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conditions. Testing of this nature in a natural environment is
cost prohibited. To conduct these tests, the military services
use the U.S. Air Force Climatic Laboratory at Eglin AFB in
Florida. In the climatic hangar, aircraft systems, subsystems,
and components can be functionally operated at temperatures
from -65 to +125°F. Tests are conducted on fully in-
strumented, operational aircraft. Provisions are provided in
the hangar to run the engines and rotor systems through their
full operating range. Approximately two months of testing is
required to cover the entire temperature range.

Airworthiness and Flight Characteristic (A&FC)
The A&FC is conducted on a production prototype or

production aircraft delivered from either an initial or a pilot
production run after the milestone III decision has been
made. The test determines whether or not the transition from
an engineering development prototype to a production item
has been made successfully and whether the system meets
contract and military specifications. Specifically the tests
determine:

1) Detailed information on performance, stability and
control, powerplant operation, and integrated system
characteristics.

2) Data for technical manuals.
3) Verification of the recommended flight envelope for

operational use.
The scope of test varies from 80-150 flight hours. Per-

formance tests include six-to-eight level flight speed power
polars, forward flight climb, autorotational descent, hover,
takeoff and landing, vertical climb, and height-velocity.
Flying qualities tests include control positions, static
longitudinal stability, static lateral-directional stability,
maneuvering stability, control response, dynamic stability,
and degraded modes. Operational-type tests such as slope
landings, mission maneuvers, and instrument/night flight
may also be included. All these tests are conducted at several
center of gravity positions and density altitudes.

The A&FC is the last formal development test in the
acquisition cycle. Engineering change proposals may require
development testing during the production/deployment
phase.

Operational Testing
Operational testing (OT) is done by an organization that is

independent of the developing, procuring, and using com-
mands. The tests are accomplished with typical user
operators, crews, or units in as realistic an operational en-
vironment as possible. The purpose of OT is to determine the
effectiveness and suitability of the system in a simulated
combat situation. The adequacy of doctrine, organization,
operating techniques, tactics, and training are also evaluated.

Operational Test I
OTI is conducted during the validation phase and should

provide an indication of military utility and worth to the user.

Operational Test II
OTII is done prior to the milestone III production decision.

The purpose is the same as previously discussed. The scope of
tests may involve several prototype aircraft which may be
flown against a type or model aircraft for comparison. Unlike
the developmental testing, trained testers and sterile test
environments are not used. As pointed out in the in-
troduction, considerable emphasis has been placed on the
results of these tests. A technically superior weapon system
which has been successfully evaluated in developmental
testing may be shown to be unsuitable in the real world.

Conclusion
The information gained from successful accomplishment of

the developmental, operational, and environmental tests is a

key requirement for decisions to commit additional resources
to a program or to advance it from one acquisition phase to
another. It is the objective of the government tests to field a
defense weapon system that is technically proved,
operationally effective, and meets the threat.
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Nomenclature
= aspect ratio
= wing chord
= center of gravity, reference point, 0.25 chord
= center of pressure
= CD - CD() = lift-dependent drag/<?S, lift-
dependent drag ̂ coefficient

= lift/(?S, lift coefficient
= pitching-moment/#Sc, pitching moment
coefficient

= normal f orce/qS, normal force coefficient
= empirical correction factors
= a(CMp)/d(sinacoso:)
= d (2 leading-edge suction force from one
side/qS) /dsin2a

- d (2 tip suction force from one
side edge/^5) /dsin2a

= d (2 tip suction force from one
side edge/#S) /dsin5/5a

= Mach number
= freestream dynamic pressure
= wing area
= streamwise coordinate, origin at the leading
edge

= angle of attack, deg

= C*ref —Xj)/c, dimensionless distance between
reference point and c.p. of the aerodynamic
item in question

= potential or attached flow
= vortex effect at the leading edge
= vortex effect at the side edge

Introduction

IN a previous Note,1 the symmetric, aerodynamic
characteristics—lift, lift-dependent drag, and pitching

moment coefficients—on sharp-edged rectangular wings were
obtained by a set of semiempirical, analytical formulas that
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represented Lamar's extension of the Multhopp solution.2 A
difference between theory and experiment has been noticed,
however, in regard to the lift and pitching moment coef-
ficients for all of the investigated aspect ratios except A = l.

This Note investigates whether this discrepancy is a result of
the formulation of the angle of attack squared (a2) in
combination with the side-edge suction force coefficient, i.e.,
KVfSCsin2a, in Polhamus'3 and Lamar's2 nomenclature.
Several theoretical works indicate that an exponent of 5/3
would be more correct. Kaden4 (rollup of a discontinuity
surface); Legendre,5 Adams,6 and others (delta wings); and
Cheng7 (rectangular wings) all arrive at the same exponent of
5/3 (i.e., a5/s). A new side-edge suction force coefficient KvjSe
is derived which in the combination, A^sesin5/3a:cosa:, im-
proves the side-edge suction force estimation.

Analytical Formulas
The set of semiempirical formulas1 correlating the

numerical results2 of the extended Multhopp method is
completed by a new side-edge suction force coefficient, Kv>se,
and by empirical correction factors, FrF3> introduced in
order to obtain correlation with experiments.2 The domain of
application for the empirical approximations is restricted to
M<0.2-0.3, l a l<32 deg, and A<4-5, \aA\<40-45. The
symmetric, aerodynamic coefficients are

CL = 1 +KV les

+KV sesin5/5acoso! +F2

CD = CD + CL tana

(1)

(2)

Cm =KpsinacosaF]

(3)

The zero-lift drag coefficient CD() is taken from the ex-
periments.2 It is understood here that at a<0 the factors
sin2 a and sin8/3a [see Eq. (11)] are treated as Isina I sina and
Isina I sin575a, respectively.

The K coefficients are given by

2ir/3A
(4)

Kv se , Ref. 2

Fig. 1 Side-edge suction force coefficients of rectangular wings as
functions of reduced aspect ratio according to different definitions of
the angle-of-attack influence; [KVSKsm2a from Ref. 2, and
Kvse sin573 a from Eq. (6), respectively].

a, deg. 32

Fig. 2 Empirical correction factors Fj-F3 [Eqs. (10-12)] as func-
tions of angle of attack and aspect ratio.
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Kv,™ ~ l+A4/3 + (4/5)A5/3

(5)

(6)

4 ^{l+A/[10+(A/10)2]]A2+cos2a

and the dimensionless centers of pressure of the respective
aerodynamic item are approximated by

(7)

(8)

(9)

and the reference point is at 25% of the chord, i.e., £ref = 0.25.
The empirical correction factors are defined as

[(l+3A)a-45]}> arg>0 (10)

(12)

The first two K coefficients [Eqs. (4) and (5)] are taken from
Ref. 1 and the third is a new semiempirically determined
coefficient KVtSe which is combined with sin5/3a to replace
A^gSin2^ term derived by Lamar.2 In Eq. (6) the numerator
is taken from Cheng7 and the denominator is empirical.
Equation (6) is shown in Fig. 1 and compared with Ref. 2.
Among the alternative curves representing the side-edge
suction force coefficient, at most one can be realistic/
although necessarily not the correct one. In the present in-
vestigation preference is given to curve Kv>sc because it is hard
to imagine that the coefficient should not disappear when
,4—0. Equations (7-9) are, taken in order: the empirical
approximation of the dimensionless center of pressure of the
potential flow pressure distribution; the location of the
leading-edge suction force; and the length coordinate of the
centroid of the side-edge suction force. Equation (7) can be
inspected and modified by means of linear theory and by the
results of Ref. 8. The approximations of £yj le and £ y s e [Eqs.
(8) and (9)] could be inspected and improved by a workable
viscous flow theory, where the quantities in question will,
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CL.8 1.2 k CL.8

Fig. 3 CL(a}9 CD(CL), and Cm(CL) on sharp-edged rectangular
wings of aspect ratios ,4=0.2, 0.3, 0.4, 1, and 3 at A/=0.2 [ex-
periments according to Ref. 2 compared with present semiempirical
formulas, Eqs. (1-12)].

however, be implicitly hidden. A small positive quantity
would most probably be a better approximation of £ v le than
Eq. (8).

The empirical F factors [Eqs. (10-12)] are subjective
compositions with the only merits of being simple and
fulfilling their intended tasks, namely: to correct for the losses
in potential lift [F; ] due to losses in circulation; to correct for
the corresponding wandering of the center of pressure of the
potential flow pressure distribution [F3 ]; and to give a higher
order correction term [F2] to the side-edge suction force
coefficient KViSC at high angles of attack. The factor F2 could
be recognized as the contribution from the secondary vortices
and can be neglected for a. < 10-15 deg. The correction factors
are plotted in Fig. 2, where it can be seen that for A < -0.4,
Fj is negligible in the actual angle-of-attack interval,
a < 1321 deg, and that F3 can be neglected for a < 1251 deg. As
A increases from ^4=0.4, Fl first decreases quite slowly for
increasing a. up to A = 1, and thereafter decreases faster with
increasing A. The factor F3 shows a corresponding but op-
posite trend for increasing A with a rapid increase from
A=QA.

Results
The numerical results are compared with experiments2 at

the subsonic Mach number, M=0.2, on sharp-edged rec-
tangular wings having the aspect ratios A =0.2, 0.3, 0.4, 1,
and 3. Evaluating the set of Eqs. (1-12) and observing that the
arguments of the correction factors Fj and F3 [Eqs. (10) and
(12)] are not allowed to take a negative sign, the solid-line
curves in Fig. 3 are obtained for the total coefficients. Curves
for the attached flow (potential flow) characteristics and for
the sum of potential flow and leading-edge separated flow
characteristics are also shown. The potential flow curves with
Fj = 7,F3 =0 completely cover Lamar's2 potential flow result.
The correlation between the set of equations [Eqs. (1-12)]
and experiments is, from an engineering point of view, quite
satisfactory.

Conclusions
Improved correlation with experiments in incompressible

flow, up to moderately high angles of attack (depending on
the aspect ratio), is obtained by using an a.513 dependence of
the side-edge singularity of sharp-edged rectangular wings.

Empirical correction factors have been developed which
make it possible to obtain good correlation with experimental
results on sharp-edged rectangular wings up to high angles of
attack, where flow separation effects have already built up.
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Background

THE advanced-range instrumentation aircraft (ARIA) are
seven EC-135 aircraft equipped with telemetry

acquisition systems and are used to support: 1) satellite
launches from Cape Canaveral Air Force Station, Fla., and
Vandenberg Air Force Base, Calif.; 2) telemetry coverage of
instrumented re-entry vehicles in the terminal area during
ballistic missile testing; and 3) telemetry relay and com-
mand/destruct capabilities during air-launched cruise missile
testing.

Exterior modifications to the C-135 airframe were required
to provide the telemetry support capability. These
modifications include the addition of a 7 ft dish antenna to
the aircraft nose, two high-frequency (HF) wing probe an-
tennas, a 125 ft HF trailing wire antenna, three ultrahigh-
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