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This is theMidterm Assessment Bport of UHURA coverinthe progress within the first reporting
periodfrom 1 September 2018 to@ebruary 2Q0.

The first reporting period has seen a smooth raup of activity nearly as planned. The early
distribution of background informaon allowed all partners to start their scheduled activities in
time. The major design tasks in WP1 are finishealy the task on kinematics design is extended to
include the outcome of verified wind tunnel loads into the assessment of kinematics wenght o
aircraft level at the end of the projecin WPZhe work on unsteady numerical simulation
techniquess largely progressed, although not completely finalizédWP3 the design of model
modifications of the DLRF15 model are completed, the correspondipayts 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 firseporting periodVi1-M18of UHURA are listed belaw

WP1 design a deployable Krueger leading edge device, based on laheiading edge shape for
the DLRF15 wind tunnel model.

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

WP3 design and manufacturing of the modificationsrfthe DLRF15 wind tunnel mode

WP4 document on expectations on wind tunnel data to be used for comparisonmitherical
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 kimatics has been designed for tite RF15LLE airfoil To
achieve a realistic design, requirements from aircraft level have been specified and taken into
account. The desigsof the aerodynamic shape and the kinematics have been performed in a loop
where sile constraints on kinematics feasibility have been developed and included in the
aerodynamic design iteration. Thgeometry of the Kueger flap configuration and the kinematics
hasbeen provided to wind tunnel model design. The designed Krueger flap amafign has been
analyzed and loads for sizing model components have been provided. Further onafraircraft
viewrecommendations for the speed of deployment and retraction of the Krueger déwage been
established These numbers reflect the manufacer knowledge on handling quality dn

certification criteria for Kruger devices

Using initial design iterations, themulation methodshave beersetup and sharpened for
designated simulation typeOn grid generation side, aloust implementation of loal reconnection
algorithm for unstructured meshewas obtained. Further, aamonstration of locaigrid refinement
in conjunction withChimera capability on structured meshbas been establishe®eside this,
Immersed Boundary Methods and full-nreeshing tas been successfully appliedith regard to flow
solver technologies, wst of the partners have demonstrated their capabilities of diting the
deployment of the Kruger device Methods in use range fromRANSmethods viadifferent
turbulenceresolvingmethods at the length and time scales of relevangeto particle based Lattice
Boltzmann MethodgLBM) The methods are therefore ready to be used to simulate the
experimental setup.

UHURA [31-47zv.24 7 GA no. 769088
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The modifications for the first of the two wind tunnel model have fully been designed and
manufacturingis far progressed. Finite Element Analysis is completed and a corresponding stress
report is just at finalization justifying the model to be enteredadrhe first wind tunnel test. The

model will be equipped with a significant number of MEM$teady pressure senserThe needed
circuitboards are designednd the manufacturing is closefinalised In parallel, tests on using
conventional pressure tramticerfor 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 habeen selected and the implementation in terms of measurement wind

as well as hardware setup in the tunnel has been achieved. As there are a number of different
measurement systems, gyachronisation approachas beerdeterminedand progress is maden

the measurement protocolpicluding trigger, automation and commurmiation approaches

In order to prepare the comparison of numerical and experimental dataaines for validation
have beercompiled. By specifying common formats and templates and by collecting the expected
list of measured values,@mmon ground for omparisonis established

On management side, anhely conductionof Kick Off Meeting, 1st & 2ndProgress Project Meetings
as well as the in timeoenpilation of Quarterly Status Reports & Project Progress Repsetse a
smooth progressing of the projecin total, 12 deliverablefiave been submitted in theeporting
period. First contributions to scientific conferencésve been made. A publWEBsite addresdas
beenreserved For the data exchange between partners thElURA databank is in service.
Techrical support izonstantlyprovided

UHURA [31-47zv.24 8 GA no. 769088
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2 71 OE POl COAOO AT A AAEEAOAI A1 OO
2.1 WP 1: Aero Design and Definition
Lead: AID

Progress achieved/resultsvithin reporting period (M1-M18)

The objective of WP1 until MBwas to design a deployable Krueger leading edge ckeMbased on
laminar leading edge shape for the DIFR5 wind tunnel model.

The shape of the Krueger device (device length, nose shape) as well as the deployed position in front
of the wingwere 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 establishpdrametric description of the Krueger shape, incorporating
requirements and constraints from kinematic desigraék1.2) and overall aircraft levelg3k1.3).
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 dRAC

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 Task1.2 to size the kinematic and structure components.

ASCO designed and sized a realistic kinematic mechanism withék II.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 dsk1.1 to achieve a feasibéd aerodynamically well performing
integrated solution.

Task1.3 provided constraints and requirements from aircraft level into the design processki T
and Task1.2 to ensure a realistic and relevant configuration.

WP1 imearlycompleted.Deliverables regarding the designed shape (EI)1the kinematics design
(D121)and the aircraft related requirements (D13 D132) have been completed and submitted.
Only D122 will be delivered in M30 instead M5 according to the agreed, ¢hiftall data eeded for
further progressindoy WP3 and WPHas been made available by a Coordination Memorandiihe
activities linked to D122 will be initiated in M28 after the wind tunnel tests in WP3 are complete.

2.1.1 Task 1.1z Shape
Lead: DLR
Task 1.1 objectives fothe reporting period (M1-M18) of UHURA

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

Progress achieved/resultsvithin the reporting period (M1-M18)

Within the firstreporting periodof the project, the design of a Krueger device suitable for the
targets of the projechasbeen finalized. Baseline geometries from former studies have been
collected and provided to partners in Task 1.1 and covering an initial Krueger device andcalclassi
three-element airfoil folWP2 Two concurrent design optimizations have been performed by the
partners in Task 1.1. From these results after a eobegk of the shapes, a synthesis of the design
has been achieved by combining favourable aspects dfi l&signs. In a last step, requirements

UHURA [31-47zv.24 9 GA no. 769088
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from the kinematics design have been incorporaigigurel). This last desighas been evaluated
also regarding loads, which hateen providedto Task 1.2or a final sizing loop of the kinematics.

DLR-F15-LLE
Krueger design

6
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Figure 1: pressure distributions of the finally refined Krueger device with respect to kinematics
requirements

Contribution of Partnerz DLR

Background information on airfoil geometry has been collected and provided fotdlgeted DLR
F15LLE airfoilanda reference baseline DERL5 3element airfoil.

To provide initial datasets for Task 1.2 and WP2, an initial Krueger device has been imigdme
based on results of the DeSiReH project. As an alternative, a movement law foreteen@nt airfoil
has been provided based on former studi@s. initial set of loads data has been provided fask
1.2 to start an initial sizing loop for tHénematics

A numerical optimization loop has been performed to propose a meaningful Krueger device for the
DLRF15LLE airfoil as the initial Krueger device shows premature separation. After comparison with
data obtained by the partner CIRA and takingoimccount preliminary design constraints from the
kinematics (Bsk1.2), a synthesis of DLR and CIRA desiugs been performed leading to a suitable
final shape of the Krueger device

The design synthesis has been completed for the folding bodle Kruger device. The geometry
has been provided to the partners of WP2, WP3, and WRd cbrresponding deliverable @1 has
been provided and submitted.

Contribution of PartnerZCIRA

CIRA set up an optimization procedure to perform the geometry desigheKrueger element. A
specific, kinematic constraintdriven parameterization has been conceived to generate feasible
shapes. An improved Krueger shape has been obtained as a result of a serieslmds&@D
optimizations aimed at increasing the maximurft 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. Crosgheck analysis with DLR mesh and flow solver have been carried outiegeith

UHURA [31-47zv.24 10 GA no. 769088
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turbulence model sensitivity analysis. Finally, CIRA contributed to detail the whole aerodynamic
designprocess in the deliverable D11

Work planned for the nextreporting period

The task is completed.

2.1.2 Task 1.2z Kinematics
Lead: ASCO
Task 1.2objectives for the reporting period (M:M18) of UHURA

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

91 Define a Krueger kinematics design to be usedaseline for the DLAFF15 and DLF13.S
model modification in WP3.

Progress achieved/resultsvithin the reporting period (M1-M18)

The initialKruegershape from Task 1.1 was analysed regarding space allocation constraints.

D12X j O+ET Al A OE& toKriudgedBDXOAKEITIOOCAA EGAOET T AT A AADI I

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 requireg&form the space allocation and kinematics
integration analysis that delivered the integration constraints captured in-D{Zigure?2).

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

All the activities related to deliverable DA2and required to provide the necessary inputs for Task
3.1 should have been completed by M5. B11®as providd in time and a first design was delivered
by M5. The remainder of this task (D22 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 spaagaaloc
issues in the kinematical design provided in X1 herefore, 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 positioratcommodate the drive shaft) identified during
the DLRF15 model modification activitiggigure3).

UHURA [31-47zv.24 11 GA no. 769088
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Figure 3: final designed Kruegerkinematics HO1 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 appeagdbe
static Kruegerextended AoAsweeps during wind tunnel testingefer toTask 3.1 section). This
updated kinematical geometry was fully accepted during the CDR of the-B13model
modification within Task 3.1 in M16.

A secondary (neformal) deliveable 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.

Contiibution of Partner 7ZASCO
ASCO is the only partner in TasR and the above activity hebeen solely contributed by ASCO

Work planned for thenext reporting period (M19-M36)

A simple upscaled version of the kinematics design provided for the 11Bmodel will be used for
the DLRF14.S Nevertheless, a minor risk remains that the design is not compatible in terms of
spatial integration or from stress poiftf-view. In that case, the Task1.2 will be reopened again and
an additional design for DLR13.Swill be made meeting all extra constraints identified in Task 3.1.

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

2.1.3 Task 1.3z Definition of deployment cases
Lead: AID
Task 1.3 objectives for the reporting period (MM18) of UHURA

9 Specification of A/C related requirements for the design of Krueger flap devices
1 Specification of the selected cases to represent mamtodynamicecritical intermediate
Krueger positions during deployment phase

Progress achieved/resultsvithin the reporting period (M1-M18)

Thegoal of WP1 was to design a Kges system in a limited amount of time, which is fit for UHURA
purpose and wellapresents a potential aircraft solution. Based on A/C manufacturers design
experience, aircraftevel Krueger design requirements & constraints were introduced into the
Krueger design procesgigure4). 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 desogpesgs in &sk1.1 and
Taskl1.2. The applied recommendations have finallyebesummarized in D14.. Finally &sk1.1&
Task1.2have achieved an integrated Krger design, which is well balanced between shape and

UHURA [31-47zv.24 12 GA no. 769088
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kinematic design space. It perfectly fitktA T AAA 1T £ thnhd madds@ndxiirierikal
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 Kueger 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 failuseanalysis. The recommendations

on deployment speed and critical deployment angle have been summarized #2D13

Keep out zone skin/rip thickness

Frontspar
clearance

6Krueger

Figure4: lllustration of design requirements provided within D13.1
Contribution of Partnell0z AID
AID is theonly partner in Task 1.3 and the above activityshaen solely contributed by AID

Work planned for thereporting period (M19-M36)

The task is completed.

UHURA [31-47zv.24 13 GA no. 769088



<0

2 Midterm Assessment Report

2.2 WP 2: Numerical Simulation
Lead: ONERA
WP2 Objectives for M-M18 of UHURA

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

1 Improve existing CFD tools and to assess best practices for the simulation of movabliéthigh
devices concerning: 1. flomodelling and solution methodologies, 2. flugtructure
interaction, and 3. flap movements.

Progress achieved/resultsvithin 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 tool
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 adaptatitmols has started, for block structured grids (NLR) on single
airfoil examples. It combines grid deformation, sliding gridigredding and local grid refinements
on blocks.

For Task 2.2, most of the partners have initial steady RANS simulations omioraty Krueger

shape. For some results (DLR, VZLU or KTH), a critical situation is observed wikgneberis

deployed perpendicular to the incident flow. A large separated flow is observed on the lower surface
and a transient separation appears at maiimg leadingedge that leads to a significant loss in
performance (to be verified with unsteady simulations). Some works staKregerdeployment
simulations using chimera technigue, mesh deformation, Immersed Boundary Methods. Preliminary
results obtaned using LBM methods have been presented by INTA. Concerning the acceleration of
unsteady methods, NLR presented some results for aiimplicit scheme for both steady RANS and
URANS (oscillating plate). Finally, IBK (in cooperation with CIRA) havéopedean interface tool

for fluid-structure interaction.

For the second reporting period (M6 to M12), all the partners were aaiive 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 ggieheration 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) deformakleiegerflap deployed with independent

kinematics under unsteady flow conditions) has been completed

2.2.1 Task 2.1z Improvement of meshing

Lead: NLR

Task 2.1 objectives for the reporting period (MMM18) of UHURA

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

UHURA [31-47zv.24 14 GA no. 769088
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1 Development of a bloclstructured local grid refinement method and combination with the
Chimera approach.

Progress achievé/results within reporting period (M1-M18)
Contribution of Partner-DLR

Local reconnection offers a suitable way to implement aweshing strategy based on the Chimera
approach that eliminates the need for naronservative interpolation. The strategy based by
replacing overlapping mesh regions by a conformal triangulation. An initial rolditk 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 dziten has been obtained on meshes that differ
significantly in mesh resolution (1:4jigure5 (left) shows the reconnected mesh region around the
Krueger panel on tharfe grid levelThe 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 KrflageDue 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-\NLR

A baseline algorithm for bloektructured local grid refinementds been revisited in view of higlit
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 blddle local grid refinement
capability will becombined 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 neeide@ccuracy.

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 gridpoint distribution. Second, i& 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 whichdean generated

around the DLRF15 with a Krueger device consisting of two separate elements (bull nose and base
Figure5right). The grid around the main wing has beendibcrefined in order to accurately capture
the flow characteristics of the separated flow region introduced by the moving Krueger device.

Figure5: Improvement of meshing strategies for large deflections: (leftjocal mesh reonnection done by
DLR; (right) local mesh refinement done by NLR

Work planned for thereporting 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 2.2z Improvement of CFD solution methals
Lead: KTH
Task 2.2 objectives for the reporting period (MMM18) of UHURA

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

9 to assess the capabilities #imulating moving frames in the present computational frameworks,
1 to develop and implement selected improvements for accelerating of unsteady CFD,

1 to improve onflap movement algorithms, and

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

Progress achieved/resultsvithin the reporting period (M1-M18)
The work is divided into three subtaskéth the following progress achieved:

(1) Acceleration of unsteady CFD. Nunieal algorithms (NLR, KTH), quasteady 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. LatticeBoltzmann method (INTA) and adnced RANS for hybrid
methods (Dassault).

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

Contribution of PartnerDLR

To model the deployment and retraction phase of ai&ger devce the chimera technique with
automatic holecutting 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 reasonabl
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 thegdtr
device haebeen made and the influence of different defleatispeeds have been investigated
(Figure6). It was found that the drop ilift coefficientfor the critical position can be much reduced
by a more rapid deployment. To model the deployment and retraction phase ofiegr device the
chimera technique with automatic holeutting has been selected.
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Figure 6: Chimera mesh and solutionjift coefficient during a complete cycle for different angular
velocities, DLR TAU simulations

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

A first 2D blockstructured mesh for the wing with the Keger device has been generated to save
number of mesh nodes by using the DLR tool MEGACADS for mesdrag@m. This is due to the
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fact, that very high numbesof nodes are required by using CENTAURuristeady simulations for
the deflection and retraction of the device are promising.

A concept is evolved to couple an alternative approach for the mesifitlge movement of the
Krueger device to the solver of the DLRWU code. The alternative approach is usiting local
reconnection approach done in Tag8KL Within the remaining activity of Task 2.2 the handling of
changing grids in solution process wilt bomplemented on solver side

Contribution of Partner-@IRA

SIMBA method: the main activities planned for months-M18 are devoted to developing and
validating a dynamic immersed boundary (IB) method for simulating compressible and viscous flows
aroundmoving/deforming objects. Besides, part of the developments deals with a -TBRA

interface for coupling the #house SIMBA code with a structuraliger in the framework of a

CFDLCSM partitioned approach. A brief summary is listed below.

1. The CIRA Cartesiamethod has a new data management that allows automatic mesh
adaptation during timeaccurate computations. A proper Lagrangi&ulerian model takes
into account the effects of rigid movements and structural deformations in the surrounding
flow field.

2. TheSIMBA validation campaign covers some testses from the literature dealing with
imposed rigid body motions (RBM). The dynamieniBthod is used to compute the
transientOOOA O1 AT O Al 1 ¥158e8¢60 10AAGHE A DOWRFE O
LLE+ O O A Cdegeémain-tiap airfoils during their rigid deployment lawBigure?).

3. #) 21 AT A )"+ EAOA AAOAI 1 PAA Al &3) ET OAOEAAA
communications between CFD and CSM meshes. The research effort aims at exploring
different coupling strategies.

4. 1 O3 O0AMERSIA®OIDI ET Co6 Al1Tx0 A 1171 0A ETOAOAAOQEI]
accurate aerodynamic loads are used to compute structurabaeétions at each timestep
or every N timesteps. The structural solver applies linear and static assumption and delivers
the modified shapes to CFD. An implicit loop drives the codes to laadsergence. The
deformation velocities are not accounted fdrhis FSI strategy has been applied to compute
the2Da®i A1 AOOEA 11 A-RiBG3eRe® ORAD 1 Figlhe AP, 2

5. 4EA AAOAT T Pi AT O-wayESIAT OBUERCEAEOXIT T CT ET C8 4EEC
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 seamlesaway.
implicit loop drives the codes to loag®nvergence. If successful, the dynamic coupling will
AA OOCGAA O1 Ai i pOOA OEA VDBERFBAEHDIOCACABDA 11 AAO |
deployment(Figure7right).
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Figure 7: Snapshots oftransient DLR-F15 slat and DLRF15LLEKrueger deployments, SIMBA solutions

UZEN method: a procedure for parametric-n@eshing has been developed, in order to updtite
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 DER5LLE test case delivered by DLR at the
beginning of the project.

Contribution of Partner3ZLU

Work has been started by sorting incoming geometries, grid generation of test geometries. The
limits of the available mesh deformation strategy for CFD simiolathave 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 independenegions 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 managenm 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 algorittm wi
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 aerlasticity.

In the third stage the chima technique was implemented with the possibility to deactivate parts of
the domain directly inside the solvéFigure8), which brings the possibility of the Kruegaevice
movement while lowering the prprocessing demands.

Figure8: Chimera grid illustration, VZLU implementation
Contribution of Partner@NERA
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Preliminary automatic preprocessing procedure with Cassiopee tools of chinggrds 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 {+9@ure9).

- | ,’;-X
—

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

Figure9: Chimera grid and solutiorg ONERA implementation

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.

Contributon of Partner 8BNTA

An assessment of a Lattice Boltzmann Meth@dBM)based on a stress wathodeled LESWMLES)

has been carried out. Studies regarding grid resolution and numerical settings for LBM WMLES have
been performed with the aim of establishing bgstactices guidelines for the validation phase to be
carried out in WP4. First, a set of 3D (2.5D) statizktions (with fixed geometry position) have

been conducted on the DI-R15LLE initial design at four selected representative positions of the
Krueger device deployment/retraction: retracted90, leadingedge passage and fully deployed
(Figurel0). 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 distributicth@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 compations 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(FigurelQ). The results look reasonable overall in spite of the aforementioned difficulties
related to turbulence generation. The necessary computational veses in terms of CRUours

have been assessed, showing the potential of this alternative method to tackle-sesiddving
simulations for complete Krueger device retraction/deployment phases. The experience gained in
the assessment study will be used Iretvalidation stage within WP4.
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455 QAuinfferef)*2 = 100

Figure 10: Iso-surface of dimensionless Q criterion for two positions of the Krueger devicé BM
simulations by INTA

Contribution of PartnerBLR

The flow solver development activitieoncern:
1 Development of a lingmplicit time integration approach for higiift applications.
1 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 anaisuillboundary 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 timdependent flow.

In order to improve the treatment of discontinuous interfaces, thénousedeveloped 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 appach has been tested for the simulation of the unsteady flow field
around a deploying Krueger device, consisting of a dottiteye motion for the bulhose and base
elements(Figurell). Verification of the timedependent 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 Kreger flap, NLR implementation
Contribution of Partner-BTH

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 regiorbehind the Krueger flap suitable for LES resolution.

UHURA B14zv.24 20 GA no. 769088





































































