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1.Motivation 



Water heating 

Space heating Electricity 

Average Residential Energy, London 2016  

Motivation 

Gas ~ 0.05 £/kwh  0.2 kg CO2/kwh 
Electricity ~ 0.17 £/kWh 0.5 kgCO2/kWh  

𝜼 ∈ [𝟑𝟓%− 𝟔𝟎%] 
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Problem Exploration 

𝜼 ∈ 𝟖𝟎%− 𝟗𝟓%  
~1kWe 



Problem 

Cost 

Expander Operation Refrigerant 

Complex 

Expander Operation 

Risk 

Refrigerant 

Efficiency 

Expander Cycle 

Lets improve ORC! 

Problem Exploration 

The expander! 



2.State of 

the art 



ORC 

Scroll Screw Vane motor micro-turbine 

State of the art 

(SIEMENS,2013) 



Previous Work 

Research 



3.AIM 



Materials 

Control 

Lean-
Designed 

Simple 

Aim 

Nozzle-less 

Polymers and composites 

Variable frequency 

How to lean-design a ORC micro-turbine?  search  
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Aim 



The concept had first to be proven in the lab 



4.Methods 



Methods 

Dieter’s product development method: 

Concept 

Brainstorm 

Fishbone 

Spec  

definition 

Design 

H&MB 

Mean-line 
design 

Material selection 

Analysis 

FSI (CFD+FEA) 

Rotor-
dynamics 

Testing 

Prototyping 

Experiment 
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5.Set-up 



Heat and Mass Balance 
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Hot side 
Cold Side 

ORC 

Expander 

Pump 

Temperature [°C] Pressure [Bara] 
Mass flow [kg/s] Enthalpy [kJ/kg] 

55 4 
0.26 445 

R245fa 

44.8 2.5 
0.26 436 

40 2.5 
0.26 253 

40.1 4 
0.26 253 

80 - 
0.54 - 

58 - 
0.54 - 

20 - 
3.2 - 

35 - 
3.2 - 

R245fa 
water 

air 



Mean-line design 

 1.5 kW gross 

 36,000 rpm 

 49mm diameter 

 70% efficiency (Suhrmann) 

ANSYS VISTA RTD 



3D Design 

(-0.1437,0.4434)    

0 - 3.21513 (0:0)

Blade-gen 



Fluid Structure Interaction 

Fluid dynamics 

• RANS steady state 

• Rotational symmetry 

• k-omega turbulence 

• Real gas REFPROP EoS 

Static-Structural 

• Elastic 

• Isotropic material 
properties 

• Loads 

• Pressure-velocity field  

• Rotational speed 

One-way  
coupling 



Studied Scenarios 

A354 

PEEK-
GF30 

ABS 

Full load 

Rotor 
blocked 

27% 
overspeed 

3 working conditions    x    3 Materials   =  9   Scenarios  



6.Results 



Full load 

Rotor blocked 

27% overspeed 

Computational Fluid Dynamics 
 
• Impeller Total-total Efficiency ~86% 

 
• Full load: smooth flow 

 
• Rotor blocked: Pressure face of the 

blade is under stress 
 

• Overspeed: Suction face of the blade is 
under stress 
 
 
 
 

Total temperature 



Aluminium 

PEEK-GF30 

ABS 

27% Over-speed condition 

Structural Analysis 
 
• Finite Element Analysis 
• Blade loading has minimum 

effect 
• Centrifugal forces limit the 

structural strength 



Results 

Comparison 



Results 



Results 



7.Conclusion  



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 

 Low temperature = Allow Plastics to be used 

 Up to 11% stronger than aluminium = suitable 

 25-50% less expensive = cost effective 

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

Conclusion 

Findings! 
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