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Abstract

In this paper, the effects of leading-edge and trailing-edge flaps on the low-speed performance of the
Busemann supersonic biplanes are clarified by wind tunnel tests. The staggered models, which change the
relative position of the upper and lower element in the axial direction, incorporated flaps are also investigated.
The measuring system consists of the three-component balance system and a turntable placed in the test
section's sidewall. The position of the hinges of flaps is 0.3c (where c is the chord length of the biplane element)
away from the leading and trailing edges. The deflections of the leading-edge flap are 0° and 15°. The trailing-
edge flaps varied from 0° to 45°. The stagger values, where the upper element is set forward to the lower
element, are 0.25c and 0.5c. The results of single configurations (here, the upper and lower elements of the
Busemann biplane are treated as single configurations) showed that the lift and drag increased when flaps
were installed. The lift slopes are nearly constant even though the deflection of the trailing-edge flap increases.
The leading-edge flap increases lift slope in both upper and lower elements. The biplane configurations show
the increment in lift and drag when flaps are installed, similar to the conventional monoplane wing. The lift
slope increases when the deflection of the trailing-edge flap increases. Also, the contribution of the lower
element to total lift and total drag of the biplane decreases when flap deflection increases at angles of attack
above 0°. The leading-edge flap and the stagger make the lift slope increase. Both flaps and stagger also
increase the maximum lift, decreasing the stall angle compared with the baseline model. The contribution of
the lower element to total lift and drag decreases at angles of attack above 0° when the stagger increases.

Keywords: Busemann Biplane, Low-speed Aerodynamic Characteristics, Flaps, Staggered models.

1. Introduction

The Busemann biplane concept is proposed to reduce the sonic boom in supersonic flight [1-2]. At
the design Mach number, the shock waves are canceled between the upper and lower elements. In
previous studies, the two-dimensional wing shows impressive performance at design Mach number
compared with the diamond wing has the same thickness [1-2]. However, the problems of choked
flow and flow hysteresis must be solved for the next steps of aircraft designs [3-5]. The choked flow's
problem is that flow is accumulated between the biplane elements in the transonic and supersonic
regimes. This phenomenon is similar to the choked flow generated by the inlet diffuser. On another
hand, the problem of flow hysteresis is that the started Mach numbers, where the shock waves are
canceled, are different when the flow velocity accelerates or decelerates. The phenomenon makes
aircraft control unstable.

The biplane models incorporated with flaps and stagger are proposed to overcome the problems [6-
9]. In previous numerical studies, the problems of choked flow and flow hysteresis are solved by
using the simple leading and trailing edge flaps [6-7]. The staggered models are also considered [8-
9]. However, the studies focused on transonic and supersonic regimes. For actual flight conditions,
the low-speed aerodynamic characteristics are important for take-off and landing performances [10].
In previous studies, Kashitani et al. [11-12] investigated the flow field around the biplane wing with
flaps by the smoke line visualizations. The lift coefficients are also estimated by the circulation theory
of lift. The lift increment by using flaps are confirmed. However, the tests are conducted at small
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angles of attack due to the unsteadiness of smoke lines. The balance results are required for the
validation. Moreover, the staggered models also shows improvement when compared with the
baseline model (the biplane model with no stagger). Previous studies investigated the stagger effects
on the lows peed performances of the Busemann biplane [13-14]. The results shows the increments
of lift slopes and drag coefficient. Therefore, the combination of stagger and flaps is expected to
improve the wing's low-speed performances.

In this paper, the effects of leading-edge flaps and trailing-edge flaps on the two-dimensional low-
speed performance of supersonic Busemann biplane are clarified by balance measurement. Also,
the stagger wing incorporated flaps also investigated.

2. Experimental setup

2.1 Low-speed wind tunnel

Figures 1 (a) and (b) show the smoke wind tunnel utilized in the experiment. The wind tunnel is a
suction type with a test section of 2000 mm length x 150 mm width x 1500 mm height. The
maximum flow velocity is 26 m/s. The wind tunnel is equipped with a smoke generator (SC-3, Kanto
Chemical Co., Ltd.), which enables visualization of the flow field around the test model.

2.2 The balance systems

In wind tunnel tests, a three-component force balance system (ML-3FM2, Izumi Sokki Co. Ltd.) are
used to measure the aerodynamic forces. The measurable range of drag and lift of the balance is
+20 N. In the wind tunnel tests, the balance systems measure the aerodynamic forces acting on
each element of the biplane separately. The systems consist of a balance and a turntable placed in
the test section sidewall are used to adjust the angles of attack. The unmeasured wing element was
fixed to the turntable. The gap between the model and the wind tunnel wall is 1.5 mm, which is
determined from the displacement thickness of the boundary layer on the wind tunnel walls. The
data was recorded by a data acquisition system (KEYENCE, NR-500). The system is advanced to
clarify the low-speed performances of the baseline model and the staggered models in previous
studies [13-14].

2.3 Experimental models

Figure 2 (a) - (c) shows an overview of the experimental models used in this study. The models were
made of acrylic. The biplane element has a chord length ¢ of 200 mm, a wing thickness t of 10 mm
(t/c = 0.05), and a spacing between wing elements G of 100 mm (G/c = 0.5). The dimensions of the
baseline configuration were calculated at a design Mach number of 1.7 [1-2].

Exhaust

o
o
[To]
Ll
Motor &
fan @
o
o
™
—
% Smoke Turn table
injection nozzles (airfoil model)
0 B i
p i
N ==
o
2 o O HHE=)
S| E-9 o O e Ee P | f v - U\~
R 222 [222) | g
< : | frs
Test section S -« Projector ©
lamp  |[—|
- - - -
1500 2000 620/ 1380 Unit[mm] Lconr}(rjazlgtlié)n#—TestsectionﬁLﬁDif—fuser—J
Unit[mm]
(a) Top view. (b) Side view.

Figure 1 Schematic diagram of the smoke wind tunnel.
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Figure 2 The experimental models.

The leading and trailing edge flaps were designed based on previous studies [7,11]. The position
where the flaps are deflected is 0.3c from the leading edge or trailing edge, as the Fig. 2. The
deflections of the leading-edge flap are 6, = 0°, 15°, and the deflections of trailing-edge flaps are 5;
= 0°, 15°, 30°, 45°. Here, the leading-edge flap deployment is different with the cases in transonic
regimes. In the tests of staggered models, the upper element was set forward for the staggered
biplane, and stagger values are 0.25c¢ and 0.5c. The detailed test cases will describe in experimental
conditions.

2.4 Experimental conditions

Table 1 shows the experimental conditions. The flow velocity U, is 15 m/s and Reynolds number Re
is 2.1x10° based on the wing chord length. The angles of attack were varied from -30° to 30°.

In previous studies [13,14], the system was used to measure the aerodynamic forces of NACA0012
and the Busemann biplane airfoil (Baseline configuration). The results have good agreement with
numerical simulations and reference data, shown that this measurement setup can acquire two-
dimensional aerodynamic characteristics of single configurations and biplane configuration.

The tests of a single configuration are separately conducted with upper and lower elements. When
the deflection of the leading-edge flap o, is 0°, the deflection of trailing-edge flaps or are varied 0° to
45°. When the leading-edge flap 6, is 15°, the trailing edge flap J; is 30°.

In the tests of biplane configurations, when the leading-edge flap &, is 0°, the trailing edge flaps &+
are varied 0° to 45°. At these times, the stagger value St is 0 (No stagger). The tests aim to clarify
the effects of the trailing-edge flap on the aerodynamic characteristics of the Busemann biplane.
Next, in the case of 6, =0° and o7 = 30°, the stagger value Stis set to 0, 0.25c and 0.5c, respectively.
The tests aim to investigate the stagger effects on aerodynamic performances of Busemann biplane
with trailing-edge flaps. Finally, in the case of 6, = 15° and J; = 30°, the stagger value St is set 0 and
0.5c, respectively. The tests aim to investigate the effects of the combination of a leading-edge flap,
trailing-edge flap, and stagger.
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Table 1. Experimental conditions.

Parameters
Flow velocity 15 m/s
Reynold number 2.1x10°
The angle of attack -30° ~ 30°
Balance measurement time 20s
Sampling frequency 5 Hz
Single configuration on=0° 8:=0°, 15°, 30°, 45° Upper element
Lower element
on=15° 61=30° Upper element
Lower element
Biplane configuration on=0° 8:=0°, 15°, 30°, 45° Stagger St=0
on=0° or=30° Stagger St=0, 0.25¢, 0.5¢
On=15° 07y=30° Stagger St =0, 0.5¢

The total aerodynamic coefficients of the biplane model are defined by the sum of the elements in
biplane configuration, as flowing equations.

CD total = CD upper _biplane + CD lower _biplane (1)

CL total = CL upper _biplane + CL lower _biplane (2)

Where the Cp o and C ol are the total drag coefficient and total lift coefficient of the biplane model.
In biplane Configuration, Co upper _biplane, Cb lower _biplane; C. upper _biplane; C. lower _biplane are the drag
coefficient of the upper element, the drag coefficient of the lower element, the lift coefficient of the
upper element, the lift coefficient of the lower element, respectively.

3. Results and discussions

3.1 Results of single configuration

Figures 3, Figure 4, and Table 2 show the results of upper and lower wing elements which are treat
as single configurations. The results are compared with baseline model in the previous study [13-
14]. By comparing the results of single configurations with and without flap deflection, the flap effects
on the single upper and lower elements are investigated.

Figure 3 shows the aerodynamic characteristics of a single upper element with flaps. In Fig. 3(a),
when a trailing flap is installed, the lift increment is confirmed. When the deflection of the trailing-
edge flap o7 increases, the stall angle decreases. The stall angles are with 11°, 9°, 8°, 8°, and the
maximum lift coefficients are 0.68, 1.14, 1.36, 1.49 in order of & = 0°, 15°, 30°, 45°, respectively.
The lift slopes are 0.88, 0.087, 0.093, 0.093. When &, = 15° and ¢r = 30°, the stall angle is 10°, and
the maximum lift is improved to 1.63. The lift slope is 0.102. Compared with results of the trailing-
edge flap model (5, = 0°, §; = 30°), the leading-edge flap shows the lift increase for angle larger than
7° and make the decrease of lift results at the angle smaller than -5°. In Fig. 3(b), when the trailing-
edge flaps are installed, the drag increment is confirmed. The angle of attack, where minimum drag
appears, decreases when the flap deflection increases, with -1°, -6°, -8°, and -10° in order of ;= 0°,
15°, 30°, 45°, respectively. Even the trailing-edge flaps are installed, the bucket shape distribution of
drag coefficient is reserved. When 6, = 15° and ¢ = 30°, the leading flap shows the drag increment
for angle smaller than 0° and make the decrease of lift results at the angle of 0° to 11° compared
with results of the trailing-edge flap model (6, = 0°, ¢ = 30°). For the angles larger than 11°, the
leading-edge flap shows small increment in the drag coefficient. Figure 3(c) shows the lift to drag
ratio of a single upper element with flaps.
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Figure 4 shows the aerodynamic characteristics of a single lower element with flaps. In Fig. 4(a),
when the trailing flap is installed, the lift increments are confirmed. When the deflection of trailing
flap & increases, the angle of attack where stall occurs decreases. The stall angles are 12°, 12°, 11°,
9°, and the maximum lift coefficient are 1.08, 1.45, 1.58, 1.62 in order of &¢ = 0°, 15°, 30°, 45°,
respectively. The lift slopes are 0.88, 0.085, 0.084, 0.085, respectively. When 6, = 15° and &: = 30°,
the stall angle is 13°, and the maximum lift is improved to 1.75. The lift slope is 0.096. Compared
with results of the trailing-edge flap model (6, = 0°, 6 = 30°), the leading flap shows the lift
improvement for angles larger than 10°, making the lift decrease at the angle smaller than 10°. In
Fig. 4(b), when the trailing-edge flaps are installed, the drag increment is confirmed. The angle of
attack, where minimum drag appears, decreases when the deflection of trailing flap Jr increases.
There are -2°, -5°, -7°, and -9° in order of 6= 0°, 15°, 30°, 45°, respectively. Even the trailing-edge
flaps are installed, the bucket shape distribution of drag coefficient is reserved. When 6, = 15° and
ot = 30° the leading flap shows the drag increments at angles smaller than -3° and make the
decrease of drag results at the angle larger than -3°. Also, the leading-edge flap impressively
decreases drag from 0° to 13°. So, the leading-edge flap increases the lift and decreases the drag
for the lower element at angles larger than 10°. Figure 4(c) shows the lift to drag ratio of a single
lower element with flaps.
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Figure 3 The aerodynamic characteristics of single upper element.
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Figure 4 The aerodynamic characteristics of single lower element.

Table 2. Lift slopes of single configurations.

Single on=0° on=0° on=0° on=0° on=15°

configurations 8i=0° 5i=15° 8¢ = 30° 8¢ = 45° 8¢ =30°
EXp. CFD

Upper element 0.088 0.088 0.087 0.093 0.093 0.102

Lower element 0.088 0.084 0.085 0.084 0.085 0.096

The results of single configurations show the increment of lift and drag when flaps are installed. The
lift slope is nearly constant in the case of the upper element with the deflection of the trailing flap
lower than 30°. In cases of the lower element, the lift slope decreases when the flap deflection
increases. The leading-edge flap makes the lift slope increase in both upper and lower elements.
The numerical results show good agreement with balance measurements.
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3.2 Results of biplane configurations

3.2.1 Effects of trailing-edge flaps

Figure 5 and Table 3 show the aerodynamic characteristics of the biplane configuration with trailing-
edge flaps. In this system, the aerodynamic characteristics of upper and lower element in biplane
configuration are separately measured. The biplane’s aerodynamic characteristics are the sum of
those aerodynamic characteristics of the upper and lower elements. The results of the baseline model
(the biplane model without flap deflections) are compared with CFD and previous studies.

In Fig. 5(a), when the trailing-edge flaps are installed, the lift increment is confirmed, and the stall
occurs. When the deflection of the trailing-edge flap ot increases, the stall angle decreases. The stall
angles are 9°, 7°, and 3°, and the maximum lift coefficient is 1.96, 2.16, and 2.26 when ¢ = 15°, 30°,
and 45°, respectively. For the angle larger than 17°, the lift in all configurations is nearly constant. The
lift slope increases when the deflection of the trailing-edge flap increases. The lift slopes are 0.129,
0.133, 0.137, 0.15 regarding to &: = 0°, 15°, 30°, 45°, respectively. In Fig. 5(b), when the trailing-edge
flaps are installed, the angle of attack, where minimum drag appears, decrease when the flap
deflection & increase. The minimum drag are 0.084, 0.192, and 0.316 at -7°, -8°, and -13° in order of
o1 = 15°, 30°, 45°, respectively. When the angle of attack increases, the drag increment because of
the trailing flap also increases. In Busemann biplane wing, the trailing-edge flap shows the similar
trend as the conventional monoplane wing. Figure 5(c) shows the lift to drag ratio results.

Figures 6(a) and (b) show the ratio of the lower element to the biplane performance. Figure 6(a) shows
the lift ratio of the lower wing to the total (biplane) lift. About 95% of the total lift is generated from the
lower wing at the angle of attack larger than 20°. This result has the same tendency as the previous
study of the tandem wing [17]. When the trailing-edge flaps are installed, the lift proportion of the lower
wing decreases when the flap deflection & increases at the angle of attack larger than 0°. At 20°, the
lift proportions are about 83%, 73%, 57% when &; = 15°, 30°, 45°, respectively. The angle of attack,
where the lift ratio suddenly changes, decreases as the flap deflection increases. The lift ratio
increases when the flap deflection increases at angles of attack smaller than -13°. Figure 6(b) shows
the drag ratio of t lower wing to the total (biplane) drag of biplane configuration. When the trailing-
edge flaps are installed, the amount of change of drag ratio from the lower element in the range of
1+30° is decreases. When & = 45°, the drag ratio changes from 0.42 to 0.61 in the range of £30°.

3.2.2 Effects of the combination of flaps and stagger

Figure 7 and Table 3 show the results of biplane configuration with a combination of flaps and stagger.
In the tests, the trailing-edge flap &; = 30°, the leading-edge flap 6, = 0°, 15°, and the stagger values
St =0, 0.25c, 0.5c are considered.

Figure 7 shows the aerodynamic coefficient results. In Fig. 7(a), the leading-edge flap (6» = 15°, &: =
30°) shows the lift increments from the angle of attack larger than 6° compared with the configuration
of only 30° trailing-edge flap configuration (6, = 0°, 6: = 30°). The stall angle increases from 7° to 10°,
and the maximum lift coefficient increases from 2.15 to 2.4, respectively. At angles smaller than 6°,
the leading flap makes the lift decrease. Next, the stagger effects are clarified. With the configuration
of on = 0° and Jr = 30°, the lift coefficient has no significant difference at angles smaller than -5°. From
-5° to 2°, the 0.25c stagger configuration shows a more significant lift than the 0.5c stagger
configuration. The larger lift coefficient is generated with a larger stagger value at angles larger than
2°. The stall angle is 4°, and the maximum lift is about 2.14 in the 0.25c¢ stagger configuration. In the
case of 0.5c stagger configuration, the stall angle is 6°, and the maximum lift is 2.3. The stagger
decreases the stall angle and increases the maximum lift compared with the configuration having no
stagger. When the leading-edge flap is deflected (6, = 15°, 7 = 30°), the 0.5c stagger configuration
shows the stall at 8°, and the maximum lift is about 2.47. The stagger effects show a similar trend as
the configuration with only trailing-edge flap (6n = 0°, 67 = 30°). In Fig. 7(b), the leading-edge flap (Jn
=15°, 67 = 30°) decreases drag coefficient at angles larger than -4° and increases the drag coefficient
at angles smaller than -4°. When the angle of attack increases, the drag decrement by leading-edge
flap is nearly constant. Next, the stagger shows the drag increment at angles larger than 0° in trailing-
edge flap configuration (6, = 0°, ¢ = 30°). The stagger shows no significant difference at the range
of -2° to 5°. When the angle of attack increases, the drag increment because of the stagger also
increases. The stagger effects show a similar trend as the configuration with leading-edge flap (6 =
15°, 6t = 30°). Figure 7(c) shows the lift to drag ratio results.
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Figure 8(a) and (b) show the lift and drag ratio of the lower element distributed to the total results of
the biplane configuration. In Fig. 8(a), the leading-edge flap (6, = 15°, 8¢ = 30°) makes the lift ratio
decrease at angles larger than -5° compared with the configuration having only trailing-edge flap (6» =
0°, 8= 30°). The lift ratio is nearly constant at the angles larger than 20°, with 0.73 for the configuration
(00 =0°, 0r=30°) and 0.65 for the configuration (o, = 15°, Jr = 30°). The angle of attack, where the lift
ratio suddenly changes, also increases from 11° to 8° when deflecting the leading-edge flap. The
reason is the angle of attack where the total lift of biplane configuration approaches zero, as shown in
Fig. 7(a). The stagger effects are shown in Fig. 8(a). In the case of 6, = 0° and 8¢ = 30°, the lift ratio
decreases when the stagger value increases at angles larger than -11°. The lift ratio is almost constant
at angles larger than 20°, with about 0.53 for the 0.25c¢ stagger configuration and 0.47 for the 0.5c
stagger configuration. The angle of attack, where the lift ratio suddenly changes, is -11° in 0.25¢ and
0.5c stagger configuration, the same as the model having no stagger. When the leading flap is deflected
(6n = 15°, o1 = 30°), the stagger makes the lift ratio decreases at angles larger than -7° compared with
no stagger model, the same as the configuration with only trailing-edge flap (6» = 0°, 67 = 30°).

Figure 8(b) shows the drag ratio of the lower wing distribute to the total results of biplane configuration.
The leading-edge flap (d» = 15°, & = 30°) makes the drag ratio of the lower element decrease at angles
larger than 9° compared with the configuration with only trailing-edge flap (6, = 0°, : = 30°). At the
range of 9° to 30°, the curve of drag ratio when the leading-edge flap is deflected is nearly parallel with
the results of no leading flap. The lower element distributed about 80% of total drag near -10° in the
configuration with 6, = 0° and &: = 30°. When the leading flap is deflected (6= 15°, J1 = 30°), the drag
ratio is about 60%. In the cases of staggered models (6, = 0°, 67 = 30°), the stagger makes the drag
ratio of the lower wing decrease at the angle of attack larger than 0°. In the case of the 0.5c stagger
model, the drag ratio is almost constant nearly 50% at angles larger than 20°. It means that the lower
and upper element has nearly the same distribution to total drag. When the leading-edge flap is
deflected (6, = 15°, &t = 30°), the stagger makes the drag ratio of the lower wing decrease at angles
larger than 0° compared with the no stagger model, the same as the configuration with only trailing-
edge flap (6 = 0°, &1 = 30°).

Figure 9 shows the flow field around the biplane configuration with only trailing-edge flap (6 = 0°, 61 =
30°). The stagger value are 0 and 0.5c, and the angles of attack are 0° and 10°, respectively. The flow
direction is from right to left, as red arrows in the figure. The smoke lines between the airfoil elements
can be visualized. In Fig. 9 (a), the flow on the upper surface of the upper element separated even at
the angle of attack of 0°, as results in previous studies [11,12]. On the other hand, the smoke lines flow
smoothly on the upper surface of the lower element from the leading edge to the position that trailing
edge flap deflected. At 10°, the flow near the upper surface of the upper is largely separated. The flow
on the upper surface of the lower element slightly separated at the leading edge. However, the smoke
lines are pushed to the upper surface of the lower element when moving to downstream because the
existence of the upper element. In Fig. 9(b), the flow separation on the upper surface of the upper
element at 0° and 10° are larger than cases of the model with no stagger in Fig. 9(a). The reason is
considered that the angle of the flow behind the model that blows downward is smaller in cases of the
staggered model. The flow on the upper surface of the lower element doesn’t separate even at 10°.

Figure 10 shows the smoke line visualizations around the biplane configuration with leading and trailing
edge flap (on = 15°, 65 = 30°). The stagger value are 0 and 0.5c, respectively. In Fig. 10(a), the smoke
lines flow smoothly on the upper surfaces of both upper and lower elements at 0°. At 10°, no flow
separation are observed at the leading edge of the upper element. Compare with the results in Fig.
9(a), the effects of the leading-edge flap on reducing the separation on the upper surface of the biplane
elements are confirmed. In Fig. 10(b), the vortices near the trailing flap of the upper element are
observed. The smoke lines below the model are strongly curved. At 10, the flow near the leading edge
of the upper element is separated.

From the results, the leading-edge flap shows the effects on reducing the flow separation on the upper
surface of both upper and lower elements. On the other hand, the separation near the leading edge of
the upper surface of the upper element is larger in cases of staggered models.
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Figure 7 The aerodynamic characteristics of Busemann biplane with flaps and stagger.

T R ¥ LT i

L lower_biplane ! CL total

C

L 3 Ly 3
_ 06 e
5 [ 5
2
o L
@]
~ 04 S e
0) L
c
[
=
3
: g 0.2 [/ A —e— Baseline
1 AN SO 1 Baseline o —— Trailing Flap 30 deg.
—=— Trailing Flap 30 deg. OD —— Trail.30 deg. + 0.25¢ St
—=— Trail. 30 deg. + 0.25¢ St 0 —H— Trail.30 deg. + 0.5¢ St I
e I Trail. 30 deg. + 0.5¢ St —— Lead.15 deg. + Trail. 30 deg.
[ | —*— Lead.15deg. + Trail.30deg. —&— Lead.15 deg. + Trail.30 deg. + 0.5 ¢ St
L | —=— Lead.15deg.+Trail.30deg.+ 0.5 ¢ St T T I I
g Lo . -0.2
-30 -20 -10 0 10 20 30
-30 -10 0 10 20 30

Figure 8 Ratios of the lower element to the biplane performances with flaps and stagger.

Angle of attack (deg)

(a) Ratio for lift coefficient.

Angle of attack (deg)

(b) Ratio for drag coefficient.

10



ANALISIS OF LOW-SPEED AERODYNAMIC CHARATERISTICS OF
BUSEMANN BIPLANE AIRFOIL INSTALLED HIGH LIFT DEVICES

Flow
direction

-

Flow
direction

-

Flow
direction

-

Flow
direction

a=10°.
(a) No Stagger. (b) 0.5c Stagger.

Figure 9 Smoke line visualization of trailing flap and Stagger models. (6, = 0°, 6t = 30°)
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Figure 10 Smoke line visualization of trailing flap and Stagger models. (6, = 15°, §; = 30°)
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Table 3. Lift slopes of biplane configurations (-14° to 4°).

Biplane Baseline on=0° on=0° Sn=0° Sn=15°
configuration Ref. [13] 8¢ =15° 8¢ = 30° 8¢ = 45° 8¢ = 30°
No Stagger 0.129 0.133 0.14 0.15 0.166
0.25c¢ Stagger 0.134 - 0.152 - -

0.5c¢ Stagger 0.144 - 0.155 - 0.173

4. Conclusions

In this paper, the effects of leading-edge and trailing-edge flaps on two-dimensional low-speed
performances of the Busemann supersonic biplane are clarified. The stagger models that
incorporated flaps were also investigated.

The results of single configurations showed the increment of lift and drag when flaps are installed.
The lift slopes are nearly constant when the deflection of the trailing-edge flap increases. The
leading-edge flap increases lift slope in both upper and lower elements.

The total lift and drag of the biplane increase when flaps are installed. The lift slope increases when
the deflection of the trailing-edge flap increases. The contribution of the lower element to the total lift
and drag of the biplane decreases at angles of attack above 0° when flap deflection increases.

The leading-edge flaps and the stagger make the lift slope increase. The flaps and stagger increase
the maximum lift, decreasing the stall angle compared with the configuration with only a trailing-edge
flap. The stagger also makes the contribution of the lower element to the total lift and drag decrease
at angles above 0°. The leading-edge flap reduces the flow separation on the upper surface of both
upper and lower elements. In staggered models, the separation near the leading edge of the upper
element's upper surface is more extensive than in the biplane model with no stagger.
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