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11. Closure

The following agenda was followed

Airbus EF midterm high speed test requirements (Airbus)
General presentation HST (DNW)

Airbus EF past experience in HST -TP25 (Airbus)
Motivation for investigation of supersonic flow conditions HST (DNW)
HST Supersonic flow investigations by CFD (DLR)

HST Supersonic flow investigations by experiment (DNW)
Wider overview on Airbus Defence & Space wind tunnel planning (Eurofighter)

Wider overview on Airbus Defence & Space wind tunnel planning (including non-EF and low
speed) (Airbus)

10. DNW capabilities other than HST (DNW)

1 Introduction

The meeting is organized at Airbus Defence and Space in Manching. The main goal for ADS is to
assess whether HST can be a suitable candidate for testing the Eurofighter model in the period of
2020-2023. The goal for DNW is to find out what volume of testing is planned for and what
services are requested. So far, ADS has tested in CALSPAN with the EF FC5-HS-Model (owned by
NETMA). Political conditions as well as the currently very high capacity utilization of the CALSPAN
tunnel with other customers than ADS mean that ADS is looking for alternatives in Europe. ARA is
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seen as the competitor for HST. It is under investigation, whether this situation is now suitable to
come to a successful and sustainable cooperation with ADS.

See also presentation, ref. [2].

2 Airbus EF midterm high speed test requirements

Jurgen Reimann presents the midterm and high-speed test requirements. ADS envisages a test
volume of 40,000 polars (2 x 5,000 per year) in the period of 2020-2023 in the framework of a
next enhanced Eurofighter evolution plan. 0.4 < Ma < 1.3.

Apart from that tests are envisaged within the framework of the Airbus & Dassault cooperation for
development of a New Generation Fighter (NGF), agreed upon in 2017 between France and
Germany.

These tests might come on top of the high work load with FC5. For these developments, ADS is
asking for a suitable wind tunnel facility that is agile, flexible and quick. Total pressure
requirements are 0.3 < Pt < 3 bar. 3 bar to achieve Re for 1:4 scale (FC5) at Ma = 0.4.

Requirements for angle of attack are subdivided by the tasks
= Air-to-Air: -10° < AoA < 40° depending on Ma (ARA might be suitable because of the larger
test section size)
- Max AocA @ Ma=1.05: 26°
- Max AocA @ Ma=1.2: 22°
=  Air-to-Surface: -10° < AoA < 29° depending on Ma (HST might comply)
- Max AcA @ Ma=1.05: 22°
- Max AcA @ Ma=1.2: 19°

HST is interesting for ADS to do measurements.

See also presentations, ref. [2] and [3]. In ref. [3] plots are shown during the meeting, however
plots cannot be provided due to security restrictions.

3 General presentation HST

Frenk presents a brief overview of the DNW organization.

4 Airbus EF past experience in HST

Jurgen Reimann presents the past experiences of ADS in HST, ref [3].

The Eurofighter model was tested in HST during a demonstration test in 2002. After that, ADS
decided to execute the production tests at ARA and CALSPAN. Wind tunnel test results of ARA
and CALSPAN were compared with flight test results and appeared to be in good agreement.
Comparison with HST results appeared to be marginally acceptable between Ma=0.85 and 0.9. At
Ma=0.9, the pitching moments results of HST appeared to be higher than the other wind tunnels
(—0.008). In some cases, the HST results appeared to better than the other two tunnels (e.g. yaw
stability in general, pitch at low Mach). HST results @ M1.05 far off.

The experiences of ADS in 2002 showed the following main problems at HST:
1. At Ma=1.05, pitching moment and rolling moment derivative to sideslip is deviating (above

alpha 10 deg) from expectations for the FC5 test in HST (2002)
2. Angle of attack range at supersonic Mach numbers is too limited (for larger models)

Page 2 of 6



) ey Minutes of meeting
BN %

German-Dutch Wind Tunnels

5 Motivation for investigation of supersonic flow conditions HST

Frenk Wubben presents the motivation for a supersonic assessment of HST by two approaches:
=  CFD assessments by DLR
= Experimental assessments by DNW

Referring also to feedback from former ADS FC5 test (TP25)
= AoA limit partly too low

=  Sweep rate too low

= Unexpected results at Ma 1.05 in Cm and Cl_beta

6 HST Supersonic flow investigations by CFD

Stefan Melber presents an overview of the flow physics in HST based on CFD assessments for MA
number 1.2. The CFD results contributed to a better understanding of the flow control in the wind
tunnel as well as the advantages of plenum suction on the flow quality.

EF FA5 geometry provided by ADS for the simulation, not FC5 model due to restrictions.
=  Simulation at Ma 1.05 ongoing, results expected within two weeks
=  Total wind tunnel pressure for simulation around 50kPa
= Jirgen Reimann: in reality rather at 65kPa
=  Simulation done for free flight and wind tunnel
- Significant differences for critical case (high AoA, flaps deflected) due to overpressure in
plenum
- Plenum pressure not corresponding to initially set static pressure
= Conclusion:
- Passive plenum suction at HST not sufficient
- Possible solution: installation of active plenum suction

See also presentation, ref. [5].

7 HST supersonic flow investigations by Experiment (DNW)

Frenk Wubben presents an overview of experimental assessments that were performed. The main
conclusions are:

=  The MA-number versus Alpha envelope can be extended by changing the re-entry geometry
of the HST.

= Although the available model sweep rate of the model is in the order of 0.9 deg/s, it cannot
be used due to constraints in the hydraulic system of the compressor blade angle system
that is limiting the Mach number control during a model sweep. This can be solved by an
upgrade of the blade angle system.

= At Ma=1.05, subsonic flow is observed at the upper and lower wall near the model location.
For angles of attack above 16 deg, the model shock impingement point at the wall is moving
forward indicating that the model bow shock is moving forward also.

Conclusions:

= Alpha-Ma envelope increase:
- Change of re-entry geometry (available)
- Active plenum suction (requires high investment and calibration effort)
- Second throat to control terminating shocks
] Model sweep rate increase:
- Maodification of hydraulic blade pitch system or installation of electrical system
- If feasible and fast response possible active plenum suction
=  Results at Ma 1.05:
- More ventilation
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- Boundary layer removal by suction
- Smaller model

See also presentation, ref. [4].

ADS (Luis Ruiz) very much appreciates the large effort that has been spent by DNW / DLR.

8 Wider overview on Airbus Defence & Space wind tunnel planning
(Eurofighter)

Based on the presentations, it is concluded that a demonstration test in HST is not opportune at
this moment due to the uncertainties in flow physics at Ma=1.05 at higher angles of attack. ADS
states that Mach number 1.05 is a very important Mach number as bridge between subsonic and
supersonic flow conditions. Due to the earlier mentioned differences at Ma=0.9, there is no way
to circumvent this. In addition, angle of attack levels up to at least 22 deg in supersonic flow are
mandatory but cannot be guaranteed at the moment in HST. It is mandatory for a switch to
HST that DNW solves the Ma = 1.05 problem.

DNW/DLR
It is agreed that the uncertainties at Mach number 1.05 will be further studied with CFD by DLR.
Half of July 2019, a meeting will be organized by DNW to provide feedback to ADS
concerning the status.

ADS has planned eight campaigns with Eurofighter model in the period 2020-2023, starting the
first entry early to mid-next year. Two campaigns are already ordered at CALSPAN for 2020
because the suitability of HST is not clear at the moment and the deadline for orders in 2020 is
due, but ADS seeks clarity on HST as soon as possible. So a maximum of six campaigns may take
place in HST. Program wise it is planned to implement first EF Air-to-Air, later Air-to-Surface
capabilities. Separate testing of these phases might be possible. Consistent data over AoA range
is necessary, cutting AoA range is not an option.

DNW states that updates in the HST facility are envisaged in case a business case exists. The
decision has to be made this year. ADS confirmed that a letter of intent can be issued to show the
interest in testing at HST. Based on the NA2 test in HST, ADS experiences a higher productivity.
Improvements shall be in place mid of 2020 latest.

DNW states that differences at Ma=0.9 might also be due to differences in wind tunnel DNW
corrections (support interference effects, wall effects and internal duct drag corrections). DNW
will check which corrections were applied for the FC5 test in 2002 and whether
improvements are possible. For the test a short sting was used but it was postulated that
corrections for a longer sting version were applied. Effects of support interference might also be
assessed with CFD.

ADS
ADS is willing to perform support interference calculations for the articulated boom. Stefan Melber DLR
will provide the geometry of the articulated boom in IGES format to ADS.

Feedback concerning the NA2 test in HST in 2018 will be shifted to a later moment.

9 Wider overview on Airbus Defence & Space wind tunnel planning
(including non-EF and low speed)

Jurgen Reimann and Luis Ruiz Calavera present a brief overview of non-Eurofighter high speed
programs.

=  NGWS
- Contract German — French
- Concept (demo) study
- Planning 6/8 weeks high speed testing (within 18 months from now)
- Planning 6/8 weeks low speed testing (within 18 months from now)
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- Low speed model will be simple and will be tested in a cheap wind tunnel (not LLF),
University is envisaged but NWB is a good alternative. Test will take place in 2020 / 21.

. EuroDrone

- The ,EuroDrone" is a project of the German, French and Italian governments, to which
Spain later also joined. The drone can be equipped with both rockets and surveillance
technology. The development is to be finally decided before the end of this year.

- Test in low speed wind tunnel

- Propeller propulsion

- LLF is candidate

- Project will start early 2020.

- Test will be executed in 2020-2021

- There is no model available yet

- Contrary to Talarion model, it is anticipated that this model will be a full model

- Short preparation phase is a challenge

- If possible, components from the past will be re-used.

= Eurofighter low speed
- Currently nothing planned (no FC3 in LLF) in the upcoming years
- Maybe maximum one week

= R&T/R&D projectd Diabolo and WeaponBay
- Approximately five campaigns in TWG over the next three years

10 DNW capabilities other than HST

Andreas Bergmann explains the main capabilities of DNW that could be of interest for ADS:

=  Acoustic testing
] Propulsion integration testing
- Substantial infrastructure updates at NWB for TPS testing
- Promising feasibility study for electrically powered simulators
= Near ground testing
- Moving belt (80 m/s) at LLF
= Non-intrusive testing techniques
- PIV
- SPR for wing deflection and twist
- Helium filled soap bubbles
=  ADS should decide whether the RTD (Test rig for quasi-steady rolling and spinning motion) ADS
at NWB is necessary for the upcoming programs, otherwise it might be scraped

After this overview, Juergen Reimann closes the meeting.

Activities after the meeting

Andreas Bergmann discusses the contents of a Letter of Intent with Luis Ruiz Calavera. After this
discussion, Stefan Melber and Andreas Bergmann have to leave for the airport.

Frenk Wubben pays a visit to the Eurofighter model and the 1.5 inch TASK balance. ADS is
considering to buy a 2 inch TASK balance for eventual testing in HST. Another possibility is to use
the existing 1.5 inch TASK balance. In order to mount it to the model, a sleeve will be necessary.
In that case, it seems to be necessary to make a new sting for proper mounting to the balance.
Frenk presents a brief overview of the intended control updates in HST.

Juergen Reimannn strongly encourages to start working on these updates in order to be ready in
case the supersonic flow physics are settled.
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ABBREVIATIONS

DNW: German-Dutch Wind Tunnels
HST: High-Speed Tunnel, Amsterdam
DLR: German Aerospace Centre
ADS: Airbus Defence and Space
MAN: Manching

WT:  Wind Tunnel

WTT: Wind Tunnel Test

Ma: Mach number

kPa: kilo Pascal

AoA:  Angle of attack
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Agenda

Introduction / Airbus EF high speed test requirements (Airbus)

General presentation DNW-HST high speed tunnel (DNW)

Airbus EF past experience in HST (Airbus)

Motivation for investigation of supersonic flow conditions HST (DNW)

HST Supersonic flow investigations by CFD (DLR)

HST supersonic flow investigations by Experiment (DNW)

HST performance (time, cost, quality) including review of Airbous NGWS test from 2018 (all)

Discussion on potential EF evaluation test program (program proposal will come from Airbus)

© © N o o kM 0w D E

Open technical issues (balance, sting etc) (all)

=
o

Time schedule / milestones for way forward (all)

Optional, if time permits:
11.  Wider overview on Airbus D&S wind tunnel planning (including non-EF and low speed) (Airbus)
12.  DNW capabilities other than HST (DNW)

@ AIRBUS

3 DNW-HST@MAN, 12.6.19  Agenda DEFENCE & SPACE



Company name]. All rights reserved.

nd Space.
nt | [Airbus Defence and Space

It shall not be communicated to any third party without the owner's written conse

This document and its content is the property of Airbus Defence al

Airbus Defence & Space ,Wind Tunnel Roadmap*
Evaluation of High Speed Tunnels for Fighter Testing

Visit of DNW-HST to Manching 12.6.2019

TEAGA-TLS3, June 2019

@ AIRBUS
DEFENCE & SPACE



nd Space.
er's written conse

ntent is the property of Airbus Defence al

This document and its col
It shall not be commui

erved.

nd Space Company name]. All rights res

nt | [Airbus Defence al

nicated to any third party without the own

Motivation

With the continuing development of the Euro Fighter (,EF“) capabilities in the framework of ...

« Serving future core and export customer requirements (EF Long Term Evolution, ,LTE")

« Potential capability enhancements with the replacement of aging GE , Tranche 1" EF aircraft
* Preparation to offer EF as a GE Tornado replacement

* Airbus D&S internal initiatives

... Airbus Defence & Space as major provider of EF high speed wind tunnel data forsees the need of testing
up to 40.000 polars in the M=0.4..1.3 range in 2020-23 (typically in campaigns of = 5000 polars each)

(German-French FCAS/NGF development work might come on top of that.)

High work load and long lead slot reservation times in suitable facilites world wide have impact on ...

» ... Airbus D&S targets
» Agile, quick and flexible response to customer requirements
« Significant reduction of capability enhancement implementation times

To gain additional flexibility in supplier selection,
Airbus D&S currently evaluates facilities up to now not regularly in use with EF

@ AIRBUS
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Target

“To gain additional flexibility in supplier selection Airbus D&S currently evaluates facilities up to now not
regularly in use with EF...”

In general DNW-HST has been identified as a suitable facility

However
% during a 2002 EF campaign in HST (“TP25") severe shortfalls were found in
o data quality
0 tunnel performance
» agenda item 3
% during 2016-18 Mephisto and Diabolo tests in HST, Airbus D&S identified potential for tunnel
performance improvements
» agenda item 7

DNW-HST reports to have analysed past problems and found solutions
» agendaitems 4,5, 6

Airbus DS target for todays meeting is to

Gather and compile all information necessary to come to a timely decision on
whether an EF evaluation campaign in DNW-HST seems sensible.

@ AIRBUS
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Overview

In 2002 Airbus D&S had a short campaign in HST with the EF FC5 high speed model (, FC5 TP25*)

HST Amsterdam

» Compared to the results from 2 similar facilities (widely matching flight test) from the same time
(same model build standard) in some aeras significant differences were found in HST

> In supersonics requested maximum AoA was not reached in HST

@ AIRBUS
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Data Reliability

Compared to the results from 2 similar facilities significant differences were found in HST

Only a limited number of control settings is suitable for comparison
All comparisons in ,baseline” configuration (6 light air-to-air missiles, no tanks, no air-to-surface weapons)

Starting from M=0.85 (differences marginally acceptable) up to M=1.05
(outside this Mach range data compare well)

Pitch

* Higher level in pitch

e At M=1.05 different pitch characteristics

« Effect increases with positive flap

» slight dependency from leading edge setting
e (no canard data available)

Roll
* Loss in roll stability, coincident with pitch

Lift
* Minor order of magnitude, but different characteristics
Whole envelope

« Slightly less directional stability (here HST compares better to flight test)
 10% less flap pitch power

@ AIRBUS B
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HST performance

In supersonics requested maximum AoA was not reached in HST during TP25

» The effect seems to be flap dependent

* Could also be leading edge dependent D>

v

» The effect is not store configuration dependent

* (There is no indication, that the effect could be loads driven) >

@ AIRBUS
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EF high speed testing requirements

AOA limits Reynolds Number
future enhanced EF (,AMK") typically: 10mio/m = const
Air-Air 3 Tanks Air-Surface i.e. H=1.3bar @ M=0.4
H=0.7bar in supersonics
Mach Alpha max | Alpha max | Alpha max
0.4 40° 34° 29°
Q
(@x
0.6 37° 31° 27° @
0.7 36° 30° 26° 3
0.8 34° 30° 24° - _
085 330 30° 54 5  Total Pressure Requirements
0.9 32° 30° 22 | = |
0.93 31° 29° 24° o  Ocasionally:
0.95 29° 27° 23° 3
0.975 29° 26° 23° =  H=3.0bar @ M=0.4
1.05 26° 23° 22° to achieve Re-No of 1:4 model @ LLF
1.1 25° 22° 21°
1.2 22° 19° 19° H<0.7bar (downto 0.3) @M=0.85
L oy 1) 4 &0 4 g0 . .
- == e < to overcome external stores vibrations
target
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HST, lacking high AoA capability, leading edge dependency
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HST, lacking high AoA capability, store configuration (in)dependency
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HST, lacking high AoA capability
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Motivation

Feedback ADS, concerning the FC5 test at HST:

1.

Maximum ALPHA too low

= 35° desired for all Mach numbers
or at least:

= 25°at M=1.05;

= 20°at M=1.20

Model sweep rate versus tunnel “eigenvalues” too
slow

= Actual sweep rate 0.2°/s at supersonic conditions
= Desired sweep rate 1.0°/s

W

German-Dutch Wind Tunnels

Company Confidential



Cm [-]

0.1 ~

0.08

0.06 -

0.04

0.02 -

Motivation

Feedback ADS, concerning the FC5 test at HST:

3. Unexpected results at Ma=1.05
= Cm at ALPHA>10°
= Clbeta at ALPHA>10° Clibese

Pitching moment
T2018, FC5, series=1001, REm=9.8

ALPHA [deg]
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_ Cl(a,f2 =5deg) — Cl(a, f1 = =5 deg)

52 — p1

Clbeta (rolling moment derivative)
T2018, FC5, series=1001, REm=9.8

0.2 ~
0.1
MA=0.60 _ MA=0.60
e
- ® .
masogs L o, MA=0.85
MA=0.90 MA=0.90
MA=0.95 & 02 - o MA=0.95
= G — =,
— MA=1.05 p— MA=1.05
. MA=1.20 e MA=1.20
--O-- Expected 0.4 1 --O-- Expected
M=1.05 M=1.05
05 ; ‘ ‘
-10 10 20 30 40
ALPHA [deg]
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Motivation

0 Assessment of HST's supersonic performance

= Via CFD (by DLR)
— Develop insight in the test section’s behavior

— In-tunnel vs free flight comparisons
— MA=1.05 and 1.20, ALPHA 0° and 20°

= Via an experiment (T9016)
— Identify test envelope and limits (multiple MA, ALPHA)

— Variation of the tunnel’s re-entry geometry
(diffusor height and setting of the slat extensions)

— Provide validation data for CFD

SR
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2 Conclusions

SR

German-Dutch Wind Tunnels

Company confidential



H ST faCi I ity Electric power plant

Three stage axial compressor 20 MW
RPM and blade pitch for Mach control

.......

I \
-f- J’-"I-"-f-.

High pressure air

inlet flow Test section with

plenum chamber

Settling Chamber with

« Cooler

« Honeycomb flow rectifier Control room
 Three anti turbulence screens with entrance to

test section

SR
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DNW-HST test section

Plenum

Flow re-entry

-—

Strut Diffusor

Adjustable nozzle -

Begin of
test section

Slotted wall

Ma-range: 0.2 - 1.3

PO-range: 25 — 390 kPa

Height: 1.6/1.8 m Slotted upper/lower walls
Width: 2.0 m Openness ratio: 12%

W
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Re-entry zone / start diffusor

German-Dutch Wind Tunnels
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Test envelope

50 | |
E & = 2.0 x 1.60 m?
1] ko
45 _“| = - |
Ju 1.80 m? (~ 6.6 x 6 ft2)
40 |7
"'g 7
2 3L HST emﬁy test section
= = T.= 303
E | 104 4 :
‘ﬁ 30 |-
[=]
3
E 25 =
Max. power
. 20 MW
54
15 |-
10 5 ]
i _ i ”Tﬂ_ﬂﬁﬂ._._.;______z__ ______ Stall limit
L _ --._-__Eﬁﬂi__\‘.'?{_‘?,.‘fr-_—rf'. i = | BLDHK
-r S = 10 kPa (208 peh) 1. ... | 2
o | | | 5
0 0.1 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
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T9016 Test set-up

Model pressure measurements

Company confidential
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Delta wing model
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Location of slots and wall pressures

v
°
L 4
N
L 4
@
4
°

5
8
@
L 4
IS
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5
°
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Iy
I
IS
IS
%
I

. L 4
L
../

we®

.
o .
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L
' \d
“

a®
““““
““““

.
os®
“

Slots are opening
as of XT >-1.225m
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Diffusor, viewing upstream

Diffusor tripod with pitot tubes

Wall pressure measurements into diffusor
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Overview T9016

a Type of test:

Model pressure measurements

Test section wall pressure measurements

Diffusor wall pressure measurements (RAIL)

Diffusor stagnation pressure measurements (TRIPOD)
Plenum distributed pressure measurements

Schlieren imaging

Variation of tunnel Flap/Slat settings

W
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Tunnel operation RPM
setting

~ 68 m

“d_" -

Mach
number
target

1
H
-

Passive
plenum
suction

4

PO / TO
control

About 60 m distance between test

section and fan blade control.
Travelling time = f(Ma) ~ 0.2-0.3 s

Company confidential

Pressure
change
travelling
upstream
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Supersonic initial flow setting

Closed test

section :
amm  With -k
supersonic '
nozzle

Initially
Alpha = 0 deg

Set P,

Inflow to

Pp.ck Set to
enforce
proper P,
for Ma,;

"

N,

Shock wall
impingement

outflow

Company confidential

Poac=f(blade angle)

\, ! | e |
i

Terminating
shock
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No Mach control at alpha>0 deg

Increase Without control

model alpha
Not illustrated i Alpha > 0 deg Inflow to
! Pavg ® Poi® Pres re-entry
: : - | 1

1 1 I -
I | i

\, ! | e |
i

Undesired : g Terminating
inflow to test Stronger A shock
e shocks Local outflow

Oblique

shocks Qf\/: WW

German-Dutch Wind Tunnels 20
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With Mach control at alpha>0 deg

With control Increased
Alpha > 0 deg inflow to re-
P.vg > Press P entry

avg pl

Increased passive
plenum suction due to
lower back pressure

No inflow to
test section

Company confidential

—
I Pback ‘L by
| Blade angle increase

-

Terminating
shock more
downstream

due to lower
back pressure
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Baseline vs alternative Flap/Slats

Diffusor RAIL
P0=50kPa, MA=1.20, ALPHA=0

With increasing ALPHA,

0.65 -
the final shock moves aft o |
as BLDHK increases to e
maintain constant MA o |
e
o 045 -
Increasing ‘Flap’ reduces 04
tendency of the flow to 035 - — ——
expand into diffusor s b T+ |7
. 25 3 3.5 4 4.5: 5 5.5 6 6.5
' XT [m]
‘ : Diffusor RAIL
) . A PO=50 kPa, MA=1.20, ALPHA=18
L e - o [ ::”"r_ ' 065 - I
A ; B { _,-/ R m 06
: - : 055
= - F|ap T o5 -
2
e o 045 -
0.4
035 1 sword i_ diffusor N
0.3 T T T T - T T T T B
25 3 2.5 4 4.5 5 55 6 6.5
- XT [m]
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Baseline vs alternative Flap/Slats

Blade angle

P0=50 kPa, MA=1.20 Stall limit BLDHK= 50°

2.2 2 2212

wl
o
I

B
co
1

ALPHA max. quite low

S

e
N
1

N
S
1

Higher ALPHA with
alternative flap/slats

BLDHK [deg]
S
N

——F00, 515
40 —8—F30, S58
38 -
36 -
34 T T T T I I 1
5 0 5 10 15 20 25 30
ALPHA [deg]
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BLDHK [deg]
w w iy E S =y Ul
[«)] [o-] (=] Sy [«2] o] o

w
B

S~
N

Baseline vs Alternative Flap/Slats

—ooe®’

Blade angle
F30.558, P0=50kPa, Model=WEAG

Blade angle A
F00.515, P0=50 kPa, Model=WEAG Stall limit BLDHK
LLLL .
-4 } 48 -
- 46 =
——MA=1.05
o B E 44 -
== MA=1.10 3
—te—MA=1.20 % 42
2 _ [a]
| ——mast2e 8,
e MIA=1.26
i N 38 -
—0—MA=1.28
i e MA=1.30 36 -
- T - T T T T T T 1 34
-5 0 5 10 15 20 25 30 a5 -5
ALPHA [deg]
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Max Alpha - Mach nhumber envelope

Test envelope
PO=50 kPa, BETA=0

40
35
30 -
[=1+]
Q
B 25
- = F00.515
3 20 WEAG
& = F30.555
- =
a 15 WEAG
<, = F00.515
1 FCS
5 -
0 L] ] ] 1 1 1
1 1.05 1.1 1.15 1.2 1.25 1.3

MA [-]
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Intermediate conclusions

= PPL is a good indicator for the in/out flow through slots

= PPL can be controlled via BLDHK, but control diminishes the
further the shock moves into the diffusor

= Flap/slat setting change allows for testing higher ALPHA

W
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0.2

0.4

0.6

0.2

0.4

0.6

HST vs CFD: model pressures

Model pressures, DRS02
MA=1.20, ALPHA=20

= Free Flight,
P0O=67 kPa

e CHST,
P0=67 kPa

e CHST suct.,
P0=67 kPa

«o-@-- HST,
P0O=50 kPa

0.2 0.4 0.6 0.8 1

Y/b [-]

HST matches with Free

vortex

e Free Flight,
P0=67 kPa

== CHST,
PO=67 kPa

CHST suct.,
P0O=67 kPa

«s@++ HST,
PO=50 kPa

0.2 0.4 06 038 1
X/Cl-]
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CP[-]

0.2

0.4

0.6

0.2

0.4

0.6

Model pressures, DRS07 and DRS2Z
MA=1.20, ALPHA=20

0.2

0.4 0.6 0.8

0.2

0.4 0.6 0.8
Y/b [-]

- Free Flight,
P0=67 kPa

e CHST,
P0O=67 kPa

e CHST suct.,
P0O=67 kPa

-++@-- HST,
P0O=50 kPa

= Free Flight,
P0=67 kPa

. CHST,
P0=67 kPa

CHST suct.,
PO=67 kPa

«es@-+ HST,
P0=50 kPa

29



Intermediate conclusions

Q Current HST results (MA=1.20, step-by-step) are in
good agreement with free flight CFD, at both ALPHA

0° and 20°

0 During execution of the project, it was realized that
the re-entry geometry as provided for CFD modelling
IS not in accordance with the actual HST geometry

= This might be the reason for differences in behavior (e.qg.
back pressure effects on plenum pressure) between CHST
and HST

= Active plenum suction circumvents this problem in CHST

W
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Sweeprate [deg/s]
© ©o © 2o o o
(=Y N w o w [e2}

o

Sweeprate [deg/s]
© © © © © o © o o©
C N W B 0o N 0 L R

Controller cannot keep MA constant

Sweep rate
F30.558, P0=50kPa, Nozzle for MA=1.20

e <+—— Steady rate
Still accelerating
T T T T T 1
5 0 5 10 15 20 25
ALPHA [deg]
Sweep rate
F30.558, P0=50kPa, Nozzle for MA=1.20
1 Note: measurements
1 s tadenn were continued after
model sweep ended
T ‘x T 1
0 20 80 100 120

Time [s]

Cont. 0.26 deg/s
Cont. 0.53 deg/s
e CoNt. 0.87 deg/s

———(Cont. 0.26 deg/s
Cont. 0.53 deg/s
——Cont. 0.87 deg/s

MA [-]

MA [-]

1.2

1.19

1.2

1.19

147

Mach number (via PPL and TUNCAL)
F30.558, P0O=50kPa, Nozzle for MA=1.20

—4—Step-by-step
Cont. 0.26 deg/s
———Cont. 0.53 deg/s
| ——Cont. 0.87 deg/s
-5 0 5 10 15 20 25
ALPHA [deg]
Mach number (via PPL and TUNCAL)
F30.558, P0=50kPa, Nozzle for MA=1.20

—» start of sweep

Recovery to
step-by-step level

—4—Step-by-step

Cont. 0.26 deg/s
Cont. 0.53 deg/s

= Cont. 0.87 deg/s

f

end of sweep; start recovery

Company confidential

T T T T 1

40 60 80 120

Time [s] 3



0.1

0.15 -

0.3

0.35

0.4

0.55

0.6

0.65

Impact on model results

Model pressure, D0740
F30.558, PO=50kPa, Nozzle for MA=1.20

—o—Step-by-step
——(Cont. 0.26 deg/s
| Cont. 0.53 deg/s
———Cont. 0.87 deg/s
-5 0 5 10 15 20 25
ALPHA [deg]
Model pressure, D2275
F30.558, PO=50kPa, Nozzle for MA=1.20
i —4—Step-by-step
4 = Cont. 0.26 deg/s
Cont. 0.53 deg/s
1 = Cont. 0.87 deg/s
-5 0 5 10 a5 20 25

ALPHA [deg]
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0.12

0.14

0.16

0.18

0.2

P/PO [-]

0.22

0.24

0.26

0.28

0.3

0.48

0.5

0.52

0.54

0.56

P/PO []

0.58

0.6

0.62

0.64

D2275
(lower) =~

D0740
(upper)

= Rk

Bk

Model pressure, D0740
F30.558, P0=50kPa, Nozzle for MA=1.20

—4—Step-by-step
——(Cont. 0.26 deg/s

Cont. 0.53 deg/s
———Cont. 0.87 deg/s

1 1 1

14 16 18 20 22 24
ALPHA [deg]

Model pressure, D2275
F30.558, P0=50kPa, Nozzle for MA=1.20

Pressure does eventually
recover to step-by-step level

(see also slide #31)
—4—Step-by-step

= Cont. 0.26 deg/s
Cont. 0.53 deg/s

= (Cont. 0.87 deg/s

Start recovery

f

12 14 16 18 20 22 24
ALPHA [deg]

33



What about the oncoming flow field?

0 The nozzle dictates the oncoming flow field, but...
when MA is lagging behind:

= The plenum is effectively at over-pressure

= Causing air to enter the test section through the slots
= Meaning the effective cross section reduces

= Meaning a shock occurs -upon opening of the slots

= Meaning a rise of static pressure should be visible
across / aft of the shock

W
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Just like what happens in CHST...

Case WEAG | Ipb |Pref | PO | Ma | AOA | p_suct|mp suc|| PPL | PPL- || DLRs CaseName
I | | | | | | I | Pref ||

I I Il
Il 35.7k| 20k | 48499 | 1.20 | 20 | - | |1 21590| +1590 || KANAL v07finalGeom Ma 1 2 mitSupport undWEAG finalGlatt_Alpha20 v2 ptot50k

Tunnel (ptot = 50kPa)

#1. The plenum is at over-pressure 4/

g
£
5
C\
2
5
3
=

—02
—0.1

—
SN
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Just like what happens in CHST...

Case WEAG | Ipb |Pref | PO | Ma | AOA | p_suct|mp suc|| PPL | PPL- || DLRs CaseName
I | | | | | | I | Pref ||

I I Il
Il 35.7k| 20k | 48499 | 1.20 | 20 | - | |1 21590| +1590 || KANAL v07finalGeom Ma 1 2 mitSupport undWEAG finalGlatt_Alpha20 v2 ptot50k

Tunnel (ptot = 50kPa)

#1. The plenum is at over-pressure 4/

#2. Slots open here; inflow occurs,
causing oblique shocks

. .4

XT =-1.225m

Mach_number

—02
—0.1

—
SN

German-Dutch Wind Tunnels 36
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Just like what happens in CHST...

Case WEAG | Ipb |Pref | PO | Ma | AOA | p_suct|mp suc|| PPL | PPL- || DLRs CaseName
I | | | | | | I | Pref ||

I I Il
Il 35.7k| 20k | 48499 | 1.20 | 20 | - | |1 21590| +1590 || KANAL v07finalGeom Ma 1 2 mitSupport undWEAG finalGlatt_Alpha20 v2 ptot50k

Tunnel (ptot = 50kPa)

#1. The plenum is at over-pressure 4/

#2. Slots open here; inflow occurs,
causing oblique shocks

#3. Incorrect flow field...

. .4

XT =-1.225m

Mach_number

—02
—0.1

—
SN
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Intermediate conclusions

= Jt is essential to keep the plenum at the correct pressure

— Otherwise air enter (or leaves) the test section
— Which changes the oncoming flow field and model results

— AGARD AG-49: a zero pressure difference from plenum to test
section is furthermore needed to be shock reflection free on the
walls

= The plenum pressure can be adjusted via the BLDHK,
but the controller is unable to keep the plenum pressure
constant during continuous sweep testing

— The amount and speed at which BLDHK changes seems
to be the limiting factor —currently.

SR
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0.51

0.49

0.47 -
T 045 -

~
o 043 -

0.41

0.39

0.37

0.49

0.47

0.45

P/PO[-]

0.43

0.41

0.39

0.37

Wall pressures: Model=WEAG, MA=1.20

Wall pressures, W3000
F30.558, P0=50kPa, MA=1.20

slotted TS

at a fixed position

Model shock impinges the wall

2

-1 0.5 0
XT [m]

Wall pressures, W2000
F30.558, P0=50kPa, MA=1.20

slotted TS

=—4—ALPHA=0
=#—ALPHA=8
== ALPHA=12
== ALPHA=16
===ALPHA=20
—8—ALPHA=23

—4—ALPHA=0
== ALPHA=8
== ALPHA=12
=—=—ALPHA=16
==ALPHA=20
—@—ALPHA=23

0.51

0.49

0.47

0.43

PPL/ PO [-]

0.41
0.39

0.37

0.51
0.49
0.47

045

o 043
0.41
0.39

0.37

0.45 -

PPL along the polar
F30.558, PO=50kPa, MA=1.20

PPL lower than upstream
wall pressures

ALPHA [deg]

Wall pressures, W6000
F30.558, P0=50kPa, MA=1.20

slotted TS

Eanluante-afit.,

Schlieren

| MODEL

2
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-1.5

T

05
XT [m]

0

0.5

—4—MA=1.20

—4—ALPHA=0
=@~ ALPHA=8
== ALPHA=12
=== ALPHA=16
===ALPHA=20
=0—ALPHA=23
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Wall pressures: Model=WEAG, MA=1.10

Ma=1 Wall pressures, W3000
F30.558, P0=50kPa, MA=1.10

0.56
| slotted TS
0.54 - >
: A. Model shock impinges at the same X-position up
0.52 : —+—ALPHA=0 to ALPHA ~16° (on both upper and lower wall)
1
! —B—ALPHA=8 .
T 05 i I~ B. Beyond ALPHA 16~20°the model shock starts
I = - - - -
g - moving forward with increasing ALPHA
— 1 === ALPHA=16
o 0.48 :
| W=ALPHASZO C. Subsonic flow region
0.46 —o—ALPHA=24
1
! ——t— ALPHA=28
0.4 .
! ———ALPHA=32
0.42 ; : : [ it ] - !
2 as 4 05 0 0.5 1
XT [m]
Ma=1 Wall pressures, W2000 C Wall pressures, W6000
F30.558, P0=50kPa, MA=1.10 / F30.558, P0=50kPa, MA=1.10
0.56 0.56 -
slotted TS slotted TS
0.54 — 0.54 —-
0.52 =4—ALPHA=0 0.52 = ALPHA=0
—B—ALPHA=8 —B—ALPHA=8
= 05 X 05
S —&—ALPHA=12 S —d—ALPHA=12
T 048 —<—ALPHA=16 < 048 ——=ALPHA=16
—+—ALPHA=20 —#—ALPHA=20
0.46 —0—ALPHA=24 0.46 - 1 '.J —8—ALPHA=24
1
wi ALPHA=28 : ~t ALPHA=28
0.44 0.4 i
———ALPHA=32 ! ———ALPHA=32
0.42 0.42 : : ; ( MOpEL ]
2 15 1 05 0
XT [m]
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0.58
0.56
0.54

052

o 05
0.48

0.46

0.44

0.58 -

0.56
0.54
2052
o 05
0.48
0.46

0.44

Wall pressures:

Ma=1

Wall pressures, W3000
F30.558, P0O=50kPa, MA=1.05

slotted TS

Wall pressures, W2000
F30.558, P0O=50kPa, MA=1.05

slotted TS

MODEL
2 -5 -1 05 0 0.5
XT [m]

== ALPHA=0

=#—ALPHA=8

== ALPHA=12
=se=ALPHA=16
=== ALPHA=20
=8—ALPHA=24
~+—ALPHA=28
~——ALPHA=32

=—4#—ALPHA=0

~—ALPHA=8

== ALPHA=12
=== ALPHA=16
==ALPHA=20
—@—ALPHA=24
=+=ALPHA=28
== ALPHA=32

0.58 -

0.56 -

0.54
o052
-~
o 05

0.48

0.46 -

0.44

Model=WEAG, MA=1.05

Model shock impinges at the same X-position up
to ALPHA ~12° (on both upper and lower wall)

Beyond ALPHA 12~16°the model shock starts
moving forward with increasing ALPHA

Subsonic flow region
Same is visible on the sidewall, though the shock

seems already further upstream than on the
upper and lower walls

Wall pressures, W6000
F30.558, PO=50kPa, MA=1.05

slotted TS

Schlieren

l MODEL l
T T T T T 1
15 -1 -0.5 0 0.5 1
XT [m]
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=#—ALPHA=0

——ALPHA=8

== ALPHA=12
—<=ALPHA=16
===ALPHA=20
~0—ALPHA=24
—+=ALPHA=28
== ALPHA=32
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Schlieren: Nozzle for MA=1.05, ALPHA=12

Note: this is MA 1.05

PNT 417 MA 1.052 PO 50018 TO 300.70 REmM 7.364
BETA -.01 BLADH 35.49 POWER 8.226 P34 24894 P* 24796

Company confidential

BLDHK 35.5°

Direct reflection of nose
shock on the sidewall

Reflection moves forward
as ALPHA increases

Q 19240 ALFA2 11.66 ALPHA11.99

Channel 1 - 2019/04/16 & 12:34:27:683
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Shock impingement: MA=1.20, Alpha=12

Boundary
layer
thickness
increase

Boundary layer thickness increase, adds to reduction

- - M D
|n effective area = local subsonic flow J/\Wg’){/

German-Dutch Wind Tunnels
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Intermediate Conclusions/Remarks

= The model shock impinges each wall at a constant position (per
wall) with increasing ALPHA — initially

= From a certain higher ALPHA the shock impingement point
starts moving forward in HST

= The ALPHA at which this movement starts depends on MA

— At MA=1.05 near ALPHA~16; at MA=1.10 near ALPHA ~20; at MA=1.20
it is not visible (up to ALPHA=23)

= This phenomenon is not visible in TWG for other model
= Hypothesis: Local subsonic flow due to boundary layer growth

= CFD calculations for CHST at MA=1.05 are running
—
DN 7%
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Max Alpha - Mach nhumber envelope

Test envelope
P0=50 kPa, BETA=0
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Contents

O Motivation
2 Facility
O CFD assessments

0 Experimental assessments
= Extension Alpha — Mach number envelope
= HST versus CFD
= Model sweep rate extension
= Results at Ma=1.05

1 Conclusions
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Final Conclusions (1/3)

1. Alpha — Mach number envelope

Alpha — Mach number envelope should be expanded

Current limitation
= Maximum blade pitch angle
= Re-entry geometry

Possible solutions

= Change re-entry geometry (available)

= Second throat to control terminating shock position
= Active plenum suction

SR
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Final Conclusions (2/3)

2. Model sweep rate extension

Mach controller not fast enough to keep Mach number
constant during model sweep rate

Current limitation
= Blade pitch rate is limiting factor

Possible solutions

= Maodification of hydraulic blade pitch system or replacement
with electrical control system

= Active plenum suction (not sure whether this is fast enough

for control)
27
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Final Conclusions (3/3)

3. Results at Ma=1.05

Unexpected results at Ma=1.05 for Alpha> 10 deg

Current limitation

= |Local subsonic flow due to shock — boundary layer
interaction (?)

Possible solutions

= More ventilation by
> Slots in side walls
> Perforated walls with 60 deg slanted holes

= Boundary layer removal by suction
—

= Smaller model (blockage < 1%) %V/W

German-Dutch Wind Tunnels
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Possible next steps

a Simulation of flow phenomena at Ma=1.05 for CHST
= Updating re-entry geometry
= Grid refinements at wall boundary layers
= Simulation perforated walls
0 Upgrading/replacement of blade angle hydraulic system

0 Implementing plenum/boundary layer suction system

0 Change wall ventilation

W
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Introduction

a

7 Problem: Measurement results of Eurofighter Aircraft model at higher angles
of attack / higher flap angles are off the expected results during measure-
ments in HST wind tunnel at Ma = 1.2

7 Research support for DLR to answer:
7 Question I: Identification of the problem
7 Question Il: Ideas for modifications to resolve the problem?

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.
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Introduction

7 Problem: Measurement results of Eurofighter Aircraft model at higher angles
of attack / higher flap angles are off the expected results during measure-
ments in HST wind tunnel at Ma = 1.2

7 Research support for DLR to answer:
7 Question I: Identification of the problem
7 Question Il: Ideas for modifications to resolve the problem?

7 Approach by numerical simulation of big part of HST including aircraft model,
support and plenum - “Computational’HST - CHST

7 Because of unsymmetrical effects in measurement: simulation of “left” and
“right” side necessary

# Deutsches Zentrum ]
DLR fiir Luft- und Raumfahrt eV.
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Flow Solver & Grids

7 Because of complexity of geometry - mesh generation with DLR-Solar
mesh generator (hybrid unstructured, structured dominant)

7 Numerical flow simulation with DLR-TAU Code (hybrid unstructured
finite volume code)

7 Reference data:
—Z Mach number = 1.2
—7 Static pressure = 28000 Pa
—7 Temperature = 236 K
7 Density = 0.41 kg/m”"3

7 Typical simulation time of one configuration on 384 Cores on CASE-
Cluster with mesh size around 170 — 200 million points - two weeks

7 Overall 60 configurations calculated (test-simulations not included) up to
now ...

# Deutsches Zentrum ]
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Cases

Case EuroFighter p_out| ADA/ | p_suct|mp_suc|Slots|| p_pl | p_pl- DrivePowere| Diffusore T12 | dE_inout|| CL cD ™ Remarks
| Flap | |Sidel p_stat|| T12 [MWatt]l] T12 [MWatt]] (K] | [%]
Tunrel empty & support 58k | -/- | - | - | - 28893| +93 - - | - | - - ok
Tunnel empty & support Sk | -/- = | = = 28480| +488 = = | = = - Exit pressure to high
Tunnel empty & support 52k | /- N | - < 28274| +274 = - || = - - Exit pressure to high
Tunnel empty & support 5K | /= | - | - | - 287939| +799 - | - | = | - - Exit pressure to high
Tunnel empty & support S4k | /- | - | = | & 29714| +714 £ | - | = | - = Exit pressure to high
Tunnel empty & support (at 28deg pos.) sek | -/- | - | - [ = 28596| +596 = | = | - | - ~
Tunnel sak | @e/@a| - - |- 27938 -78 12.9 | 6.8 | 301.8| 6.18 -0.0115 06072 @.0828
Tunnel sex | ee/2@| - | - 5 27973| -27 11.9 7.1 | 381.8] B8.81 8.8368 0.8153 -8.8184
Tunnel Sak | 2a/aa| - | = - 29761| +1761 11.4 6.8 | 3@2.8| @8.18 @.2498 08.8913 -A.8287
Tunnel sek | 2e/20| - |- 1- 30488| +2488 || 12.7 | 6.8 | 381.8] @.82 8.2846 8.1186 -9.08394
Tunnel (MarkerMod) sek | 28/28| - | - | - 38509| +2509 18.4 | 6.8 | 381.8] B.34 0.2829 B.1176 -8.8392
Tunnel (FulMarkerMod) Sek | 28/2a| - | = | = 38485| +2485 14.6 | 8.7 | 381.8] B.29 8.2834 B.1188 -8.839]
Tunnel (without support) Sek | ea/ea| - | - | - 30428| +2428 18.9 | 7.6 | 381.9| 8.82 -0.8166 B.A887 @.08837|| Removed Support --> strong shock there
Tunnel (without support) sek | 28/2@| - | = | - 29181] +1181 11.8 | 6.4 | 381.8] B.B4 0.2866 B.1184 -B.8389|| Removed Support --> strong shock there
Tunnel & slots closed Sek | z2e/z2@| - | = o - - 12.8 9.2 382.4| 8.83 @.2169 B.8857 -0.8239|| Too strong shock in diffusor --> Madl
Tunnel & slots closed 4@k | em/2a| - | = = = = 18.5 15.7 381.8] 8.81 0.2169 8.8857 -8.8239|| Too strong shock in diffusor --> Madl
Tunnel & slots closed (red. diffusor) sek | za/za| - | - | = & | = | | | 08.2178 8.8857 -8.8239|| Ma < 1
Tunnel & slots partly closed to nose Sek | 28/28| - | = = 36412| +2412 13.2 6.9 381.8| 8.82 ©8.2848 B,116]1 -8,8388
Tunnel & slots partly closed to cone sak | 28/2@8| - | - - 28118| +1118 14.7 7.1 1.8] 8.31 B.26608 8.1855 -8.8346] | Ma < 1
Tunnel & suction Sek | 2p/28| 27.7k | 2.49%| - 27638| -378 13.9 | 6.7 | 3182.8| 1.55 @8.2913 8.1189 -0.8483|| Too much suction --> p_plenum to low
Tunnel & suction Sek | 28/2@8| 27.8k | 2.35%| - 27731| -288 12.9 6.3 382.8| 1.54 8.2913 8.1189 -8.8402| | Too much suction --> p_plenum to low
Tunnel & suction Sek | 28/26| 27.9k | 2.31%] - 27828| -172 13.8 7.1 382.8| 1.39 @.2913 8.1189 -8.8481| | Too much suction --> p_plenum to low
Tunnel & suction 58k | 28/28| 27.85k| 2.37%| - 27682| -118 13.1 6.7 | 382.8] 1.48 8.2913 B.11686 -0.8408| | ok
Tunnel & suction Sek | 28/28| 28k | 2.21%] - 27933| -67 13.5 | 7.8 | 382.8] 1.32 8.2913 9.1189 -8.8408| | ok: No Regulation! --> p_plenum right!
Tunnel & suction (MarkerMod / without support) Sek | a/8 | 2Bk | B | - 27956| -44 18.8 | 7.4 | 381.8| B.59 -0.8108 B.AB72 0.0026
Tunnel & suction (MarkerMod) Sek | 28/28| 28k 2.79%| - 27941| -59 13.5 6.9 3ez2.8| 1.79 @.2911 B.1188 -8,8399
Tunnel & suction & SideSlots Sek | 28/za| 26k 4.33%| = 27738| -262 13.4 6.1 302.2| 3.48 8.2892 0.1198 -8.8485
Tunnel & suction (reentry off} sak | 28/2a] 28k | 9.87%| - 28484 +404 8.0 | 8.18 | 303.3] 9.73 -
Tunnel & conehat Sek | ee/- | - = = 30263| +2263 = b o B - Removed Support --> strong shock there
Tunnel & conehat Sek | 28/- | - i - 26877| -1123 = b - - - Removed Support --> strong shock there
Tunnel & conehat (rot. source) sek | 28/- | - = = 26638| -1378 = S = Lo = Removed Support --> strong shock there
Tunnel & double conehat sek | 28/- | - - - 31762| +3762 = . = B - Removed Support --> strong shock there
Tunnel & double conehat & Support Sek | ea/- | - | - - 28288| +289 12.8 7.8 | 381.6| 8.81 -
Tunnel & double conehat & Support sek | 28/- | - f= = 28579| +573 11.8 6.4 | 381.8] 8.81 -
Tunnel 40k | ee/@a| - - N 26778| -1222 25.1 13.9 360.7| .92 -0.8099 B.9873  8.8824
Tunnel 4@k | ae/2a| - = = 26868| -1131 18:1 14.2 300.9| 6.80 @.8351 B8.8151 -A.8188
Tunnel 4ak | 2a/@a| - = = 29543| +1563 21.2 14.5 38a.8| 8.27 @8.2521 B.A923 -0.0289
Tunnel 4@k | 2e/20| - - - 3@321| +2321 28.1 14.2 308.6| 8.83 @.2839 B.1183 -8,8393
Tunnel 58k | 28/28| - = = 30488| +2488 12.7 6.8 381.8| 8.82 8.2846 @.1186 -8.8394
Tunnel 49k | 28/20| - = = 30414| +2414 13.6 7.5 381.7| 8.83 @.2843 B.1185 -A.8394
Tunnel 48k | 28/2@| - - - 3@363| +2363 14.4 8.3 381.6| 8.83 @.2841 B.1184 -8.8393
Tunnel 47k | 28/20| - = = 3@352| +2352 15.2 9.1 381.5| 8.83 ©.2848 B.1184 -0.8393
Tunnel 46k | 28/20| - - - 3@351| +2351 15.9 9.9 381.4| 8.83 @.28408 B, 1184 -8,8393
Tunnel 4sk | 2a/2a| - - - 38351| +2351 16.3 18.3 381.2| 8.82 0.2840 B.1184 -0.0393
Tunnel 44k | 28/28| - = = 3@351| +2351 17.8 11.8 381.1| 8.83 8.2848 8.1184 -8.8393
Tunnel 30k | 2e8/20| - = = 38333| +2333 26.6 20.7 299.7| 8.83 0.2839 8.1184 -0.09393
Tunnel sek | 28/20] - [= = 43431|+15431 6.5 | 2.3 | 382.7| B.12 £.1978 8.0771 -0.6211]| Ma < 1
Tunnel sek | 28/2@| - |- |- 31113] +3113 || 15.1 | 7.6 | 382.8| @.1@ 8.2865 B.1189 -8.8392
Tunnel & suction Sek | 28/28| = | = | - 27502| -498 12.8 | 5.8 | 381.7| B.B4 @8.2911 8.1187 -8.8488
Tunnel & suction sek | 20/20] = = |- 28241| +241 || 11.5 | 4.8 | 382.8] .20 8.2981 8.1186 -8.8394
Tunnel & Flap S8mm open Sak | 2a/28| - | = | - 27738 -262 16.35 8.71 | 382.2| B8.42 @.2968 B.1188 -A.84A2
Tunnel & Flap SBmm open & Slat partly closed sek | 28/2@| - |, = | 32928| 4920 12.84 5.24 | 3@1.6] @.896 8.2813 @.1153 -8.8377
Free Flight - | ea/ea| - | - | - - | - - | - | - | - -0.8106 B.8870 @.0026
Fres Flight - | ea/20| - |- |- - - - - | 8.0381 8.0151 -0.0187
Free Flight - | 2e0/88| - | & | = & B = = | = | - ©.2569 8.08917 -0.8298|| b is not critical in free flight because no slots!
Fres Flight - | 28/20] - = 1= s 1= - = | = = 8.2863 B.1187 -8.8481|| b is not critical in free flight because no slots!
Free Flight (RefinedMesh) - | ea/aea| - = = - 1= - | = = = -0.0106 0.0078 @.0026
Free Flight (RefinecMesh) - | ea/za| - |- |- = | = = | = = = 8.8361 B.8152 -0.0A187
Free Flight (RefinedMesh) e | 28/08] - | = | = - | - = = [ = | - @.2511 8.8917 -8.8297|| b is not critical in free flight because no slots!
Free Flight (RefinedMesh) - | 28/28| - | - | - - | - - - | - | - ©.2868 B.1183 -8.8488| | b is not critical in free flight because no slots!
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Flow Solver & Grids

Typical simulation domain including
nozzle, test-section, plenum, diffusor,
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Flow Solver & Grids

... aircraft, support & slots

o
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o
a (e
X
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i
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Flow Solver & Grids

Aircraft with engine ducts
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Tunnel regulation
iIn HST & CHST
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Tunnel regulation

a

7 Real tunnel (HST):
7 Measurement of plenum pressure

—Z If plenum pressure differ from static pressure in test section >
change in blade angle of drive & change of backpressure at the
end of the diffusor

7 Numerical wind tunnel (CHST):
7 Constant backpressure — no regulation

7 Before simulation: variation of backpressure to find range in
which Ma = 1.2 in test section can be reached

# Deutsches Zentrum o
DLR fiir Luft- und Raumfahrt eV.
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back pressure
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Influence of back pressure

Remarks
empty & support ok
Tunnel empty & support Exit pressure to high
Tunnel empty & support Exit pressure to high
Tunnel empty & support Exit pressure to high
Tunnel empty & support Exit pressure to high
Tunnel Sk | Be/ae|
Tunnel S8k | 88/28|
| 28/08|
| Tunnel sak|| 28/28|
Tunnel (MarkerMod) 56k | 28/28|
Tunnel (FullMarkerMod} Sek | 28/28|
Tunnel (without support) Sk | ee/ea| Removed Support --> strong shock there
Tunnel (without support) Sek | 28/20| Removed Support --> strong shock there
Tunnel & slots closed 5ok | 28/28| Too strong shock in diffusor --> Ma<l
Tunnel & slots closed 4ok | 28/28| Too strong shock in diffusor --> Ma<l
Tunnel & slots closed (red. diffusor) 58k | 28/28| Madl
Tunnel & slots partly closed to nose Sek | 28/28|
Tunnel & slots partly closed to cone S8k | 28/28| Ma <1
Tunnel & suction Sk | 28/28 Too much suction =-> p_plenum to low
Tunnel & suction Sek | 28/28 Too much suction --» p_plenum to low
Tunnel & suction Sek | 28/28 Too much suction --> p_plenum to low
Tunnel & suction 58k | 28/28 ok
Tunnel & suction 58k | 28/28 ok: No Regulation! --> p_plenum right!
Il | fmme=
Tunnel & suction (MarkerMod / without support) 56k | e/8 | B% | || 27956] -44 | 67899 | S2332 | 15567 | 8.8872 8.8026 | -
Tunnel & suction (MarkerMod) Sek | 28/28| 28k | 2.79%| - || 27941| -59 | 67899 | 51878 | 16829 || 8.2911 B.1188 -B.8399 x| -
Tunnel & suction & SideSlots sek | 28/28| 28k | 4.33%| || 27738| -262 | 67899 | 51813 | 16686 || ©.2892 @.1198 -8.8485 |
Il B e | e Eo S e [----
Tunnel & conehat Sek | ea/- | - | = | - || 38263| +2263 | 67899 | S23@9 | 15598 | | % Removed Support --> strong shock there
Tunnel & conehat 5k | 28/- | - | = | = || 26877| -1123 | 67893 | 52356 | 15543 | | = Removed Support --> strong shock there
Tunnel & conehat (rot. source) 56k | 28/- | - | - | = || 26638| -1378 | 67899 | 52297 | 15682 | | = Removed Support --> strong shock there
Tunnel & double conehat 56k | 28/- | - | = || 31762 +3762 | 67898 | 52168 | 15739 | | = Removed Support --> strong shock there
Il ||| | e | |==
Tunnel & double conehat & Support Sek | ee/- | - [ L - 1| ogopol so@a ) g7900 | €293y | jceag | | I
Tunnel & double conehat & Support Sek | 28/- | - . .
| What happens in the flow field
Tunnel 4ek | ea/z2a| - n In W I
1 %| 20/08| - .
S hen the back pressure at diffuso
Tunnel 3BkI| 28/28| - W n pr u r I u r
) .
i | ve/e8 ?
Free Flight - | ea/28| - I n H
Free Flight - | 28/88 free flight because no slots!
Free Flight - | 28/28| - T r T - T T T T - - T T T - — free flight because no slots!
Il i I . e
Free Flight (RefinedMesh) - | ee/e8 | - | = 1l - | - | - | - | - ||-8.8186 8.8678 8.8626 || a | = | = | = |l
Free Flight (RefinedMesh) - | ee/28| - | = | = 11 - | = | - | - | || 8.8381 B.8152 -8.8187 || a | - | = | = ||
Free Flight (RefinedMesh) - | 28/80| - | - | - 1l - | - | - | - Ji = || B8.2511 8.8917 -8.8297 || b | - | = | ®= || b is not critical in free flight because no slots!
Free Flight (RefinedMesh) - | 28/28 | - | = 1l - | - | - | - |~ || 8.2868 B.1183 -8.8488 || b | - | =x | ® || b is not critical in free flight because no slots!
Il I e S [-=-II
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Influence of back pressure
Empty test section / p = 50k
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Influence of back pressure
Empty test section/ p = 51k
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Influence of back pressure
Empty test section / p = 52k
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Influence of back pressure
Empty test section / p = 53k
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Influence of back pressure
Empty test section / p = 54k

Increasing back pressure - at some
point the Mach-number in test
section goes below Ma = 1.2 >
backpressure must be “low enough”
to reach Ma = 1.2
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Influence of back pressure

Case p_out| A0A/ | p_suct|mp_suc|Slots|| p_pl | p_pl- |ptot_in|ptot_out| dptot cL cD CM Case |Ma- |p_pl= |No Remarks
Flap [SideW!l | p_stat]| | | Suj
empty & support I | =/- | - | - | - | 28893| +93 | | - - - ® - ok

Tunnel empty & support Sikg| -/- | - | - | - | 28488| +480 67893 | 53231 | 14668 - - - - - Exit pressure to high
Tunnel empty & support Skl -/- | - | - | - | 28274| +274 67893 | 54135 | 13764 - - - - - Exit pressure to high
Tunnel empty & support S3kl| -/- | - [ o= | = | 28793 +799 67899 | 549394 | 12985 - - X - - Exit pressure to high
Tunnel empty & support Sakpl -/- | - | - | - | 29714| +714 67899 | 55982 | 11997 - - ® - Exit pressure to high

T ——— | /- | - |- |- ! 67899 | 52303 | 15596 || - b " - -
Tunnel Sek | Ba/ea| - - | - || 27938 -78 £7869 | 52248 | 15629 |[-0.8115 B.8872 0.8828 || a - % -
Tunnel Sek | ee/28| - - | - | 27973 -27 57693 | 52218 | 15681 8.8366 8.8153 -8.08184 a = ® -
Tunnel Sek | 28/@8] - | - | - | 29761| +1761 | 67899 | 52838 | 15863 0.2496 B8.8913 -8,8287 b ¥ - -
Tunnel Sk | 28/28| - | - | - | 38488| +2488 | 67898 | 52886 | 15833 8.2846 @.1186 -8.8394 b ® - -

e |-t s | S (PR SRR s
Tunnel (MarkerMod) 5@k | 28/28| - | - | - || 38583] +2589 | 657899 | 52888 | 15898 || B.2829 B.1178 -8.8382 || b X -
Tunnel (FullMarkerMod) sek | 28/28| - [ = | - I 38485| +2485 | 67899 | 52812 | 15887 8.2834 @.1180 -8.8391 b ® =
Tunnel (without support) S8k = | 38428 +2428 | 67899 | 52315 | 15584 ||-0.0166 8.8087 8.8837 sup | ® = X Removed Support --> strong shock there
Tunnel (without support) oved Support --> strong shock there
- .

Tunnel & slots closed I b k I d t b strong shock in diffusor --> Ma<l
Tunnel & slots closed nCreaSIng aC reSSu re ea S O h stmng shock in diffusor --> Ma<l
Tunnel & slots closed (red. diffusor) . 1
Tunnel & slots partly closed to nose h h I I I I 9
Tunnel & slots partly closed to cone I er enu reSSure <1
Tunnel & suction H fI fI H t t t' b much suction --> p_plenum to low
Tunnel & suction b much suction --> p_plenum to low
Tumel & suction InTiluence on 11ow In test secton b mch suction -3 pplem to low
Tunnel & suction
Tunnel & suction Sok | 28/28] 28k | 2.21%] - 27933| -67 | 67899 | 51987 | 15992 8.2913 B8.1183 -8.0488 b->a| - ® - ok: No Regulation! --> p_plenum right!
Tunnel & suction (MarkerMod / without support) Sek | /8 | 28k | B% | = 27956| -44 | 67899 | 52332 | 15567 ||-0.81088 8.8072 0.8026 a = ® =
Tunnel & suction (MarkerMod) S0k | 28/28| 28k | 2.79%| - 27941| -59 | 67899 | 51878 | 16829 8.2911 8.1188 -8.8399 b->a| - ® -
Tunnel & suction & SideSlots Sk | 28/28| 28k | 4.33%] » 27738| -262 | 67899 | 51813 | 16886 8.2892 8.1198 -8.8465 b->a ol -
Tunnel & conehat Sek | ea/- | - = = 308263| +2263 | 67699 | 52308 15588 = sup | - N ¥ Removed Support --> strong shock there
Tunnel & conehat 5k | 28/- | - = = 26877| -1123 | 67893 | 52356 15543 - sup | ® e % Removed Support --> strong shock there
Tunnel & conehat (rot. source) 58k | 28/- | - - = 26638| -1378 | 67893 | 52297 15682 - sup | = = ® Removed Support --> strong shock there
Tunnel & double conehat sek | 28/- | - - = 31762| +3762 | 67893 | 52168 15739 = sup | = - ® Removed Support --> strong shock there
Tunnel & double conehat & Support Sek | ea/- | - | - | - 28209 +289 | 67899 | 52311 | 15588 = a S = -
Tunnel & double conehat & Support 5ok | 28/- | - | = | = 28579| +579 | 67899 | 52387 | 15592 - a - - -
Tunnel 48k | Ba/es| - = = 26778| -1222 | 67893 | 43124 24775 ||-0.0093 B.6673 0.0824 a = a =
Tunnel 4ek | ea/z2a| - & = 26868| -1131 | 67898 | 43183 24796 @.8351 B.8151 -B.8168 a & = =
Tunnel 4k | 28/@8| - = = 29543| +1563 | 67899 | 42975 243924 A.2521 B8.8923 -8.8288 b ® - -
Tunnel 4k | 28/28| - - = 38321| +2321 | 67899 | 42946 24953 A.2839 8.1183 -B.8393 b ® - =
Tunnel 30k | 28/28| - - = 38333| +2333 | 67899 | 34643 | 33256 8.2839 8.1184 -8.8393 b X - -
Free Flight = wa/ea| - - - = - - - = -0.0106 0.80780 0.0026 a = X ®
Free Flight = ee/2a| - = = = = = = = @.8381 8.6151 -B.8187 a = *® "
Free Flight = 28/@8| - =] E = = = B = A.2509 B.8317 -0.8298 b & * % b is not critical in free flight because no slots!
Free Flight - 28/28| - - - - - - - - 8.2863 B.1187 -8.8481 b - ® ® b is not eritical in free flight because no slots!
Free Flight (RefinedMesh) - ga/a8| - - - - - - - - -8.8186 8.8878 0.86826 a - ® ®
Free Flight (RefinedMesh) = 8a/28| - = = = = = - = 8.8381 B.8152 -8.8187 a = ® ®
Free Flight (RefinedMesh) - 28/88| - - - - - - - - 8.2511 8.8917 -8.8297 b - X ® b is not critical in free flight because no slots!
Free Flight (RefinedMesh) = 28/28| - = = = - = = = 8.2860 8.1183 -0.8400 b = i ® b is not critical in free flight because no slots!
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Influence of back pressure
AOA 20/ Flap 20 / p = 50k
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Influence of back pressure
AOA 20/ Flap 20 / p = 40k
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Influence of back pressure
AOA 20/ Flap 20/ p = 30k

Lower back pressure - shock
moves more and more in the diffusor,
from 40k = 30k no further change in
the test section

A
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Influence of back pressure

Case p_out| A0A/ | p_suct|mp_suc|Slots|| p_pl | p_pl- |ptot_in|ptot_out| dptot_|| CL cD CM Case |Ma- |p_pl= |Mo Remarks
| Flap | | | SidelW | p_stat] | | out_in Waves|p_stat|Supp
Tunnel empty & support sek | -/- | - | - | - 28@93| +93 | 67899 | 52312 | 15587 - - - ® - ok
Tunnel empty & support 5tk | =/- | - | - | - 28488| +480 | 67893 | 53231 | 14668 - - - - - Exit pressure to high
Tunnel empty & support 52 | -/- | - | - | - 28274| +274 | 678939 | 54135 | 13764 - - - - - Exit pressure to high
Tunnel empty & support 53k | -/~ | - [ = | = 28793| +793 | 67899 | 54994 | 12985 - - ® - - Exit pressure to high
Tunnel empty & support S4k | -/~ | - | - | - 29714| +714 | 67899 | 55982 | 11997 - - ® - - Exit pressure to high
Tunnel empty & support (at 2@deg pos.) sek | -/- | - | = | = 28596| +596 | 678939 | 52383 | 15596 - b ® = =
Tunnel ek | Ba/aa| - [- |- 27938 -78 | 67869 | 52248 | 15628 ||-B.@115 B.6072 8.8828 || a % % =
Tunnel 5ok | ea/ze| - | = | = 27973| -27 | 67899 | 52218 | 15681 A.8368 B.8153 -0.8104 a = ® =
| 28/80| - | - | - 67699 | 52838 | 158689 0.2498 9.8313 -B8.8267 b ¥ - -
I Tunnel 513k|| 20/28| - - 1= 38488 +2488 [ 67899 | 52886 | 15893 || 0.2846 @.11686 -8.8394 || b X - -
Tunnel (MarkerMod) SAk | oA/2al - | - | - an @.2829 @ 1178 -A.A392 b = s

Tunnel (FullMarkerMod}

el (ot gt Reducing backpressure (below critical value for Ma = 1.2)
Tamel § StE Sl - plenum pressure is constant as the final shock is behind

Fow 15 gl i the reentry section & first part of diffusor goes supersonic
- Backpressure cannot “change” plenum pressure any more

- tunnel “regulation” with backpressure in 20/20 case not

Tunnel & suction (MarkerMod
Tunnel & suction & SideSlot:

el & ot possible!

Tunnel & conehat

R & an oo™ - Reducing backpressure further = only power-consumption

goes up because of stronger final shock & diffusor losses

Tunnel
Tunnel

1 T 28/88] - [ = | -  jeeedbiebabans 57899 | 42975 | 24924 || 8.2521 8.8923 -8.08269 || b X - -
unnel | 28/28] - | - | - 38321] +2321 [ 678939 | 42946 | 24953 A.2839 B.1183 -8.8393 b X - e
Tunnel 3Bkll 28/28| - | - | = 38333| +2333 | 67899 | 34643 | 33256 8.2839 8.1184 -8.8393 b X - -

| Nty NI, SIS, SO | e Svetee® Setiusiet Shelie b S, | | ivksnintvtiuninini St | T S R S

i | ee/e8| - | - | - — - | - | - -9.0106 ©.0078 0.0026 || a - X "
Free Flight - | 88/28| - [ - |- - | - | - 8.8381 B.8151 -B.6187 || a - ® "
Free Flight - | 2e/88| - | - | - = | - - | - | - A.2509 B.83917 -8.8298 b = * % b is not critical in free flight because no slots!
Free Flight - | 28/28] - | = | = = | = = | - | = A.2863 B.1187 -B.8401 b = ® % b is not critical in free flight because no slots!
Free Flight (RefinedMesh) - | ee/ed| - | - | = = | - B | - | - -0.8186 8.6878 0.8826 a - ® ®
Free Flight (RefinedMesh) - | ee/28| - | = | - = | = = | - | 2 8.8381 B8.8152 -8.8187 a = ® X
Free Flight (RefinedMesh) - | 28/80| - | - | - = | - = | - Ji = 8.2511 8.8917 -8.8297 b & = ® b is not critical in free flight because no slots!
Free Flight (RefinedMesh) - | 28/208| - | - | - = | - = | - |~ @.2868 8.1183 -8.8408 b = ® ® b is not critical in free flight because no slots!
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Influence of back pressure

7 Power consumption for case 20/20 (in the numerical domain)
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Comparison to free flight

Case p_out| A0A/ | p_suct|mp_suc|Slots|| p_pl | p_pl- |ptot_in|ptot_out| dptot_|| CL cD CM Case |Ma- |p_pl= |No Remarks

| Flap | | Sidel | p_stat| out_in
Tunnel empty & support sek | -/- | - | - | - 28@93| +93 | 67899 | 52312 | 15587 - - - ® - ok
Tunnel empty & support 51k | =/- | - | - | - 284088| +4B@ | 67899 | 53231 | 14668 - - - - - Exit pressure to high
Tunnel empty & support 52 | -/- | - | - | - 28274| +274 | 67893 | 54135 | 13764 - - - - - Exit pressure to high
Tunnel empty & support 53k | -/~ | - [ o= | = 28799 +799 | 67899 | 54994 | 12985 - - X - - Exit pressure to high
Tunnel empty & support 54k | =/- | - | - | - 29714| +714 | 67899 | 55982 | 11997 - - ® - - Exit pressure to high
Tunnel empty & support (at 2@deg pos.) sek | -/- | - | = ] = 28596| +596 | 67899 | 52383 | 155396 = b ® = =
Tunnel Sok | ea/e8| - = | = 27938 -78 | 67869 | 52248 | 15623 ||-0.8115 B.8672 0.8828 a = ® 2
Tunnel Sek | ee/28| - - | - 27973| -27 | 67899 | 52218 | 15681 8.8366 8.8153 -8.08184 a = ® -
Tunnel Sek | 28/@8] - | - | - 29761| +1761 | 67899 | 52838 | 15863 0.2496 B8.8913 -8,8287 b ¥ - -
Tunnel sek | 28/28] - | - | - 3@488| +2488 | 67899 | 52886 | 15893 8.2846 @.1186 -8.8394 b ® - -
Tunnel (MarkerMod) 58k | 28/28| - | = | = 3@589| +2588 | 67898 | 52883 | 15838 8.2829 8.11768 -8.8392 b ® -
Tunnel (FullMarkerMod) sek | 28/28| - [ = | - 38485| +2485 | 67899 | 52812 | 15887 8.2834 @.1180 -8.8391 b ® =
Tunnel (without support) Sek | ee/ea| - | = | - 38428| +2428 | 67899 | 52315 | 15584 ||-0.08166 B.0087 8.8837 sup | = - ® Removed Support --> strong shock there
Tunnel (without support) Sok | 28/28] - | - | - 29181] +1181 | 67899 | 52338 | 15561 0.2866 B.1184 -8.8389 sup | = - % Removed Support --> strong shock there
Tunnel & slots closed 5@k | 28/28| - . 111 . ., in diffusor --> Ma<l
Tunnel & slots closed 4ok | 28/28| - A I f th t I in diffusor --> Ma<l
Tunnel & slots closed (red. diffusor) 56k | 2e/z28| - na SIS O e ues |On .
Tunnel & slots partly closed to nose Sek | 28/28| H : .
Tunnel & slots partly closed to cone S8k | 28/28| - COI l lpa rISOn O ree Ig t an In—
Tunnel & suction 58k ZB;ZB 2 . . ==> p_plenum to low
Tunnel & suction 5ok | 28/28| 2 ==> p_plenum to low
Tunnel & suction Sek | 268/28] 2 t I | t ==> p_plenum to low
bia Ee o | ) S unnel simuiation
Tunnel & suction Sek | 28/28] 21 ! -=> p_plenum right!
Tunnel & suction (MarkerMod / without support) Sek | /8 | 28k | B% | = 27956| -44 | 67899 | 52332 | 15567 ||-0.81088 8.8072 0.8026 a = ® =
Tunnel & suction (MarkerMod) Sek | 28/28| 28k | 2.79%| - 27941| -59 | 67899 | 51878 | 16829 8.2911 8.1188 -8.8399 b->a| - ® -
Tunnel & suction & SideSlots Sek | 28/28| 28k | 4.33%| 27738| -262 | 67899 | 51813 | 16886 8.2892 8.1198 -8.8465 b->a ol -
Tunnel & conehat Sek | ea/- | - = = 308263| +2263 | 67699 | 52308 15588 = sup | - N ¥ Removed Support --> strong shock there
Tunnel & conehat 5k | 28/- | - = = 26877| -1123 | 67893 | 52356 15543 - sup | ® e % Removed Support --> strong shock there
Tunnel & conehat (rot. source) 58k | 28/- | - - = 26638| -1378 | 67893 | 52297 15682 - sup | = = ® Removed Support --> strong shock there
Tunnel & double conehat sek | 28/- | - - = 31762| +3762 | 67893 | 52168 15739 = sup | = - ® Removed Support --> strong shock there
Tunnel & double conehat & Support Sek | ea/- | - | - | - 28209 +289 | 67899 | 52311 | 15588 = a S = -
Tunnel & double conehat & Support 5ok | 28/- | - | = | = 28579| +579 | 67899 | 52387 | 15592 - a - - -
Tunnel 48k | Ba/es| - = = 26778| -1222 | 67893 | 43124 24775 ||-0.0093 B.6673 0.0824 a = a =
Tunnel 4ek | ea/z2a| - & = 26868| -1131 | 67898 | 43183 24796 @.8351 B.8151 -B.8168 a & = =
Tunnel 4k | 28/@8| - = = 29543| +1563 | 67899 | 42975 243924 A.2521 8.8823 -8.8289 b ® - -
Tunnel 4k | 28/28| - - = 38321| +2321 | 67899 | 42946 24953 A.2839 8.1183 -B.8393 b ® - =
Tunnel 30k | 28/28| - - = 38333| +2333 | 67899 | 34643 | 33256 8.2839 8.1184 -8.8393 b X - -
Free Flight = wa/ea| - - - = - - - = -0.0106 0.80780 0.0026 a = X ®
Free Flight = ee/2a| - = = = = = = = @.8381 8.6151 -B.8187 a = *® "
Free Flight = 28/@8| - =] E = = = B = A.2509 B.8317 -0.8298 b & * % b is not critical in free flight because no slots!
Free Flight - 28/28| - - - - - - - - 8.2863 B.1187 -8.8481 b - ® ® b is not eritical in free flight because no slots!
Free Flight (RefinedMesh) - ga/a8| - - - - - - - - -8.8186 8.8878 0.86826 a - ® ®
Free Flight (RefinedMesh) = 8a/28| - = = = = = - = 8.8381 B.8152 -8.8187 a = ® ®
Free Flight (RefinedMesh) - 28/88| - - - - - - - - 8.2511 8.8917 -8.8297 b - X ® b is not critical in free flight because no slots!
Free Flight (RefinedMesh) = 28/28| - = = = - = = = 8.2860 8.1183 -0.8400 b = i ® b is not critical in free flight because no slots!
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Comparison to free flight
AOA 00/ Flap 00 / Free Flight
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Comparison to free flight
AOA 00/ Flap 00/ p = 50k

Good comparison!
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Comparison to free flight
AOA 00/ Flap 00 / Free Flight
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Comparison to free flight
AOA 00/ Flap 00/ p = 50k

.
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Comparison to free flight

» Position: 38% halfspan
« Small differences because of wall
/ support-influence

05
a
(]

0F Tunnel 00/00

| | | | I | | | | I | | | | I | | | | I |
0'5—0.1 0 0.1 0.2 0.3
x [m]
# Deutsches Zentrum
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Comparison to free flight
AOA 20/ Flap 20 / Free Flight
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Comparison to free flight
AOA 20/ Flap 20 / p = 50k

-

Significant differences & additional
Mach waves
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Comparison to free flight
AOA 20/ Flap 20 / Free Flight
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Comparison to free flight
AOA 20/ Flap 20 / p = 50k

.

‘T“‘
R .

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft




g

Comparison to free flight

-05
- Strong differences
> 0o
(=3 R
(8]
i Freeflight 20/20
i ——— Tunnel 20/20
0.5
1k
| ] | ] |
-0.1 0 0.1 0.2 0.3

x [m]
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Comparison to free flight

Case p_out| A0A/ | p_suct|mp_suc|Slots|| p_pl | p_pl- |ptot_in|ptot_out| dptot_|| CL cD CM Case |Ma- |p_pl= |No
Flap | [SideW!I | p_stat] | out_in
Tunnel empty & support sek | -/- | - | - | - i| 28893| +93 67899 | 52312 | 15587 - - - ® -
Tunnel empt] & support 5tk | =/- | - | - | = || 28488| +480 67893 | 53231 | 14668 - - - - -
Tunnel empty & support 52k | -/- | - | - |- || 28274] +274 | 67899 | 54135 | 13764 || - = - - -
Tunnel empty & support 53k | -/~ | - | - | = || 28793] +793 67899 | 54994 | 12985 - - ® - -
Tunnel empty & support 54k | =/- | - | - | = |l 29714] +714 67899 | 55982 | 11997 - - ® -
e | e | IS B E -
Tunnel empty & support (at 2@deg pos.) sek | -/- | - | = | = || 28596] +596 67899 | 52383 | 155396 = b ® = =
Tunnel Sk | Ba/es| - | - |- [ 27938 -70 £7869 | 52248 | 15629 |[-0.8115 B.8872 0.8828 || a - % -
Tunnel Sek | ee/28| - | = | = | 27973 -27 67893 | 52218 | 15681 8.9368 8.0153 -6.81084 a - ® -
Tunnel Sek | 28/@8] - | - | = | 29761| +1761 Q67899 | 52838 | 15863 0.2496 B8.8913 -8,8287 b ¥ - -
Tunnel Sk | 28/28| - | - | - | 38488| +2488 [ 67898 | 52886 | 15833 8.2846 @.1186 -8.8394 b ® - -
Tunnel (MarkerMod) 56k | 28/28| - | - | - | 38589| +2588 | 67899 | 52889 | 15898 8.2829 B8.1178 -8.8392 b ® =
Tunnel (FullMarkerMod) Sek | 2e/28| - | - | - I 38485| +2485 | 67899 | 52812 | 15887 0.2834 B.1180 -8.8391 b X =
Tunnel (without support) Sek | ee/ea| - | = | - | 3B428| +2428 | 67899 | 52315 | 15584 ||-0.0166 8.8087 8.8837 sup | % = ®
Tunnel (without support) Sek | 2e8/2@| - | - | - I 29181| +1181 | 67899 | 52338 | 15561 0.2866 B8.1184 -0.0389 sup | ® - ®
Tunnel & slots closed Sok | 28/28] - | - | - | - | - | - | - | - 0.2169 B.@857 -8.8238 - Ma<l| - -
Tunnel & slots closed
Tunnel & slots closed (red. diffusor)
Tunnel & slots partly closed to nose } \ 20/00 and 20/20 the plenUI I l
Tunnel & slots partly closed to cone
. . W .
Tunnel & suction
pressure is significantly higher then
Tunnel & suction
T & ek 28kP d t | d due't
Ti 1 i
i £ 25t a and cannot lowered due to
Tunnel & suction %MarkerMud)/ without suppor . . .
Tunnel & suction (MarkerMod
T & Sietion ¢ Srostoe backpressure variation (in CHST)!
Tunnel & conehat L
Tunnel & conehat Sek | 28/- | - | - | - 26877| -1123 | 67899 | 52356 | 15543 - sup | x - %
Tunnel & conehat (rot. source) 56k | 28/- | - | - | - 26638| -1378 | 67899 | 52297 | 15682 - sup | = - ®
Tunnel & double conehat Sek | 28/- | - | - | = 31762| +3762 | 67899 | 52168 | 15738 - sup | = - ®
Tunnel & double conehat & Support Sek | ea/- | - | - | - 28209 +289 | 67899 | 52311 | 15588 = a S = -
Tunnel & double conehat & Support 5ok | 28/- | - | - | = 28579| +579 | 67899 | 52387 | 15592 - a - - e
Tunnel 40k | va/ea| - = = 26778| -1222 | 67893 | 43124 24775 ||-0.0093 B.6673 0.0824 a = = =
Tunnel 4ek | ea/z2a| - = = 26869| -1131 | 67899 | 43183 24786 @.8351 B.8151 -B.8168 a & = =
Tunnel 4ok | 20/88| - = = 29543| +1563 | 67899 | 42975 243924 A.2521 B8.8923 -8.8288 b ® - s
Tunnel 48k | 28/28] - - = 38321| +2321 | 67899 | 42946 248953 A.2839 B.1183 -8.8393 b X - e
Tunnel 30k | 28/28| - - - 38333| +2333 | 67899 | 34643 | 33256 8.2839 8.1184 -8.8393 b X - -
Free Flight = ga/ea| - = = = - - = = -0.8186 8.6078 0.0026 a - x X
Free Flight = ee/2a| - = = = = = = = A.8381 B.8151 -B.8187 a = *® "
Free Flight = 28/@8| - =] E = = = E = A.2509 B.83917 -8.8298 b = * %
Free Flight . 2a/2a| - - = = = = = “ 8.2863 B8.1187 -8.8481 b = ® ®
Free Flight (RefinedMesh) - ga/a8| - - - - - - - - -8.8186 8.8878 0.86826 a - ® ®
Free Flight (RefinedMesh) = 8a/28| - = - = = = - = 8.8381 B.8152 -8.8187 a = ® ®
Free Flight (RefinedMesh) - 28/88| - - - - - - - - 8.2511 B8.8917 -8.8297 b - ® X
Free Flight (RefinedMesh) = 28/28| - - - = = = = = 0.2860 B.1183 -8.8488 b = ® ®

DLR

Deutsches Zentrum
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Remarks

ok

Exit pressure to
Exit pressure to
Exit pressure to
Exit pressure to

high
mgh
high
high

Removed Support --)> strong shock
Removed Support --> strong shock

there
there

Too strong shock
Too strong shock
Madl

in diffusor -->
in diffusor -->

Ma<1
Ma<1

Ma <1

Too much suction
Too much suction
Too much suction

==> p_plenum to
-=> p_plenum to
==> p_plenum to

Tow
Tow
Tow

ok
ok: No Regulation! --> p_plenum right!

Removed Support --> strong shock there
Removed Support --> strong shock there
Removed Support --> strong shock there
Removed Support --> strong shock there
b is not critical in free flight because no slots
b is not critical in free flight because no slots
b is not critical in free flight because no slots
b is not critical in free flight because no slots
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Comparison to free flight

Case p_out| A0A/ | p_suct|mp_suc|Slots|| p_pl | p_pl- |ptot_in|ptot_out| dptot_|| CL cD CM Case |Ma- |p_pl= |No Remarks
| Flap | | SidelW | p_stat] | | out_in
Tunnel empty & support sek | -/- | - | - | - 28893| +93 67899 | 52312 | 15587 - - - ® - ok
Tunnel empty & support 5tk | =/- | - | - | - 284068| +488 67899 | 53231 | 14668 - - - - - Exit pressure to high
Tunnel empty & support 52 | -/- | - | - | - 28274| +274 67893 | 54135 | 13764 - - - - - Exit pressure to high
Tunnel empty & support 53k | -/~ | - [ o= | = 28799| +799 67899 | 54994 | 12985 - - X - - Exit pressure to high
Tunnel empty & support 54 | -/~ | - | - | = 29714| +714 67899 | 55982 | 11997 - - % - Exit pressure to high
Tunnel empty & support (at 28deg pos.) sek | -/- | - [ = | - 28596] +596 67899 | 52383 | 15596 = ] ® = &
Tunnel Sok § Ba/a8| - | - | = 27938| -78 67869 | 52248 | 15623 ||-0.8115 B.8872 0.8828 a = ® =
Tunnel Sak §l 8a/2a| - | - | - 27973| -27 67899 | 52218 | 15681 0.0368 0.8153 -0.8184 a = *® =
Tunnel Sok § 28/88] - | - | = 29761| +1761 Q67893 | 52838 | 15863 0.2496 B8.8913 -8,8287 b ¥ - -
Tunnel 56k § 28/28| - | - | = 30488| +2488 Q67898 | 52886 | 15883 A.2846 8.1186 -8.8394 b ® - -
Tunnel (MarkerMod) 56k | 28/28| - | - | - 3@589| +2588 | 67898 | 52883 | 15838 8.2829 B8.1178 -8.8392 b ® -
Tunnel (FullMarkerMod) Sek | 2e/28| - | - | - 38485| +2485 | 67899 | 52812 | 15887 0.2834 B.1180 -8.8391 b X =
Tunnel (without support) Sek | ee/ea| - | = | - 38428| +2428 | 67899 | 52315 | 15584 ||-0.08166 B.0087 8.8837 sup | = - ® Removed Support --> strong shock there
Tunnel (without support) Sek | 2e8/20| - | - | - 29181] +1181 | 67899 | 52338 | 15561 0.2866 B.1184 -0.8389 sup | ® - ® Removed Support --> strong shock there
Tunnel & slots closed 5ok | 28/28] - | - | - - | - | - | - | - 0.2169 B.@857 -8.8238 - Ma<l| - - Too strong shock in diffusor --> Ma<l
Tunnel & slots closed 48k | 28/28| - | - | = - | - | - | - | - A.2169 B.@857 -8.8239 - Madl| - - Too strong shock in diffusor --> Ma<l
Tunnel & slots closed (red. diffusor) - Ma<l

Tunnel
Tunnel

T A good comparison from free flight | - ..

?.mns_]l suction . » = ;uu mucn su\:t}'nn -2 p_p:anum to }Um
i to tunnel experiment correlates with | - | 2 ma e
unne suction w

minimum static pressure difference |

&
&
&
&
&
&
&
&
& ok
Tunnel & suction = ok: No Regulation! --> p_plenum right!
&
&
&
&
&
&
&
&
&

Tunnel

Tunnel & suction (MarkerMod) -

between test section and plenum :

Tunnel & conehat p ¥ Removed Support --> strong shock there

Tunnel & conehat % Removed Support --> strong shock there

Tunnel & conehat (rot. source) 56k | 28/- | - | - | - 26638] -1378 | 67899 | 52297 | 156682 - sup | = - ® Removed Support --> strong shock there

Tunnel & double conehat Sek | 28/- | - | - | = 31762| +3762 | 67899 | 52168 | 15738 - sup | = - X Removed Support --> strong shock there

Tunnel & double conehat & Support Sek | ea/- | - | - | - 28209 +289 | 67899 | 52311 | 15588 = a S = -

Tunnel & double conehat & Support 5ok | 28/- | - | = | = 28579| +579 | 67899 | 52387 | 15592 - a - - -

Tunnel 40k | ee/ea| - = = 26778| -1222 | 67893 | 43124 24775 ||-0.0093 B.6673 0.0824 a = a =

Tunnel 4ek | ea/z2a| - & = 26868| -1131 | 67898 | 43183 24786 @.8351 B.8151 -B.8168 a & = =

Tunnel 4k | 28/@8| - = = 29543| +1563 | 67899 | 42975 243924 A.2521 B8.8923 -8.8288 b ® - -

Tunnel 4k | 28/28| - - = 38321| +2321 | 67899 | 42946 248953 A.2839 B.1183 -8.8393 b " - =

Tunnel 30k | 28/28| - - = 38333| +2333 | 67899 | 34643 | 33256 8.2839 8.1184 -8.8393 b X - -

Free Flight = wa/ea| - - - = - - - = -0.0106 0.80780 0.0026 a = X X

Free Flight = ee/2a| - = = = = = = = @.8381 8.6151 -B.8187 a = *® "

Free Flight = 28/@8| - =] E = = = B = A.2509 B.8317 -0.8298 b & * % b is not critical in free flight because no slots!
Free Flight - 28/28| - - - - - - - - 8.2863 B.1187 -8.8481 b - ® ® b is not eritical in free flight because no slots!
Free Flight (RefinedMesh) - ga/a8| - - - - - - - - -8.8186 8.8878 0.86826 a - ® ®

Free Flight (RefinedMesh) = 8a/28| - = - = = = - = 8.8381 B.8152 -8.8187 a = ® ®

Free Flight (RefinedMesh) - 28/a8| - - - - - - - - 8.2511 8.8917 -8.8297 b - X ® b is not critical in free flight because no slots!
Free Flight (RefinedMesh) = 28/28| - = = = - = = = 8.2860 8.1183 -0.8400 b = i ® b is not critical in free flight because no slots!
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Plenum suction
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Plenum suction

7 Case 20/20: plenum pressure to high (compared to static pressure
in test section) - how to reduce it?

7 Some other supersonic tunnels have plenum suction installed -
solution for HST?

7 Suction: a ring in the backwall of the plenum

# Deutsches Zentrum
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Plenum suction

Case p_out| A0A/ p_suct‘mp_sucislots p_pl | p_pl- |ptot_in|ptot_out| dptot_|| GL cD CM Case |Ma- |p_pl= |No Remarks

| Flap SideW p_stat]| | out_in
Tunnel empty & support sak | -/- | - | - | - 28@93| +93 | 67899 | 52312 | 15587 - - - ® - ok
Tunnel empty & support Stk | =/- | - | - | - 284088| +4B@ | 67899 | 53231 | 14668 - - - - - Exit pressure to high
Tunnel empty & support 52 | -/- | - | - | - 28274| +274 | 67893 | 54135 | 13764 - = - - - Exit pressure to high
Tunnel empty & support 53k | -/~ | - [ = | = 28799 +799 | 67899 | 54994 | 12985 - - X - - Exit pressure to high
Tunnel empty & support 5S4k | /- | - | - | - 29714| +714 | 67899 | 55982 | 11997 - - ® - - Exit pressure to high
Tunnel empty & support (at 2@deg pos.) sek | -/- | - | = ] = 28596| +596 | 67899 | 52383 | 155396 = b ® = =
Tunnel Sok | ea/e8| - | = | = 27938 -78 | 67869 | 52248 | 15623 ||-0.8115 B.8672 0.8828 a = ® 2
Tunnel Sek | ee/z8| - - | - 27973| -27 | 67899 | 52218 | 15681 8.8366 8.8153 -8.08184 a = ® -
Tunnel Sek | 28/@8] - | - | - 29761| +1761 | 67899 | 52838 | 15863 0.2496 B8.8913 -8,8287 b ¥ = -
Tunnel 5@k | 28/28| - | - | - 3@488| +2488 | 67899 | 52886 | 15893 8.2846 @.1186 -8.8394 b ® - -
Tunnel (MarkerMod) S8k | 28/28| - | = | = 3@589| +2588 | 67898 | 52883 | 15838 8.2829 B8.1178 -8.8392 b ® B -
Tunnel (FullMarkerMod) sek | 28/28| - | = | - 38485| +2485 | 67899 | 52812 | 15887 8.2834 6.1188 -0.8391 b ® - =
Tunnel (without support) Sk | ea/ea| - ‘ - | = 38428| +2428 | 67899 | 52315 | 15584 ||-0.8166 8.80987 08.8837 sup | % - X Removed Support --> strong shock there
Tunnel (without support) Sek | 2e8/20| - B | - 29181] +1181 | 67899 | 52338 | 15561 0.2866 B.1184 -0.8389 sup | ® - X Removed Support --> strong shock there
Tunnel & slots closed 5ok | 28/28] - | - | - - | - | - | - | - 8.2163 B.8857 -A.8239 - Ma<l| - - Too strong shock in diffusor --> Ma<l
Tunnel & slots closed 4ok | 28/28| - | - | = - | - | - | - | - 8.2163 B.8857 -A.8239 - Madl| - - Too strong shock in diffusor --> Ma<l
Tunnel & slots closed (red. diffusor) 5@k | 28/28| - | - | = - | - | - | - || = 8.2170 8.8857 -8.8239 = Mall| - - Ma<l
Tunnel & slots partly closed to nose S8k | 28/28| - | - | - 30412| +2412 | 67899 | 51981 | 15918 0.2848 8.1161 -8.8380 -
Tunnel & slots partly closed to cone S8k | 28/28| - | = | - 29119] +1118 | 67899 | 52867 | 15832 0.2660 B.1855 -8.8346 = Ma<l| - ™ Ma <1
Tunnel & suction . 27638| -378 67899 | 51893 16886 9.2913 B.1189 -08.0483 b->a| - - = Too much suction --> p_plenum to low
Tunnel & suction = 27731| -269 67893 | 51896 16083 8.2913 8.1189 -8.8482 b->a| - - = Too much suction --> p_plenum to low
Tunnel & suction - 27628| -172 67893 | 51988 15893 0.2913 8.11689 -0.8481 b->a| - ~x = Too much suction --> p_plenum to low
Tunnel & suction = 27882| -118 67899 | 51983 159386 @.2913 @8.1188 -8.0400 b->a| - ® . ok
Tunnel & suction = 27933| -67 67893 | 51987 15982 8.2913 B8.1189 -8.0408 b->a| - ® - ok: No Regulation! --> p_plenum right!
unne SUCTI0N (MarkerMo out support) | | - 27956 -44 | 67899 | 52332 | 15567 ||-0.0108 B.0872 0.8826 a = ® =
Tunnel & suction (MarkerMod) Sek | 28/28| 28k | 2.79%| - 27941| -59 | 67899 | 51878 | 16829 8.2911 8.1188 -8.8399 b->a| - ® -
Tunnel & suction & SideSlots S8k | 28/28| 28k | 4.33%| = 27738| -262 | 67899 | 51813 | 16886 8.2892 8.1198 -8.8465 b->a ol -
Tunnel & conehat Sek | ea/- | - = = 308263| +2263 | 67699 | 52308 15598 = sup | - - ¥ Removed Support --> strong shock there
Tunnel & conehat 5k | 28/- | - = = 26877| -1123 | 67893 | 52356 15543 - sup | ® e % Removed Support --> strong shock there
Tunnel & conehat (rot. source) 58k | 28/- | - - = 26638| -1378 | 67893 | 52297 15682 - sup | = = ® Removed Support --> strong shock there
Tunnel & double conehat sek | 28/- | - - = 31762| +3762 | 67893 | 52168 15738 = sup | = - ® Removed Support --> strong shock there
Tunnel & double conehat & Support Sek | ea/- | - | - | - 28289| +289 | 67893 | 52311 | 15588 - a - - -
Tunnel & double conehat & Support sek | 28/- | - | = | = 28579| +579 | 67899 | 52387 | 15592 - a - - e
Tunnel 48k | Ba/es| - = = 26778 -1222 | 67899 | 43124 24775 ||-9.0093 8.6873 0.,08024 a = = =
Tunnel 4ak | ea/z2a| - & = 26868| -1131 | 67898 | 43183 24786 B8.8351 B.6151 -0.0168 a & = =
Tunnel 4k | 28/@8| - - = 29543| +1563 | 67899 | 42975 243924 A.2521 B8.8923 -8.8288 b ® s s
Tunnel 4k | 28/28| - = - 3@321| +2321 | 67898 | 42946 24953 A.2839 8.1183 -B.8393 b ® - =
Tunnel 30k | 28/28| - | - - 38333| +2333 | 67899 | 34643 | 33256 8.2839 8.1184 -8.8393 b X - -
Free Flight = wa/ea| - - = = - = = = -0.8186 8.6078 0.0026 a - x X
Free Flight = ee/2a| - = = = = = = = A.8381 B.8151 -B.8187 a = *® "
Free Flight = 28/@8| - =] E = = = B = A.2509 B.8317 -0.8298 b & X % b is not critical in free flight because no slots!
Free Flight - 2e/2a| - - - - - - - - 8.2663 B.1187 -0.8481 b - ® ® b is not critical in free flight because no slots!
Free Flight (RefinedMesh) - ga/a8| - - - - - - - - -8.8186 8.8878 0.86826 a - ® ®
Free Flight (RefinedMesh) = 8a/28| - = = = = = - = 8.8381 B.8152 -8.8187 a = ® ®
Free Flight (RefinedMesh) - 28/88| - - - - - - - - 8.2511 B8.8917 -8.8297 b - X ® b is not critical in free flight because no slots!
Free Flight (RefinedMesh) = 28/28| - = = = = = = = 8.2860 8.1183 -0.8400 b = i ® b is not critical in free flight because no slots!
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Plenum suction
AOA 20/ Flap 20 / Free Flight
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Plenum suction
AOA 20/ Flap 20 / p = 50k / suction p = 27.7k

Good comparison!
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Plenum suction
AOA 20/ Flap 20 / p = 50k / suction p = 27.8k

Good comparison!
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Plenum suction
AOA 20/ Flap 20 / p = 50k / suction p = 27.9k

Good comparison!
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Plenum suction
AOA 20/ Flap 20 / p = 50k / suction p = 27.95k

Good comparison!
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Plenum suction
AOA 20/ Flap 20 / p = 50k / suction p = 28k

Good comparison!
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Plenum suction
AOA 20/ Flap 20 / p = 50k

-

WITHOUT SUCTION!
Very bad comparision

#7 Deutsches Zentrum
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Plenum suction
AOA 20/ Flap 20 / Free Flight
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Plenum suction

-0.5 |-

ol —————— Tunnel 20/20 & Suction 28kPa
—— Tunnel 20/20 & Suction 27.95kPa
Tunnel 20/20 & Suction 27.9kPa
‘ ~——————— Tunnel 20/20 & Suction 27.8kPa
i Tunnel 20/20 & Suction 27.7kPa

cp [-]

05 F

x [m]
# Deutscnes Zentrum
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Plenum suction * Suction = cp closer to free flight
« Very small difference on suction side
« Small difference on pressure side - wall influence?

-0.5 |
Y —————— Tunnel 20/20 & Suction 28kPa
o i —— Freeflight 20/20
o Freeflight 20/20 & Refined Mesh
K Tunnel 20/20
0.5 F
1=
| I ! I I
-0.1 0 0.1 0.2 0.3

x [m]
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Plenum suction

Case | |p_out| ADA/ | p_suctlmp_suc\slutsll p_pl | p_pl- |ptot_in|ptot_out| dptot_|| GL cD cM |Case |Ma- |p_pl= |No Remarks
H | Flap | \SideW!I | p_stat] | | Wt_f”” I |Waves|p_stat|Suyj
Tunnel el | ok
Tunnel el M fI - I t t | Exit pressure to high
Tunnel el | Exit pressure to high
Jime & dSSIllow IS nearly constan , it braesrs o 01
Tunnel & | Exit pressure to high
|| EPAE
Tunnel empty & support (at 2@deg pos.) sek | -/- | - | = ] = 28596| +596 | 67899 | 52383 | 155396 = 1 =
Tunnel Sek | Ba/ea| - |- |- 27938] -78 | 67869 | 52248 | 15623 ||-8.8115 B.8872 B.8829 H
Tunnel Sok | B8/28| - |- |- 27973| -27 | 67693 | 522168 | 15681 || 8.0368 B.8153 -B.0104 ero nal ' ||C
Tunnel Sek | 28/@8] - | - | = 29761| +1761 | 67899 | 52838 | 15863 8.2498 2.8913 -8.08287
Tunnel Sk | 28/28| - - 1= 3m488| +2488 | 57893 | 52885 | 15893 || B.2046 B.1186 -8.8394 . .
Tunnel (MarkerMod) 56k | 28/28| - | - | - 3@589| +2588 | 67898 | 52883 | 15838 8.2829 8.1178 -8.8397 Coel I ICIentS nea rly
Tunnel (FullMarkerMod) Sek | 2e/28| - | - | - 38485| +2485 | 67899 | 52812 | 15887 0.2834 B.1180 -8.8391)
y
.
Tunnel (uwithout support) Sak | pa/ea| - |- 38428| +2428 | 67899 | 52315 | 15584 ||-8.8166 8.6087 8.8347 t t t -ﬁ: t
Tunnel (without support) Sek | 2e8/2@| - | - | 29181| +1181 | 67899 | 52338 | 15561 0.2866 @.1184 -0.p589 Cons an a I eren
Tunnel & slots closed 5ok | 28/28] - | - - - | - | - | - | - .
Tunnel & slots closed 48k | 28/28| - | - - - | - | - | - | - t
Tonnal & alets Cloeta (red. ditfusor) A N R R R Suction pressure
Tunnel & slots partly closed to nose S8k | 28/28| 30412| +2412 | 67899 | 51981 | 15918
—— sek | 28/20| 23119 +1118 | 67893 | 52867 | 15832 LI - Ma<l| - - Ma < 1
Tunnel & suction Sek | 28/28 27638| -378 67899 | 51893 16886 b->a| - - = Too much suction --> p_plenum to low
Tunnel & suction Sak | 28/28 27731| -269 67893 | 51896 16603 b->a| - - = Too much suction --> p_plenum to low
Tunnel & suction Sek | 28/28 27628| -172 67893 | 51988 15933 b->al - ~x = Too much suction --> p_plenum to low
Tunnel & suction 58k | 28/28 27882| -118 67898 | 51983 15896 b->a| - * & ok
Tunnel & suction Sek | 28/28 27933| -67 67893 | 51987 15892 b-Ya| - ® - ok: No Regulation! --> p_plenum right!
unne suction (MarkerMo support) 56k | e/8 | 27956| -44 | 67899 | 52332 | 15567 IR & . a = ® =
Tunnel & suction (MarkerMod) 5ok | 28/28| 27941| -59 | 67899 | 51878 | 16829 8.2911 B.1188 -8.8399 b->a| - ® -
Tunnel & suction & SideSlots sek | 2e/ze| 27738| -262 | 67899 | 51813 | 16886 0.2892 B.1198 -8.8485 b->a| - o =
Tunnel & conehat 50k | ea/- | - = = 308263| +2263 | 67699 | 52308 15590 = sup | - N ¥ Removed Support --> strong shock there
Tunnel & conehat 58k | 28/- | - = £ 26877| -1123 | 67893 | 52356 15543 - sup
Tunnel & conehat (rot. source) Sek | 28/- | - - - 26638| -1378 | 67833 | 52297 15682 - sup
Tunnel & double conehat sek | 28/- | - - = 31762| +3762 | 67893 | 52168 15739 = sup ( :Om pa red to
Tunnel & double conehat & Support Sek | ea/- | - | - | - 28209 +289 | 67899 | 52311 | 15588 = a
Tunnel & double conehat & Support 5ok | 28/- | - | = | = 28573| +579 | 67899 | 52387 | 15592 - a . .
Tunnel 48k | ea/ea| - = = 26778| -1222 | 67899 | 43124 24775 ||-0.0093 B.6673 0.0824 a F ree FI Ig ht the re IS
Tunnel 4ek | ea/z2a| - = = 26869| -1131 | 67899 | 43183 24786 @.8351 B.8151 -B.8168 a A
Tunnel 4k | 28/@8| - = = 29543| +1563 | 67899 | 42975 243924 A.2521 B8.8923 -8.8288 b
Tunnel 4@k | 28/28| - - - 38321| +2321 | 67893 | 42946 | 24953 || 8.2833 B.1183 -8.8393 / Only a Sma” error Of
Tunnel 36k | 28/28| - = - 38333| +2333 | 67893 | 34643 | 33256 || ©.2839 B.1184 —9.2353/ b . .
Free Flight - | ve/eq| - - - - - - - - 9.8186 0.0078 _@70026 || a 1 7% |n Ilft
Free Flight = ee/2a| - = = = = = = = @381 B.81 8187 a -
- - 20/08| - - - - - - - - : : : =
I Free Flight I - 28/28| - - - - - - - - B8.2863 B8.1187 -8.8481 = 1E3 } 3 }l b 15 not critical in free T1ight Decause no s1ots!
fffff [t
Free Flight (RefinedMesh) = ee/ed| - - = = = - = = -0.8186 8.6878 0.8826 a - |= | = 1]
Free Flight (RefinedMesh) = 8e/28| - = = = = = = £ 8.8381 B8.8152 -8.8187 a = | & | = ||
Free Flight (RefinedMesh) = 28/e8| - = B = = = = . 8.2511 8.8917 -8.8297 b - | = | ® || b is not critical in free flight because no slots!
Free Flight (RefinedMesh) = 28/28| - - = = = = = = 9.2860 B8.1183 -8.0408 b = I ® } ® H b is not critical in free flight because no slots!
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Plenum suction

a

7 In the tested range from 27.7k to 28k there is no significant difference in the
flow field, the massflow and aerodynamic forces ...

7 “Keep it simple”: suction with static pressure of the test section is the best
solution

7 If the plenum pressure is already the static pressure of the test section for
e.g. smaller angle of attack the suction there will be zero - fully automatic
solution = suction should be used all the time

# Deutsches Zentrum i
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Conclusion

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft




;"( i

Conculsion

a

7 Problems with Eurofighter at higher angles of attack / flap angles: result of
additional slot (in)flow = change in effective cross section of test section >
Mach number disturbed & cannot recovered with backpressure variation

7 “Simple” & fully automatic solution:

7 suction of the plenum with static pressure of the test-section - slot
(in)flow is minimized - minimal Mach number disturbance - best
comparison to free flight

—Z Suction rate for Ma = 1.2 & Eurofighter at AOA 20 deg ~ 12 kg/s

# Deutsches Zentrum |
DLR fiir Luft- und Raumfahrt eV.
in der Helmholtz-Gemeinschaft




	Minutes Visit DNW-ADS 12062019
	1 Introduction
	2 Airbus EF midterm high speed test requirements 
	3 General presentation HST 
	4 Airbus EF past experience in HST
	5 Motivation for investigation of supersonic flow conditions HST
	6 HST Supersonic flow investigations by CFD 
	7 HST supersonic flow investigations by Experiment (DNW)
	8 Wider overview on Airbus Defence & Space wind tunnel planning (Eurofighter)
	9 Wider overview on Airbus Defence & Space wind tunnel planning (including non-EF and low speed)
	10 DNW capabilities other than HST

	Reference 1 Agenda ADS-DNW 20190612
	Slide Number 1
	Airbus Defence & Space  „Wind Tunnel Roadmap“�Evaluation of High Speed Tunnels for Fighter Testing��Visit of DNW-HST to Manching 12.6.2019��Agenda
	Slide Number 3

	Reference 2 Introduction ADS 20190612
	Airbus Defence & Space  „Wind Tunnel Roadmap“�Evaluation of High Speed Tunnels for Fighter Testing��Visit of DNW-HST to Manching 12.6.2019��Introduction
	Slide Number 2
	Slide Number 3

	Reference 3 EF past experience 20190612
	Airbus Defence & Space  „Wind Tunnel Roadmap“�Evaluation of High Speed Tunnels for Fighter Testing��Visit of DNW-HST to Manching 12.6.2019��Airbus EF Past Experience in HST
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10

	Reference 4 Assessment HST
	Reference 5 Results HST CFD



