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ABSTRACT

The organic Rankine cycle has been widely used to convert the renewable energy such as the solar energy, the geothermal
energy, or the waste energy etc., to the electric power. Some previous studies focused to find what kind of refrigerant would
be a best working fluid for the organic Rankine cycle. In this study, R245fa was chosen to the working fluid, and the cycle
analysis was conducted for the output power of 30kW or less. In addition, properties (temperature, pressure, entropy, and
enthalpy etc.) of the working fluid on the cycle were predicted when the turbine output power was controlled by adjusting the
mass flowrate. The configuration of the turbine was a radial-type and the supersonic nozzles were applied as the stator. So,
the turbine was operated in partial admission. The turbine efficiency and the optimum velocity ratio were considered in the
cycle analysis for the low partial admission rate. The computed results show that the system efficiency is affected by the partial

admission rate more than the temperature of the evaporator.
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Fig. 1 Schematic diagram of an organic Rankine system
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Table 1 Operating conditions with 4 nozzles
Contents Specification Remarks
Mass flowrate 0.575kg/sec 4 nozzles
Partial admission rate 16.4%
Output power 383 kW
Rotational speed 13,300 RPM
Turbine efficiency 439 %
System efficiency 33 %

7¥sHA = Rl StollA ] 2&ef o] SRR E
Hl 9] 225 W] AIAHY 583 SV o 3
o}, goto] SU7]e] 225 80CE 3 F-
of 28 &4 %7154, 4CrF HBR &9 371 9
sto] =EE © ARgStole FAZE §lA
Table 12 Z7]|9] 22 & 80CE 3t 479 =S& A}
|35 Aol grle ago] S7kst 3749 =E5& AHER

8-l HIO}C’]] 282 77%9) ASES HolFE1 glon, A
L2 3 39%7A] ALdle] ZuHE 120C 2 AASH
Qi HojFaL 9l

Qlate] 48.3C

N
I

Ao A= o g R] M 93l S7|EY
A2 R245faS AMESl] £d ) 2 %
F Afol 2S4S S35ttt o}a %
AZ A2 Alo|Z SAE SaEtget &

= Ejdlo] HEH o] AEsinz HEH 0]
2eof] Wb Zo)57] wjRe] E¥le] mgo| 7HasH
waba] ZH7)9] =2 Rt S=of gt A

AHOIAE SIS SEE LRI RRRARS
Aol A A' 789 AsS 7PALL)

o o=

=
[}
T

oM.

o rjr Ho iy
N a2 2 L

)
)

2 o of

N

ox

_C?L
frowx 2

o& ﬂl
12
M
JH

K
45
o 74
=9

7t e

%o]_

fu.

ol

(1) Cong, C. E., 2005, “Solar Thermal Organic Rankine

Cycle as a Renewable Energy Option,” Jurnal

St
L

SMIIH &

3 ==& H16d, M3=, 2013



dol(R245a)& 0188t ]|

Mekanikal, Dec., No. 20, pp. 68~77.

(2) Liu B. T, Chie, K. H. and Wang, C. H., 2004, “ Effect
of Working Fluids on Organic Rankine Cycle for Waste
Heat Recovery,” Energy, Vol. 29, pp. 1207~1217.

(3) Hung T. C, Shai, T. Y. and Wang, S. K, 1997, “A
Review of Organic Rankine Cycles for the Recovery of
Low-Grade Waste Heat,” Energy, Vol. 22, No. 7 pp.
661 ~667.

(4) Hung, T. C.,, Wang, S. K, Kuo, C. H, Pei, B. S. and
Tsai, K. F.,, 2010, “A Study of Organic Working Fluids
on System Efficiency of an ORC Using Low-Grade
Energy Sources,” Vol. 35, pp. 1403~1411.

(5) Gang P, Jing, L. and Jie, J., 2010, “Analysis of Low
Temperature Solar Thermal Electric Generation Using
Regenerative Organic Rankine Cycle,” Applied Thermal
Engineering, Vol. 30, pp. 998~1004.

(6) Yamamoto, T., Furuhata, T., Arai, N. and Mori, K,
2001, “Design and Testing of the Organic Rankine
Cycle,” Energy, Vol. 26, pp. 239~251.

(7) Welch, P. and Boyle, P., 2009, “New Turbines to Enable
Efficient Geothermal Power Plants,” GRC Transactions,
Vol. 33, pp. 765~772.

(8) Kang, S. H, 2012, “Design and Experimental Study of

S=RMIHAER =28

Hi16&, M3=, 2013

1 Ato|Zo0

pcl]
re

o1

ORC and Radial Turbine using R245fa Working Fluid,”
Energy, Vol. 41, pp. 514~524.

(9) Declaye, S., Quoilin, S. and Lemort, V., 2010, “Design of
Experimental Investigation of a Scroll Scale Organic
Rankine Cycle Using a Scroll
Refrigeration and Air Conditioning Conference at
Purdue, 2512, pp. 1~7.

(10) NIST, 2007, “Reference Fluid Thermodynamics and

Transport Properties,” Refprop version8.0.

(11) Verneau, A., 1987, “Supersonic Turbines for Organic
Fluid Rankine Cycles from 3kW to 1300kW,” VKI
Lecture Series 1987-09.

(12) Cho. S. Y., Cho, C. H. and Kim, C., 2006, “Performance
Prediction on a Partially Admitted Small Axial ~type
Turbine,” JSME international J. Series B, Vol. 49, No.
4, pp. 1290~1297.

(13) Rohlik, H. E., “Radial~Inflow turbines,” 1973, Turbine
Design and Application, Vol. 2, NASA SP-290.

(14) Cho. S. Y., Cho, C. H. and Kim, C., 2008, “Performance
Characteristics of a Turbo Expander Substituted for

Expander,” Int.

Expansion Valve on Air-conditioner,” Experimental
Thermal and Fluid Science, Vol. 32, pp. 1655~1665.





