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1 %ØÅÃÕÔÉÖÅ ÓÕÍÍÁÒÙ 

This is the Midterm Assessment Report of UHURA covering the progress within the first reporting 
period from 1 September 2018 to 29 February 2020.  

The first reporting period has seen a smooth ramp-up of activity nearly as planned. The early 
distribution of background information allowed all partners to start their scheduled activities in 
time. The major design tasks in WP1 are finished, only the task on kinematics design is extended to 
include the outcome of verified wind tunnel loads into the assessment of kinematics weight on 
aircraft level at the end of the project. In WP2 the work on unsteady numerical simulation 
techniques is largely progressed, although not completely finalized. In WP3 the design of model 
modifications of the DLR-F15 model are completed, the corresponding parts are in manufacturing. 
Although no major activity has been planned for WP4, the initiation ran smoothly and the work 
package is ready to start. In WP5 the project management is running smoothly and first 
dissemination activities are on the horizon.  

1.1 Project objectives  

The major objectives for the first reporting period M1-M18 of UHURA are listed below:   

WP1 design a deployable Krueger leading edge device, based on laminar leading edge shape for 
the DLR-F15 wind tunnel model.   

WP2 adaptations of numerical tools assessments / improvements on both, grid strategy and 
unsteady simulation.   

WP3 design and manufacturing of the modifications for the DLR-F15 wind tunnel mode 

WP4 document on expectations on wind tunnel data to be used for comparison with numerical 
data   

WP5 installation of database for communication and data exchange; continuous management 
and progress monitoring of the project including preparations of major meetings  

1.2 Project achievements at a glance 

A Krueger flap and corresponding kinematics has been designed for the DLR-F15-LLE airfoil. To 
achieve a realistic design, requirements from aircraft level have been specified and taken into 
account. The designs of the aerodynamic shape and the kinematics have been performed in a loop 
where side constraints on kinematics feasibility have been developed and included in the 
aerodynamic design iteration. The geometry of the Krueger flap configuration and the kinematics 
has been provided to wind tunnel model design. The designed Krueger flap configuration has been 
analyzed and loads for sizing model components have been provided. Further on, from an aircraft 
view recommendations for the speed of deployment and retraction of the Krueger device have been 
established. These numbers reflect the manufacturer knowledge on handling quality and 
certification criteria for Krueger devices. 

Using initial design iterations, the simulation methods have been setup and sharpened for 
designated simulation type. On grid generation side, a robust implementation of local reconnection 
algorithm for unstructured meshes was obtained. Further, a demonstration of local-grid refinement 
in conjunction with Chimera capability on structured meshes has been established. Beside this, 
Immersed Boundary Methods and full re-meshing has been successfully applied. With regard to flow 
solver technologies, most of the partners have demonstrated their capabilities of simulating the 
deployment of the Krueger device. Methods in use range from URANS methods via different 
turbulence-resolving methods at the length and time scales of relevance up to particle based Lattice 
Boltzmann Methods (LBM). The methods are therefore ready to be used to simulate the 
experimental setup. 
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The modifications for the first of the two wind tunnel model have fully been designed and 
manufacturing is far progressed. Finite Element Analysis is completed and a corresponding stress 
report is just at finalization justifying the model to be entered into the first wind tunnel test. The 
model will be equipped with a significant number of MEMS unsteady pressure sensors. The needed 
circuit boards are designed and the manufacturing is closely finalised. In parallel, tests on using 
conventional pressure transducer for dynamic measurements in the envisaged frequency range have 
been performed and a corresponding setup is derived. The PIV methodology to be used to monitor 
the dynamic flow field has been selected and the implementation in terms of measurement window 
as well as hardware setup in the tunnel has been achieved. As there are a number of different 
measurement systems, a synchronisation approach has been determined and progress is made on 
the measurement protocol, including trigger, automation and communication approaches. 

In order to prepare the comparison of numerical and experimental data, guidelines for validation 
have been compiled. By specifying common formats and templates and by collecting the expected 
list of measured values, a common ground for comparison is established. 

On management side, a timely conduction of Kick-Off Meeting, 1st & 2nd Progress Project Meetings 
as well as the in time compilation of Quarterly Status Reports & Project Progress Reports serve a 
smooth progressing of the project. In total, 12 deliverables have been submitted in the reporting 
period. First contributions to scientific conferences have been made. A public WEB-site address has 
been reserved. For the data exchange between partners the UHURA databank is in service. 
Technical support is constantly provided.  
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2 7ÏÒË ÐÒÏÇÒÅÓÓ ÁÎÄ ÁÃÈÉÅÖÅÍÅÎÔÓ  

2.1 WP 1: Aero Design and Definition 

Lead: AID  

Progress achieved/results within  reporting period (M1-M18) 

The objective of WP1 until M18 was to design a deployable Krueger leading edge device, based on 
laminar leading edge shape for the DLR-F15 wind tunnel model.  

The shape of the Krueger device (device length, nose shape) as well as the deployed position in front 
of the wing were optimised to achieve an aerodynamic lift optimum. At the same time constraints & 
requirements from aircraft level had to be respected (e.g. insect shielding requirement), as well as 
for kinematic design and sizing.  

In Task 1.1, CIRA and DLR established a parametric description of the Krueger shape, incorporating 
requirements and constraints from kinematic design (Task 1.2) and overall aircraft level (Task 1.3). 
Embedded in a seamless end to end CFD process, numerical optimisation was applied to define the 
Krueger shape and its deployed position, maximising a lift objective. As two complete different 
methods were applied by CIRA and DLR, the achieved optimum can be judged as robust. A cross 
comparison of the partners final results was performed by DLR and CIRA.  

Aerodynamic component loads were derived from the CFD calculations and from semi empirical 
approaches for the Krueger flap in intermediate and fully deployed positions. These loads were fed 
to Task 1.2 to size the kinematic and structure components.  

ASCO designed and sized a realistic kinematic mechanism within Task 1.2 to deploy the Krueger flap 
from its retracted position on the wing lower side into deployed in front of the wing. Several 
iterations were performed with Task 1.1 to achieve a feasible and aerodynamically well performing 
integrated solution.  

Task 1.3 provided constraints and requirements from aircraft level into the design process of Task 1.1 
and Task 1.2 to ensure a realistic and relevant configuration.  

WP1 is nearly completed. Deliverables regarding the designed shape (D11-1), the kinematics design 
(D12-1) and the aircraft related requirements (D13-1, D13-2) have been completed and submitted. 
Only D12-2 will be delivered in M30 instead M5 according to the agreed shift, but all data needed for 
further progressing by WP3 and WP4 has been made available by a Coordination Memorandum. The 
activities linked to D12-2 will be initiated in M28 after the wind tunnel tests in WP3 are complete. 

2.1.1 Task 1.1 ɀ Shape 

Lead: DLR  

Task 1.1 objectives for the reporting period (M1-M18) of UHURA 

¶ performing the aerodynamic design of the Krueger flap, providing the final shape for WP3 and 
WP4  

Progress achieved/results within the reporting period (M1-M18) 

Within the first reporting period of the project, the design of a Krueger device suitable for the 
targets of the project has been finalized. Baseline geometries from former studies have been 
collected and provided to partners in Task 1.1 and covering an initial Krueger device and a classical 
three-element airfoil for WP2. Two concurrent design optimizations have been performed by the 
partners in Task 1.1. From these results after a cross-check of the shapes, a synthesis of the design 
has been achieved by combining favourable aspects of both designs. In a last step, requirements 



  Midterm Assessment Report 

UHURA D51-4 ɀ v.2.4 10 GA no. 769088 

from the kinematics design have been incorporated (Figure 1). This last design has been evaluated 
also regarding loads, which have been provided to Task 1.2 for a final sizing loop of the kinematics. 

 

Figure 1: pressure distributions of the finally refined Krueger device with respect to kinematics 
requirements 

Contribution of Partner 1 ɀ DLR  

Background information on airfoil geometry has been collected and provided for the targeted DLR-
F15-LLE airfoil and a reference baseline DLR-F15 3-element airfoil. 

To provide initial datasets for Task 1.2 and WP2, an initial Krueger device has been implemented 
based on results of the DeSiReH project. As an alternative, a movement law for the 3-element airfoil 
has been provided based on former studies. An initial set of loads data has been provided for Task 
1.2 to start an initial sizing loop for the kinematics.  

A numerical optimization loop has been performed to propose a meaningful Krueger device for the 
DLR-F15-LLE airfoil as the initial Krueger device shows premature separation. After comparison with 
data obtained by the partner CIRA and taking into account preliminary design constraints from the 
kinematics (Task 1.2), a synthesis of DLR and CIRA designs has been performed leading to a suitable 
final shape of the Krueger device. 

The design synthesis has been completed for the folding bull-nose Krueger device. The geometry 
has been provided to the partners of WP2, WP3, and WP4. The corresponding deliverable D11-1 has 
been provided and submitted. 

Contribution of Partner 3 ɀ CIRA  

CIRA set up an optimization procedure to perform the geometry design of the Krueger element. A 
specific, kinematic constraints-driven parameterization has been conceived to generate feasible 
shapes. An improved Krueger shape has been obtained as a result of a series of CFD-based 
optimizations aimed at increasing the maximum lift performance. The design has been cross-
checked and validated by DLR. 

A series of iterative refinements have been performed side by side with DLR for aerodynamic shape 
design. Cross-check analysis with DLR mesh and flow solver have been carried out together with 
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turbulence model sensitivity analysis. Finally, CIRA contributed to detail the whole aerodynamic 
design process in the deliverable D11-1. 

Work planned for the next reporting period 

The task is completed. 

2.1.2 Task 1.2 ɀ Kinematics 

Lead: ASCO  

Task 1.2 objectives for the reporting period (M1-M18) of UHURA 

¶ Define kinematics constraints linked to Krueger panel, actuation and deployment 
mechanisms for Task 1.1 and determine corresponding structural weights 

¶ Define a Krueger kinematics design to be used as baseline for the DLR-F15 and DLR-F15LS 
model modification in WP3. 

Progress achieved/results within the reporting period (M1-M18) 

The initial Krueger shape from Task 1.1 was analysed regarding space allocation constraints. 

D12-Χ ɉȬ+ÉÎÅÍÁÔÉÃ ÃÏÎÓÔÒÁÉÎÔÓ ÌÉÎËed to Krueger ÐÁÎÅÌȟ ÁÃÔÕÁÔÉÏÎ ÁÎÄ ÄÅÐÌÏÙÍÅÎÔ ÍÅÃÈÁÎÉÓÍÓȭɊ ×ÁÓ 
compiled and delivered according to planning in M3. 

A preliminary kinematics design (and preliminary sizing) was completed for the initial Krueger 
shape. This preliminary sizing was required to perform the space allocation and kinematics 
integration analysis that delivered the integration constraints captured in D12-1 (Figure 2). 

 

Figure 2: preliminary kinematics design A01 as provided in M3 together with D12-1 

All the activities related to deliverable D12-1 and required to provide the necessary inputs for Task 
3.1 should have been completed by M5. D12-1 was provided in time and a first design was delivered 
by M5. The remainder of this task (D12-2) has been shifted until completion of the wind tunnel 
campaigns in WP4 (M30). 

The activities within Task 3.1 (which ASCO is supporting as well) identified some space allocation 
issues in the kinematical design provided in D12-1. Therefore, the kinematics design activity in Task 
1.2 has been reopened in the reporting period and the design was updated in order to solve the 
integration issues (such as finding a good position to accommodate the drive shaft) identified during 
the DLR-F15 model modification activities (Figure 3). 
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Figure 3: final designed Krueger kinematics H01 in (left) deflected and (right) retracted position 

This design was fully sized within Task 3.1. Moreover, specific features where included in the 
kinematics design to alleviate the very large torques on the drive shaft that would appear during the 
static Krueger-extended AoA-sweeps during wind tunnel testing (refer to Task 3.1 section). This 
updated kinematical geometry was fully accepted during the CDR of the DLR-F15 model 
modification within Task 3.1 in M16. 

A secondary (not-formal) deliverable of this Task was the relationship between the 3 different 
deployment angles (Krueger extension angle around its rotation point, drive lever rotation angle 
around the drive shaft & bull nose rotation angle around its rotation point on the upper Krueger 
panel). These relations are directly resulting from the geometrical configuration of the kinematical 
system. They serve, for example, also as an input in WP4 for the CFD computations of the dynamic 
flow conditions around the deploying Krueger flap.  

Contribution of Partner 7 ɀ ASCO   

ASCO is the only partner in Task 1.2 and the above activity has been solely contributed by ASCO 

Work planned for the next reporting period (M19-M36) 

A simple up-scaled version of the kinematics design provided for the DLR-F15 model will be used for 
the DLR-F15LS. Nevertheless, a minor risk remains that the design is not compatible in terms of 
spatial integration or from stress point-of-view. In that case, the Task1.2 will be reopened again and 
an additional design for DLR-F15LS will be made meeting all extra constraints identified in Task 3.1. 

After wind tunnel tests in WP3, the activities related to deliverable D12-2 will be initiated in order to 
include the measured loads into the weight estimation assessment on aircraft scale. 

2.1.3 Task 1.3 ɀ Definition of deployment cases 

Lead: AID  

Task 1.3 objectives for the reporting period (M1-M18) of UHURA 

¶ Specification of A/C related requirements for the design of Krueger flap devices 

¶ Specification of the selected cases to represent most aerodynamic-critical intermediate 
Krueger positions during deployment phase 

Progress achieved/results within the  reporting period (M1-M18) 

The goal of WP1 was to design a Krueger system in a limited amount of time, which is fit for UHURA 
purpose and well represents a potential aircraft solution. Based on A/C manufacturers design 
experience, aircraft-level Krueger design requirements & constraints were introduced into the 
Krueger design process (Figure 4). During regular WP1 phone calls, requirements like relaxed 
shielding criteria, range of target deployment angle and aircraft based clearances have been 
discussed and applied to the aerodynamic shape and kinematic design process in Task 1.1 and 
Task 1.2. The applied recommendations have finally been summarized in D13-1. Finally Task 1.1 & 
Task 1.2 have achieved an integrated Krueger design, which is well balanced between shape and 
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kinematic design space. It perfectly fits tÈÅ ÎÅÅÄ ÏÆ 5(52!ȭÓ ×ÉÎÄ tunnel models and numerical 
objectives.  

Task 1.3 also provided recommendations for the speed of deployment and retraction of the Krueger 
device. These numbers reflect the manufacturer knowledge on handling quality and certification 
criteria for Krueger devices, which finally allows the UHURA project to deal in a realistic and 
challenging scenario of deployment and retraction sequence. Performance critical deployment 
angles have been provided in order to allow for critical failure case analysis. The recommendations 
on deployment speed and critical deployment angle have been summarized in D13-2.  

  

Figure 4: Illustration of design requirements provided within D13.1 

Contribution of Partner 10 ɀ AID  

AID is the only partner in Task 1.3 and the above activity has been solely contributed by AID 

Work planned for the reporting period (M19-M36) 

The task is completed.  
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2.2 WP 2: Numerical Simulation 

Lead: ONERA  

WP2 Objectives for M1-M18 of UHURA 

¶ Explore feasibility and potential of mesh quality improvements by local refinement and local 
reconnection during mesh deformation of unstructured meshes. 

¶ Improve existing CFD tools and to assess best practices for the simulation of movable high-lift 
devices concerning: 1. flow modelling and solution methodologies, 2. fluid-structure 
interaction, and 3. flap movements.  

Progress achieved/results within the first reporting period of UHURA 

The objectives of WP 2 for the first 6 months of UHURA are to start to work on numerical tools 
assessments / improvements on both, grid strategy and unsteady simulation. The baseline 
configuration to be considered is the background information provided from WP 1, but partners can 
work on academic cases, too.  

For Task 2.1, works on grid adaptation tools has started, for block structured grids (NLR) on single 
airfoil examples. It combines grid deformation, sliding grid, re-gridding and local grid refinements 
on blocks.  

For Task 2.2, most of the partners have initial steady RANS simulations on preliminary Krueger 
shape.  For some results (DLR, VZLU or KTH), a critical situation is observed when the Krueger is 
deployed perpendicular to the incident flow. A large separated flow is observed on the lower surface 
and a transient separation appears at main wing leading-edge that leads to a significant loss in 
performance (to be verified with unsteady simulations). Some works start on Krueger deployment 
simulations using chimera technique, mesh deformation, Immersed Boundary Methods. Preliminary 
results obtained using LBM methods have been presented by INTA. Concerning the acceleration of 
unsteady methods, NLR presented some results for a line-implicit scheme for both steady RANS and 
URANS (oscillating plate). Finally, IBK (in cooperation with CIRA) have developed an interface tool 
for fluid-structure interaction. 

For the second reporting period (M6 to M12), all the partners were active, and some results have 
been presented, mainly for Task 2.2. A lot of work considers the use of chimera grids to manage the 
Krueger movement (DLR, ONERA, VZLU, NLR) with some differences linked to the solver used. 
Some partners consider a mix between grid generation using scripts for discrete Krueger position, 
and mesh deformation method for intermediate settings (VZLU, KTH). Works on the acceleration of 
URANS methods have been presented, as well as the progress of CFD/CSM interface tool for FSI 
simulations.  

Note that DLR has presented a parametric study of the rotation speed for the complete cycle 
deployment/retraction on a preliminary Krueger shape. 

For the last reporting period (M12 to 18) the finalisation of the different tools to be used for UHURA 
purpose (i.e. two parts of a (possible) deformable Krueger flap deployed with independent 
kinematics under unsteady flow conditions) has been completed 

2.2.1 Task 2.1 ɀ Improvement of meshing 

Lead: NLR  

Task 2.1 objectives for the reporting period (M1-M18) of UHURA 

¶ Explore feasibility and potential of mesh quality improvements by local reconnection during 
mesh deformation of unstructured meshes.  
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¶ Development of a block-structured local grid refinement method and combination with the 
Chimera approach. 

Progress achieved/results within  reporting period (M1-M18) 

Contribution of Partner 1 - DLR  

Local reconnection offers a suitable way to implement a re-meshing strategy based on the Chimera 
approach that eliminates the need for non-conservative interpolation. The strategy is based by 
replacing overlapping mesh regions by a conformal triangulation. An initial multi-block structured 
grid and a Chimera grid are used for the development and assessment of the local reconnection 
approach. The full sequence of a Krueger flap deflection has been obtained on meshes that differ 
significantly in mesh resolution (1:4). Figure 5 (left) shows the reconnected mesh region around the 
Krueger panel on the fine grid level. The mesh quality of the interfacing meshes has been assessed 
based on established mesh quality criterions. It shows that the local reconnection retains the 
anisotropy of the baseline mesh over the full deflection range of the UHURA Krueger flap. Due to 
the triangulation, a slightly higher size variation is observed than in the baseline mesh. The method 
has been shown to be robustly implemented. 

Contribution of Partner 6 - NLR  

A baseline algorithm for block-structured local grid refinement has been revisited in view of high-lift 
applications including rigid body movements. The algorithm aims for a uniform mesh width by first 
refining the block topology and subsequently refining the grid per block. The local grid refinement 
capability will be combined with the Chimera approach to perform unsteady simulations of Krueger 
device deployment. The Chimera approach will facilitate the motion of the Krueger device, while 
local grid refinement will be used to inject grid points efficiently where needed for accuracy. 

The local grid refinement algorithm has been improved on two accounts: First, when a block is 
locally refined, the smoothness of the grid is maintained by an appropriate smooth interpolation of 
the original grid-point distribution. Second, if a block is refined that is attached to a solid surface, 
the refined grid is mapped onto the original geometry definition in order to preserve the correct 
aerodynamic shape. 

The validity of the method is demonstrated by a refined Chimera grid which has been generated 
around the DLR-F15 with a Krueger device consisting of two separate elements (bull nose and base, 
Figure 5 right). The grid around the main wing has been locally refined in order to accurately capture 
the flow characteristics of the separated flow region introduced by the moving Krueger device. 

  

Figure 5: Improvement of meshing strategies for large deflections: (left) local mesh reconnection done by 
DLR; (right) local mesh refinement done by NLR 

Work planned for the reporting period (M19-M36) 

The activities on local grid refinement and local grid point reconnection have now been finalised. 
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2.2.2 Task 2.2 ɀ Improvement of CFD solution methods 

Lead: KTH  

Task 2.2 objectives for the reporting period (M1-M18) of UHURA 

The objective with Task 2.2 is different improvement of CFD solution methods for deployment and 
retraction of a Krueger device. In specific: 

¶ to assess the capabilities in simulating moving frames in the present computational frameworks, 

¶ to develop and implement selected improvements for accelerating of unsteady CFD, 

¶ to improve on flap movement algorithms, and 

¶ to study alternative methods for capturing unsteady CFD with mowing Krueger flap. 

Progress achieved/results within the reporting period (M1-M18) 

The work is divided into three subtasks with the following progress achieved: 

(1) Acceleration of unsteady CFD. Numerical algorithms (NLR, KTH), quasi-steady approach 
(KTH) and efficient hybrid RANS/LES (KTH). 

(2) Improvements of flap movement algorithms. Chimera (DLR, VZLU, ONERA, NLR) and 
Immersed boundary (CIRA). 

(3) Alternative methods. Lattice-Boltzmann method (INTA) and advanced RANS for hybrid 
methods (Dassault). 

Moreover, most of the partners have demonstrated their capabilities of simulating the deployment 
of the Krueger device. 

Contribution of Partner 1-DLR  

To model the deployment and retraction phase of a Krueger device the chimera technique with 
automatic hole-cutting has been selected. An unstructured 3 block 2D mesh has been created with 
the Centaur mesh generating system. 

Successful steady simulation without deployment has been performed. The results look reasonable. 
The convergence was sufficient (more than 6 orders of magnitude in terms of the density residual). 

Unsteady (URANS) simulations of the complete deployment and retraction phase of the Krueger 
device have been made and the influence of different deflection speeds have been investigated 
(Figure 6). It was found that the drop in lift coefficient for the critical position can be much reduced 
by a more rapid deployment. To model the deployment and retraction phase of a Krueger device the 
chimera technique with automatic hole-cutting has been selected. 

   

Figure 6: Chimera mesh and solution; lift coefficient during a complete cycle for different angular 
velocities, DLR TAU simulations. 

Based on the 2D mesh a 3D mesh has been created (staggering of 2D meshes). So far, no 3D 
simulations have been performed. 

A first 2D block-structured mesh for the wing with the Krueger device has been generated to save 
number of mesh nodes by using the DLR tool MEGACADS for mesh generation. This is due to the 
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fact, that very high numbers of nodes are required by using CENTAUR. 1st unsteady simulations for 
the deflection and retraction of the device are promising. 

A concept is evolved to couple an alternative approach for the meshing of the movement of the 
Krueger device to the solver of the DLR TAU code. The alternative approach is using the local 
reconnection approach done in Task 2.1. Within the remaining activity of Task 2.2 the handling of 
changing grids in solution process will be implemented on solver side. 

Contribution of Partner 2-CIRA  

SIMBA method: the main activities planned for months M1-M18 are devoted to developing and 
validating a dynamic immersed boundary (IB) method for simulating compressible and viscous flows 
around moving/deforming objects. Besides, part of the developments deals with a CIRA-IBK 
interface for coupling the in-house SIMBA code with a structural solver in the framework of a 
CFD/CSM partitioned approach. A brief summary is listed below. 

1. The CIRA Cartesian method has a new data management that allows automatic mesh 
adaptation during time-accurate computations. A proper Lagrangian-Eulerian model takes 
into account the effects of rigid movements and structural deformations in the surrounding 
flow field. 

2. The SIMBA validation campaign covers some test-cases from the literature dealing with 
imposed rigid body motions (RBM). The dynamic IB-method is used to compute the 
transient ÔÕÒÂÕÌÅÎÔ ÆÌÏ× ÁÒÏÕÎÄ ÔÈÅ Ȱ$,2-F15-3eRefȱ ÓÌÁÔ-main-ÆÌÁÐ ÁÎÄ ȰDLR-F15-
LLE++ÒÕÅÇÅÒȱ +Òueger-main-flap airfoils during their rigid deployment laws (Figure 7). 

3. #)2! ÁÎÄ )"+ ÈÁÖÅ ÄÅÖÅÌÏÐÅÄ ÁÎ &3) ÉÎÔÅÒÆÁÃÅ ÔÏ ÁÌÌÏ× ÔÈÅ ÌÏÁÄÓȭ ÍÁÐÐÉÎÇ ÁÎÄ 
communications between CFD and CSM meshes. The research effort aims at exploring 
different coupling strategies.  

4. ! Ȱ3ÔÁÔÉÃ Ô×Ï-way FSI-ÃÏÕÐÌÉÎÇȱ ÁÌÌÏ×Ó Á ÌÏÏÓÅ ÉÎÔÅÒÁÃÔÉÏÎ ÂÅÔ×ÅÅÎ #&$ ÁÎÄ #3-Ȣ 4ÉÍÅ-
accurate aerodynamic loads are used to compute structural deformations at each time-step 
or every N time-steps. The structural solver applies linear and static assumption and delivers 
the modified shapes to CFD. An implicit loop drives the codes to loads-convergence. The 
deformation velocities are not accounted for. This FSI strategy has been applied to compute 
the 2D aeÒÏÅÌÁÓÔÉÃ ÌÏÁÄÓ ÄÕÒÉÎÇ ÔÈÅ Ȱ$,2-F15-3eRefȱ ÄÅÐÌÏÙÍÅÎÔ (Figure 7 left).  

5. 4ÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ Á Ȱ$ÙÎÁÍÉÃ Ô×Ï-way FSI-ÃÏÕÐÌÉÎÇȱ ÉÓ ÏÎÇÏÉÎÇȢ 4ÈÉÓ ÁÌÌÏ×Ó Á ÔÉÇÈÔ 
interaction between CFD and CSM. The instantaneous CFD loads are feed into the CSM non-
linear solver, which gives back the deformation and its velocities in a seamless way. An 
implicit loop drives the codes to loads-convergence. If successful, the dynamic coupling will 
ÂÅ ÕÓÅÄ ÔÏ ÃÏÍÐÕÔÅ ÔÈÅ Ψ$ ÁÅÒÏÅÌÁÓÔÉÃ ÌÏÁÄÓ ÄÕÒÉÎÇ ÔÈÅ ȰDLR-F15-LLE++ÒÕÅÇÅÒȱ 
deployment (Figure 7 right). 
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Figure 7: Snapshots of transient DLR-F15 slat and DLR-F15-LLE Krueger deployments, SIMBA solutions 

UZEN method: a procedure for parametric re-meshing has been developed, in order to update the 
multi-block mesh during the Krueger motion at every time step, following the assigned trajectory. In 
principle the procedure should handle a new Krueger shape and motion with minor development 
effort. The procedure is going to be tested for the DLR-F15-LLE test case delivered by DLR at the 
beginning of the project. 

Contribution of Partner 3-VZLU  

Work has been started by sorting incoming geometries, grid generation of test geometries. The 
limits of the available mesh deformation strategy for CFD simulation have been tested. The 
sequence of grids was prepared by a script and grid deformation with solution remapping was used, 
which serves as a reference case. For further use and higher flexibility also the interface boundary 
conditions between independent regions were tested and improved. 

The Chimera technique has been implemented in sequential steps in order to evaluate the 
possibilities and compatibility with the CFD solver. In the first step the implementation was done to 
test the interface data management inside the solver, so test case grids were prepared and tested 
on 2D and 3D in 1CPU as well as with parallelization via MPI library. The solver relies on grids 
prepared with overlap by ad hoc tools. In the second stage the grid hole cutting algorithm with 
adjustable overlap has been implemented outside of the solver. Special care has been taken to 
maintain functionality of the solver acceleration techniques, like multigrid, and also of the 
functionalities as aero-elasticity.  

In the third stage the chimera technique was implemented with the possibility to deactivate parts of 
the domain directly inside the solver (Figure 8), which brings the possibility of the Krueger device 
movement while lowering the pre-processing demands. 

 

Figure 8: Chimera grid illustration, VZLU implementation 

Contribution of Partner 4-ONERA  
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Preliminary automatic pre-processing procedure with Cassiopee tools of chimera grids around the 
different elements at two fixed positions has been implemented in the elsA environment. The two 
different positions considered are fully deployed and partially deployed (~90o, Figure 9). 

 

Figure 9: Chimera grid and solution ɀ ONERA implementation 

Then, kinematics of the Krueger elements (main part and bull nose) are controlled independently 
and first URANS computations of a complete cycle of deployment / retraction has been done. 

This first methodology is ready for use for UHURA test cases to be investigated. A second 
methodology for the blanked cells management is under evaluation in term of computational 
efficiency. 

Contribution of Partner 5-INTA  

An assessment of a Lattice Boltzmann Method (LBM) based on a stress wall-modeled LES (WMLES) 
has been carried out. Studies regarding grid resolution and numerical settings for LBM WMLES have 
been performed with the aim of establishing best-practices guidelines for the validation phase to be 
carried out in WP4. First, a set of 3D (2.5D) static simulations (with fixed geometry position) have 
been conducted on the DLR-F15-LLE initial design at four selected representative positions of the 
Krueger device deployment/retraction: retracted, ~90o, leading-edge passage and fully deployed 
(Figure 10). Results have been compared with reference 2D RANS calculations for two 
configurations (retracted and deployed). Preliminary results showed that tripping turbulence was 
necessary to obtain resolved turbulence in the boundary layer of the upper surface. Hence, the 
strategy of turbulence tripping by means of roughness elements has been examined in the context 
of WMLES. A parametric study of the size and geometrical distribution of the roughness elements 
has been conducted for the retracted Krueger device position. The results show an improvement in 
the simulation in comparison with reference RANS solution even though the flow is inevitably 
perturbed. 

Finally, a set of dynamic computations have been carried out using the numerical settings obtained 
from the analysis of the static cases. Complete 3D deployment and retraction simulations of the 
Krueger device have been performed using an immersed boundary method to deal with moving 
geometries (Figure 10). The results look reasonable overall in spite of the aforementioned difficulties 
related to turbulence generation. The necessary computational resources in terms of CPU-hours 
have been assessed, showing the potential of this alternative method to tackle scale-resolving 
simulations for complete Krueger device retraction/deployment phases. The experience gained in 
the assessment study will be used in the validation stage within WP4. 
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Figure 10: Iso-surface of dimensionless Q criterion for two positions of the Krueger device, LBM 
simulations by INTA. 

Contribution of Partner 6-NLR  

The flow solver development activities concern: 

¶ Development of a line-implicit time integration approach for high-lift applications. 

¶ Improvement of the interpolation process for large disparities in cell size in the interface 
region of discontinuous grids.  

A line-implicit scheme has been implemented that accelerates the convergence per time step for the 
dual time-stepping approach. Its efficiency has been verified for building block applications that 
represent steady and unsteady flow cases such as an oscillating boundary layer. Test computations 
using this scheme are performed on the Chimera grid for the moving Krueger device generated in 
Task 2.1 to compute the time-dependent flow. 

In order to improve the treatment of discontinuous interfaces, the in-house developed flow solver 
has been generalized to the full Chimera approach. Thus, full 3D interpolation is used instead of 2D 
interpolation along discontinuous interfaces, so that any disparity in cell size is automatically taken 
into account. The Chimera approach has been tested for the simulation of the unsteady flow field 
around a deploying Krueger device, consisting of a double-hinge motion for the bull-nose and base 
elements (Figure 11). Verification of the time-dependent flow solutions shows that the developed 
flow modelling capability is ready to be employed within UHURA. 

   

Figure 11: Chimera grid and solution for fully deployed Krueger flap, NLR implementation 

Contribution of Partner 8-KTH  

Automatic parametric meshing using Pointwise for different flap setting has been made 
(subcontracted as planned) for the initial and final test geometries containing a structured block in 
the wake region behind the Krueger flap suitable for LES resolution. 














































