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MICRO TURBINE ENERGY DENSITY

Hydrocarbons: 12-14 kWhr/kg

Lithium polymer batteries (UAV standard): 0.135-0.1801 kWhr/kg

1Budde-Meiwes et al.: A review of current automotive battery technology 
and future prospects, Journal of Automobile Engineering, p.761-765. 2013
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VJet fuel performance improvement factor: 5.3

VHydrogen performance improvement factor: 14.8

System weight incl. fuel: 1.3 kg
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ENGINE LAYOUT

Electric Power: 300 W

Weight (incl. fuel): 1.3 kg

Rotational Speed: 500 krpm

Pressure ratio: 2.5

TIT: 970° C

Fuel consumption: 400 ml/hr

Cycle efficiency: 8%

BSFC: 1040 g/(kW hr)

5 cm



DEVELOPING A MICRO TURBINE 

FROM SCRATCH

Reduced Order Models

Turbomachinery

Rotordynamics, Stress, Heat Transfer

Generator

Interdisciplinary Engine 
Optimization

High Fidelity 
Optimization 

Component Manufacturing 
and Testing

Turborotor
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Combustor

Prototype Design and 
System Level Testing



ÅEfficient pre-mixed combustion
ïEvery ócellô acts like a flame holder

ïNo dilution necessary 

ïVery compact combustor

ÅLow equivalence ratios achievable
ïRadiation and conduction upstream of flame front

ïMixture temperature increases upstream of the flame front

ïLaminar flame speed increases

POROUS MEDIA COMBSTION

Porous combustion picture taken from: Fx Lab Stanford Engineering, https://web.stanford.edu/

Pre-heating Flame

front Reaction



ÅPorous media combustor test rig
ïMeasurement of various foam geometries

ïMeasurement of pressure drop

ïInsulated combustion chamber

ïPressurized combustion

COMBUSTOR TEST RIG

Rig Inlet

Combustor Inlet

Exhaust



Approximate bulk flow velocities:

1.3 m/s (1 g/s case), 3.2 m/s (2g/s case)

COMBUSTOR TEST RESULTS (PROPANE)
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Equivalence Ratio

Combustor Performance (Propane, Pre-Mixed)

step, 1 g/s step, 2 g/s smooth, 1g/s smooth, 2 g/s Smooth Transition from 30 to 10 PPI

Step foam 30 PPI, 10 PPI 



COMBUSTOR TAKEAWAY

ÅAs expected, outlet temperature generally rises 

with rising equivalence ratio

ÅMinimum equivalence ratio limited by bulk flow 

velocity
ï1.3 m/s: ‰ πȢτυ

3.2 m/s: ‰ πȢφ

ÅPore size distribution needs to be optimized
ïStepped foam: lower equivalence ratio but also lower 

efficiency

ÅHeat losses considerable -> low efficiency
ïVolume to surface effects must be taken into account 

during design

ÅSwitch to liquid fuel



ÅMonolithic Rotor Geometry
ïCompressor diameter: 16mm

ïOverall length: 40 mm

ÅCeramic rotors (Alumina, Zirconia, Silicon Nitride)
ïLithography based additive manufacturing 

ÅInconel 718 rotors
ïSelective Laser Melting

ÅGrinding and rotor assembly
ïGrinding between tips, bearing seat dimensional tolerances υ‘ά
ïPress fitting bearing, magnet and sleeve

ROTOR MANUFACTURING

magnet Ti6Al4 Sleeve

Roller bearings



ÅDimensional accuracy
ïMaximum deviation 40 ‘ά, 

average around 20 ‘ά

ÅSurface roughness
ï Ceramic rotors: 2-3 ‘άRa, 13 ‘άRz

ïInconel 718: 8-11 ‘άRa

ÅDefects and artefacts
ïInconel geometry very ñfuzzyò, many defects and artefacts

PRINT QUALITY COMPARISON

Ceramic Inconel

Ceramic Inconel


