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Nomenclature
Re = Reynolds number based on wing root chord
α = angle of attack, deg
�CL = lift coefficient difference between the canard

configuration and delta wing (baseline configuration)
�C = canard sweep angle, deg
�W = wing sweep angle, deg

Introduction

B EHRBOHM1 first found in 1965 that a close-coupled canard
configuration has substantial advantages: Adding a canard to

the wing increases the maximum lift coefficient and delays the stall
angle of attack. This advantage mainly results from favorable in-
terference between the canard and wing. From then on, many ex-
perimental studies have been conducted on a close-coupled canard
configuration. These studies are roughly divided into two categories
by research objective: one is parametric studies based on force mea-
surement to find practical configurations,2−9 and the other is flow
mechanism studies of lift enhancement based on pressure measure-
ment, flow visualization, etc.10−21

Whichever category the study belongs to, the wing and canard
sweep angle is usually an important parameter worthy of study. Of
modern high-maneuverability aircraft, the wing and canard usually
adopts delta wings. Previous work indicated that the sweep angle of
the delta wing was very important parameter that seriously affects
the delta-wing lift characteristics and flow patterns. Thus, with re-
gard to the delta-wing/canard configuration, it was learned that the
wing and canard sweep angle would affect lift-enhancement charac-
teristics and wing/canard vortex interference modes. However, the
studies did little to teach researcher how to affect these character-
istics. The previous studies mainly focused on the canard sweep
effect, whereas the wing sweep was basically fixed.3,7,12,13,18 No
study was carried out covering the effect on lift enhancement when
both delta-wing and canard varied from low to high sweep angles.
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Thus, in the present Note, a detailed study will be made on the effect
of the wing’s and canard’s sweep angles on lift enhancement of a
delta-wing/canard configuration at low to high incidence by force
measurement. The wing sweep varies from 40 to 75 deg and the
canard sweep varies from 40 to 80 deg.

Experimental Setup
The experiment was conducted in the D1 wind tunnel of Bei-

jing University of Aeronautics and Astronautics, which had a
1.02 × 0.76 m ellipse-shaped test section with 2-m length. The
freestream turbulence intensity was less than 0.3%.

There were 72 delta-wing/canard configurations made of nine
canards and eight wings used in the present experiment. The canard
area is 12.25% of that of the wing. All canards have an identical
area and so do all wings. The canard sweep angles are 40–75 deg at
5-deg intervals and the wing sweep angles are 40–80 deg at 5-deg
intervals. The wing and canard are coplanar, and the longitudinal
distance between them is zero. They are made of organic glass with
3-mm thickness and a leeward-beveled 45-deg angle. One of the
canard-configuration models is shown in Fig. 1.

A six-component balance was used to measure lift force from
−1.6 to 48.4 deg angle of attack. The experimental maximum-
blockage-degree is less than 0.9%. The incoming velocity is 20 m/s,
and the corresponding Reynolds numbers based on the delta-wings’
root-chord length are 2.0 × 105–4.0 × 105.

The mean-square-root errors of seven repeated experiments with
a canard configuration of 40-deg sweep wing and 40-deg sweep
canard is 0.0088 for lift coefficient. The model angle of attack can
be set to within 0.05 deg.

Results and Discussion
The lift-coefficient calculation of the delta wing (baseline config-

uration) adopts the wing area as a reference area, but the reference
area of the canard configurations is the sum of the wing area and
the canard area. Thus, the effect of adding the canard area can be
eliminated, and the lift enhancement will have more practical mean-
ing. The final results are given by the lift-coefficient difference
between the canard configuration and the corresponding baseline
configuration.

At the low-to-moderate angles of attack, the canard configurations
have no lift enhancement, regardless of how great the wings’ and ca-

Fig. 1 Canard-configuration model.
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nards’ sweep angles are. Figures 2a and 2b respectively, presents the
lift-coefficient increment (LCI) of the canard configurations at 8.4
and 18.4-deg angles of attack (AOA). From Fig. 2a, it can be seen that
the LCI of all canard configurations is less than zero, which implies
that no lift enhancement occurs. Figure 2b shows that only the canard
configurations of 40-deg sweep wing have minor lift enhancement
when the canard sweep is from 50 to 65 deg. Of the canard config-
uration of 45-deg sweep wing and 50-deg sweep canard, the LCI
is also more than zero. However, the increments are very small and
can even be neglected if the experimental error is considered.

Figure 2c presents the LCI at 23.4-deg AOA. Note that both LCI
curves of 40- and 45-deg sweep wing have lift enhancement in the
whole range of canard sweep, and they both reach the maximum

Fig. 2a ∆CL vs ΛC for canard configurations of different sweep wings.

Figs. 2b–2g ∆CL vs ΛC for canard configurations of different sweep wings.

increment value at 80-deg canard sweep angle. The LCI curve of
50-deg sweep wing begins to rise across the zero-increment line
(�CL = 0) and already almost lies over it. Nevertheless, the LCI
curves of sweep wings greater than 50-deg are still located under
the zero-increment line.

Figure 2d shows LCI at 28.4-deg AOA. The LCI curves over
the zero-increment line have become three pieces. The variation of
the three curves with canard sweep angle is very similar, and they
all reach the maximum value at 75-deg canard sweep angle. The
canard configurations of 40-deg sweep wing have the best results
from lift enhancement. The canard configurations of 45-deg sweep
wing are the second. Those of 50-deg sweep wing are the third. The
LCI curve of 55-deg sweep wing has gone partly across the zero-
increment line, and the LCI curves of more than 55-deg sweep wing
are still located under the zero-increment line.

For a 30.4-deg AOA, the LCI is presented in Fig. 2e. Figure 2e
is characterized by four pieces of curve located over the zero-
increment line. Note that the canard configurations with 40-deg
sweep wings end up with the best lift-enhancement effect, which
is different from the preceding result. The canard configurations of
40–55 deg sweep wings have a better lift-enhancement effect at the
canard sweep angles of 55–75 deg than at the other canard sweep
angles. The canard configurations of 60–75 deg sweep wing have
no lift enhancement at this AOA.

Figure 2f shows the LCI at 38.4-deg AOA. Note that the LCI
curves over the zero-increment line have increased to five pieces,
and only the LCI curves of 65-, 70-, and 75-deg sweep wings lie
under the zero-increment line. The LCI curves of 40-, 45-, 50-, and
55-deg sweep wings reach the maximum value at 65-deg canard
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sweep angle. As to the LCI curve of the 60-deg sweep wing, the
LCI basically remains constant when the canard sweep angles are
between 40 and 70 deg.

Figure 2g shows the LCI at 48.4-deg AOA. Note that the LCI
curve of the 65-deg sweep wing has approached the zero-increment
line and lies partly over it. The LCI curves of the 40–55 deg sweep
wing approximately increase with canard sweep angles when the
canard sweep is less than 70 deg and arrive at a maximum value at
a 70-deg canard sweep angle. The LCI curve of the 60-deg sweep
wing arrives at a maximum value at a 70-deg canard sweep angle. In
addition, when the canard sweep is 40 or 45 deg, the LCI of the 60-
and 65-deg sweep wings become lower than zero. The canard config-
urations of 70- and 75-deg sweep wings have no lift enhancement at
this AOA.

Conclusions
Under the conditions of the present experiment, the lift enhance-

ment of canard configurations is substantially affected by the wing
sweep and AOA. When AOA is less than a certain critical value, no
lift enhancement occurs on any canard configurations. When AOA
is more than the critical value, the canard configurations of the 40-
deg sweep wing are the first to have a lift-enhancement effect. As
the wing sweep of canard configurations becomes larger, the AOA
at which lift-enhancement occurs becomes larger. At certain AOA,
generally speaking, the canard configurations of the lower sweep
wings have a greater benefit from the effect of lift enhancement.
With regard to the canard configurations of certain sweep wings
having lift enhancement effect, the effect of the canard sweep on
the lift enhancement varies with AOA, but at each AOA, an optimum
canard sweep for lift enhancement exists.
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