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Fluid power 

Efficiency of modern compressor ~92% 
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Land based power opportunities 

Triple combined cycle

MHI



Aviation power opportunities 

ADVANCE UltraFan

Rolls-Royce



1. Engine measurements 

2. Tidal power

3. Improving performance through life  



Engine measurements

1. No measurements in the hot section 2. Little understanding of boundary 

layer states 

MHI development of land based gas turbines



Limitation of current technique

ï Thermocouples  (Flame radiation error, drift 

over 1200K, recovery factor) 

New technique 

ï Measuring temperature using a sonic orifice.

ï 2nd order radiation and recovery factor error

Measuring temperature in hot section
Tashiv Ramsander, Rob Miller 

DLR Cologne testing

T= 1950K



Measurement technique
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Å Accuracy of Ñ0.5% (10K)

Å Operation up to 25 bar 2350K+



DLR Cologne: Comparison of techniques
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óSharpô sonic 

nozzle probe 

1) Two designs of sonic aspirating probe agree to <0.5%.

2) Sonic aspirating probe and OH-PLIF (uncertainty 2.7%) agree to 1.6%.



Measuring boundary layer state

Å Turbulent boundary layer has 

much lower thermal resistance 

Å Addition of a thin layer of insulation 

we can óseeôthe boundary layer 

state
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Will Playford, Nick Atkins

Turbulent boundary layers dissipate kinetic energy at a rate 2-5 times higher 

than laminar boundary layers   



Engine 

Compressor

IR
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Measurements of boundary layer states

Turbulent Laminar

Flow
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1. Mounting gauges directly on blade surface 

2. Thin insulative blade coatings

3. High temperature sensor   

Opportunities to help



1. Engine measurements 

2. Tidal power

3. Improving performance through life  



Tidal power 

2010 Rolls-Royce University 

Technical Centre in Tidal Turbine 

Hydrodynamics

2014 Alstom University Technical 

Centre in Tidal Turbine 

HydrodynamicsTesting IFREMER France

Anna Young, Carl Sequeira, Judith Farman, Rob Miller, Ivor Day, Chris Freeman  

UK resource estimated to be capable of producing 20-30% of UK electricity 

production

UK Tidal Current Resource & Economics  

Carbon Trust & Black and Veatch 2011 



Challenge

OpenHydroVerdant Power Atlantis 

Blade off and bent

1 day of operation 
Cracks in blade 

Without even 

operating 

Blade off

Unknown operating 

time

Unsteady blade loading 



Comparison with wind turbine - 1Mw  

Differences to Wind
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Take-off thrust of Trent XWB is 430kN 
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Comparison with wind turbine - 1Mw  


