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Design and dynamic simulation of a geothermal organic Rankine cycle system
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Abstract: An organic Rankine cycle (ORC) unit is designed through thermodynamic analysis and equipment type
selection under geothermal conditions. Then, this unit is simulated to study its dynamic operating characteristics
and investigate the influences of four parameters, such as heat source temperature, mass flow rate, cooling water
temperature and working fluid mass flow rate, on key operating parameters and performance of the ORC unit. The
results show that, the output performance of the unit is primarily affected by the cooling water temperature. An
increase of 10 “C in the heat and cold source temperatures results in a decrease of 16% and an increase of 7% in
the output power, respectively. The increased heat source temperature and mass flow rate will make the degree of
superheat, evaporating pressure and shaft work increase significantly, and the system thermal efficiency decrease
slightly. However, the effect of increasing heat source temperature and mass flow rate on the heat transfer of the
cold side is limited, that on the hot side heat transfer is also neglectable, so the vapor superheat and evaporating
pressure remains constant. Compared with the change of cold and heat source parameters, the change of working
fluid mass flow rate has the lowest overshoot of parameters during dynamic operation of the unit, and the unit can
reach the next steady state rapidly.

Key words: organic Rankine cycle; geothermal source; dynamic simulation; system output power; thermal
efficiency
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Fig.1 Schematic diagram of the ORC system
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Tab.1 Cycle performance parameters of the working fluid

T VMR RRIEN BRI mgcRl g
K MPa kw % kw
R600a 407.81 2.48 984.03 10.42 121.04
R600 425.13 1.53 911.54 9.65 61.34
R245fa 427.16 1.28 919.54 9.74 45.12
R123 456.83 0.65 842.95 8.93 22.03
R601a 460.35 0.66 879.76 9.32 25.05
R601 469.70 0.51 865.16 9.16 18.59
R141b 477.50 0.50 794.01 8.41 14.93
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Tab.2 Parameters of main state points of the ORC system

R R E HEIC JE/kPa  JEI(kIkgY)  WE(thDY
(171D 100.47 1280 474.53 158
AL O 59.65 287 452,57 158
FEhno 44.20 1280 259.33 158
HIEA 160.00 1000 675.70 100
R 80.00 1000 335.80 100
AHKA D 25.00 500 105.30 734
AEKHA 35.00 500 147.10 734
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Tab.3 Parameters of evaporator and condenser
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Fig.2 Schematic diagram of the moving boundary model
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Fig.3 Transient model of the ORC system
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Fig.4 Variations of main system parameters with heat
source temperature
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Fig.6 Variations of main system parameters with cooling
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