University of Tasmania, Hobart, Australia, December 1992.

Characterization of cavity flow fields using pressure data obtained
in the Langley 0.3-meter transonic cryogenic tunnel.
NASA tech. Memor. 4436, March 1993.

The flows associated with elliptical cavities.
Proc. Symp. on Separated Flows, ASME Fluids Engineering Conf.,
ASME FED Vol. 149, pp. 95-103, Washington DC, USA, June 1993.

Computation of hypersonic open cavity flows.
AIAA Paper 93-2969, July 1993.
(See also AIAA J., Vol. 32, No. 12, pp. 2387-2393, December 1994.)

Shear layer resonance over open cavities at angles to the flow direction.
AIAA Paper 93-4397, October 1993.

Experimental cavity pressure measurements at subsonic
and transonic speeds.
NASA tech. Paper 3358, December 1993.

An experimental and computational study of unsteady supersonic
2-D open cavity flow physics.
AIAA Paper 94-0528, January 1994.

Computation of hypersonic flow over three-dimensional cavities.
AIAA Paper 94-0631, January 1994.

An experimental and computational study of hypersonic cavity flows.
AIAA Paper 94-0766, January 1994.

Cavity flow tones in water.
J. Acoust. Soc. Am., Vol. 95, No. 3, pp. 1256-1263, March 1994.
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Numerical simulation of supersonic flow over double cavity.
AIAA Paper 94-2206, June 1994.

Unsteady supersonic cavity flow simulations using coupled & -€ , and
Navier-Stokes equations.
AIAA J., Vol. 32, No. 10, pp. 2015-2021, October 1994.

Experiment and computation of kinetic heating for two basic test flows.
Proc. 2" European Symp. on Aerothermodynamics for Space Vehicles,
pp. 551-556, ESTEC, Noordwijk, Netherlands, November 1994,

(ESA SP-367, February 1995.)

Effects of geometry on the resonance frequency of Helmholtz resonators.
J. Sound and Vibration, Vol. 178, Issue 3, pp. 337-348, December 1994.

Large Eddy Simulation of turbulent flow over a cavity.
AGARD CP-551, December 1994.

Flow-induced Vibrations: An Engineering Guide.
A.A. Balkema, Rotterdam/Brookfield, 1994.
(Also in paperback by Dover Publications, 2005.)

Observations on using experimental data as boundary
conditions for computations.

AIAA J., Vol. 33, No. 1, pp. 176-178, January 1995.
(Based on ATAA Paper 94-0589, January 1994.)

A comparison of several standard turbulence models for 2-D open
cavity flow field computations.

AIAA Paper 95-0361, January 1995.

(See also A.96.2)

Experimental investigation of heat the transfer to cavities in tandem.
AIAA Paper 95-0631, January 1995.

Experimental and numerical investigation of flow oscillations in
a rectangular cavity.
ASME J. Fluids Engineering, Vol. 117, pp. 68-74, March 1995.

Unsteady flow over a two-dimensional cascade of cavities
at supersonic speeds.
AIAA Paper 95-2162, June 1995.

Experimental investigation of supersonic internal cavity flows.
AIAA Paper 95-2213, June 1995.

Perspective: selected benchmarks from commercial CFD codes.
ASME J. Fluids Engineering, Vol. 117, pp. 208-218, June 1995.

Transient shear layer dynamics of two- and
three-dimensional open cavities.
AFOSR-95-0505TR (ADA298030), July 1995.

Compressible cavity flow oscillation due to shear layer instabilities
and pressure feedback.
AI4A J., Vol. 33, No. 8, pp. 1404-1411, August 1995.
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Supersonic open cavity flow physics ascertained from algebraic
turbulence model simulations.
AIAA Paper 1996-0075, January 1996.

Comparison of Baldwin-Lomax turbulence models for
two-dimensional open cavity computations.
AIAA J., Vol. 34, No. 3, pp. 629-631, March 1996.
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B.

Cavity Acoustics

The references in this section cover a range of aspects concerning the acoustics of cavities
(see ESDU 04023: B.05.3), concentrating in the main on the acoustic loading, both spectral and broadband,
on the cavity surfaces, including the variations with flow Mach number, cavity geometry and flow type.
The cavities include both rectangular box and cylindrical types as well as those more typical of weapons
bays. The methods used to determine the acoustic properties concern both experimental (wind-tunnel tests)
and theoretical (including computational and CFD). The acoustics of empty cavities, as considered here,
are also widely covered as “baseline” or “no control” cases in the references in section D, dealing with
Cavity Acoustic Suppression (or Control). Similarly, some of the references in Section E, dealing with Store
Separation and Trajectory, may also contain acoustic data for the empty cavity.
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