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Abstract

This paper describes the wind-tunnel testing of some
unconventional aircraft configurations of specially
designed wind tunnel models in the 1.8m low-speed
wind tunnel at VZLU, Aeronautical Research and Test
Institute in Prague, and numerical validation of CFD
package RAMPANT performed in the computerised
fluid dynamic laboratory at the Department of Aerospace
Engineering, The University of Glasgow. The
numerical validation is being conducted by the
University of Glasgow as a part of the ongoing research
cqllaboration between both institutions. The wind-
tunnel test programme had two aims
- to provide basic aerodynamic data on the effects

of unconventional aircraft configurations with

a view to assessing the degree to which

specific design features such as a combination

of canard, wing and tail-plane are beneficial to

aircraft aerodynamic performance

- to provide an aerodynamic database for
numerical validation

The aerodynamic data for different geometrical aircraft
configurations with the same wing, fuselage, tail and
canard surfaces were compared. The results show that
the magnitude of lift, drag and pitching moment depends
on the angle of attack and various positions of canard,
wing and tail with respect to one another.

Nomenclature

= lift coetficient
= angle of attack
drag coefficient
= zero lift pitching moment coetficent
(positive nose up)
pitching moment coefficient
(positive nose up)
=  wing chord
tail horizontal position (see Fig. 1)
tail vertical position # (see Fig. 1)
e canard horizontal position  (see Fig. 1)
V,. = canard vertical position (see Fig. 1)
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Introduction

Aircraft development in many ways means to improve
it's aerodynamic characteristics all the time. This aim
can be achieved by modifying existing.classical aircraft
configurations or by adopting the more radical approach
of unconventional aircraft geometrical configurations.
The most common way of dealing with such a problem
is to delete the longitudinal stabiliser aft of the wing
and substitute it by something else. Such an aircraft
configuration is being used in both civilian and military
applications. The purpose of this research was to find
the configuration using canard, wing or tail which will
improve aircraft performance in comparison to the
conventional aircraft surface arrangement.

Unconventional aircraft geometry has been known since
the beginning of aviation, but it was only during the
sixties that some of these aircraft got past the prototype
stage into serial production. The first of these were
military aircraft and in the late seventies the first civil
canard application was used for sport/recreation aircraft
design. In 1985 the prototype of a new canard
commuter aircraft was built with the view of bringing
the project into serial production. The trial was
successful, however, serial production was later
suspended due to the high cost and technical problems
of the aircraft involved. The results of analytical
analysys of some unconventional aircraft configurations
were published mainly by Keith(1), Rokhsaz and
Selberg(2) (3). (4),

Some experimental work by Feistel(3), Ostowari(®) had
been studied prior to the research to identify the wind
tunnel set-up and model geometry. -

The research which has been undertaken and is also
presented in this paper examines the geometric
parameters of the aircraft model and the effect on the
aerodynamic characteristics such as, lift curve gradient
and maximum lift coefficient, minimum drag coefficient
and pitching moment coefficient. The experimental
tests results for all selected model variants are presented
in this paper. These data create an acrodynamic database
for numerical modelling verification.
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Wind Tunnel Model

A specially designed modular aircraft wind tunnel model
was made which allowed changes to aircraft
configuration. The metal aircraft model was constructed
from modules such as canard, fuselage, wing and tail.
The basic model dimensions are shown in Fig. 1.
Modular construction was used to enable the creation of
three basic aircraft configurations such as conventional
wing-tail aircratt configuration. unconventional with
foreplanc canard-wing and canard-wing-tail aircraft
configurations. It was also possible to change the
relative position of canard. wing and tail as shown in
Fig. L.

The wing was rectangular with a profile NACA 0015
along the span, without dihedral or twist. The modular
aircraft model allowed use of wing i low or high
configuration. Canard and horizontal stabilisers werc
also of rectangular shape with an area 30% of the wing,
NACA (0012 profile and without dihedral or twist. It
was possible to place the canard in nine positions on
the forward fuselage or to take it away. Also, the
horizontal tail could be fixed in four positions on the
fin or taken away.
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FIGURE 1 - Wind Tunnecl Model
[dimensions in mm]

FIGURE 2 - Model in the Wind Tunnel

Wind Tunnel Test Set-up

All tests were conducted in the 1.8 m low speed wind
tunnel at VZLU, Aeronautical Research and Test
Institute in Prague in the Czech Republic(?). This
institute has provided very good quality wind tunnel
facilities for the Czech aircraft industry for many years.
The particular wind tunnel used in this study was an
atmospheric open-section, closed return, with a
maximum velocity of 55 m/s. Forces and moments
were measured on a six component overhead
gravitational batance. The model was mounted in the
wind tunnel by a system of connecting wires. The
model hanging in the wind tunnel can be seen in Fig. 2.
The Revnolds Number based on the wing chord was
3.35 x 10°. S

For calculations of non dimensional force coefficients
reference used was the wing area including part of the
wing shadowed by the fuselage.

The basic characteristic length for pitching moment
coefficient calculation was the wing mean acrodynamic
chord.

The reference point for quarter chord pitching moment
coefficient calculation, for all aircraft configurations
measured, was the centre of gravity positioned as shown
in Fig. 1.

All measurements were without sideslip.

Experimental Data Analysis

The main features of the results from the wind-tunnel
test programme are presented and analysed in this
section.
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Selected aerodynamic data are represented by lift, drag
and pitching moment coefficients and are shown and
analysed for three basic aircraft configurations.
1 Conventional aircraft wing-tail configuration
(for reference only)
2 Canard-wing configuration.
3 Canard-wing-tail configuration.

The various combination of vertical and longitudinal
position with respect to one another of canard, wing and
tail is listed in the tables for each aircraft configuration
measured.

Wing-Tail Configuration

Measured in the wind-tunnel were six combinations of
wing and tail relative positions. Three combinations
were for low wing configuration and three for high wing
configuration. The combinations and geometry of wing
and tail that were tested are listed in Table 1. For high
wing configuration the vertical position of the tail was
in the region ¢ =v,, < 2c. Horizontal position of
the tail was kept constant at s, = 4c. The tail
incidence with respect to the wing was zero.

Figures 3, 4 and 5 present experimental data for a wing-
tail configuration.

Configuration h,, Vi
Wing-Tail
0
High Wing 4c 0.5¢
1.5¢
1c
Low Wing 4c 1.5¢
2c
TABLE |

Lift Curve Slope, C,
Fig. 3 presents the measured lift curve slope for each of
the six configurations examined in the study. From the
figure it is possible to observe that both the slope and
magnitude of lift coefficient are affected by the vertical
position of the tail relative to the high or low wing
configuration. Maximum recorded ingrease in C,
derivative was in the region of 0.15 rad-!. This was
due to the reduction of wing and fuselage effect on the
tail flow (downwash).
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Maximum Lift Coefficient, C,

. max

Increase in vertical distance, v, , between the wing and
tail for both low and high wing configuration was the
main reason for increment in C, . as shown in Fig 3.
This effect is again explained by the reduction of wing

and fuselage effect on the tail flow.

Minimum Drag Coefficient, C),
The experimental results are illustrated in Fig. 4.

In the case of high wing configuration minimum drag
coefficient was decreasing with increased vertical
distance, V. But for higher values of v, decrease in
Cp,  was not so significant. Maximum Cp..
reduction occurred when the distance v, , was between
zero and 1.5c and was AC,, . = 0.0012.

In the case of low wing aircraft configuration minimum
drag coefficient was not affected with change in vertical
position of tail on the fin.

Pitching Moment Coefficient, C,,

Fig. 5 shows wind tunnel experimental pitching
moment coefficient curves. From this figure it can be
opserved that increased vertical distance between the
wing and tail make the curve slope more negative, thus
the neutral point was shifting backwards. Also, by
increasing the distance between the wing and tail the
downwash on the tail was reduced and this resulted in a
decrease in zero lift pitching moment, C

mo’

Canard-Wing Configuration

The results from the experiments which were carried out
to find the effect of various canard-wing positions, with
respect to one another, on aerodynamic forces and
pitching moment are presented in Figures 6, 7, 8, 9, 10
and 11. Table 2 shows that eighteen combinations
canard-wing which were measured in the wind tunnel.
Nine variations of measurement were a combination of
canard and high wing configurations. In this case
horizontal distance between canard and the wing varied
in the region 2¢ < A < 4c and the vertical
distance in the regionof, -¢ <= v, = 0. The
remaining nine configurations were canard and the low
wing. The horizontal distance between canard and wing
changed in the region 2C =< A, < 4c andthe

vertical distance in the region of 0 =< V. = C.

Lift Curve Scope, C L

As shown in Figures 6 and 9 the variation of lift force
with angle of attack was to be almost linear in the - 6 <
a < 7 degree range. A slight increasetin lift curve slope
due to the increased 4, distance is noticable in the
linear range of Cl.,, for both low and high wing

configuration. Changes in vertical distance, v, did
not influence the lift curve slope.
Configuration h,, V.
Canard-Wing
-1c
2 -0.5¢ )
0
-lc
High Wing 3c -0.5¢
0
-1c
4c -0.5¢
0
0
2c 0.5¢
1c
0
Low Wing 3c 0.5¢
Ic
t
4c 0.5¢
Ic
TABLE 2
Maximum Lift Coefficent, C, ..
As it can be seen in Figures 6, 7, 9, and 10 the
horizontal distance between canard and wing, A, ., has

not affected the maximum lift coefficients but the canard
vertical position with respect to the wing affected

C | may moticeably. The lowest C, . was recorded for
high wing configuration when the vertical distance
between canard and wing was v, = -0.5C. In this
configuration the canard unfavourably affected the flow
over the wing, particularly in the region of angle of
attack corresponding to C, .

Minimum Drag Coefficient, C

Shortening of the horizontal distance between canard and
wing influenced the minimum drag coefficient only in
the region of /. between 3c and 2c when the reduction
of C,, ., wasonly 0.001 as can be Figures 7 and 10.
Increased vertical distance between the canard and the
wing contributed to the reduction of minimum drag
coefficient in both cases when the canard was shifted
above or below the wing level. The highest C,, was
recorded when v, = 0.

Do

D min P
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Pitching Moment Coefficient, C,,

As indicated in Figures 8 and 11 pitching moment
curve was affected by the horizontal distance, A, _,
between the canard and the wing in the case of high and
low wing configurations. For increased £, the neutral
point moved forward resulting in a reduction of
longitudinal static stability.

Change in vertical distance between canard and wing
v, was followed by a slight change in zero lift
pitching moment coefficient. This was due to the fact
that the change in vertical canard position with respect
to the centre of gravity also changed canard drag
moment which contribute to the overall pitching
moment. The distance, v,__, did not atfect the curve
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High Wing, Canard Effect.
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High Wing, Canard Effect.
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FIGURE 11 - Canard Wing Configuration with
Low Wing, Canard Effect.

Canard-Wing-Tail Configuration

The experimental programme involved tests of twenty
two different canard-wing-tail aircraft configurations
with relative positions to each other as stated in
Table 3.

Configuration Aol vie | Aol v,
Canard-Wing-Tail
-lc
2c ] -0.5¢
0
-1c
High Wing 3¢ ]-0.5¢c] 4c | 1.5¢
0
-1¢
4c {-0.5¢
0
-0.5¢ 0
4c | -0.5¢] 4c | 0.5¢
2¢ | 0.5¢
Ic
0
Low Wing 3¢ { 05c] 4c | 1.5¢
1c
0
4c | 0.5¢
ic
Ic 1c
4c 1c 4¢ 2c

TABLE 3

Half of the model configurations were with high wing.
In nine cases the canard position was adjusted so that
the horizonal and vertical distance from the wing were
in the region 2c = h, _<4c, —c=v, =<0 while
the tail was in the fixed position #,, = 2¢ and

V,, = 1.5c. Intwo cases when canard position was at
h,. =4cand v, =-0.5¢ the tail position was

changedto h,, =4candv,, =0 andv, =0.5 and

wi wi

the effect on the aerodynamic characteristics observed.

The other half of the model configurations were with
low wing. Also in nine cases the canard position was
adjusted so that the horizontal and vertical distances
from the wing were in the region 2¢ < /1, < 4c,

0 = v, = Ic while the tail was in the fixed position
h,., =4candv,, =15c. Intwo cases the canard
was placed at /1, . = 4c and v, = 1c the tail position
was adjusted to 4, =4c, v, =1cand v, =2c and
the effect on the aerodynamic characteristics observed.

The results are presented in Figures 12 - 20.

Lift Curve Slope, C,

If the horizontal canard distance from the wing /1, is
increased from 2c to 4c, according to Figures 12, 15 and
18, the increase in the lift curve gradients is about 0.1

rad”! in the linear range of C, .

The vertical distance between canard and wing influenced
the lift curve slope by 0.4 rad in some model
configurations. This effect was not observed in the
canard-wing configuration nor did the vertical position
of tail affect C, in the case of the conventional wing-
tail conﬁguratiog. This could lead to the explanation
that the canard affected the flow over the tail directly and
also at the same time affected the wing flow and then
downwash which resulted in different tail flow
characteristics compared with conventional wing-tail
configurations.

When the vertical distance between the tail and canard
v, - vwc> was less than 1.5¢, the tail was affected the
most by the canard and this resulted in the reduction of

C, .

The effect of the vertical distance between the wing and -
the tail on CL can be expected to be the same as in the
case of conventional model configuration. This means
increased vertical distance, v, will result in a slight
increase in C,_u.

we?

Maximum Lift Coefficient, C,

max

In high wing configuration the horizontal distance
between canard and wing, /1, , did not affect C, , but
in the case of low wing configuration increase inwhwc
resulted in a slight positive increment in C,

RPN
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As Figures 12, 13, 15 and 16 show, for the canard-
wing-tail confirguration, the vertical distance between
canard and wing, v, affected Cl-..m in the same way as
in the case of canard-wing configuration. In the case of
V. =-0.5¢c and the critical angle of attack, decrease in
C,  was recorded. This was due to the unfavourable
canard effect on the wing flow.

From the similarity between results observed for canard-
wing and canard-wing-tail configurations it is possible
to conclude that relative position of canard and tail does
not affect CI-...-.\ significantly.

Minimum Drag Coefficient, C,,

mia

According to the experimental results presented in
Figures 13, 16 and 19 changes in position of both
canard and tail surface did not affect minimum drag
coefficient.

Pitching Moment Coefficient, C,,

Pitching moment curves as seen in Figures 14 and 17-
were significantly affected by two geometrical
parameters of the model. Firstly, it was the horizontal
distance between the canard and the wing, /1, when
increased then the neutral point is shifts forward and
pitching moment curve slope is increased.

Secondly, the geometrical parameter which affected
pitching moment was the canard vertical position, v
and the tail vertical position, v,,. This could be
explained by analysing and comparing experimental
results for different model geometrical configurations.
Even this effect was not observed in the case of canard-
wing and conventional wing-tail configurations it was
possible to conclude that, for example, the differences in
the pitching moment curves, between conventional and
canard-wing-tail configurations, were the result of the
canard flow effect on the tail. This was done directly by
canard flow wake and also by canard effect on the wing

" flow and it's downwash which also affect and change tail
flow characteristics.

we?

The experiments show that a significant change in
pitching moment coefficient.which occurs in the
practical range of angle ot attack are related to the direct
effect of the canard on the tail. This effect was
significantly reduced by increasing the vertical distance,
V,. between canard and tail. However, according to the
experimental data for the modular model, only a change
of vertical distance was needed to eliminate the negative
effect of canard flow wake on the tail. When the .
horizontal distance between canard anditail is,

h. . +h ) = 6c¢ or 7c the vertical distance between

W Wi

canard and tail mustbe v, ~v . =2c. If the

horizontal distance was (/7“,(_ +h, )= 8c the vertical

distance between canard and tail needed to eliminate
canard effect on tail was (vw, - V“.‘.) =2.5c.

When the angle of attack was increased beyond the
practical range, it was observed that the first flow
separation occured on the canard, then the pitching
moment slope gradient began to reduce and the neutral
point was moved backwards.

The canard vertical position also affected zero lift
pitching moment coefficient, Cm‘,' The reason and
effect was the same as in the case of canard-wing and
conventional wing-tail configurations.
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FIGURE 12 - Canard-Wing-Tail Configuration with
High Wing, Canard Effect
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FIGURE 15 - Canard-Wing-Tail Configuration with
Low Wing, Canard Effect
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FIGURE 16 - Canard-Wing-Tail Configuration with
Low Wing, Canard Effect

1.2 H B
T
CL J : ? Vo
H ’ .
0.8 o--- e v 0 High
¢ Wing
| / : & 0.5c Py =4C
; c 15c =4
[ TR S, a...7§ ................... Ve =4
§ < 1.0¢ Low
) i o 15¢ hWi"i
=4c
Y R i o 20c | YO
/ : Ve =4c
/. 5 hM=4C
R o S :
LI -
~-038 A g —t . ' t .
- 8 16 ‘ 24 oclo] 32

FIGURE 18 - Canard-Wing-Tail Configuration,

Tail Effect
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FIGURE 19 - Canard-Wing-Tail Configuration,

Tatl Effect
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Tail Effect

Numerical Modelling

To establish the effects of three aircraft geometrical
layouts on aerodynamic characteristics, numerical
calculations have been carried out for conventional,
canard-wing and canard-wing-tail configurations.

The numerical calculations were performed by using the

commeércial CFD package RAMPANT. This software

was successfully used by the Department of Aerospace

Engineering, University of Glasgow in 3-D numerical

modelling in previous research work(8). The steps

required for the numerical modelling process were as
follows:

1. Defining the geometry with the DDN pre-
processor.

2. Generating a 3-D unstructured boundary mesh on
the defined geometry with the P-CUBE. The
elements created in P-CUBE were Triangular-
Surface. The boundary mesh of the aircraft in three
surfaces configuration is shown in Figure 21.

3. Generating the 3-D unstructured volume mesh with
the T-Grid software.

4. Importing the 3-D volume mesh into the solver
RAMPANT 3-D. The first step of setting the
problem in RAMPANT is to choose an adequate
physical model. For this case the RNG K — ¢
model was chosen which gives improved
performance for separated flows and flows in curved
geometry.

The Reynolds averaged Navier-Stokes equations were

solved.using a finite-volume approach. The integration

method employed was an explicit multi-stage Runge-

Kutta scheme.

FIGURE 21 - The Boundary Mesh

Conclusions

The wind-tunnel tests and their results are presented for
different canard-wing-tail aircraft configurations in low-
speed applications. The data indicates that the
interference between canard, wing and tail will affect
basic aerodynamic characteristics with such intensity
depending on relative position of all three lifting
surfaces. A specially designed modular aircraft wind
tunnel model was made. This model proved to be
practical in creating a sufficient number of aircraft
configurations. Obtained experimental data represents
the acronautical database for numerical validation which
is currently performed in the Department of Aerospace
Engineering at the University of Glasgow using the
CFD code RAMPANT. Comparison of experimental
and numerical data will be available in the future. Also,
expirimental investigation into unconventional aircraft
configuration will continue for balanced cases and
different static margins. :
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