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TUNNEL MEASUREMENTS FOR A COMPLETE AIRPLANE CONFIGURATION
Galvao, Francisco L.
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1 - SUMMARY

A numerical computation of pressure distribution over a complete
comercial airplane configuration, using an improved first order
pannel method, is made and results are compared with experimental
measurements obtained for the same conflguratlon with a 1/14
model at the ONERA's Modane wind- tunnel.

It is shown that for subcritical Mach numbers and attached
flow angles of attack, a fair agreement can be found between
computed and measured pressure values and also that wind-tunnel
and nacelle internal flows can be correctly simulated.

2 - NUMERICAL CODE DESCRIPTION

2.1 - QOriginal Code

The original numerical code adopted was the Aerospatiale’s
AM37 FORTRAN program, which basically consists of a first order
panel method using constant strength source sink and doublets
plane panels (Yermia and Bousquet!) similar to those described
in (Krauss?) and (Labrujere et al.®).

The code used is limited to 2000 panels that can be
grouped into 17 different elements, 5 of which can be assumed
to be of the "lifting type" elements, each one containing a
group of lifting strips.

Each lifting strip is composed of a closed surface source
panel strip enveloping an internal doublet panel strip, that is
made continuous through the trailing edge, generating a wake
of constant doublet intensity.

The total number os lifting strips is limited to 30.

To remove the solution redundancy of the resulting
Laplace's equation containing sources and doublets, the doublet




intensities inside lifting strips are supposed to be proportional
to the strip thickness derivative as in the Krauss® approach,
and its trailing edge value is determined by a "Kutta condition'

Option to use two different "Kutta conditioms" is provided,
allowing a choice between zero normal velocity at a point
situated just "outboard" the trailing edge panels (linear
K-condition) or a pressure equality on trailing edge's upper and
lower panels (nonlinear K-condition).

The resulting complete equation system is in the form:

- -+
______ -==| + |V, nl = 0 where:
[.]

5 are the source panels influence coefficient matrices and T
the complete doublet strip influence coefficient matrices, g
being source and I' the doublet strengths.

The system is solved by a Gauss-Sidel block reiteration
scheme with the S matrices sclved by direct inversion.

An option is also included for extending the wake doublet
strips to infinity in the incident flow direction or to compute
in an iterated fashion a wake strip that is parallel, at each
wake panel, to the local flow direction. In the latter case the
reiteration can [or not] include a new singularity strength
computation [at will].

To account for the compressibility effects, the "Goethert"
rule is applied to the surface defining peints, changing their
geometry while original surface control points and normal
directions gre kept unchanged to compute the "Neumman” boundary
condition: v, - .

Compressible pressure coefficients are computed as:

(9]
[l
~a

a+5h e ey, 27 - v,

where: V =V_+ V'/B, V' being the perturbation velocity and
(14M2) &5 = B.

2.2 - Code Modifications

The original basic code was modified, first to include a
nonzero normal velocity condition at user designated control
points, as necessary to the engine's nacelle and wind-tunnel
simulation models adopted (see ¢ 5).
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Then, it was included the possibility of changing the -
doublet law inside lifting strips since the original code
showed to be very sensitive to pamel spacing specially for
thinner wing shapes. '

A first attempt was made using as doublet law the doublet
distribution resulting from a stripwise integration of vortex
intensities computed for the same geometry with a Woodward"
vortex lattice code.

The results obtained were not satisfactory, probably due
to the high peaks of vortex strengths typical of the thin-wing
approach for nonadpated local angles (see fig. 4).

A final satisfactory approach was obtained with doublet
strength derivatives proportiomal to velocity differences on
upper and lower surface corresponding panels, and computed in
an iterated manner so that for each iteration step we have:

X .U L.
[..Y(x) - fo(Vx - Vx)dx
IY%=C IS(V; - Vﬁ)dx

n n-1]
V; and Vﬂ'being the stripwise velocity computed on upper
and loWwer sur%ace in the previous step.

3.1 - Panelling

The panel geometry used was rather coarse in order to
detect any method sensibility to panelling and also to reduce
computation times. It also represents the author's lack of
experience with such geometrical problems.

Considering that even physically ill-posed problems may
give reasonable results, provided that fine panelling is used
to impose boundary conditions practically everywhere, a
coarse panelling was preferred.

Figure 1 to 3 give an idea of the mesh used.

Care was taken to obtain control points and normals
coincident with the wind-tunnel model pressure taps.

In the fuselage, this objective led to the 14 longitudinal
strips division adopted and in the engine nacelle toa 7 strip
division,

3.2 - Internal Flow Simulation

To simulate wind~tunnel wall effects an additionzl element
consisting of a closed box surface containing only source
panels was fitted to the wind-tunnel test-section geometry,
having inward oriented normals.
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At inlet and outlet test-section surfaces, uniform normal
velocities Vn = V_ and Vn = ~ V_, respectively, were imposed.

Although, in the author's knowledege, most wall correction
schemes utilize vortex-lattices and open surfaces, the proposed
closed surface source-only one was expected to work and also,
although not attempted in this study, source panels seem to be
more adequate to represent porous or slotted wall effects.

To simulate the engine cowling or nacelle, a closed surface
of source panels was chosen due to a reasoning similar to that
used for the tumnel simulation.

Previous simulations with closed anular-wing type lifting
strip elements have been extensively used with the AM37 code at
Aerospatiale, but for the case-in study it was thought that the
source—only scheme would be adequate to simulate the "natural
flow" the nacelle wind-tunnel model has been designed for (mo
Jet).

Also a closed surface constant doublet plume resulting
from an anular wing 1lifting surface seemed to be a meaning-
less and costly model with no effects outside its boundaries.

3.3 - Engine Pylon

The engine pylon was divided into one "1ifting" and another
"nonlifting" sections, the nonlifting one consisting of 2 panel
strips (with some zero surface panels) corresponding to the
front dorsal fin and to the pylon portion covered by the
nacelle out—-flow (see fig. 3).

These parts seemed not prone to generate strong "1ift
effects", the fin provided that no vortex shedding or
separation were present and the rear lower pylon by the
orientating effect of engine's nacelle ocut-flow.

4. WIND~-TUNNEL TESTS

Wind-tunnel measurements were carried out at the ONERA's
high subsonic 2 meter section wind-tunnel at Modane (Avrieux)
using a 1/14 scale model having 840 pressure taps.

Scanivalves inside the model provided complete pressure
measurements in a 180 sec. cyecle!

Runs were made feor one complete and 3 other partial model
configurations in longitudinal and transverse angle sweeps
covering:

Pitch angles : -4° < a< 42
Yaw angles : -9 < Bg 9
Speed range : 0,3 < Mach <€ 0,91




5. RESULTS

5.1 - Doublet Law

In fig. 4 it is shown the effect over a midwing section
obtained by different doublet laws in comparison with measured
pressure values,

The corresponding doublet laws resulting from the
iterative scheme are shown in fig. 5.

At the second jteration (started from the original law}
the doublet law changes are already very small and due to
the sources predominance over doublets on control points, the
effects on velocity and pressure are even smaller.

A third iteration showed mnegligible variations unless
global force coefficients were compared, so results of the 2nd
iteration were comnsidered to be satisfactory for ‘the precision
level of this study.

The most impressive effect of doublet law change is shown
in fig. 6, where spanloadings are compared.

5.2 - Internal Flows

In fig. 7 it is shown the wind-tunnel effects over span-
loading both presented cases computed with the original
doublet-law for a simpler airplane configuration without
engines and pylons.

Although no numerical comparison with other wall
correction methods has been made, the effect obtained was
qualitatively correct and the agreement of measured pressures
at isoangle of attack seem to justify the wind-tunmnel
simulation adopted,

In fig. 8 it is shown the computed and measured pressure
distributions obtained for the nacelle.

The failure of computation to reproduce the suetion peaks
at nacelle's inlet can be better attributed to a large
internal separation with reduced mass flow in the experimental
set~up than to a computational model failure.

Indeed external inlet peaks have been obtained in the
computation model by reducing the internal flow and
corresponding inlet and outlet imposed velocities

5.3 - Other Results

In fig. 10 the wing root, middle agd tip sections computed
and measured pressures are shown for 0 angle of attack and
also for 4° for the middle section (fig. 11).




A fair agreement is obtained everywhere, except in the
. o e
upper leading edge for 4 angle of attack where critical
conditions of sonic flow are attained.

Viscous effects are weak, except in upper surface trailing
edges where thick boundary layer can explain the pressure
discrepancies,

Fig. 12 shows the computed and measured pressure
distributions obtained for the horizontal tail, also indicating
a failure of the theoretical model to reproduce the correct
flow direction at tail location.

It seems that this failure can be caused by the use of
constant doublet panels which correspond to discrete vortex
lines at panel strips intersections in the wake.

Also the lack of simulation of the vortex viscous decay
can be a factor.

6 - CONCLUSIONS

The case study carried out with this modified first order
panel method code indicates that:

— Wing-body-tail complete airplane configuratiom analysis
methods using external surface source panels and internal
doublet panels can be improved by doublet determination
procedures moxe in accordance with the rotaticnal physical
phenomena in 3D flows and wing surface theories.

An example is the doublet law scheme adopted in this
study. (see also Hess ).

~ Nonzero normal velocities in conjunction with closed
surface plane source panels seem to be useful tools for
internal flow simulations including wind-tunmel flows.

=~ The comparison of computed and measured pressure
distributions indicates that first order panel methods, as
described in this study, are adequate to obtain theorical
pressure distributions to be used in connection with load
calculations (or other) for subcritical and separation free
flow conditions, provided that tail and fuselage load and
moments are adjusted to stability and control wind-tunmel or
better to flight tests measurements.
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Fig. 3 - Pylon and cowling panelling lateral view.
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Fig. 4 — Mid span computation and test results.
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