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Introduction

URING the transonic maneuver of a fighter aircraft, as

the angle of attack increases, flow separation develops
on the wing surfaces. The separated flow forms a high tur-
bulence wake which engulfs the rear fuselage and tail sur-
faces, affecting the control performance of the aircraft.
Furthermore, depending on the horizontal tail surface setting,
leading edge or shock-induced separated flow may develop on
the tail surfaces, which raises the local turbulence to an even
higher level.

As part of a program to investigate the fluctuating pressure
distribution and response behavior of a fighter aircraft in
transonic maneuver, an F-5A scale model was tested in the
NASA Ames Research Center’s 11-ft transonic wind tun-
nel. 2 The model, with a number of static and dynamic
pressure transducers imbedded in the lifting surfaces, was
tested at various «’s up to 16 deg. Test results of special in-
terest to wake flow and horizontal tail buffet are described in
this note.

Figure 1 depicts the aircraft wake-flow development at
a=14 deg for two configurations featuring varying
horizontal tail surface settings (8,). For 6,=0, flow
separation appears on the upper surfaces of the wing and the
horizontal tail. As a result, high rms pressure level is expected
on the tail upper surface. For 6, = — 10 deg, and considering
the wing downwash effect, the local angle of attack of the tail
surface is less than that for 6, =0 deg. As a result, no local
flow separation takes place on the tail. The local rms pressure
is thus caused essentially by the wake flow of the wing. As will
be described later in the note, evidence of wing-tail flow
interaction has been observed.

Test Data Presentation

Processing of the wake-flow and horizontal tail surface
pressure data was performed with special attention to the
establishment of an overall picture of the wake-flow pattern,
as well as the effect of the horizontal tail surface setting under
otherwise identical flow conditions. In Figs. 2 through 5, the
dynamic pressure coefficients (rms) measured at transducers
no. 14, 18, 22-25 are plotted vs the angle-of-attack o for
M=0.925 and M=0.75. The configuration parameters ap-
pearing in these figures are 8, /8, the leading edge and trailing
edge flap settings, and §,, the horizontal tail surface setting.
In the plots, the solid lines denote the 8, =0 deg cases and the
dotted lines denote the 8, = — 10 deg cases.
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The development of the wake-flow pattern, the effect of the
tail surface settings, and the horizontal tail buffet
phenomenon can be traced through the dynamic pressure
coefficient development as functions of the angle-of-attack.
For transducers no. 14 and 18, located on the wing upper
surface, triangle marks are used to indicate the angle-of-
attack setting «,, above which C; values increased in such a

~manner as to indicate local flow separation. For M=0.925, an

examination of the C; data (Figs. 2a and 3a) showed that at
times the deflection of the horizontal tail tended to delay or
alternate the shock-induced flow separation in the portion of
the wing directly upstream of the tail. The effect of the tail
surface setting became less prominent as the angle of attack
was increased to the 12-16 deg range.

In plots (b) of Figs. 2 through 3, for transducers no. 22 and
23 (tail upper surface), circles are used to indicate the tran-
sition point «, (usually>«,) at which the rms dynamic
pressures started to increase noticeably, usually reflecting the
wake-flow effect of the wing. The wake-flow effect on the
horizontal tail upper surface could be traced for both 6, =0
and - 10 deg cases. For configurations with §, =0 deg, the
very high rms dynamic pressure of transducer no. 22 at high
angles of attack indicated the horizontal tail top surface
buffet. The extremely high C, value (0.298) at « =16 deg in
Fig. 2b was one of the highest rms dynamic pressures recorded
in the wind tunnel test program. The high dynamic pressure
intensity on the tail surface for large o’s is expected to affect
the control characteristics of the aircraft, in addition to the
direct excitation through the aircraft wing.

The flow patterns developed on the horizontal tail lower
surface as shown in plots (c) of Figs. 2 through 5 were quite
different from those on the upper surface. For the con-
figurations with §, =0 deg, high rms dynamic pressures were
observed at low angles of attack (o <4 deg) when the leading
edge and trailing edge flaps of the model were deflected (solid
lines in Figs. 2c¢ and 4c¢). It can be visualized that the high
dynamic pressures on the tail lower surface were caused by the
wake flow with severe downwash effect due to the deflected
flaps. For the configurations with 6, = — 10 deg, the high C;
values of transducers no. 24 and 25 at lower angle of attack
settings [dotted lines in plots (¢) of Figs. 2 through 5] in-
dicated the shock-induced flow separation on the tail lower
surface due to the negative tail deflection. As the angle of
attack increased, the combined effects of tail buffet and wake
flow due to wing buffet made the rms dynamic pressure levels
of transducers no. 24 and 25 even higher (Figs. 2¢ and 4¢), as

bl a = 149,46, = -10°

Fig. 1 Two transonic maneuver configurations.
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Fig. 2 Dynamic pressure coefficient comparison in-
cluding tail deflection effect, 6,/6,=5/12 deg, .
M=0.925, 0=18.2 kN/m2, Re=2.48x105. The P23
pressure transducer locations are indicated. The numbers g 10
in parentheses (24,25) are for transducers on the tail’s

lower surface. All other numbers (14,18,22,23) are for
transducers on the upper surfaces of the wing and the tail. 005
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Fig. 3 Dynamic pressure coefficient comparison including tail defleclioneffect,6”/5f=0/0deg,M=0.925.

compared to the cases with retracted leading and trailing edge
flaps (Figs. 3c and 5c). However, the C; values dropped when
the angle of attack setting was further increased and the
negative horizontal tail setting canceled the angle of attack
effect. For the configurations with retracted leading edge and
trailing edge flaps (Figs. 3¢ and 5c), the reduction in C; for
transducers no. 24 and 25 for §,=—10 deg at very high

a(>10 deg) may be attributed to the fact that the wake effect
of wing-flow separation was diminishing as far as the
horizontal tail lower surface was concerned.

In conclusion, the dynamic pressure data on the tail surface
at the specified flight conditions form the basis of the local
dynamic loads determination. They also influence the control
performance of the aircraft under maneuver conditions where
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Fig.4 Dynamic pressure coefficient comparison including tail deflection effect, 6¢ /6f =5/12deg, M=0.75, 0 =15.6 kN/m?, Re=2.48 x 109.
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Fig. 5 Dynamic pressure coefficient comparison including tail
deflection effect, &, /6,=0/0 deg, M=0.75.

buffet is encountered. The data presented in this note serve to
demonstrate a number of contributing factors that affect the
tail dynamic pressures in the transonic regime.
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Transonic Shock-Boundary-Layer
Interactions in Cryogenic Wind Tunnels
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Introduction

INCE the transonic aerodynamics of missiles and aircraft

can be significantly influenced by shock wave — boundary
layer interaction effects, these effects should be adequately
simulated in cryogenic high Reynolds number wind tunnel
experiments. In addition to flight Mach and Reynolds
numbers which are by design simulated in such facilities, !
there are four other similitude parameters which may not be
duplicated owing to the very low temperature-high pressure
working fluid involved: wall to total temperature ratio T,/ T,
specific heat ratio v, viscosity temperature exponent w, and
Prandtl number Pr. The first is deemed especially important
since in some proposed short duration cryogenic transonic
wind tunnels the model is at a much higher temperature than
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