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Abstract

Aerodynamic performances of three Busemann-
types of silent supersonic biplanes were studied
by a low-speed wind tunnel experiment. These
wings have the plane configurations of the
front-side tapered, the rear-side tapered and the
both-side tapered shape. Lift, drag and pitching
moment of the biplanes were measured in the
both cases of their pitching motion and the
static conditions by using the compact force
balance developed in the authors’ laboratory of
Tottori University.

All of the three biplanes show the same Cy,
characteristic as a thin wing at a low angle of
attack. The biplane with the front-side tapered
shape has the larger lift inclination in the attack
angle from eight to seventeen degrees than the
other biplanes and indicates clearly the stall
phenomena at the attack angle of seventeen
degrees. It was found that the front-side tapered
wing generates leading edge separation vortices
just like a delta wing and the occurrence of the
vortex breakdown is the reason for the stall.

The dynamic characteristics of lift, drag,
and pitching moment in their pitching motions
drew hysteresis loops around the static results
with an angle of attack. The aerodynamic

performances with the low frequency pitching of

0.5 Hz approaches closer to the static ones than
the results of the high pitching, 1.0 Hz. It is
based on the fact that the airflow around the
biplane cannot follow immediately the motion of
the biplane. Furthermore, the longitudinal static
stability of the three biplanes became worse in

the higher pitching motion.

1 Introduction

A Busemann-type biplane [1],[2] is known as a
wing for a supersonic flight vehicle owing to its
low drag performance, because the wing utilizes
beneficial interference between shock and
expansion waves coming from the upper and the
lower wings of the biplane. Furthermore, the
biplane aircraft will be also expected as a silent
supersonic flight vehicle since the shock waves
at the leading and the trailing edges will be
drastically weakened owing to the interaction of
the shock and the expansion waves. It results in
the reduction of the strength of the N-shape
pressure wave at the ground.

On the other hand, a supersonic Busemann-
type biplane will not be able to avoid taking off
and landing at a low speed, in the time of which
the supersonic aircraft must have a large angle
of the attack to obtain a sufficient lift.
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Fig.1 Busemann-type supersonic vehicle, MISORA,
and its silent mechanism.

The author of the article, Obayashi, has
proposed this type of a silent biplane as shown
in Fig.1, the name of which is MISORA [3]. He
and his coworkers have conducted and carried
out the research on the biplane at the supersonic
flight by the numerical procedure in such the
conditions as the entrance from subsonic to
supersonic [4] and the off-design flight [5]. The
experimental study have tried with a ballistic
range [6], and been in progress by the free flight
test.

The research for the low-speed flight like a
landing and taking-off have been also conducted
(7], [8].

performance of the Busemann-type biplane have

The researches on the low-speed

been conducted by the low speed wind tunnel
test at Tottori University, especially targeting at
unsteady flight conditions. In this study the
dynamic characteristics of a silent supersonic
biplane in pitching motion as well as the static
condition were investigated. The pitching

motion was realized by the parallel-type

manipulator designed and manufactured by the
author [9].

The objective of the current study is to
explore the performances of three types of a
Busemann-type biplane in a low speed wind
tunnel as shown in Fig.2. The characteristics of
these biplanes were investigated by measuring
the longitudinal three-component of the
aerodynamic force and moment by using the
which was also

compact force balance

developed by the author [9].

2 Experimental Apparatus and Method

The schematic diagram of the experimental
setup in the wind tunnel is illustrated in Fig.2,
which shows the biplane under pitching
condition. The pitching motion was undertaken
by using the parallel-type manipulator equipped
with six stepping motors. The manipulator can
make the biplane an arbitrary motion owing to
the six degrees of freedom equipped with the
manipulator. The pitching frequency was set in
0.5 and 1.0 Hz. The experimental conditions is
listed in Table 1. On the other hand, the static
condition of a biplane was also investigated for
the comparison with the dynamic performances
at the attack angle from 0 to 35 degrees.

Figure 3 shows the three types of the
Busemann-type biplanes explored in the
research, that is front-side, rear-side and both-
side tapered biplane models. They have the
same maximum root chord of 83.4mm and the
wingspan of 200mm. The other specifications of
the biplane are listed in Table 2. On the other
hand, the monoplane models were also
investigated to compare with those of the
biplanes, which were composed of the lower

wing of these biplanes as shown in Fig.3 (b).
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= Open circuit type

= Air outlet:

400mmx>400mm
*Velocity: 0~ 15m/s

B Manipulator

3 pantographs with six degrees 1

of freedom

B Model of biplane

® Compact force balance

*Brass made
*Ring geometry

Fig.2 Experimental setup and the manipulator to make a pitching motion of biplanes.
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Fig.3 Biplane and mono-plane models.

Table 1 Experimental conditions

0~35° (static)

Attack angle : a
10°£10° (pitching)

Pitching frequency 0.5Hz, 1.0Hz
Strouhal number 0.0042, .0084
Free stream velocity | 10m/s
Reynolds number 5.1x10*

Table 2 Biplane model specifications

Max. chord length 83.4 mm
Wing span 200 mm
Wing area 0.01 m*
Aspect ratio 4.0
Wing taper ratio 0.2

The aerodynamic characteristics of lift,
drag and pitching moment of the biplanes and
the monoplanes were measured by a compact
force balance, the weight of which is 5.6g. It
was also developed by the author [9] and the
specifications are shown in Fig.4. The strain
gage pasted at the location of 39.6 degrees from

the centerline of the force balance is for drag

3
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Fig.4 Compact four-component force balance.
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Fig.5 Flow visualization by a laser sheet.

measurement and that of 90 degrees is for lift.
The strains at the both locations are not
interactive each other.

The airflow just above the upper wing of
the biplane was visualized by the laser light
sheet method as shown in Fig.5. It was planned
to understand the results of the aerodynamic
characteristics measured by the force balance
and to ascertain a numerical prediction. In the
visualization research, the velocity of the free

stream of the wind tunnel was reduced 10m/s to

CL

2m/s to prevent smoke cloud from rapid
diffusing. It was considered the essence of the
flow could be caught at the low speed condition.
Furthermore, CFD analysis was also carried out
to confirm the airflow behavior passing through

the biplane in the static condition.

3 Results and Discussions

Lift versus an angle of the attack in the static
condition is shown in Fig.6. The lift of the all
biplanes increases linearly at low angle of the
attack and the inclination is just similar to that
of a general thin wing. In this linear increase
region the lift, C., of the both-side tapered
biplane has the maximum value over 0.8 at o =8
degrees. The rear-side and the both-side tapered
biplanes have the similar C tendency to a thin
wing at a higher angle of the attack. The lift of
the rear-side tapered biplane, although, becomes
larger than the both-side biplane at the attack
angle higher than 15 degrees on the contrary to

the liner Cy. region.
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Fig.6 Lift versus attack angle in static condition.



Low-speed Aerodynamic Characteristics of a Busemann-type Silent Supersonic Biplane

18
16 O Front-side L Both-side *CL Rearside
0D tapered tapered tapered
47 ocp ~ocp -o-CF
s 12
o ~ 5000000000
o 1 = Pre—r
g o8 A
d 06
(&)
0.4 / -
02 A
0 = Il
-0.2
0 5 10 15 20 25 30 35
@ [deg]
Fig.7 Lift, drag and pitching moment of the
biplanes in the static condition.
4.5 i I
1 : 1 —@—  Front-side tapered
4 77777777777777
==  Both-side tapered
35 oo ——  Rear-side tapered
o L i T
I W |
R Y
S ! <>
- 2 - F------r---% A -
1. ‘
1S P o N
A
os |1 N S S
I
0 L

o [deg]

Fig.8 Ratio of lift to drag with an angle of attack.

The lift of the front-side tapered biplane,
on the other hand, gives the second larger
increase of Cp after the linear region, namely
over a=8 degrees. Furthermore, the Cy curve
made the sudden drop at a=17 degrees clearly,
which is the same lift performances as a delta
wing besides the occurrence at the lower angle
of the attack. Such the decrease of lift occurred
over thirty degrees in the rear-side and the both-
side tapered biplanes.

The drag, Cp, and the pitching moment,

Cpm, versus an angle of the attack are sown in

Fig.7. The front-side and the both-side tapered
biplanes have a negative slope of dCpy/0a and
it is a suggestive characteristic for a longitudinal
static stability in these biplanes. However, the
rear-side tapered biplane has a positive
O0Cppm/da in the whole region of an angle of the
attack.

The ratio of lift to drag for the biplanes is
shown in Fig.8. The L/D of the front-side
tapered biplane becomes the worst, because the
lower lift than the other biplanes at the linear C.
region in Fig.6 and the almost same drag
performances in Fig.7 were appeared in a small
angle of the attack for the maximum L/D. The
rear-side tapered biplane gave the best result for
L/D performance, and the maximum value is 3.9
at the attack angle near 8 degrees. The both-side
tapered biplane has the similar L/D to the rear-
side tapered wing, especially at a low angle of
the attack.

The lift for the monoplane models is
indicated in Fig.9, where the reference area for

Cp is the same as the biplane models. As the
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Fig.9 Lift of the monoplanes with attack angle.
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results, these monoplanes’ lift became lower
than the biplane models properly and the
maximum C; are about 0.8 of the rear-side and
the both-side tapered monoplanes. The front-
side tapered monoplane marked the worst value
because the sweep-back leading edge should be
not effective for a low-speed flight at all.

The aerodynamic performance of the front-
side tapered biplane in pitching motion with the
frequency of 0.5Hz is shown in Fig.10. The
The

blue line is the result for the pitch-up motion of

static result is also plotted in the figure.

the biplane which is indicated by the symbol
+ o, and the red one is for the case of the pitch-
down motion with the symbol of — a. The large
hysteresis of Cp can be recognized near the stall
angle of a=17 degrees, and the hysteresis loop
draw an shape of Arabic figure eight in detail.
The static result exists just in the middle of this
Arabic figure eight hysteresis loop.

Figure 11 shows the C;, Cp and Cpy for
the pitching motion in the both cases of the

pitching frequency of 0.5 and 1.0Hz. The static
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Fig.10 Dynamic CL performance of the front-
side tapered biplane.
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Fig.11 Dynamic performance of the biplanes.

results are also plotted in the figure. The 0.5Hz
results are closer to the static results than the
1.0Hz ones. The reason is considered that the
flow field around the pitching biplanes with the
frequency of 0.5Hz follows better than those of
the high-frequency pitching motion. Owing to
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Fig.12 Lift variation in the pitching motion.

the delay of the flow following the pitching
motion at the frequency of 1.0Hz, the stall of the
front-side and the other two tapered biplanes
were delayed compared with the static and
0.5Hz pitching results.

Figure 12 shows the comparison of lift in

the pitching motion for three types of the

biplanes, (a) for 0.5 Hz and (b) for 1.0Hz. The
Cp in the 0.5Hz pitching motion became an
individual hysteresis loop for each biplane,
which kept the peculiarity of the static result.
On the other hand, the Cp curve at high
frequency condition of 1.0Hz became a mutual
hysteresis loop for the three biplanes. It is due to
the flow field being worse subordinate to the
wing motion.

The airflow was investigated by the
numerical simulation to discuss the results
mentioned above. Because of the difficulty to
simulate in pitching motion the static condition
for an representative angle of the attack, namely
o=10 degrees, was targeted in the research. The
streamlines and the pressure distributions on the
upper and the lower wing surfaces are shown in
Fig.13 in the case of the front-side tapered
biplane. The similar results for the both-side and
the rear-side tapered biplanes are indicated in
Figs.14 and 15, respectively. It is obvious that
an attached flow should be generated on the
lower surface of the upper and the lower wings
in all of the biplanes and the resultant pressure
distributions became similar except the effect of
the tapered edge location and the projected
surface location for expansion waves.

However, the pressure on the upper
surfaces is considered to have a great effect to
an aerodynamic performance. Therefore, the
flow fields on the upper surface of the wings are
indicated in Figs.13-15, the left figure for the
upper and the right for the lower. On the lower
wing surface, the high pressure region generated
around the front edge near the root chord and
the low pressure area was formed along the
leading edge as well as the centerline of the

chord in the span direction where the airflow
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Fig.13 Streamlines and pressure distributions of
the front-side tapered biplane, a=10 degrees.

Both-side tapered biplane, 0=10°
et [N
1t

the lower wing

\ Upper surface of

Front view

Fig.14 Streamlines and pressure distributions of
the both-side tapered biplane, a=10 degrees.

accelerated owing to the surface projection of
the lower wing as shown in Fig.1.

AboutTte pressure distribution on the
upper wing, on the other hand, the separation
bubble along the leading edge made a lower
pressure zone for the all wings like a lower wing.

However, another lower pressure area was

Rear-side tapered biplane, 0=10°
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Fig.15 Streamlines and pressure distributions of
the rear-side tapered biplane, a=10 degrees.
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Fig.16 Streamlines and pressure distributions of
the front-side tapered biplane, 0=20 degrees.

introduced from near the apex of the front-side
tapered wing. It is explicit in the streamlines just
above the low pressure extension, which is quite
similar to that of a delta wing caused by a
leading edge separation vortex. The existence of

the vortex leads to the Cp performance of the
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front-side tapered biplane indicated in Fig.6,
which is the same characteristic as a delta wing.
Figure16 shows the flow pattern of this front-
side tapered biplane at the attack angle of 20
degrees. The vortex and the accompanied low
pressure zone were disappeared, and it results in
the drop of the lift performance of Fig.6.

This feature of the front-side tapered
biplane should come from the flow field
generated by the wing with relatively large
sweep-back leading edge. Therefore, the laser
light sheet method was utilized to assure the
vortex behavior. Figure 17 shows the
visualization result and a pair of vortices can be
seen clearly just on the upper wing of the front-
side tapered biplane. Such the vortices could not
be seen in the cases of the back-side and the
both-side tapered biplanes. The vortices caused
the second drastic increase of the lift
performance and the sudden drop, namely stall,
was observed with the wide spread of the
breakdown of the vortices in the case of the
front-side tapered biplane. The wind speed was
surely reduced from 10m/s to 2m/s for this flow
visualization, it is, although, considered that an
essential phenomena should be caught by the

flow visualization experiment.

4 Conclusions

Low speed flight characteristics of three types
of a Busemann-type supersonic silent biplane,
front-side, rear-side and both-side tapered ones,
were investigated by the wind tunnel
experiment in the conditions of static and
pitching attitude of the biplanes. In the static
condition all of the biplanes have the lift
performance similar to a general thin wing.

However, the result of the front-side tapered

Fig.17 Vortices on the upper wing of the front
side tapered biplane.

biplane at its attack angle higher than eight
degrees was different from the others. The
reason for the difference is coming from the
generation of a leading edge separation vortex
on the upper wing of the front-side tapered
biplane, which behaves just similar to those of a
delta wing including the vortex breakdown.
Under the condition of a pitching flight the
all biplanes draw a hysteresis performance with
an angle of attack around the static result. These
hysteresis characteristics approach closer to the
static results in the case of the low frequency
pitch motion of 0.5 Hz than the 1.0 Hz results. It
comes from the delay of the airflow subordinate

to the pitching motion.
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