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Nomenclature

A = wing aspectratio

C; = tail-off lift coefficient

Cn = pitching-moment coefficient (tail-off)

C,0 = pitching-moment coefficient at zero lift

dc,,/dC, = slope of pitching-moment coefficient with lift
coefficient

ACr,—o = change in lift coefficient at zero angle of attack
caused by high-liftdevices

AC,, = change in pitching-moment coefficient at zero
lift caused by high-lift devices

A(C,, /dC;) = changein pitching-momentcoefficient slope
caused by high-liftdevices

Acss = wing sweep at quarter-chord

Introduction

NOWLEDGE of the change in pitching moment caused by

high-liftdevices is needed to calculate the horizontal tail load
required to trim an aircraft. This trim load reduces the total lift and
also the maximum lift coefficient of an aircraft. Standard handbook
methods such as those presentedin Refs. 1-3 do not provide simple
methods for a rapid estimation of the change in pitching moment
caused by high-lift devices. In this Note extensive wind-tunnel data
of wing-body configurations with high-lift devices were analyzed.
These data were then used to develop a simple empirical method,
which allows for the rapid prediction of the change in pitching mo-
ment caused by high-lift devices.

Theory

The change in pitching moment caused by high-lift devices is
a result of the change in pitching moment about the local aerody-
namic centres of each spanwise wing section of the flapped part of
the wing. For an unswept wing this is the total change in pitching
moment caused by high-lift devices. In general, this change will
be a nose-down pitching moment. For a swept wing the change in
spanwise lift distribution by the high-liftdevices also influences the
change in the pitching moment. In general for highly swept wings
(e.g., sweepback angles of 40 deg or more) this will give a nose-up
contribution.
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Trailing-edge devices have a significant effect on the pitching
moment in contrast to influence on pitching moment of leading-
edge devices, which is normally small. A body (e.g., a fuselage)
can have a significant interference effect on the pitching-moment
change caused by high-lift devices* This interference results in a
fictitious increase of the flap span. In general, this fictitious increase
is the highest for a high-wing configuration. The relative size of the
gap between the inboard part of a trailing-edge device and the body
is also important.* It is not easy to predict the interference effect.
Therefore, only experimental data for wing-body configurations are
used in the present paper.

It is assumed that C,, varies linearly with C;:

dc
Clll = Clll + - C
o (5)e,

ey

This approximation is valid for configurations with and without
high-liftdevices deployed as illustrated in Fig. 1. For wings having
considerable amount of sweepback (i.e., more than 40 deg), the
range of C over which C,, is linear with C, is reduced compared
to wings with less sweepback.

Empirical Correlations

The experimental data used in the development of the empirical
correlationswere obtained from Refs. 5-19. Also some unpublished
data were used. The wing-body arrangements in the wind-tunnel
experiments vary from high-, mid-, and low-wing configurations.
The wing angle of sweep ranges from O to 35 deg and the wing
aspect ratio from 5 to 12. All experiments were conducted at Mach
numbers lower than 0.25.

Data for wing-body configurations with both leading- and
trailing-edge devices deployed, as well as only deployed trailing-
edgedevices,were used. Varioustypesof high-liftdevices were used
in the wind-tunnel tests. Data of configurations with only leading-
edge devices deployed were not considered in this paper.

The changesin C,,y and dC,, /dC; in Eq. (1) caused by high-lift
devices are given by AC,,o and A(dC,,/dC.), respectively. Close
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Fig. 1 Example of C,, vs C; with and without high-lift devices for a
Fokker F50 (Ref. 5).
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examination of the experimental data showed that the influence of
high-liftdeviceson A(dC,,/dC) was very small. This is in line with
the theoretical results of Dent and Curtis.?’ For conceptual design
purposes it can be assumed that A(dC,,/dC,) is zero. The change
in pitching moment caused by high-lift devices is then limited to a
change in the zero-lift pitching moment only. Therefore empirical
correlations were developed for the prediction of AC,,.

Atfirsta very simple correlationwas considered. The liftincrease
caused by high-lift devices at zero angle of attack was correlated
with the change in pitching moment. The result is shown in Fig. 2.
All of the data showed a decrease in pitching moment with increas-
ing lift. In the sign conventionapplied here, this means a nose-down
pitching moment. Although a clear trend is visible in the data of
Fig. 2, the scatter is still considerable. To reduce this scatter, a dif-
ferent correlation was considered. From theoretical methods (e.g.,
see Ref. 1) it is known that the change in pitching moment caused
by high-lift devices is influenced by a number of variables. Wing
sweep and wing aspectratio are the most dominant variables. There-
fore a correlation was developed between lift increase, wing sweep,
and aspectratio with the change in pitching moment. The following
correlation was found from the experimental wind-tunnel data

ACmU == [_029 — 0.08A0’74 tan(AC/4)] (ACL(X: U)1,1 (2)

Figure 3 shows the corresponding comparison between predicted
and experimental values of AC,,o, where 85% of the data are corre-
lated to within 0.09. The averageerroris £0.05. Therefore Eq. (2)
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Fig. 2 Correlation between lift increase and pitching moment change
caused by high-lift devices.
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Fig. 3 Comparison of predicted and experimental values of AC,,
using Eq. (2).
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Fig. 4 Influence of wing sweep on pitching-moment change caused by
high-lift devices.

gives an acceptable estimation of the magnitude of the pitching mo-
ment change at zero lift for conceptualdesign purposes. The change
in lift coefficient caused by high-lift devices at zero angle of attack
used in Eq. (2) can be estimated with standard handbook methods
such as DATCOM (Ref. 1).

Theoreticalmethods predictthat for increasing sweepback angles
the pitching-momentchangebecomes more noseup (e.g.,see Refs. 1
and 20). The analyzed wind-tunneldatahowevershowed an opposite
trend, as is shown in Fig. 4. No explanation could be found for
this difference between theory and experimental data. However in
the development of Eq. (2), no data were used for configurations
having wing sweepback angles above 35 deg. For wings having
considerable amount of sweepback (i.e., more than 40 deg), the
range of C; over which C,, is linear with C; is reduced compared
to wings with less sweepback. Therefore Eq. (2) cannot be used for
sweep angles higher than 40 deg.

Conclusions

A simple empirical method is presented for the prediction of the
change in pitching moment caused by high-liftdevices. The method
is accurate enough to be used for conceptual design purposes.
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Introduction

OMPUTATIONAL fluid dynamics (CFD) has advanced

rapidly as a discipline and is being increasingly used to com-
plement the wind-tunnel measurements of complete aircraft con-
figurations. Wind-tunnel tests are often limited by instrumentation
constraints, precise model manufacturing, tunnel calibration, flow
quality, wall and supportinterferences,and aeroelasticeffects. Com-
pared to wind-tunnel tests, CFD analyses are less expensive and
require less time.
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This Note focuses mainly on the modeling of complex, three-
dimensional flowfields around a medium-range cargo aircraft,
CN-235 (Ref. 1). Inviscid, subsonic flow solutions for the cargo
aircraft were obtained at cruise and high-lift configurations using
a commercial CFD code. The code is briefly described in the next
section. The results are presented, and some conclusionsare drawn
from the study.

CFD Solver

Computations were done using the commercially avail-
able CFD-FASTRAN™ V2.2 code’ employing unstructured
grid methodology. The CFD-FASTRAN-V2.2 code is an im-
plicit/explicit, upwind, cell-centered, Euler/Navier-Stokes flow
solver based on finite volume method. Only the full-implicitscheme
was used for all of the computations presented in this Note. The
unstructured grids were generated using the commercial grid-
generationcode, CFD-GEOM™ V5, employingthe advancingfront
method.>* For computing flows over complex geometries, the use
of unstructured grids offers considerable savings in the number of
grid points and reduces the grid-generationtime.’ The geometry of
the aircraft was modeled using the I-DEAS™ CAD tool.

Results and Discussion

The geometry of the conventionaltype, medium-range cargo air-
craft, CN-235, is shown in Fig. 1. The solution model assumes no
aileron, elevator, or rudder deflections. The landing gear and the
propeller are also omitted, but the gondola and the engine nacelle
(with blocked air intake) are retained. In the high-lift configuration
study inboard and outboard wings with single-slotted flaps and flap-
hinge fairings are also modeled. The overall length of the aircraftis
21.4 m, full wingspanis 25.81 m, and the root chord is 3.0 m. The
aircraft has a cantilever high-wing monoplane and raked wing tips.
The wing is set to a 3-deg incidence angle and has NACA655-218
wing sections.

Fig. 1 Surface grid on the aircraft at cruise condition.

2
”/// Pressure (Pa)

£4000
82600
8000

Fig. 2 Pressure contours on the aircraft at cruise condition, o =5 deg
and P, =57,207 Pa.



