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Figure 1. Vapour-compression cycle using an expander (in cooling mode): a) new heat pump unit
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(mechanical coupling), b) retrofitting design (electricity generation)
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Figure 2. Evolution of the developed dedicated expander design
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Figure 3. Manufactured expander version 1.1, mounted on test rig

Figure 4. Manufactured expander version 2.0, mounted on test rig
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Figure 5. The new heat pump test bench
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Figure 6. The retrofitted heat pump test bench
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The Vapour-Compression Cycle (VCC)

Heat pumps are used to transfer heat from a low temperature
environment to a hotter one with the use of work. Their operation is
based on the Vapour-Compression Cycle (VCC)-
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Simple VCC at cooling mode: a) schematic diagram,
b) pressure/enthalpy chart o
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The main processes of a simple VCC are:

»2. Compression of the refrigerant vapour (Mechanical Work)
»3. Condensation of the refngerant vapour (Heat Rejection)

+»4- Throttling/expansion valve (Isenthalpic Process)

»1. Evaporation of the two-phase refrigerant (Effective Cooling)

IO RN

The Coefficient Of Performance (COP):
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The COP of a Heat Pump can be increased:

COP increase (%)

a) At Cooling Mode by increasing the removed heat (Qgq)
OR/AND by reducing the compression work (W)

b) At Heating Mode by reducing the compression work (W)
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Research for the benefit of SMEs

Energy recovery in new and retrofitted heat
pumps using a dedicated expander concept

Substitution of the throttling valve with an
Expansion Machine

The main concept is to replace the throttle/expansion valve used in
common VCC units with an expansion machine, and thus to recover
energy from the high-pressure condensed refrigerant (state 3 in the
P-h diagram). The mechanical energy can be directly provided to
the compressor, reducing its electricity consumption. Then, the
overall COP of the system can be increased in both cooling and

heating mode.
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Figure 7. EXP-HEAT poster
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Figure 8a. EXP-HEAT leaflet
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Figure 8b. EXP-HEAT leaflet
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