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Further Development of the Influence Function Method
for Store Aerodynamic Analysis
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and
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An innovative approach has been developed to predict the forces and moments acting on a store during
separation from a parent aircraft. This technique, termed the Influence Function Method, was originally
restricted to the prediction of store normal forces and pitching moments at supersonic speeds. It has now been
shown to be equally valid at subsonic and transonic Mach numbers, for the prediction of loads in both the
pitch and yaw plane. Furthermore, the utility of the method can be enhanced by combining it with existing
codes that can determine aircraft flowfields.

CAcm

Nomenclature
= CN,CY,CA,Cm, and C, influence

coefficients, respectively, for /th
store element

= axial force coefficient
= pitching moment coefficient
= yawing moment coefficient
= normal force coefficient
= side force coefficient
= isolated store zero lift pitching

moment
= isolated store zero side force yaw-

ing moment
= influence coefficients
= Mach number
= Cartesian Coordinates in ft
= aircraft coordinates in ft
= local a at /th element
= isolated store a. for zero lift
= local j8 at /th element
= isolated store 0 for zero side force
= local total angularity (a; + /3;) at

/th store element

Introduction

T HE Influence Function Method (IFM)M is a three-step
process that alternatively employs the following

equations:

,0

1C
M
X,Y,Z
BL,WL
a/

,= £
Cm= (2)
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These equations represent the relationship between the
forces and moments acting on a store and the interaction of
the local flow angle on each store with the store normal
force and pitching moment influence coefficients Af and Bi9
respectively, for that store segment. Note that although these
equations are linear in form, they do not represent linearized
aerodynamic effects. The equations are actually analogous to
regression equations where the nonlinear effects are included
in the influence coefficient terms as well as a general, non-
linear angularity represented by a/.

The first step of the IFM process is the determination of
the store's influence coefficients. Loads data for a store
along an axial traverse in a known flowfield provide one set
of equations for each axial position in the traverse. The two
systems of equations are solved separately in a least squares
sense for the unknown influence coefficients Ai and Bt by
matrix inversion. In the second step, experimental CN and
Cm data from an axial traverse through an aircraft flowfield
of a calibrated store may be used to determine the unknown
flowfield through which the store has traversed. The final
step combines the flowfield calculated in the second step
with influence coefficients for another calibrated store to
calculate the second store's forces and moments within the
aircraft flowfield.

Calibrations
The determination of a store's influence coefficients is

termed calibration. Originally this was done by traversing a
store through a shock generated by a wedge and measuring
the store's loads during the traverse. Equations (1) and (2)
thus provided the supersonic influence coefficients AI and
BJ. It was subsequently demonstrated2 that stove loads could
be adequately predicted by a linearized potential flow
method. This enabled the theoretical determination of super-
sonic influence coefficients.

For this study the influence coefficients were determined5

by traversing the three stores shown in Fig. 1 parallel to an
ogive-cylinder (calibrator body) at Mach numbers of 0.6,
0.8, 0.9, 0.95, 1.05, and 1.2. Force and moment data were
taken for each store at each Mach number, while the flow-
field generated by the calibrator body was estimated by the
PAN AIR6 code at the subsonic Mach numbers and the
RAXBOD7 code at M=0.9, 0.95, 1.05, and 1.2.

It was determined3 that at the subsonic Mach numbers all
influence coefficients (even theoretically determined super-
sonic ones) worked equally well. At the transonic Mach
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A. AIR-TO-GROUND (A-G) MODEL

.667-

6 .296

B. PLANAR WING WEAPON (PWW) MODEL

Fig. la l/20-scale Grumman store models.

7.725- ———

Fig. Ib 0.5-scale GBU-15 CWW store geometry.

numbers only the M=0.95, 1.05, and 1.2 influence coeffi-
cients gave good results. Since the three transonic influence
coefficients gave essentially the same results, the M=0.95
coefficients were used in the subsequent comparisons.

Although the theoretically determined influence coeffi-
cients failed to provide good results at transonic speeds, it
has been demonstrated8 that the Interference Distributed
Loads code9 can accurately determine the transonic influence
coefficients for the GBU-15 store (Fig. 1).

Side Force and Yawing Moment
The formulation for side force and yawing moment

assumes that these loads are unique functions of the
sidewash distribution along the store:

(3)

= £ (4)

The side force and yawing moment calibrations were con-
ducted by traversing the three stores on the side of (rather
than above) the calibrator body. The sidewash was again
theoretically predicted (due to symmetry of the calibrator
body, the sidewash was the same as the pitch angularity at
the same relative distance from the calibrator centerline).

Results
GBU-15 normal force and pitching moment predictions at

Af-1.05, based on aircraft flow field angularity data derived
from the PWW store's traverse, are shown in Figs. 2a and
2b. These comparisons were chosen because this particular
case gave the poorest correlations. Other comparisons are
available.3"4

Pylon side force and yawing moment comparisons are
shown in Figs. 3a-4b. In all cases the side force and yawing
moment comparisons were excellent.
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Fig. 4a A/=1.2 F-15 pylon side force prediction (JFL = 4.1,
BL = 9.65) PWW store from AG.
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Fig. 4b Af=1.2 F-15 pylon yawing moment prediction (H/L
1̂ = 9.65) PWW store from AG.
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Fig. 5b A/=0.9 F-15 pylon drag prediction (PX = 4.1,
PWW store based on AG.

Axial Force and Rolling Moment
Although the IFM technique was originally developed for

normal forces and pitching moments, and only extended to
side forces and yawing moments during the subsonic/tran-
sonic development test,5 the concept could be extended to in-
clude axial force and rolling moment. Limiting the present
discussion to axial force, we have

C.= (5)

As seen in Figs. 5a and 5b, the IFM technique gives ex-
cellent predictions of axial force. These comparisons may be
misleading, since the PWW and AG stores are identical ex-
cept for the presence of a thin wing on the PWW store.
Another example of axial force prediction, this time for
vastly different stores, is the PWW prediction based on
GBU-15 data and vice versa, Figs. 6a and 6b. Considering
that, at M=0.9, the GBU-15 store has exceeded its drag rise
Mach number whereas the PWW has not, the IFM technique
appears to at least provide a reasonable estimate of store ax-
ial force response in a nonuniform flow. The IFM rolling
moment formulation has been validated for asymmetric and
cruciform missiles.3 An attempt is also being made to adapt
the Distributed Loads Code to rolling moment predictions.8

Theoretical Aircraft/Weapon Predictions
The IFM was developed using experimental data for store

calibrations and flowfield determinations. It has been
demonstrated that Linear Theory10 can also be used for store
calibration and flowfield determination at supersonic speeds.
Theoretical store calibrations at subsonic speeds are also
feasible, as shown by GBU-15 and PWW correlations.3
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Fig. 6a F-15 pylon drag prediction: PWW store based on GBU-15
at A/=0.9 (WL = 4.1, BL = 9.65).
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Fig. 6b F-15 pylon drag prediction GBU-15 store based on PWW
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Fig. 7a Prediction of aircraft flowfield: AWECS flowfield based on
ogive-cylinder test data, Z= -6.08, F=0, M=0.6.
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Fig. 9a Generic store centerline force prediction: AWECS, A/=0.9,
Z= -6.08, F=0.
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Fig. 7b Prediction of aircraft flowfield: AWECS flowfield based
on ogive-cylinder test data, Z= -6.08, F=0, M=1.2.
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Fig. 9b Generic store centerline moment prediction: AWECS,
Af=0.9, Z= -6.08, F=0.
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Fig. 8a Generic store centerline force prediction: AWECS,
Z= -6.08, M=0.6, F=0.
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Fig. 8b Generic store centerline moment prediction: AWECS,
Z=-6.08, M=0.6, F=0.

The PAN AIR code capability to predict the parent air-
craft's flowfield angularities can be assessed by comparing
with AWECS11 flow angularity probe data at M=0.6 and
1.2. As may be seen from Figs. 7a and 7b, the PAN AIR
flow angularity predictions show reasonable correspondence
to the experimental test data, as well as to the angularity
predicted by IFM from ogive-cylinder forces and moments
along the traverse. This implies that using PAN AIR
angularity predictions as well as PAN AIR store calibrations
in Eqs. (1) and (2) to predict store forces and moments is a
reasonable alternative to using PAN AIR code for every
point in the traverse when no a priori experimental data are
available. This procedure (formerly termed theory-theory)
will henceforth be called COST (Cost-effective Option for
Store Trajectories). Rather good correlation was obtained
when this procedure was applied to the ogive-cylinder store
in the presence of the AWECS configuration at M=0.6 and
0.9, Figs. 8a through 9b. The corresponding predictions at
M=1.2 were not as good (Figs. lOa and lOb) since the
behavior in the vicinity of the nacelle inlet shock is con-
siderably overpredicted. This behavior is similar to what oc-
curred at A/= 1.5 for this configuration.11

Another application of the COST procedure is shown for
the PWW store theoretically calibrated at M= 1.9 in the F-15
flowfield at M=0.6 in Figs, lla and lib. An example of the
COST application to another configuration at supersonic
speeds is available.10

Considering that all the predictions shown in Figs. 8a
through lib were theoretically obtained (without the need of
any a priori experimental data), the agreement was quite
good. It appears that COST should provide the designer with
another alternative for determining store loads in proximity
to an aircraft.
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Fig. lOa Generic store centerline force prediction: AWECS, M-1.2,
Z=-6.08, K=0.
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Fig. lOb Generic store centerline moment prediction: AWECS,
M=1.2, Z= -6.08, F=0.

Since the Boppe12 Code has shown the ability to accurately
predict13 transonic flowfields, COST should prove to be ap-
plicable at all Mach numbers.

Conclusions
The IFM has considerably expanded the technology

available for assessing the separation trajectories of stores
from fighter aircraft. Where previous grid survey test data
are available, the IFM technique can directly estimate store
loads for any other calibrated store at the same freestream
Mach number. Since store calibrations can be theoretically
performed, the method can be applied to most existing test
data.

It has also been shown3'4 that the IFM technique can ac-
curately predict store grid loads, up to the carriage position,
based on aircraft flowfield probe data. Since experimental
angularity data exists for most existing fighter aircraft, the
technique should prove quite useful in certifying new stores
on production aircraft. One such application is described in
Ref. 14.

For cases where no experimental data are available, IFM
can use theoretical angularity predictions (in the COST con-
text) to predict store loads. This procedure was used to
predict4 Advanced Medium Range Air to Air Missile
(AMRAAM) carriage loads for the F-14 aircraft at M=0.95.

The IFM technique has now been coupled with a six-
degree-of-freedom trajectory program. Excellent correlation
with GBU-15 trajectory data at M=0.95 was achieved utiliz-
ing PWW grid data for the F-15 aircraft.3 In another ap-
plication, F-15 probe angularity data were used to predict the
PWW store's trajectory at M=0.95. The correlation was
equally good.4
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Fig. lla Centerline force prediction: planar wing weapon in F-15
flowfield at M= 0.6,
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TURBULENT COMBUSTION—v. 58
Edited by Lawrence A. Kennedy, State University of New York at Buffalo

Practical combustion systems are almost all based on turbulent combustion, as distinct from the more elementary
processes (more academically appealing) of laminar or even stationary combustion. A practical combustor, whether
employed in a power generating plant, in an automobile engine, in an aircraft jet engine, or whatever, requires a large and
fast mass flow or throughput in order to meet useful specifications. The impetus for the study of turbulent combustion is
therefore strong.

In spite of this, our understanding of turbulent combustion processes, that is, more specifically the interplay of fast
oxidative chemical reactions, strong transport fluxes of heat and mass, and intense fluid-mechanical turbulence, is still
incomplete. In the last few years, two strong forces have emerged that now compel research scientists to attack the subject
of turbulent combustion anew. One is the development of novel instrumental techniques that permit rather precise
nonintrusive measurement of reactant concentrations, turbulent velocity fluctuations, temperatures, etc., generally by
optical means using laser beams. The other is the compelling demand to solve hitherto bypassed problems such as iden-
t i fy ing the mechanisms responsible for the production of the minor compounds labeled pollutants and discovering ways to
reduce such emissions.

This new climate of research in turbulent combustion and the availability of new results led to the Symposium from
which this book is derived. Anyone interested in the modern science of combustion will find this book a rewarding source
of information.
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