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CLIMATEACTION <

. The Earth is now about 1.1°C warmer than it was in the 1800s. We are not on track to
meet the Paris Agreement target to keep global temperature from exceeding 1.5°C
above pre-industrial levels. That is considered the upper limit to avoid the worst
fallout from climate change.

. 2015-2019 were the five warmest years on record while 2010-2019 was the warmest
decade on record.

. Global surface temperature has increased faster since 1970 than in any other 50-
year period over at least the last 2000 years.

. On the current path of carbon dioxide emissions, temperature could increase by as
much as 4.4°C by the end of the century.

. In 2019, greenhouse gas concentrations reached new highs. Carbon dioxide levels
were 148 per cent of preindustrial levels.

. Greenhouse gas concentrations, already at their highest levels in 2 million years,
have continued to rise.

. Since the mid-1980s, Arctic surface air temperatures have warmed at least twice as
fast as the global average, while sea ice, the Greenland ice sheet and glaciers have
declined over the same period and permafrost temperatures have increased.

. Emissions must drop 7.6 per cent per year from 2020 to 2030 to keep temperatures
from exceeding 1.5°C and 2.7 per cent per year to stay below 2°C.

N,O mole fraction (ppb)

http://agage.mit.edu/
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Nitrous oxide (N,O) 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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Figure 1: Schematic COz emissions reduction roadmap [Source IATA]
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Figure 2: Transition from Clean Sky (FP7) to Clean Sky 2 (Horizon 2020)

ombdbecnndnnndnnn €

RUAG ‘ 7

MANCHESTER

1824
The University of Manchester

AR



UltraFan The UltimatdurboFan

The University of Manchester



1) Introduction: Path to Develop MAPIV IR ——

Thrust Reverser Unit Flow Visualisation
(TRUflow Project

Althoughthey are activeonly for a smallfraction
of a flight time, TRsare crucial for the landing
safety

NASA technical memorandum indicates that
most airlines consider TR essentialto 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,United States Hampton,1995) Web Ref: https://www.youtube.com/watch?v=filg88Yvt5I
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TRUflow

The Thrust ReverserUnit flow visualization¢
(TRUflowy project aims to develop novel
measurementtechniques for the visualization
and evaluationof reverseflow interactionswith
fan aerodynamicsin short slim engine nacelle
designs applicable to the next generation of
ultra-highbypasgatio (UHBRgaeroengines

‘

N\

TRUrovwvmd tunnel model mstalled in the RUAG LWTE test
section, with thrust reverser in the deployed configuration
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Model Design and ManufactueFan and Blocker Door

> 19-blade fanand 17blade 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

Fan manufactured for the wind

manufacturi ng defects tunnel model of theTRUflowproject

Transparent blocker door installed on the
partially assembled model

> Acryhc gIaSS.b|OCkel’ door . Adam Preece,Houda Bdeiwi, Marcus Leach,Daniel Steiling, Thomas Jaxand Peter
installed behind OGV when TRU is aschwanden. "Design, Manufacture and Testing of a Thrust Reverser Unit Wind-tunnel
deployed Model," AIAA 2022-3690. AIAA AVIATION 2022 ForumJune 2022.

The University of Manchester



Model Design and ManufactueCascades

> Cascades are 3D
printed from steel
> Cascades vanes will ’ |
turn the flow
upstream with the it T

TRU deployed ’
> Cascade design is

taken from NASA
report

. —

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 ForumJune 2022.

wedy ARA

The University of Manchester



Model Integrationc Wind Tunnel Model Installation

> |nstallation of balance and hydraulic
crossing inside streamlined fairing above
model

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

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

Wind tunnel model in RUAG LWTE nearing
completion of installation activities

The University of Manchester
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Brief History of Flow Visualization

- - AlLeonardo da + A y Ghe Cadrtic

oA valve vortices drawing compared
with an MRldata (Gharib,Kremers
, Koochesfahar& Kemp,2002
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Osborne Reynolds

|
ﬂaminar Flow
/Turbulent flow
st NNATRIGT
/Turbulent flow (observed with an electric spark)

Queens' College, Cambridge, Victoria University of Manchester
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2) Particle Image Velocimetry

ParticlelmageVelocimetry GeneralPrincipal N
LAVISION
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Mormalized Cross-Correlation Map

Peak height [-1,1]; 0.70
SNratio: 19.15
Peak position [pixel]: { 0.68, -0.15)
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Wind Tunnel External PIV Setup

> Laser

- Evergreen 532 nm,
ND:YAG Laser

- 200mJper 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 PlVpartl60seeders
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow TRUflow i
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow TRUflow i
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow

Position [mm]

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Position [mm]

400

420

56

52

40

36

32

28

24

20

16

12

[s/w] Al Aooj2A

—
=

TRUflow - —

Plane 8

Distance from Symmetry Plane: 80mm

30




Scanning Stereo PIV For External Flow

. Plane 9
i Distance from Symmetry Plane: 90mm
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow

Position [mm]
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Scanning Stereo PIV For External Flow
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Scanning Stereo PIV For External Flow

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