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Abstract
This study aims to establish the feasibility of Krueger flaps acting as high lift devices on a natural laminar wing aircraft 
configuration. It is part of the German funded project ‘ULTIMATE’, aiming an aircraft wing design providing fuel savings 
up to 10% as compared to aircrafts today at the next short to medium range aircraft expected to enter the market in 2030. 
The current paper aims to outline the status of implementing Krueger flaps as leading edge high-lift system, arranged 
in distributed manner and the ability to achieve handling quality requirements in high-lift configuration, and taking into 
consideration failure cases, which allows compact kinematic and system designs fitting into the restricted space of the 
aerodynamic profile. The current work focuses on the evaluation of the achieved low-speed performance by Computational 
Fluid Dynamics as well as first insights into critical failure cases with Krueger flaps jammed in unfavorable positions.
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Understanding the flow behavior around Krueger flaps through the 
means of CFD simulations
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high-lift device of choice for commercial aircrafts. Its early 
application can be seen on Boeing’s jet liners B707 to B747 
[2].

Significant research has since improved the flaps into the 
modern version. The Krueger flaps used on transport air-
craft applying laminar wing technology were further inves-
tigated during the B757 laminar wing flight test campaign 
[3]. At that time there was a significant performance gap to 
conventional slat devices. The performance of the Krueger 
flaps has since been improved significantly to match that 
of the slats, while providing added advantage of delayed 
flow separation and shielding properties. In current context, 
the previous EU funded project DeSiReH [4] laid the foun-
dation of new design methodology of Krueger flaps using 
numerical optimization. The project dealt with a design 
parameterization guaranteeing both kinematical feasibility 
and contamination shielding capabilities. In a wind tun-
nel test it was proven that the developed slotted Krueger 
devices are competitive with conventional systems, avoid-
ing a need in wing area increase for low-speed consider-
ations. The follow-on EU project AFLoNext [5] matured 
the concept toward full-scale wing integration on a hybrid 
laminar flow control (HLFC) wing demonstrating the kine-
matics feasibility even in a more constraint space. Within 
the previous EU project UHURA [6] the dynamic charac-
teristic of such Krueger devices was analysed in detail. The 

1  Introduction

Krueger flaps have experienced augmented attention and 
research in the recent years. They are increasingly proving 
to be the high-lift system of choice at the leading edge for 
wings incorporating laminar flow technology. Stored in a 
cavity at the lower side of the wing, they deploy from the 
lower surface of the wing and extend forward into the air-
stream, modifying the wing’s leading-edge flow to delay 
flow separation and increase lift coefficient. The primary 
advantage of Krueger flap is its property to not disturb 
laminar flow over the wing’s leading-edge while being 
comparable to conventional slats in terms of lift coefficient 
augmentation. It also helps to protect the wing leading edge 
from contamination and pollution by dusts, dirt or insects.

The ‘Krueger flaps’ – or ‘nose split flaps’ – were first 
invented by Werner Krueger [1] in year 1943. They have 
since evolved from a simple hinged panel mounted on the 
leading edge of the wing to a more advanced and detailed 
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results of these projects lay the foundation for the current 
project ULTIMATE [7].

This paper in particular, focuses on the numerical results 
of steady Computational Fluid Dynamics (CFD) simula-
tions of such Krueger panels as high-lift devices. The pan-
els are mounted on the leading edge of transport aircraft in 
distributed configuration and assumed to deploy sequen-
tially. A test matrix of possible configurations was laid out. 
The Krueger panels were intermittently deployed and the 
flow behavior was captured through CFD simulations. One 
important task was to understand the impact of flow-critical 
positions, aka the so-called “barn-door” positions of vari-
ous panels at set deployment angles on the aircraft lift. The 
barn-door position is defined as the instance when a panel 
stands directly perpendicular to the flow and offers the max-
imum aerodynamic drag and flow disturbance. There is a 
quite significant risk that in such position the flow not only 
around the Krueger but all over the impacted wing segment 
is negatively affected. It is essential to understand also the 

interference with the neighboring Krueger elements set at 
individual deployment angles during the deflection motion. 
The results of these simulations are further to be used to 
carry out failure analysis for possible failure cases.

2  Design process

The process followed for design and aerodynamic analy-
sis of the high-lift system followed in the current project 
is depicted in Fig.  1. Within this contribution, mainly the 
steps in the colored boxes are outlined in more detailed. 
The process starts with a given clean wing, some structural 
information, mainly regarding the wing-box dimensions for 
structural integrity and fuel volume, and the top-level air-
craft requirements (TLAR), where for the low speed mainly 
two specific goals are set: the desired runway length and the 
envisaged ICAO approach category of the aircraft.

The basic wing for the high-lift design is a natural lami-
nar wing design for significantly high cruise Mach numbers 
[7]. The wing shows only slightly-reduced leading edge 
sweep compared to comparable today’s transport aircraft. 
As mentioned before, the control surface layout has been 
transposed from a highly adaptive wing concept investi-
gated in a previous national project [8]. Figure 2 shows the 
layout of the final configuration. A total of seven Krueger 
panels can be seen on the leading edge. Panel 1a and 1b on 
the inboard side, while panels 2 through 7 on the outboard 
side. The trailing edge comprises of an inboard flap, four 
multi-functional control devices (MFCD) along with seven 
spoilers and 4 Aileron surfaces.

The chosen Krueger actuation concept is shown in 
Fig.  3. As kinematics type, the goose-neck type kinemat-
ics as already investigated in the previous projects has been 
implemented on the new wing. The figure depicts from left 

Fig. 2  High-Lift system layout of the wing

 

Fig. 1  Design and evaluation process of high-lift system design
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to right the path from retracted to fully deployed, indicating 
the two most critical conditions for further analysis.

The entire underlying actuation system is developed by 
project partners Liebherr Aerospace and the Technical Uni-
versity of Hamburg-Harburg. Establishing the kinematic 
relationships and a clear understanding of the motion is 
essential to ensure the panels follow the intended trajec-
tories and for modelling the system’s positions along its 
motion path. The respective positions of all the control sur-
faces have been accurately simulated for various scenarios 
for capturing the flow behavior accurately. The resulting 
loads are considered for sizing the kinematics and actuation, 
keeping in mind the failure scenarios of single or multiple 
panel failures and critical positions encountered by the pan-
els throughout deployment. Physical stops are introduced to 
limit maximum panel deployment.

3  CFD simulation methodology

First, the space discretization by the computational mesh 
establishes the foundation for the future CFD analysis. The 
accuracy and reliability of a solution is a direct result of a 
good mesh. The super-fine mesh does not directly imply a 
good mesh. As it is well established, CFD analysis is essen-
tially resolving the partial differential equations represent-
ing the corresponding flow field numerically. This requires 
discretizing the flow field into element volumes. The array 
of such discrete points and volumes represents the grid. The 
way these points are identified and arranged ensures the effi-
ciency of the solution. As explained by J.D. Anderson [9], 
a grid essentially transforms a physical space into a compu-
tational domain. Depending upon the problem at hand, the 
most suitable method can be adapted for the distribution. 
The discretization should conform to the boundary of the 
region in such a way that it can represent the boundary con-
ditions or it is possible to assign the boundary conditions 
accurately. A structured mesh divides the volume in quad-
rilateral cells, whereas an unstructured mesh divides it into 
tetrahedrons. An unstructured mesh offers more flexibility 
when it comes to complex geometries. On the other hand, a 
structured mesh offers more accuracy due to uniformity. To 
derive from the best of both approaches, a hybrid mesh is 
adapted for the geometry at hand.

After establishing a detailed CAD model in CATIA® rep-
resenting the layout, kinematics and the system design, the 
next step was to import this geometry to a meshing tool to 
make it ready for CFD analysis. The meshing tool selected 
for current purpose is the software ANSA by BETA CAE 
Systems as it provides an integrated environment to clean-
up the geometry, define topology and create high-quality 
surface and volume meshes in order to ensure accuracy of 
the CFD simulations. Its robust topology handling and auto-
mated meshing algorithms make it particularly suitable for 
complex aerospace geometries such as the one at hand.

ANSA applies geometric feature characteristics like lead-
ing and trailing edges or sharp corners together with a ‘size-
field’ to refine meshes in crucial locations for accurately 
simulating the flow. These size-fields act as controls where 
finer elements are generated, enabling better resolution of 
flow featured such as boundary layers, wakes etc. without 
unnecessarily increasing the overall mesh size. Figure  4 
shows the major characteristics of the applied refinement 
at the top and the resulting surface mesh at the bottom. The 
targeted refinement improves numerical accuracy and solu-
tion stability while maintaining computational efficiency. 
The color-coded distribution indicates the degree of local 
refinement, with larger element sizes shown in cooler colors 
and highly refined regions are shown in warmer colors. In 
the current mesh a size rule refines the maximum cell size 
consistently with the local wing chord to keep aspect ratio 
of cells together with the number of cells in circumferential 
direction similar along the span. A cylindrical size-rule is 
applied around the engine and its wake to refine the impact 
of the presence of the engine. The final meshes consist of 
about 70 to 80 million elements, slightly depending on 
the configuration. Such targeted mesh refinement ensures 
increased solution accuracy, reduced simulation times, in 
turn keeping the computation costs in check.

Once the desired mesh was established, it was exported 
to the DLR TAU code for simulations [10]. DLR’s in-house 
CFD simulator, the TAU code, is a finite-volume flow-
solver for hybrid unstructured meshes, specifically designed 
for complex aircraft geometries. It is dedicated to maintain 
high standards and accuracy of the solver to meet aerospace 
industry standards. The TAU code solves the compress-
ible Reynolds-averaged Navier–Stokes (RANS) equations. 
From a wide selection of RANS turbulence models, for the 

Fig. 3  Krueger flap kinematic concept and specific positions during deployment (from [6])
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current study the Spalart–Allmaras model in its negative 
formulation [11] has been chosen for its improved robust-
ness in the design context. TAU uses a vertex-centered vol-
ume discretization with a second order central scheme. A 
semi-implicit LU-SGS time-stepping enables efficient con-
vergence to steady state. More details about the underlying 
concepts can be found in the paper [10].

During the course of the project, wind tunnel experi-
ments have been conducted with the clean wing configura-
tion (retracted high-lift system) in the European Transonic 
Wind-tunnel facility (ETW) to validate the laminar wing 
properties. It was possible to add measurements even at 
subsonic velocities as a basis to validate the computational 
setup used for the low-speed regime and the high-lift prop-
erties. Figure 5 shows the lift-coefficient plotted against the 
AoA for the clean wing configuration, in subsonic as well 
as transonic flow regime. The experimental values are plot-
ted along with the CFD results. The experiments were con-
ducted in two versions, one with free transition and one with 
a transition fixated by tripping close to the leading edge. 
The bandwidth of experiments represents the uncertainty by 

having laminar or fully turbulent flow. As it can be observed, 
in the subsonic region, the CFD values agree well with the 
experimental values up to the onset of flow separation indi-
cated by the deviation from the linear relationship, which is 
predicted more severely by the CFD analysis. In the linear 
range, the deviation of experimental and simulation data is 
evaluated to be less than 5% at angels of attack between 1° 
and 7° for the subsonic cases that are here of most inter-
est. In the transonic region however, the stall evolution fits 
well between experimental and CFD values. These are rep-
resented by the peak of the curve for each data set. The lift 
curve leading up to the onset of flow separation is steeper 
for transonic speeds, representing the compressibility of air. 
These graphs establish a good confidence into the validity 
of the numerical approach. This approach can thus be rep-
licated to undertake design and evaluation for the high-lift 
configurations as needed.

Fig. 4  Mesh refinement using 
ANSA size-fields
 



1 3

Understanding the flow behavior around Krueger flaps through the means of CFD simulations

3.1  High-lift design

The first step in establishing the high-lift system was to 
aerodynamically design the shape and positions of the 
different high-lift flaps. As the major target is to achieve 
a sufficiently low approach speed, the design was mainly 
driven by the landing configuration, characterized by the 
highest flap deflection. The design started by transferring 

the Krueger flap concept and a classical trailing edge single-
slotted dropped-hinge flap with spoiler droop concept to the 
new natural laminar flow (NLF) wing.

An initial design of the geometric characteristic parame-
ters of the Kruger flap were achieved by 2D numerical opti-
mization with the same approach as referred to in [4]. This 
parametric set has been propagated to the full 3D wing. For 
the final 3D design, in total 23 design iterations have been 
simulated by full 3D CFD simulations to compensate local 
3D effect, mainly at the trailing edge. The designs were 
mainly compared with regards to the flow characteristics, 
namely for achieving sufficient maximum lift coefficient but 
also achieving attached flow at the flap at lower angles of 
attack. A summary showing the lift coefficient versus the 
angle of attack (AoA) is shown in Fig. 6. It represents the 
final design (blue solid line) in comparison to the DLR-F25 
design (black dotted line) with turbulent wing with slat. It 
was observed that the achievable maximum lift stays little 
below the requirement for a target approach speed of 136 
kts and only gets close to the reference DLR-F25 capa-
bilities [12]. However, after reassessing the designs, it was 
concluded that this requirement could only be accurately 
achieved with either a planform change with increased flap 
size, or by a double-slotted flap. This would entail added 
design and kinematics effort. At the end, the resulting 
approach speed of about 2 kts above the target was judged 
to be acceptable for the existing design, as it still allows to 
keep the aircraft in the same approach category.

Fig. 6  Lift coefficient vs. angle of attack for the design iterations on the 
ULTIMATE laminar wing with Krueger flaps, compared to reference 
aircraft DLR-F25 with turbulent wing with slats

 

Fig. 5  Comparison of aerodynamic performance of clean wing configuration between experiment (free transition and transition tripped) and CFD: 
(left) subsonic flow; (right) transonic flow
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3.2  High-lift performance evaluation

Once the design was finalized, all intermediate settings 
of the flap system were derived. Table 1 lists the selected 
deflection angles for the intermediate positions. The nomen-
clature of device settings follows the terminology of C0 as 
the clean wing and moving on to configurations C1 (only 
Krueger flap deflected), C1+F (low take-off) through C2 
(normal take-off), C3 (high take-off & approach) up to C4 
(landing), with increasing deflection of contributing high-
lift devices including aileron, spoiler and flaps. They all 
were meshed and subjected to CFD simulations (Fig. 7).

All configurations are simulated for at least three Mach 
numbers to cover their operational range. Figure  1 (left) 
shows the Lilienthal polar graph of all simulated configura-
tions from C0 up to C4. Figure 5 (right) shows the lift coef-
ficient and the pitching moment coefficient over the angle 
of attack. A keen observation of the map on the left shows a 

broad and smooth distribution of maximum lift coefficients 
along the path for subsonic speeds as well as transonic 
speeds for the clean configuration. Significant increase in CL 
for the take-off, approach and landing configurations, com-
pared to the clean-wing configuration are testament to the 
functionality of the high-lift system. At low incidences, a 
noticeable drag rise is observed from C3 to C4. This in-turn 
is intended to facilitate steeper descent paths.

Coming to Fig. 5 (right), the pitching moment diagram, 
the graph corresponds to the stability of the aircraft. It repre-
sents the ability of the aircraft to attain equilibrium through 
restoring pitching moment in case of disturbances causing 
variation in the angle of attack. Changes in aircraft con-
figuration, center of gravity location or the control surface 
deflection will shift or rotate this curve. The CL vs angle of 
attack graph is also incorporated in the same for reference. 
At the onset of stall, the drop in pitching moment correlates 
to the consequent drop in the CL value. For negative angle 
of attack, the nonlinearity of the curve can be observed, 
which entails instability. Above zero angle of attack how-
ever, the curve is linear for all Krueger configuration. Which 
confirms the stability of the aircraft for all variations of con-
trol surfaces. Beyond the angle of attack of about 10 deg, 
the tendency of the aircraft to move away from the trimmed 
position is evidenced by the sudden drop in the pitching 
moment curve.

From the 3D CFD analysis of the ULTIMATE configura-
tion maneuvering envelopes and speed ranges are derived 
for all high-lift settings and the clean configuration, and for 

Table 1  Overview of the configurations of the various flap positions 
for the definition of the ULTIMATE high-lift system
Configuration Krueger Flap

[°] [°]
C0 0 0
C1 135 0
C1+F 135 12
C2 135 20
C3 (take-off) 135 28
C3 (approach) 135 28
C4 135 37.5

Fig. 7  Summary of aerodynamic characteristics of all configurations simulated by CFD
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a mass range of operational empty weight (OEW), maxi-
mum landing weight (MLW), and maximum take-off weight 
(MTOW). They essentially represent a relationship between 
the load factor (n) and airspeed (V) for the ULTIMATE 
aircraft, depending on the aerodynamic performance ana-
lyzed before. It defines the structural and aerodynamic lim-
its within which the aircraft can be safely operated during 
maneuvers. Figure 8 shows the maneuvering envelope for 
MLW condition. The lower envelop speed boundary is gov-
erned by stall speed VS limits, where the configuration can 
no longer generate enough lift at a given load factor, while 
the upper speed limit is set by the speed flexibility required 
to define the flap design speed VF. The upper bound of the 
load factor results from the required maximum allowable 
structural load factor. The envelope covers the design range 
for load assessment as specified by certification regulation 
CS-25 §25.333, §25.337, and §25.345. This data is funda-
mental in determining potential critical load cases with the 
high-lift system extended, along with operational load cases 
where the transition between flap positions occur.

3.3  High-lift component aerodynamic load 
evaluation

Once the envelope of aircraft operation is defined, the sim-
ulated data can be further used to derive the aerodynamic 
forces acting on the different high-lift system components 
for structure and systems sizing. Given the aerodynamic 

behavior and the operational points, the existing data is 
screened for determining the aerodynamic loads limiting the 
structural strengths requirements.

Figure 9 depicts exemplarily, for the landing configura-
tion C4, the maneuvering envelopes as a function of aircraft 
mass with the critical load cases under consideration plotted 
as points. As the aircraft weight shifts from OEW to MTOW, 
the stall speed shifts to higher values, effectively narrowing 
the usable maneuvering region. Thus, this diagram high-
lights the safe flight domain bounded by stall, limit load 
factors and maximum design speed. As it can be seen, all 
but two of the values plotted for the configuration C4 lay 
within the defined limits of flight. The two others consider 
overspeed conditions according to CS-25 §25.697(d) where 
it is defined that in this case the system must be designed 
to be able to retract. This is a limiting design case for the 
actuation system.

Figure 10 outlines the coordinate system adopted to rep-
resent the aerodynamic surface forces at component level 
derived from the CFD calculations. The figure on the left 
corresponds to the coordinate system on the Krueger panel, 
while the one on the right for the trailing edge flaps.

The graphical representation of the individual compo-
nent forces depending upon the described coordinate sys-
tems are covered in this section. It provides a summary of 
max. positive and negative aerodynamic forces depending 
on the high-lift setting, explicitly shown for Krueger flap 
no. 2 in Fig.  11, panel no. 7 in Fig.  12 and trailing edge 

Fig. 8  Maneuvering envelopes of 
the ULTIMATE configuration for 
all flap settings at max. landing 
weight
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flap no. 3 in Fig. 13. As mentioned, forces are given in a 
local coordinate system fixed to the component-body. N is 
the force acting normal to the panel with positive orientation 
to the outward and upper direction in retracted and deflected 
position, respectively. T is the force acting tangential to the 
panel surface. c and η are the relative chordwise and span-
wise locations of the center of pressure.

The outer Krueger flap no.7 appears to have a maximum 
load that depends less on the flap position as compared to 
the inner Krueger flap no.2. Furthermore, for panel no.7, 
the maximum load in the positive direction when retracted 
is caused by suction forces acting on the leading edge of 
the lower wing surface at high speeds, which act to pull the 
Krueger panel out of the wing. It represents the maximum 

force for keeping the Krueger in stowed position during 
cruise flight. These results necessitate additional attention 
to the kinematics and structural integration with regard to 
stowing and pre-tensioning of the Krueger panel. The next 
force level is related to low speeds, namely the condition 
of stall at high load factors. These are the cases when the 
Krueger experiences the highest lifting forces. Maximum 
negative forces are identified for the deflected Krueger flap 
for low flap settings (C1 and C1+F). They are observed at 
high flight speeds when the flow pushes onto the Krueger 
flap from above. This forces in turn dictate the power 
demanded from the actuation system, and shape the design 
and development of the kinematics to serve the requirement. 
On the other hand, Krueger panel no.2 shows significantly 

Fig. 10  Definition of local component body coordinate system at a Krueger panel (left) and trailing edge flap

 

Fig. 9  Load conditions selected 
for load assessment, exemplarily 
shown for C4 high-lift setting
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greater variation in maximum aerodynamic forces across 
different positions, which could be attributed to the vicinity 
of the nearby engine nacelle.

Figure 13 showcases forces acting on one of the multi-
functional surfaces on the trailing edge of the wing, MFCD 
no.3 as a representation, during various flight stages. Refer-
ring to Table 1 for the deflection angle of flap for the cor-
responding setting. The highest positive normal force 
in Fig.  13 is observed for the phase C3 (high take-off/

approach), as is to be expected. No significant variation can 
be seen in spanwise direction.

4  “Barn-door” position evaluations

The Krueger movement, as also mentioned before, is pecu-
liar. When the Krueger is actuated, it moves around the 
leading edge, against the flow and extends forward into 
the oncoming flow. During the motion, it passes a position 

Fig. 12  Summary of aerodynamic 
forces on Krueger flap #7 (most 
outboard close to wing tip) for 
different high-lift setting con-
figurations; depicted force vectors 
capture envelope in terms of 
min and max values of all force 
components; forces are given in 
component-body coordinate system

 

Fig. 11  Summary of aerodynamic forces on Krueger flap #2 (outboard of engine) for different high-lift setting configurations; depicted force vec-
tors capture envelope in terms of min and max values of all force components; forces are given in component-body coordinate system
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where it stands perpendicular to the flow, the so-called 
“barn-door” position. To avoid all panels getting jammed in 
such an unfavorable position, Krueger panels are assumed 
to be operated in sequence. This situation is depicted in 
Fig.  14. It shows Krueger no.5 in barn-door position, i.e. 
perpendicular to the flow, The Krueger no.3 & no.4 have not 

yet fully reached their final position and Krueger no. 6 has 
just started the travel around the leading edge.

As it can be seen, in the barn-door position the panel 
stands against the oncoming flow, and thus generates sig-
nificant disturbance to the flow. To understand the impact 
of this position on the flow as well on the overall aircraft 

Fig. 14  Mesh around the Krueger panel in deployed position

 

Fig. 13  Summary of aerodynamic forces on multi-functional flap (MFCD) #3 for different high-lift setting configurations; depicted force vectors 
capture envelope in terms of min and max values of all force components; forces are given in component-body coordinate system
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performance, it is vital to simulate and study the flow 
around the panels with precision. To achieve this, the mesh 
around the panels is further refined to resolve the flow phys-
ics with higher accuracy and achieve high-fidelity results. 
Refining the mesh locally, or limiting the refinement to 
critical areas avoids unnecessarily increasing the mesh size 
and thereby increasing he computing time, effort and costs. 
These refined meshes are then subjected to CFD simulations 
to resolve the flow.

The CFD results obtained from the simulations of the 
barn-door position for Krueger no.7 yields in the flow field 
shown in. The surface is colored by the pressure coefficient 
and the semi-transparent iso-surface of the Q-criterion is 
colored in the x-velocity component. The flow is being stud-
ied at an angle of attack (AoA) in the range of 2° to 15°. In 
the adjoining image, the Krueger panel no.7 is considered 
in the barn-door position. It can be seen standing against 
the flow, while the remaining panels have either completely 
or partially deployed. Four angles of attack are represented, 
3.0°, 5.0°, 9.0° and 11°.

Figure  15 depicts the flow around the Krueger panels 
and over the wing during one such deflection scenario for 
intermittent angles of attack varying from 3° to 11°. As it 
can be seen, the flow field shows a stagnation line on the 

upper side of the bull-nose, and a region of accelerated flow 
develops downstream, depicted by the pressure coefficient 
distribution. A flow separation is visible on the upper side of 
the wing behind Krueger flap no. 6 at the two lower angles 
of attack.

As the angle of attack increases to 9°, the onset of flow 
separation spreads outward to the region behind Krueger 
flap no. 7. In addition, a strong side vortex develops at the 
edge of the more deployed Krueger flaps no. 4 & no. 5. 
The turbulence in the Krueger cavities is also visible. As 
the angle of attack approaches 11°, the flow separating over 
panels 6 & 7 is increasing in volume. Furhter studies of flow 
around the other Krueger panels in barn-door positions are 
still to be established to complete studies on critical flow 
conditions during flight.

5  Summary

Krueger panels have been designed and analyzed for appli-
cation on a highly swept natural laminar wing transport air-
craft. The recent design shows an aerodynamic performance 
nearly comparable to established turbulent wing charac-
teristics. The high-lift system has been simulated for all 

Fig. 15  Flow around the wing with 
Krueger panel no. 7 in “barn-door” 
position
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relevant high-lift settings. A comparison made on the clean 
configuration with experimental data showed a good agree-
ment, especially in the linear range and for the onset of sep-
aration, while stall development was predicted too severe. 
From the data set, aerodynamic forces for load calculations 
were derived to gain insight on the flow conditions where 
high loads in different orientations act on the Krueger flap 
itself. Finally, initial CFD simulation have been obtained for 
critical “barn-door” positions. The CFD results confirm that 
even in “barn-door” Krueger position, the leading-edge flow 
topology over the rest of the wing shows stable flow.
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