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Motivation

World Energy Consumtion 2013

Commerce
23%

Residential
21%
Road
8%

1 € [35% — 60%)]

The University of

Nottingham
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Average Residential Energy, London 2016

Gas ~ 0.05 £/kwh
Electricity ~ 0.17 £/kWh

0.2 kg CO2/kwh
0.5 kgCO2/kWh
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Distributed Generation

n € [80% — 95%)]
~1kWe
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micro-CHP typical costs

Core Balance
28%

Lets improve ORC!

Turbine
42%

| : | |
| A | | A | |

| | |

|

The expander!
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Scroll Vane motor micro-turbine

(SIEMENS,2013)
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Iso-Efficiency curves

10 12 14
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@ flow divider
@lurbine stator
@lurbine rotor
@aerodynamical seal
@ball bearing

@ generator
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Aim

How to lean-design a ORC micro-turbine?

Variable frequency

EERE
Designed

search

) g

Polymers and composites

The University of
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Aim

Advanced

Materials

Turbomachinery

High-
performance
materials

Mass
production
techniques

Novel
applications

Production Cost reduction in

The University of
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25-50%
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The concept had first to be proven in the lab



The University of

Nottingham

g

4.Methods




The University of

Methods 3
r Nottingham

Dieter’s product development method:
Scope of research

1'----- --------------\

Concept wste m Level Testmg And Production

Concept Design Analysis Testing

Brainstorm
FSI (CFD+FEA) Prototyping

Mean-line

design

Rotor-
Spec dynamics
Material selection

Experiment

definition
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Flow Chart of the Process

Turbine
Mean-line

Impeller Structural Fluid

. 3D Blading Analysis Dynamics
Design

Reliable?

Impeller
Prototyping

A

Yes
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Heat and Mass Balance

Temperature [°C]

Pressure [Bara]

Mass flow [kg/s]

Enthalpy [k)/kg]

water

80
0.54

—>
Hot side

<«

58

0.54

P 448 | 2.5
0.26 | 445 T
>
Cd
R245fa
Expander A air
20
3.2
6 <
2
E ORC o
o
Q 5 |
g 5 Cold Side
) =}
&
—>
35
3.2
A
(<)
401 | 4 U _
0.26 | 253 Pump ——

T[°C]
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R245fa
T
100
Hot S'\dei__ o :;-
50 |
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Mean-line design

ANSYS VISTA RTD

Units
@ sl ’ Calculate ]
_' Imperial ’ Close l
- 2
3

r The University of
A~

v' 1.5 kW gross
v 36,000 rpm

v' 49mm diameter

Aerodynamics I Geometryl Results || Velocity Triangles |

Nottingham

v’ 70% efficiency (Suhrmann)

Inlet velocity triangle

Exit velocity triangle (at shroud)

W2

V3

/‘m Vard

W2 Vi3
uz u3

U2 Blade speed = G825 mfs U3  Blade speed = B3B8 mfs

W2 Relative velocity = 356 mjs W3 Relative velocity = 668 m/s

V2 Absolute velocity = 707 m/s V3 Absolute velocity = 197 m/s

Vr2 Radial velocity =242 mfs Vax3 Axial velocity = 187 mfs

Vw2 Whirl velocity = G664 mfs Vw3 Whirl velocity =0 mfs
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Fluid Structure Interaction

Fluid dynamics

RANS steady state
Rotational symmetry

k-omega turbulence
Real gas REFPROP EoS

The University of

Nottingham
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One-way
coupling

»

Static-Structural

e Elastic

e |sotropic material
properties

e Loads
e Pressure-velocity field
e Rotational speed



The University of

Nottingham

Studied Scenarios E

3 working conditions x 3 Materials = 9 Scenarios

Full load A354

X 4

27% Rotor
overspeed blocked
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6.Results
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Total temperature
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Computational Fluid Dynamics

* Impeller Total-total Efficiency ~86%
* Full load: smooth flow

* Rotor blocked: Pressure face of the
blade is under stress

e Overspeed: Suction face of the blade is
under stress




G: A354
Equivalent Stress

Lypte:l\%guivalent (von-Mises) Stress .
nit: MPa . .

w X r The University of
06/09/2017 16:21 I

- Nottingham

13 Max

10

83

6.7

5

33

1k

0.0054 Min
0

27% Over-speed condition

AI um i n i um 0,00 30,00 60,00 {mm) Z/\ &

15.00 45.00

Structural Analysis

H: PEEK-GF30

L e * Finite Element Analysis

‘ * Blade loading has minimum

effect
e Centrifugal forces limit the
P E E K'G F3O 0.00 30.00 60,00 {mm) Z/\ X

structural strength

Custom
06/09/2017 16:23

0.003 Min
0

1. ABS

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
06/09/2017 16:24

0.0021 Min
0

A B S 0.00 3500 70.00 {mm) Z/\ X
- ]

17.50 52.50




Results

625

125

P
LA

Factor of safety
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Comparison ,!..',,

Full load

BA354
W PEEK-GF30
W ABS

1FoS=3
lower limit

Rotor blocked  27% overspeed
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Findings!

1. Lean-Designed = Materials + Geometry + Control

2. Competitive performance can be achieved: Efficiency
around 70%

3. Advanced materials = Broad range of plastics and
composites may be used

v" Low temperature = Allow Plastics to be used
v" Up to 11% stronger than aluminium = suitable
v’ 25-50% less expensive = cost effective

v' Up to 50% Lighter = lower inertia => longer lifespan of
bearings
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