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Background and Motivation

A Reciprocating machines/processes:
AThermofluidic oscillatorsi it ywdh ase St i r |
engines
APumped Thermal Electricity Storage (PTES;
Isentropic UK) T forward/reverse Joule cycle
A Expander maps?

A Isentropic efficiency (heat transfer + irreversibility =
Isentropic)?
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ExergyDestruction in a Typical ORC System
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Mago, et al., International Journal of Energy Research 31(1), 2008
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ExergyDestruction in a TypicdDRC System
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Dimensionless Performance Parameters
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A Specific diameter proportional to diameter of engine
( measure of machi nedos si ze

A Specific speed proportional to rotational speed and
to power output
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Expander Performance Maps
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Expander Performance Maps

SPECIFIC DIAMETER, Ds
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Expander Performance Maps
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For low power outputs (< 50 kW, < 10 000 rpm) positive
displacement expanders more efficient than turbines
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Expander Performance Maps
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Expander Performance Maps

NSDS turbine chart
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Positive Displacement Expanders Varbomachines

A Higher efficiencies, lower rotational speed (hence
friction, vibration, balancing), lower costs than
turbines at low power outputs/smaller sizes

A No gear-box required as they can retain high
efficiency at smaller operational frequencies

A Liquid phase in vapour possible
A Turbines inefficient in part load
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Reciprocating Piston vs. Other Displacement Expanders

A More robust, higher efficiencies than scroll
expanders in kW-range

A Less sensitive to leakage A low-cost manufacturing

Table C: Expander indicated and isentropic efficiency vs. leakage gap size

5 um 10 um 15 um
Nind Nis Nind 1is Nind | MNis

Recip. piston | 0.90 | 0.75 87 0.72 0.81 0
Rotary piston | 0.94 0.79 0.84 0.69 0.78 0.63
Scroll 0.93 0.78 0.75 0.60 0.47 0.32

Huff and Radermacher, 2003
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Loss Mechanisms in Reciprocating Expanders

A Valve (pressure, friction) losses
A Leakage losses
A Thermal losses
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Valve Types
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Leakagdosses

Yamada, Bulletin of the Japanese Society Mechanical Engineers 5(18), 1962



