‘New Turbines to Enable Efficient Geothermal Power Plants
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Organic Rankine Cycle Kalina Cycle Euler Turbine Variable Phase Cycle Variable Phase Turbine
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e e outflow turbine are in the same direction, ejecting moisture and particulate outward. PXvep i - The Variable Phase Turbine, or VPT, combines the two-phase
Constructed from titanium alloy, the Euler Turbine is incredibly erosion resistant. nozzle and axial impulse turbine technologies.
- - The nozzle and blade rows are 2-D, making them rugged and easily machined.
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motor shaft to reduce the compressor load.
The system efficiency gain is 7-8%.
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The organic Rankine cycle tries to match a sensible heat The Kalina cycle was invented by Dr. Alexander Kalina. The Variable Phase cycle (VPC) eliminates the pinch point. spaced around the ro?or This allows for modularity and the
source with the latent heat of refrigerant vaporization. Replacing the organic working fluid of the ORC Liquid refrigerant is pumped (1->2), heated to boiling in a . - '- " 4
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A pinch point is created, limiting the return temperature. is a non-azeotropic mixture of ammonia and water. T , or mixture in the Kal o d ’ _ iquid-liquid heat exchanger ( ), put through a two-phase
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The result is decreased geothermal utilization. he variable temperature boiling reduces the effect of ooty A t ; rated y o the turb: P _ expander (3->4), and condensed (4> 1). The application of this VPT is liquid J-T valve replacement in
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Radial inflow turbines are most commonly used. The result is increased geothermal utilization. thus moisture resistance Is important. 1€ separator vessel as well as the preheater are LNG, eliminating the shaft seal.
Some negative features are: high optimum speed, eliminated. The necessary component to allow use of the We have an agreement with an Oil and Gas major to develop .
3-D blade geometries, and erosion susceptibility. VPC is an expander that can handle two-phase flow. the turbine as it will improve their plants’ outputs by up t0 3%. s \ieTpienum (Ll
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Euler Turbine technology was applied to a 600 kW Kalina cycle in Germany. 90 kW Euler Turbine with > TP — 10 kW Pilot Plant
NEW TURBINES TO ENABLE EFFICIENT GEOTHERMAL POWER PLANTS : _ : - 1 ‘g 4 ORC expander shaft efficienc 82%
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the Euler Turbine and the Variable Phase Turbine, can increase power production by as much as 110 115 120 125 130 135 140 145 150 155 160 o e Gl . ?
30-50% from low temperature resources and enhanced geothermal resources when compared to
commercially available organic Rankine cycles. Return Temperature (°F) — Unlimited Pressure Ratio
The Euler Turbine is a radial outflow turbine originally developed for energy recovery in steam ORC vs. VPC Comparison (90 °F Condensing Temperature) Energent built a 10 kW pilot plant to validate the performance predictions. — Inc_reaseq_turn-down | y
systems. Commercial units of 275 kWe capacity are operating on steam, some with isentropic a0 It is a self-contained, closed-loop VPC using an electric heater to simulate a heat sourc Variable Phase Turbine — Adjustability to changing resource conditions
efficiencies above 80%. The Euler Turbin is also currently being implemented in a 600 kW <L E— The system has performed better than predicted, validating the analytical model. Pover P
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The Variable Phase Turbine uses axial impulse turbine technology that is well adapted to the &’ 120% N - ORC 7/ A N R245fa Off-Design: Performance vs. Prediction
expansion of transcritical or flashing liquid flow. The high isentropic efficiency, typically greater o ) \‘ // \\ ° A DOE program has been
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exit temperature, significantly more energy can be extracted from a given resource. The resulting 3 \ Jid N o Installed at Coso Geothermal. — Shaft seal against low pressure
power advantage of 30-50%, leverages the total development cost of the geothermal project. A = 105% > = 5 e : o - — No close clearances with rotor
40% increase in power production from a given geothermal resource lowers the total capital Ammonia Content Mass % % A 4:“ The heat source is 225 °F brine
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Results of analytical models for cycles utilizing the Euler Turbine and Variable Phase Turbine & Moisture resistant z 5% ) o the hlgh TDS’ the heat eXChanger
will be presented along with geothermal power plant designs for both. Additionally, experimental Inlet temperature °C A T o will be a shell-and-tube type
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