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Study of Solar Organic Rankine Cycle System
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Abstract

An advanced and unique solar thermal electric system was proposed. In this system, an organic working fluid,
which is suitable for a temperature range fitted for solar energy, is adopted. We call this system “Solar Organic Rankine
Cycle System (SORCS)”. To obtain good thermal efficiency by using solar energy, the new turbine is invented and
designed based on “the Concept of Superposition ; COS”. This unique turbine utilizes numerous thin disks of the same
diameter with blade elements on its surface. The steam or vapor is introduced from the nozzles into this turbine with
pulsating supersonic flow. The proposed turbine is very cost effective and can be easily extended to incorporate
cascading, superheating, reheating, and regenerating processes. The present paper reports experimental results of the
proposed SORCS under a constant heating condition that simulates the actual solar radiation input.
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Fig. 1 Outline of solar organic Rankine cycle system
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Fig. 2 p-h diagram of organic Rankine cycle
Table 1 Comparison of thermal properties
between water and R113

Substance Water R113
Boilng point ™| °C 100 47
Freezing point’ °C 0 -35
Saturated vapor pressure’>  MPa 1.6 2.8
Latent heat kJ/kg 1939 54
Specific volume™ m’/kg 0.127 | 0.00379
Specific heat at
constant pressure Kilkg'K) ] 4179 0.96
Kinematic viscosity m*/sx10° | 2.01 | 0.0738

*1:Values at 0.1MPa, *2:Values at 200°C, *3:Values at 20°C
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Fig. 3 Operational mechanism of the proposed disk turbine
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Table 2 Inlet and outlet conditions for nozzle

I Organic turbine s Temperature °C 170
w0 | » Steam tu{b'he o Inlet Pressure MPa3 1.7
I IR Density kg/m 120
G = 288kg/h Lo sbe R Flow rate kg/h 288
SO0 [ SRR , LN Outlet | Velocity m/s_| 250
o s,
% 200 A _— sGR:=415 1k %i:/kWh N
n, =078 Table 3 Specifications of disk
B Improved l Conventional
Element form involute
‘ Element numbers 18
’ 0 2000 4000 6000 8000 10000 12000 14000 Eliemer}t height mm 0.1 0.15
Rotational speed n, rpm Disk diameter mm 196 194
Disk thickness mm 0.3
Fig. 4 Comparison of power curve between water and R113 Disk numbers 75 l 67
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Fig. 5 Comparison of power curve between conven-
tional nozzle and the improved nozzle
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Fig. 7 Comparison of power curve between conventional Fig. 10 Outline of the improved organic Rankine cycle system
disk rotor and the improved rotor
25 Table 4 Summary of experimental results of the improved
& Improved turbine organic Rankine cycle system
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