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Abstract

Study of aerodynamics of an airbrake positioned
on upper side of a generic laminar sailplane air-
foil section was performed using low-speed wind
tunnel testing and CFD, including the study of
influence of a gap between the airfoil upper sur-
face and the bottom edge of the airbrake. Forces
and moments testing, surface pressure distribu-
tions and flow visualizations using PIV and mini-
tufts were performed.

The results of the study enable to better un-
derstand the details of aerodynamic phenomena
connected with the airbrake including related
flow physics. The results enable to better pre-
dict an airbrake performance and to better esti-
mate the influence of airbrake on the other parts
of an aircraft. The results also constitute vali-
dation case embodying complex flow physics for
2D CFD codes.

1 Introduction and motivation

An airbrake (also called dive brake or speed brake
or aerodynamic brake) is a device currently used
to control glide path of the sailplanes and motor-
gliders, namely in the final approach stage of the
flight. The necessity of its use is given by high
lift-to-drag ratio of these aircraft that makes ex-
act final approach very uneasy without airbrakes.
As today secondary role (but historically primary
reason for the airbrake invention and introduc-
tion), the airbrake shall prevent exceeding of cer-
tificated never exceed speed. The principal air-

brake effects are evident, decreasing of the lift
and increasing of the drag. Surprisingly, detailed
description and explanation of the flow physics as
well as quantitative values are difficult to find in
the available literature sources. The reasons con-
sist in the fact that main research activities were
performed in connection with military dive air-
craft, in the thirties of the last century, and air-
brake use at that time was different from their
current use, the technical design of airbrakes also
has changed.

The airbrakes were firstly proposed by Jacobs
[1][2] especially as a safety device to limit speed
in anomalous flight positions following disorien-
tation or an error of a pilot, although the possibil-
ity of their using to facilitate landing was men-
tioned. Jacobs fundamental articles presented
speed polar for a complete aircraft with DFS-
type airbrakes and 2D smoke wind tunnel visu-
alization for three airbrake configurations, with-
out providing any aerodynamic forces or pressure
data. Hoerner [3] was very brief, focused on the
influence on drag only, he did not pay attention
to the explanation of the flow physics and did not
cover the type of the airbrake that would be in-
teresting for contemporary sailplane design. Re-
buffet [4] gave more considerations on the gen-
eral performance including lift and moment con-
sequences of plate airbrake similar to the cur-
rent sailplane airbrakes, but did not bring nor
pressure distributions, nor description of the con-
nected flow phenomena. Schlichting and Truck-
enbrodt [5] presented basic valuable information
on a airbrake similar to the currently used type,



but general survey character of the book did not
bring detailed descriptions. Fuchs [6] performed
systematic wind tunnel study of airbrakes on a
model of an aircraft with elliptical wing and on
a model of a rectangular wing. The main pur-
pose, also in this study, was to provide data for
control of dive flight of military aircraft. In ad-
dition to force results, Fuchs presented also pres-
sure distributions for one airbrake configuration,
unfortunately for the airbrake positioned only on
the lower side of the wing, the configuration
not used anywise on current aircraft. Davies’
report [7] contained more quantitative informa-
tion including influence on lift and trim of larger
spectrum of airbrake types, but described flaps
also were not of current sailplane type, although
the airbrakes of Hamilcar WW 1II military glider
could be at least of certain interest. However the
presented results were limited on global aerody-
namic forces, without any airfoil pressure distri-
butions and mainly without descriptions of flow
physics and its specific phenomena. Arnold [8]
dealt with force and moment measurements of
finite-span wing with airbrakes of different rel-
ative span. Airbrakes on the upper surface, the
lower surface and the both surfaces were studied,
also influence of the brake height, brake chord-
wise position and the gap between the airfoil and
airbrake were examined to the certain extent.

The mentioned literature results were con-
nected primordially either with very specific kind
of past military flying and thus focused mainly on
speed control during steep dive either with pre-
vention of exceeding of permitted speed. They
are not directly exploitable for design of con-
temporary sailplanes or light aircraft, mainly due
to the substantial differences in wing airfoil sec-
tions, in airbrake configurations and due to cur-
rent use as the control devices of the slope of rel-
atively shallow flight path (shallow compared to
military dive attack) at practically constant low
speed.

2 Model

A model of an advanced generic sailplane airfoil
section was used. The model was in the form of
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rectangular wing with circular endplates (Fig. 1).
Maximum thickness of the airfoil was 14.5 per-
cent of the chord, positioned at 43.5 percent of
the chord. The pressure distributions were taken
using 68 pressure taps.

Fig. 1 Model equipped with the airbrake in the
test section

The airbrake was of the Schempp-Hirth type
that is almost the only type used on current
sailplanes. Its model consisted of a plate per-
pendicular to the airfoil chord equipped with
short perpendicular ledge on the upper edge
(Fig. 2).This ledge simulated spring-loaded cap
covering the airbrake plate and assuring smooth
wing surface contour with the airbrake in re-
tracted position.

Fig. 2 Airbrake geometry

3 Wind tunnel and measuring devices

The tests were performed in the 3m LSWT low
speed wind tunnel at VZLU, Aeronautical Re-
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search and Test Establishment in Prague. The
wind tunnel used was an atmospheric type with
open test section of 3 meter diameter [9]. The
model was hinged on a balance to measure lift,
drag and pitching moment. The surface pressure
distributions were measured using pressure block
built into the model.

Particle Image Velocimetry (PIV) experiment
was conducted to better understand the develop-
ment of flowfield in two distinct cases, the air-
brake with and without a gap between the airfoil
upper side and the airbrake bottom edge.

Visualization of boundary layer flow was per-
formed using minitufts illuminated by ultraviolet
light.

The Reynolds number based on the airfoil
chord was Re = 1.5-10°.

4 Mesh generator and Flow Solver

A hybrid unstructured grid with prismatic layers,
defining the airfoil geometry and simulating the
boundary layer, was used due to the simplicity of
creating such grids on complex geometries. Only
one mesh was generated for all cases using a
commercial software package ICEM CFD to cre-
ate an Euler mesh that is used as input to mesh-
ing program TRITET [10] that generates a suit-
able mesh for Reynolds-averages Navier-Stokes
(RANS) computations. The near-wall grid spac-
ing normal to the wall was set to be less than
2.5 x 107° chord of the main airfoil (c) to obtain
y+ =~ 1 based on turbulent flap plate boundary-
layer thickness estimate at the Reynolds number
in question. The mesh was refined in some re-
gions of interest especially in close proximity of
the actuators and the flap. This refinement was
used to capture the flow stream from the actua-
tors and wakes behind the airfoil and the flap.
The RANS equations are solved in EDGE,
FOI's in-house computational fluid dynamic
(CFD) program package [11]. It is a finite
volume Navier-Stokes solver for unstructured
meshes. It employs local time-stepping, lo-
cal low-speed preconditioning, multigrid and
dual-time-stepping for steady-state and time-
dependent problems. The data structure is edge-

based so that the code is constructed as cell-
vertex. Convergence is accelerated by pseudo-
time stepping and full multigrid.

Due to the masive flow separation behind the
airbrake, the calculation was done in unsteady
mode. The time step was adjusted according to
CFL number to satisfy stability condition.

The Hellsten k-0 explicit algebraic
Reynolds-stress turbulence model [12] was
used for this study.

5 Results

5.1 Fundamental airbrake aerodynamics

The airbrake itself created a barrier perpendicular
to the flow, the airfoil became extremely asym-
metric. The aerodynamic consequences of such
obstacle were significantly pronounced in strong
asymmetry of the flowfield.

The PIV measurement and minituft surface
visualization in the proximity of the leading edge
clearly showed the differences in flow pattern.
With the airbrake extended, the flow on upper
side was slowed down and the stagnation point
moved to upper surface, the flow going down was
forced to overcome small curvature of the leading
edge and thus it was vulnerable to leading edge
separation (see Fig. 3 and Fig. 4).

Fig. 3 PIV Leading edge, airbrake retracted

Upstream of the airbrake, the upper side of
the airfoil was characterized by pronounced over-
pressure even at positive angles of attack. A sep-
arated area extended approximately 15 percent of



Fig. 4 PIV Leading edge, airbrake extended, gap 0

Fig. 5 Upper side, the extended airbrake is a
broader light band in the middle of airfoil, gap
0, AoA Odeg

the airfoil chord downstream of the airbrake and
slowly expanded to the airfoil leading edge with
increasing angle of attack. The flow separated
downstream of the airbrake.

The lower side was characterized by suction
on its forward part, even at positive angles of
attack, the stagnation point relocated from the
lower side of the leading edge to its upper side.
The flow on the lower side was separated even
at small positive angle of attack and it did not
become attached till at relatively high angle of
attack of approximately +6 deg. Decreasing an-
gle of attack at regime with the flow attached at
the lower side, the separation begun at the lead-
ing edge and brusquely (during 0.1 deg decrease
of the angle of attack) expanded along the whole
lower side. It indicated, as pressure distribution
indicated, that the stagnation point in this situa-
tion is positioned at the airfoil upper side and the
flow going to the lower side is not able to over-
come the leading edge without separation.

Nose-up moment was also pronounced, al-
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Fig. 6 Lower side, AoA Odeg

Fig. 7 Pressure distributions, zero and negative
angles of attack

though the changes of pressure distribution on
airfoil surfaces were in nose-down sense. It im-
plied that the nose-up moment caused by the
downstream oriented force acting on the air-
brake plate prevailed over the nose-down mo-
ment caused by the changes in pressure distribu-
tion on the airfoil itself.

The lift and polar curves affirmed flow sepa-
ration at angles of attack in proximity of zero or
slightly negative. The negative lift did not fur-
ther develop to higher absolute values with fur-
ther decrease of the angle of attack, but drag in-
creased. The pressure distributions correspond-
ingly showed flat pressure area of negative Cp
value about (-0.7), typical for flow separation, on
airfoil lower side even at low positive angles of
attack. It could be stated that decreasing of an-
gle of attack with the airbrake extended caused
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Fig. 8 Pressure distributions, zero and positive
angles of attack

very early lower side separation. As this sepa-
ration occurred at the positive angle of attack in
proximity of zero, it could be possible to use it
during flight. Airbrake performance could be in-
creased using flight at lower angle of attack, i.e.
using higher flight speed, resulting in higher de-
scent slope of the flight path.

The moment curve of the airfoil with the de-
ployed airbrake is of distinctly bent character in-
dicating aerodynamic focus movement with an-
gle of attack and lift coefficient. At typical angle
of attack of 8 deg, the aerodynamic focus shifts
slightly forward.

The detailed analysis of the fundamental air-
brake flow physics was given in [13].

5.2 Discussion of influence of gap size

The idea arose whether the gap between the air-
foil upper surface and the airbrake lower edge
could increase the airbrake performance. The in-
terest would be in simplicity of such an arrange-
ment compared to the increasing of the height of
the airbrake plate. Available airfoil height is usu-
ally limited and frequent solution with double- or
triple-plate with individual plates stored one after
another needs more complex mechanism and is
heavier. The evident way of extension of airbrake

Table 1 Influence of gap size, airbrake plate
height 93 mm (0.155 c¢), position 0.50 ¢, AoA
8deg

Gapsize Omm Ilmm 33mm 55 mm

Acy. -1.640 -1.563 -1.421 -1.346
Acp 0.2395 0.2661 0.3239 0.3220
Aleplep) =-710 =-70 =-70 =-70

Ac,, 0.0503 0.0431 0.0278 0.0328

span is not so convenient due to airfoil surface
imperfections created in the area of the airbrake
even by the retracted airbrake, the imperfections
disturb laminar flow and thus are undesirable es-
pecially on sailplane wing.

Downstream on the airfoil upper side, a vor-
tex developed in front of the footing of the air-
brake without a gap between the airfoil and the
airbrake. Strong flow separation was visible
also behind the airbrake, both by PIV and the
minitufts as well.

Opening of a gap resulted in appearance of
stagnation point on the windward side of the air-
brake plate. The flow divided and part of the air
flew through the gap. The thin layer on airfoil
surface remained attached even closely in front of
the airbrake and behind the airbrake as well, the
minitufts surface pattern was practically identical
to the clean airfoil without the airbrake. The large
vortex area immediately behind the airbrake was,
as indicated by PIV, of the extension similar to
the configuration without the gap.

Examination of the gap size between the air-
foil upper surface and airbrake lower edge re-
vealed more complex influence on global aero-
dynamic forces (see Tab. 1, Fig. 11, Fig. 12 and
Fig. 13).

Generally, it can be stated simplified basic
rule at given height of the airbrake plate. The
higher the gap, the lower lift reduction but the
higher drag increase. Regarding the fundamen-
tal airbrake performance expressed by the lift-to-
drag ratio, increasing the gap, the drag increase
equalled the higher lift in the sense that the lift-
to-drag ratio remained practically identical and



very low. From this point of view, the gap did
not represent any benefit. But the fact of the sig-
nificantly decreased change in the moment was
worth noting, as the small or none changes in air-
craft trim should be desirable with the deploy-
ment of the airbrakes.

The explanation was that even small gap was
hydraulically partially open to let the air flow
through. It was confirmed by the visualization;
the minitufts indicated attached flow on the air-
foil upper side even in the close proximity of
the airbrake (see Fig. 10). Consequence of open
gap consisted in less abrupt changes in the air-
foil pressure distributions, especially on airfoil
upper side. Increasing the gap, the pressure dis-
tribution developed smoother and without abrupt
sharp steps. In our testing, gap of 11 mm (0.018
of chord) has effect close to the configuration
without gap, but the broader gaps really changed
the pressure distribution patterns.

Fig. 9 Pressure distributions, AoA 8 deg

5.3 CFD Results

The configurations of the airbrake with and with-
out the gap between airfoil and extended airbrake
were calculated. The gap was 0.018 c.
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Fig. 10 Upper side, airbrake extended, gap 11
mm, AoA Odeg

Fig. 11 Lift curves

Fig. 12 Drag curves

5.3.1 Pressure distribution

The comparison of the pressure distributions
around the airfoil obtained from the experiment
and CFD is depicted in Fig. 14. It corresponds
to the case with the gap and AoA 5deg. The
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Fig. 13 Moment curves

Fig. 14 Comparison of the Cp from experiment
and CFD, AoA = 5deg

agreement between experimental and computa-
tional distribution is very encouraging. Integral
force coeficients also agree quite well (Cr, espe-
cially). The slightly higher suction on the lower
side of the airfoil is probably caused by the rear-
ward position of the stagnation point on the upper
side of the leading edge. The higher calculated
pressure downstream of the airbrake corresponds
to the higher calculated drag.

5.3.2  Flowfield with and without gap

The flowfield obtained from PIV measurement
during experiment is depicted in Fig. 15. It is
possible to see that the calculated flowfield (see
Fig. 16) is very similar with the flowfield from
experiment. The measured and calculated posi-

tions of the stagnation point in the front part of
the airbrake are very close to each other and the
separated area of the flow above and behind the
airbrake have also the same character.

The CFD confirmed that the gap was not
hydraulically closed and the flow went through
it (see Fig. 16). The same behaviour was ob-
served during experiment by flow visualization
by means of minitufts (see Fig. 10).

Fig. 15 Streamlines from PIV measurement up-
stream of extended airbrake, gap 11 mm

Fig. 16 Streamlines from CFD upstream of ex-
tended airbrake, gap 11 mm

The flowfields corresponding to the no gap
configuration from the experiment and CFD are
depicted in the Fig. 17 and Fig. 18. The flowfields
have the same character from the qualitative and
also quantitative point of view. The CFD slightly



overpredicted the region of the recirculating flow
in front of the airbrake. The flowseparation on
the upper part of the gap was also captured by
CFD very well.

Fig. 17 PIV - upstream of airbrake, airbrake ex-
tended, gap O

Fig. 18 CFD - upstream of airbrake, airbrake ex-
tended, gap O

6 Conclusions

Aerodynamic performance of an airbrake and
consequently airbrake capability to influence air-
craft flight performance does seem to depend on
geometric details of the airbrake to limited ex-
tent only. An airbrake in form of barrier on air-
foil upper surface create such significant changes
in airfoil flowfield that changes in height of air-
brake plate, gap size between airfoil and brake
and brake chordwise position in order of up 10
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percents of airfoil chord are of secondary impor-
tance. So other design considerations and con-
straints than aerodynamic ones can be fully taken
into account. If two-dimensional brake aerody-
namic performance would be insufficient, the in-
creasing of airbrake total height has been the
most efficient way to increase the performance,
either by increasing plate height either by in-
creasing gap size. The evident way of extension
of span is not so convenient due to airfoil surface
imperfections caused by the retracted airbrake,
they are disturbing laminar flow and thus undesir-
able mainly on sailplane wing. Similarly, shifting
the brake upstream is also not convenient with
similar consequence of too early laminar bound-
ary layer transition.
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