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* This paper reviews developments in the field of store carriage and sep-

aration. First, the Store Separation Program Plan, a long term effort carried

out at NWC, China Lake, is summarized, and then corresponding efforts are re-

viewed from a wide variety of sources. The recommendations of the NWC study

are, with some changes in emphasis, still valid in this rapidly changing tech-

nological environment, but especially important is the recommendationsof accel-

erating efforts to apply transonic techniques.

European literature suggests a greater application of analytical tech-
niques to this field than corresponding United States literature. There is

still a strong requirement for high quality experimental data suitable for

rigorous comparisons and critical correlations.
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INTRODUCTION

The problem of carriage and release of stores from aircraft has been
periodically reviewed, and references 1 - 4 are representative of some of
these efforts. These references contain much of the historical perspective,
and buried within them are many other references which repeatedly discuss

differing points of view or approaches.

Several years ago the Store Separation Program Plan was initiated at
Naval Weapons Center, China Lake to pragmatically evaluate the techniques
being used and to generate one common well instrumented data block which
could serve as a fundamental validation base for future work. This program
enjoyed the enthusiastic support of nearly all the diverse facilities involved
in this problem over a period of nearly six years. Unfortunately, at the com-

pletion of the effort, there was no follow-up.

Elsewhere, in this country, there is a strong urge to back off from ana~
lytical simulation of this problem to experimental efforts even though techniques
to generalize experimental data for more effective use have not been broadly
pursued. In some areas of the Air Force, the flow angularity method, now labeled
'grid technique', is broadly used in conjunction with experimental data on the
aircraft flow field. On the other hand, Air Force funding has focused some of
the best nanel method techniques of the day on a purely analytical simulation

of the problem, but again there appears little follow-up.

Available literature on European approaches to the problem also reveal a
predilection to use the flow angularity method also but with an analytical
description of the aircraft basic flow field. Panel method techniques are
preferred for this flow field specification. In at least one case, however,
a simplified panel technique was reported to be used for the integrated

problem.

By far the most significant development related to this problem is the
emergence of what appears to be effective transonic aerodynamic techniques,
These are reaching the stage where they could be termed engineering solutiomns
while, at the same time, a&ppear able to account for the complex geometry

associated with store carriage and release.
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GENERAL DISCUSSION

Store Separation Program Plan

(5)

The Store Separation Program Plan was initially proposed to evaluate
and, where necessary, develop the methodology to deal with the problem of store
carriage and separation. Three fundamental assumptions were made. First, the
analytical simulation of the problem was not well developed. Second, the wind
tunnel simulation, although well developed with a variety of techniques avail-
able, frequently produced misleading data with large changes in the results re-
lated to seemingly minor changes in technique. Third, the full scale flight
data, also well developed in technique, sometimes differed catastrophically
wilh the above approaches. Finally, both wind tunnel and flight data were al-
ready expensive and getting more so.

Some of the early work on this program has been described before (6), but
the most significant feature was a competitive examination of a number of avail-
able analytic simulations on a common data base believed to be the best availa-
ble at the time. The results of this competition was that the best correlation
was produced by a six degree-of-freedom code developed by Nielsen Engineering

and Research (NEAR) (7). A later correlation partially extended this effort to

@)

include an early nanel technique Unfortunately this work concentrated

more on the correlation of the basic aircraft flow field than the loading on a
store. Thus, the ability of the panel method to include more geometric detail
and all the interference loading was not exercised. Comparisons of NEAR results
with extensive wind tunnel and flight results (9 have shown weaknesses which,

in many cases, may be due to some of the simplifications made in this code.

A large amount of experimental data on this field, particularly with the
wind tunnel, was being taken at about the time this program plan was being put
into effect, and a significant block of the data being taken was oriented to-

(10,11) has show <« . sensi-

ward this program. The outstanding work by Dix
tivity of the interference loading to a wide variety of test paru 3. It
would appear that the true geometric representation of the configuration is

a critical factor. Even under the best of conditions, however, the wind tun-
nel is not an absolute predictor of hazardous trajectories (12). Unfortunately,

a large quantity of wind tunnel data is not taken under the best of conditiouns.
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Figure 1 (13) is an example of such data in which wind tunnel loading
taken on a sweep of the sting in one direction differs significantly from the

loading taken on a sweep in the opposite direction. It is not clear if most or
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Figure 1 Store Interference Loading by a Moving Sting

all of this anomaly is due to mechanical sloppiness of the system or a result

sl

of a flow phenomenon, but such data is generally unacceptable.

The Store Separation Program Plan was a wide ranging effort encompassing
a number of separate but related studies. The resulting conclusions covered
a number of areas. Correlation efforts should be extended into the tramsonic
and supersonic regimes and to other families of configurations, The theoretical
efforts should be improved in certain areas, and more advanced approaches of
computational aerodynamics should be explored for their usefulness on this
problem, Transonic flow should receive more emphasis. Reliable full scale
data should be taken on other configurations and/or mountings, This lack of

good base data has been reaffirmed recently by Covert (14).
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Related Developments on the National Scene

The complexity of the store carriage/separation problem has prompted a
number of analytical methods to be developed. Prior to the development of the
NEAR subsonic model, which makes an estimate of the mutual interference be-
tween a store and the wing, there were a number of other techniques more sim-
plified in approach, Most of these approaches seem to have been discarded.
After the NEAR approach became widely known, another of a similar approach
was developed by Martin (15), but it is not clear if this method is in a com-
plete form.

More recently the large scale panel techniques have been brought to
bear on this problem (16). These are certainly able to account for all the
mutual interference and even provide good results in supersonic flow. The
supersonic results, however, may not be general., As expected, the costs of
such added capability are high with a‘'complex configuration and multiple
stores taking of the order of one-half hour on a fast computer. Costs of

this level have been considered too high by many organizations, especially

when viscous effects are still excluded and the transonic range has not
been covered. This has led investigators in this field to continue the
search for methods more effective than the NEAR approach and less expensive
than the large scale panel methods for operational analysis of store loads
and trajectories.

In this country, the emphasis on alternate methods has been heavily
weighted toward wide use of experimental data either directly or in some
semi-empirical form. The organization of large data collections into data
banks based on some form of similarity has always had a wide appeal, but this
approach has no serious proponents for detailed specific trajectory analysis.

Perhaps, as a result of this emphasis on the empirical approach, a large
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number of organizations in recent years have devoted a substantial effort to
devise cost effective wind tunnel systems. The result has been a number of
good systems coupling hardware and computer systems together which can quickly
generate large quantities of specific trajectory information. Application of
this specific information to full scale operations, however, has been made

rather awkward by the difficulty in generalizing the data. A number of years
(17)

(18)

ago Bamber recognized this, and somewhat recently Spahr, Everett and

Kryvoruka tried out a procedure to accomplish such a generalization with
some beneficial results. It would appear that a great deal of benefit would
come from continued work along this line, especially if empirical approaches
are to continue on a grand scale, but little has become known.

Perhaps the most widespread approach to the analysis of store loading
and release is known as the '"flow angularity' method (19) but often re-~
ferred to now as a "grid" method. This is not to be confused with the wind
tunnel technique known as the grid method in which loads on a store are taken
as the store is positioned in a grid in the aircraft flow field. The result
is a set of aerodynamic coefficients for the store, including all the mutual
interference effects, as a function of a position in a regular array enclosing
the expected trajectory. The trajectory can then be determined for any given
initial condition,

In the flow angularity method, the flow field in the vicinity of the air-
craft can be determined by experimental or analytical means, and by a sepa-
rate operation the store loads are determined usually by examining the store
section-by-section with a combination of free stream and non-uniform flow
fields. Wind tunnel flow surveys are the most frequent flow field source in
this country. This approach has found widespread use as part of other approaches

(20)

such as by Fernandes , and its origin extends so far back in the literature

that the source is anonymous.,
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This general acceptance, with good results in many cases, has come despite
the fact that the interference effects generated in this manner are incomplete.
The approach is fundamentally invalid in that it considers only an influence of
the non-uniform stream on the store and not any mutual interference. It has
certain advantages, however, such as being equally applicable at all Mach num-
bers for which the flow field of the basic aircraft can be defined including

transonic flows. With this method, the store loading is forced to become a
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known function of the free stream as the store moves away from the aircraft.

-

This frequently does not occur in other analytical approaches such as that of
NEAR, and this point has been a troublesome point with some investigators.
Protebly the most significant development on the national scene is the

very large effort, apparently with some success, on transonic flow. In the

past, the only approaches with any measure of success were those which simply

pushed subsonic techniques to slightly higher Mach numbers such as Nielsen (21)

or perhaps by a similar approach from the supersonic side. Stahara (22) has

been developing an analysis with the transonic equivalency rule. Analysis of

wing-body combinations have become common by this and by other techniques

such as Yu (23) with good results in many cases. More recently, Rubbert (24)

has indicated a marked increase in the capability of generating the flow field
around a wing-body-pylon-nacelle combination at transonic Mach numbers. These
procedures use finite differencing techniques and large scientifically oriented
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computing machinery; thus the computing power is a factor.
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Related Developments on the International Scene

The approach to the store carriage/release problem taken by other nationms
is just as varied as within this country. The one general difference, however,
is a seemingly greater dependence on analytical development.

In the United Kingdom, the NEAR approach is favored, and Pugh (25 reports
some extensions made in it along with reasonably good correlations. From the
published reports generally available, it would appear that the United Kinydom
is the only country with a coordinated effort on the overall problem of inte-
grating stores with an aircraft. Peckham (26) has given a summary of a number
of related problems, and Haines (27) has continued his work primarily on the
drag effects.

Elsewhere Deslandes (28), in Germany, indicates a preference for the flow
angularity method except that the basic aircraft flow field is not determined
experimentally., Panel methods are employed for this purpose. Available 1lit-
erature from French sources (29) show an involvement with finite difference
techniques as applied to transonic flow and wing-body interference effects.

One intriguing approach to the store loading problem is reported by van
den Brock (30) in which panel methods are used for the complete problem. The
interesting aspect is that through a number of simplifications the effort re-
quired is said to approach that of the NEAR method. From time to time, there
have been suggestions of ways the panel methods could be more economically
applied to this problem, but no known literature exists of such an adaptation.
Too little information exists in this reference to see which short cut may

have been employed or to make a truly valid comparison.
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CONCLUSIONS

Store carriage/release is a most complex problem in which a truly com-
plete analysis is still not yet available even at great cost. As one might
expect, the various approaches taken to simplify or approximate parts of the
problem, particularly in the analysis of the loads, have led to disagreements
on which best satisfy the needs.

It would appear, from the quantity of literature available, that the
effort devoted to store carriage and release in this country has diminished
over the past few years. As a result, the conclusions made as part of the
Store Separation Program Plan conducted at the Naval Weapons Center a few
years ago are still generally valid. Correlations between methods and experi-
mental data should be continued to further explore the validity of techniques
to avoid surprises after an analysis of a situation indicates no problem.
Further requirements must also be defined. Closely related to this effort
is the need for a more reliable experimental data base for such correlation
to be meaningful.

Available literature suggests that European agencies make more use of
purely analytical techniques than agencies in this country where a reliance
on empirical data 1is widespread. This is occurring despite the fact that
most of the analytical methods in use for air loads have been developed in
this country where this science is progressing at a rapid rate, Application
of these new techniques to the store load/release problem has not been aggres-

sively pursued. Much more of this work, especially transonic, needs to be ex-

amined for its validity to this problem.




REFERENCES

1. "A Summary of NASA Data Relative to External-Store Separation Character-
istics", Linwood W. McKenney and Edward C. Polhamus, NASA TN D-3582, November
1966

2. "Determinaiion of Captive Loads and Separation Trajectories of Airborne
Stores', Dale E. Knursen, NWC TP 4328, Naval Weapons Center, June 1968

3. "Store Separation”, L. H. Schindel, AGARDograph No. 202, June 1975

4. "Drag and Other Aerodynamic Effects of External Stores'", Edited by Charles
B. Mathews, Chapters 4 and 5, AGARD Manual AR-107, November 1977

5. "A Store Separation Program Plan", A, R. Maddox and R, L. Meeker, Aircraft/
Stores Compatibility Symposium Proceedings, JTCG/ALNNO WP-12-2, Dayton, Ohio,
; December 1971

f 6. "The Problem of Separating Stores from Aircraft', Arthur R. Maddox, NWC
Tech. Memorandum 3938, July 1979, Naval Weapons Center

7. "Extension of the Method for Predicting Six-Degree-of-Freedom Store Sepa-
ration at Speeds up to the Critical Speed to Include a Fusalage with Non-Circu-
lar Cross Section'', F. K. Goadwin, M. F. E. Dillenius and J. N. Nielsen, Nielsen
Engineering and Research Inc. Report, Vol I and II, November 1974 (see also
AFFDL-TR~-74-130)

8. "A Comparison between the Nielsen and Woodward Programs in Predicting Flow
Fields and Store Loads”, R. M. Rogers, TM 2854, Naval Weapons Center, July 1976

9. "In-Flight Captive Store Loads Compared with Wind-Tunnel and Mathematical
Simulations', A. R. Maddox, R. E. Dix and G. R. Mattasits, AIAA Journal of Air-
craft, May 1979

10. "Simulation of Sway Braces and Mounting Gaps on Small Scale Models for
Wind Tunnel Tests", R. E. Dix, Proceedings of Fourth JTCG Aircraft/Stores
Compatibility Symposium, October 1977

11, "Influences of Sway Braces and Mounting Gaps on the Static Aerodynamic
Loading of External Stores", R. E. Dix, AEDC-TR-77-117, Arnold Engineering De-
velopment Center, February 1978

12. "Store Separation Trajectory Analysis", A. R. Maddox, AIAA Journal of
Aircraft, November 1980

13. "Store Separation - State of the Art Review", G. F. Cooper, A. R. Maddox,
J. R. Marshall and E. F. McCabe, Proceedings of the Tenth Navy Symposium on
Aeroballistics, July 1975

14, Paper on Store Loading, E. E. Covert, AIAA Journal of Aircraft, to be
published.




R

i

15. "Drag and Other Aerodynamic Effects of Extermal Stores', AGARD Report AR-
107, Contrubutions by R. Deslandes, R. A. Grow, B. Hunt, F. W. Martin and J. N.
Nielsen edited by C. B. Mathews, November 1977

16. "PAN AIR Applications to Weapons Carriage and Separation', A. Cenko, E. N.
Tinoco, R. D. Dyer and J. DeJongh, Paper no. 80-0187, AIAA 18t Aerospace Sci-
ences Meeting, January 1980

17. "Two Methods of Obtaining Aircraft Store Trajectories from Wind Tunnel In-
vestigations'", M. J. Bamber, David Taylor Model Basin AERO Report 970, January
1960

18. "A Multifaceted Store Separatior, Analysis', H. R. Spahr, R. H. Everett and
J. K. Kryvoruka, AIAA gth Aerodynamic Testing Conference, June 1976

19. '"Use of the Flow Angularity Technique for Predicting Store Separation Tra-
jectories'", S. C Korn, AFATL-TR-71-140, October 1971

20. "Theoretical Prediction of Interference Loading on Aircraft Stores', F. D.
Fernandes, NASA CR-112065-1, -2, -3, June 1972

21. "Predictions of Forces and Moments on External Stores at Transonic Speeds",
J. N. Nielsen, NEAR Paper No. 41, April 1976

22. "Study of Transonic Flow Fields about Aircraft: Application to External
tores'", S. S. Stahara, AGARD Conference Proceedings No. 285 on Subsonic/Tran-
sonic Configuration Aerodynamics, May 1980

23. "Grid Generation and Transonic Flow Calculations fo: Three-Dimensional
Configurations'", N. J. Yu, Paper Number ATAA-80-1391, AIAA 13th Fluid and Plasma
Dynamics Conference, July 1980

24, 1Informal notes and personal communication with Dr. P. E. Rubbert of the
Boeing Airplane Co., April 1981

25. "The Use and Validation of Ground-Based Techniques for the Prediction of
«ne Trajectories of Stores Released from Aircraft at Subsonic Speeds', P. G.
Pugh and J. W. Peto, Royal Aircraft Establishment Tech Memo Aero 1862, August
1980

26. '"Aerodynamic Interactions of Stores and Airframes", D. H. Peckham, Royal
Aircraft Establishment, AERO TM 1728, September 1977

27. "Prospects for Exploiting Favourable and Minimising Adverse Aerodynamic
Interference in External Store Installations'", A. B. Haines, Aircraft Research
Association, Memo No. 222, April 1980

28. "Evaluation of Aircraft Interference Effects on External Stores at Subsonic
and Transoic Speeds'", R. Deslandes, AGARD Conference Proceedings No. 285, Sub-
sonic/Transonic Configuration Aerodynamics, May 1980

29. '"Etude par La Method des Elements Finis des Interactions Voilure-Fusalage-

Nacelle D'un Avion du Type Falcon a Mach = 0,79", G. Heckmann, AGARD Conference
Proceedings No. 285, Subsonic/Transonic Configuration Aerodynamics, May 1980

1-249




30. "The Analytical Prediction of the Separation Behaviour of External Stores
after Release from the Carrier Aircraft Part II - Applications", G. J. van den
Broek, NIAST 79/103, Council for Scientific and Industrial Research, Pretoria,

South Africa, August 1979

1-250







