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Nomenclature

C, = surface pressure coefficients, (p — p,,)/(0.5pU3,)

L = wing root chord length

Po = freestream static pressure

Re = Reynolds number based on the wing root chord, UL /v

U, = freestream velocity

o = angle of attack

& = local nondimensional coordinates based on the
characteristic length which is the sectional
circumference for the sections S1-S8 and the curve
length of the sectional upper surface for the sections
S9-S19

Subscript

X = pressure-measurement sections index: S1-S19

Introduction

ODERN aircraft are increasing to use a chined forebody for

reducing radar cross section (RCS), producing larger lift and
gaining better high speed performances. The vortical flow around a
chined forebody is relatively stable because its separation lines are
fixed at the sharp side-edges [1-3], which is very different from the
traditional smoothed-side forebody [4], but resembles the high
sweep delta-wing with sharp leading edges [2-5]. Many techniques
to controlling the chined-forebody vortices have been adopted to
produce the side-force required for the yawing control of aircraft at
high angles of attack [6—11]. However, the vortices of the chined
forebody not only influence the loads distribution of the forebody
itself, but also change the aerodynamic characteristics of other
components on aircraft through vortex interactions, e.g., interacting
with the wing and strake vortices, etc. Erickson and Brandon [12]
have experimentally investigated a chined forebody coupled with a
slender delta-wing and identified the mechanisms of the forebody
and wing vortical flow. Lemay and Rogers [13] studied the effects of
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blowing on the chined-forebody and wing vortex interactions, and
found a coiling of the wing and chined-forebody vortices would
promote vortex breakdown and decoupling of them would delay
vortex breakdown. Rao and Puram [14] conducted experimental
research to control the interaction of the chined forebody with a delta-
wing at high angles of attack through manipulating chined-forebody
vortices. Hall [15] has also studied the effects of the interaction
between the chined-forebody and wing vortices on the stability of a
generic fighter configuration.

As mentioned, some experimental studies have been carried out
about the interaction of the chined-body vortices with the wing
vortices. But no studies have been done concerning the effect of the
strake on the vortex interaction between the chined forebody and
wing. The present authors found in experiments that the structure of
the vortex system would be significantly changed through the vortex
interaction when adding a small strake in front of the wing. The
change of the vortical flow would further impact the loads
distribution of the wing so as to seriously influence aerodynamic
characteristics of the configuration. This note is to present this
interesting phenomenon by off-surface flow visualizations and
surface pressure measurements.

Experiments Setup

The experiment was conducted in low speed, low noise, and open-
circuit wind-tunnel at Fluid Mechanics Institute of Beijing
University Aeronautics and Astronautics. The test section of the
wind-tunnel is 1.5 x 1.5 x 2.5 m. The freestream turbulence level in
the test section is less than 0.1%. A mounting sting supported the
model and allowed the angles of attack to be varied from 0 to 90 deg.

The experimental model is made from duralumin and its drawing
is shown in Fig. 1. Besides a chined forebody, the model also
includes a strake with 72 deg sweep and a wing with 42 deg sweep.
The strake and wing is coplanar and located at the upper half part of
afterbody. The strake can be removed or added if desired. Pressure
taps of 0.8-mm-diam were distributed on the upper and lower surface
of the forebody (S1-S8 sections), and the upper surface of the wing
(S9-S19 sections). PSI 9816 intelligent pressure scanivalves were
connected with the pressure taps through the rubber tubes. Total
32 PSI 9816 modules (512 pressure channels) with full-scale 1 PSI
(7 kpa) were equipped and enough for the pressure measurements of
the present model.

The steel wires of 0.1-mm-diam were used for smoke flow
visualizations and they were distributed on the leading-edge of the
wing and the side-edge of the chined forebody but far away from the
nose tip. The smoking agent was propanetriol, which can be
volatilized smoke fog when the wires were electrified to heat. A5 W
Argon ion laser as the sheet light resource was used for illuminating.
The recording device was Sony DSC-V1 digital camera with the
resolution of 5.25 million pixels. To know whether the wires would
change the vortical flow pattern, the pressure-measurement results
were compared before and after the wires were added. It was found
that the wires have almost no effects on the results.

The seven repeated pressure measurements based on the strake-
wing-body configuration have been carried out at 24.5 deg angle of
attack. Based on the seven measurements, it can be obtained the total
standard deviation of the pressure coefficients 0.0065, the total
uncertainty £0.016, and the relative total uncertainty relative to the
maximum pressure coefficient 0.66%.
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Fig. 1 Experimental model with a chined forebody and strake wing.

Results and Discussion

To determine the effect of the strake on vortex structure of the
chined forebody and wing, two configurations were experimentally
studied: the wing-body and strake-wing-body configuration, with or
without the strake, respectively.

Figure 2 presents the smoke flow visualization results from the
front to rear sections for the wing-body (left column) and strake-
wing-body (right column) configurations. The Reynolds number for
the flow visualization was relatively low, because the freestream
velocity cannot be too high to obtain clear smoke flow pictures.

The section S7 is just located at the rear of the strake apex, so the
strake vortices can be found besides the forebody vortices for the
strake-wing-body configuration. But only a pair of forebody vortex
can be found for the wing-body configuration without the strake. At
section S12, the forebody vortices of the wing body become stronger
and are situated over the afterbody, and the wing vortex was also
produced at both sides of the forebody vortex. But for the strake-
wing-body, the forebody vortex twists together with the strake vortex
and form one concentrated vortex, for simplicity calling it the
forebody-strake vortex. Moreover the forebody-strake vortex has
moved towards the leading-edge of the wing. With the development
of the vortex system towards downstream, the forebody vortex
deflects outboard gradually for the wing-body configuration, and for
the strake-wing-body configuration, the smoke flow boundary for
distinguishing the forebody-strake vortex and the wing vortex
become indistinct, as depicted at section S14 and S17 in Fig. 2.
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Fig. 2 Smoke wires flow visualization photographs, « = 24.5 deg,
Re = 1.5 x 10°, from rear view.
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a) Wing-Body b) Strake-Wing-Body
Fig. 3 Schematic diagrams of vortex systems around the wing body
and strake-wing body.

The schematic diagrams of the vortex systems around the wing-
body and strake-wing-body are, based on the smoke flow
visualization results, presented in Fig. 3.

Figure 4 has shown the comparison of the pressure curves at
different sections for two configurations to find the vortex interaction
effects on the surface loads distribution. The two pressure curves at
section S4 were almost of superposition, which indicated that the
strake had almost no effect on the forebody vortex and loads
distribution before the strake. But after the strake, the pressure
distributions for the two configurations were very different. For the
wing body, the remarkable suction peaks were induced by the
forebody vortices on the afterbody, and the wing vortices also
induced suction peaks on the wings of both sides of the afterbody.
But for the strake-wing-body, only one suction peak was found. The
suction peak on the strake-wing-body was located in the middle of
the two ones induced by the forebody vortex and the wing vortex on
the wing body, which was the resultant consequence by the
forebody-strake vortex and the wing vortex.

The pressure results of section S13 at 19.5 and 29.5 deg angles of
attack for two configurations are shown in Fig. 5. The difference of
the pressure distributions was similar to the one at 24.5 deg angle of
attack.

Because the Reynolds numbers were different for the flow
visualization and pressure measurements, the Reynolds numbers
effect on the results has been considered by pressure measurements,
as shown in Fig. 6. In range of the Reynolds numbers of the present
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Fig. 4 Sectional pressure distributions, « = 24.5 deg, Re = 9.0 x 10°,
from rear view: [, wing body; O, strake-wing body.
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Fig. 5 Section S13 pressure distributions at angles of attack,
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experiments, the Reynolds numbers have very little effects on the
loads distribution of the configurations.

Conclusions

The vortex system over the chined forebody is greatly influenced
at high angles of attack when adding a small strake in front of the
wing. The chined-forebody vortex twists together with the strake
vortex and forms one forebody-strake vortex and then moves
outwards along the wing span. The forebody-strake vortex induces a
large suction peak on the wing, which would be beneficial to the lift-
enhancement for aircraft. But after adding the strake, it has almost no
effects on the vortical flow and loads distribution of the chined
forebody before the strake. In range of the Reynolds numbers of the
present experiments, the Reynolds numbers have very little effect on
the loads distribution of the configurations.
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