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About 20-50% of industrial processes energy is lost
as waste heat in their operations. The thermal
hydraulic engine relies on the thermodynamic
properties of supercritical carbon dioxide (CO2) to
efficiently perform work. This research aims to
preliminarily investigate the actual efficiency which
can be obtained through experimental data and
compare that to the Carnot or theoretical maximum
efficiency. The efficiency of the thermal hydraulic
engine is found to be in the range of 0.5% to 2.2%
The heating and cooling phases of the engine’s
operation are viewed on both the T-s (temperature-
entropy) and p-v (pressure-volume) diagrams.
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Efficiency results from experimental data

An experiment is designed to measure
temperatures and pressures of the working fluid
and the displacement of the weights in both the
upward and downward position for a ‘cycle of
operation’. The forward motion calibration table
serves as the primary component of the setup in
the investigation. The actual efficiency is
investigated through three approaches. Method 1
and 3 are based on whether a ‘complete cycle’ is
achieved for the engine. Method 2 is based on the
boundary work done by the piston of the engine.
The Carnot efficiency is also determined and
compared to the actual efficiencies. The
thermodynamic cycle is determined using a
property calculator. The temperature and pressure
of carbon dioxide serves as input parameters. The
specific entropy and specific volume come as
output parameters from the property calculator.

• The maximum Carnot efficiency was 14 % for a temperature for a 
source temperature of 57.9 0C and sink temp of 11.7 0C.

• The efficiency results from the second method are only validated 
since the other approaches are based on a ‘complete cycle’ which 
was not achieved for the engine. 

• An improved heat exchanger design is required to reduce energy 
losses and gains during both the heating and cooling phases.

• The temperature of CO2 should be measured through direct 
contact with the thermocouple. 

• Pressure measurements can be improved using a high pressure 
transducer for the thermodynamic cycle investigation. 
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