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Nitrous oxide (N2O) measured by the Advanced Global 

Atmospheric Gases Experiment (AGAGE) in the lower 

atmosphere (troposphere) at stations around the world. 

Abundances are given as pollution free monthly mean 

mole fractions in parts-per-billion.
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UltraFan, The Ultimate TurboFan
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Thrust Reverser Unit Flow Visualisation
(TRUflow) Project:

Althoughthey areactiveonly for a smallfraction
of a flight time, TRsare crucial for the landing
safety.

NASA technical memorandum indicates that
most airlines consider TR essential to achieve
the maximum level of operating safety. When
used in an icy runaway, it reduces the
touchdowndistanceby around65%. (J. A. Yetter,
"Why do airlines want and use Thrust
Reversers," NASA Langley Research Center
Hampton,VA,UnitedStates,Hampton,1995.)

1) Introduction: Path to Develop MAPIV

Web Ref: https://www.youtube.com/watch?v=filq88Yvt5I
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The Thrust ReverserUnit flow visualizationς

(TRUflow) project aims to develop novel

measurement techniques for the visualization

and evaluationof reverseflow interactionswith

fan aerodynamicsin short slim engine nacelle

designs applicable to the next generation of

ultra-highbypassratio (UHBR)aeroengines.

TRUflow

TRUflow wind tunnel model installed in the RUAG LWTE test 
section, with thrust reverser in the deployed configuration
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> 19-blade fan and 17-blade outlet 
guide vanes (OGV) designed to 
match motor performance

- Tip diameter 180 mm (7 in)

- Fan pressure ratio (FPR) approx. 
1.25

- Mass flow 3.9 kg/s

> Extensive static and dynamic 
analysis was performed for the 
fan

> Fan was milled from titanium 
alloy and checked by CT scan for 
manufacturing defects

> Acrylic glass blocker door 
installed behind OGV when TRU is 
deployed

Model Design and Manufacture ςFan and Blocker Door

Fan manufactured for the wind 
tunnel model of the TRUflow project

Transparent blocker door installed on the 
partially assembled model

Adam Preece,Houda Bdeiwi, Marcus Leach,Daniel Steiling,Thomas Jaxand Peter 
Aschwanden. "Design, Manufacture and Testing of a Thrust Reverser Unit Wind-tunnel 
Model," AIAA 2022-3690. AIAA AVIATION 2022 Forum. June 2022.
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> Cascades are 3D 
printed from steel

> Cascades vanes will 
turn the flow 
upstream with the 
TRU deployed

> Cascade design is 
taken from NASA 
report

Model Design and Manufacture ςCascades

Complete set of cascades use for the test Cascades installed on the model with the 
thrust reverser deployed

Adam Preece,Houda Bdeiwi, Marcus Leach,Daniel Steiling,Thomas Jaxand Peter 
Aschwanden. "Design, Manufacture and Testing of a Thrust Reverser Unit Wind-tunnel 
Model," AIAA 2022-3690. AIAA AVIATION 2022 Forum. June 2022.
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> Installation of balance and hydraulic 
crossing inside streamlined fairing above 
model

> Installation and checks of other sensors, 
e.g. pressure measurements

> Flushing of hydraulic lines without 
motor at full pressure and flow rate

Model Integration ςWind Tunnel Model Installation

Wind tunnel model in RUAG LWTE nearing 
completion of installation activities



10



11

Brief History of Flow Visualization

Å[ŜƻƴŀǊŘƻ Řŀ ±ƛƴŎƛΩǎ άŀ ŦǊŜŜ ǿŀǘŜǊ 
jet issuing from a square hole into 
ŀ Ǉƻƻƭέ όDŀŘ-el-Hak, 2000)

ÅLeonardo da ±ƛƴŎƛΩǎ the aortic 
valve vortices drawing compared 
with an MRI data (Gharib, Kremers 
, Koochesfahani & Kemp, 2002
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Osborne Reynolds

Queens' College, Cambridge, Victoria University of Manchester
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Technical University of Munich, Ludwig Maximilian University of Munich

Ludwig Prandtl 
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2) Particle Image Velocimetry

ParticleImageVelocimetry: GeneralPrincipal



YŀƳŜǊŀƭŀǊƤƴ ƪƻƴǳƳǳ
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Experimental Setup: SPIV Method
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Experimental Setup: SPIV Method
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Experimental Setup: SPIV Method
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Experimental Setup: SPIV Method



YŀƳŜǊŀƭŀǊƤƴ ƪƻƴǳƳǳ
Experimental Setup: SPIV Method
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> Laser

- Evergreen 532 nm, 
ND:YAG Laser

- 200 mJper pulse

> Cameras

- LaVision SX4Mpx

> Lens

- AT-X M100 PRO D 
Macro 100 mm

> The field of view 

- 450 mm x 450 mm

> Seeder

- The wind tunnel was bulk 
seeded with DEHS 
droplets generated from 
two PIVpart160seeders.

Wind Tunnel External PIV Setup
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Scanning Stereo PIV For External Flow

Plane 0- Symmetry plane
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Scanning Stereo PIV For External Flow

Plane 1
Distance from Symmetry Plane: 10mm
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Scanning Stereo PIV For External Flow

Plane 2
Distance from Symmetry Plane: 20mm
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Scanning Stereo PIV For External Flow

Plane 3
Distance from Symmetry Plane: 30mm
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Scanning Stereo PIV For External Flow

Plane 4
Distance from Symmetry Plane: 40mm
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Scanning Stereo PIV For External Flow

Plane 5
Distance from Symmetry Plane: 50mm
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Scanning Stereo PIV For External Flow

Plane 6
Distance from Symmetry Plane: 60mm
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Scanning Stereo PIV For External Flow

Plane 7
Distance from Symmetry Plane: 70mm
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Scanning Stereo PIV For External Flow

Plane 8
Distance from Symmetry Plane: 80mm
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Scanning Stereo PIV For External Flow

Plane 9
Distance from Symmetry Plane: 90mm



32

Scanning Stereo PIV For External Flow

Plane 10
Distance from Symmetry Plane: 100mm
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Scanning Stereo PIV For External Flow

Plane 11
Distance from Symmetry Plane: 110mm
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Scanning Stereo PIV For External Flow

Plane 12
Distance from Symmetry Plane: 120mm
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Scanning Stereo PIV For External Flow

Plane 13
Distance from Symmetry Plane: 130mm
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Scanning Stereo PIV For External Flow

Plane 14
Distance from Symmetry Plane: 140mm
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Scanning Stereo PIV For External Flow

Plane 15
Distance from Symmetry Plane: 150mm
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Scanning Stereo PIV For External Flow

Plane 16
Distance from Symmetry Plane: 160mm


