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Cycle Analysis and Experiment for a Small-Scale Organic Rankine Cycle
Using a Partially Admitted Axial Turbine
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ABSTRACT

Organic Rankine cycle (ORC) has been used to generate electrical or mechanical power from low-grade thermal energy.
Usually, this thermal energy is not supplied continuously at the constant thermal energy level. In order to optimally utilize
fluctuating thermal energy, an axial-type turbine was applied to the expander of ORC and two supersonic nozzle were used
to control the mass flow rate. Experiment was conducted with various turbine inlet temperatures (TIT) with the partial admission
rate of 16.7 %. The tip diameter of rotor was to be 80 mm. In the cycle analysis, the output power of ORC was predicted with
considering the load dissipating the output power produced from the ORC as well as the turbine efficiency. The predicted
results showed the same trend as the experimental results, and the experimental results showed that the system efficiency of
2 % was obtained at the TIT of 100C.

3 GER AFHE AFAAE
1

T eA o 928 ahujshA Yolok shel, A\ Lyt 2|4

—

EoH, Al FefstaL,

o] &

Aol mzEElol ol et 4 AAEOR Aol AMIgolE, ALgsile] eisti, oEFe] shst WAL
Aot W2 Ak Y= ok, olEg AR A e B0l aEe A frAlE ARgstolok jith ol
ot F, Bord, sk, 2, vlolonls oA, A9 5 SRR 002 2 AUUE AR St ugtel &
omRE 83 UAS B A BE o] thRolt,  BEACZ ulgH ZwolN RS, CRO/HRC ALl
B ATolAe] 97171 Afol2e] Aol AARleIA B B AT GAUHE ol AFgat

2= Fgolu, HYE, A9 59 49 &5t 714 715870 Aol goll AMS-E 4= Sle AEE AEAlel o
Al AHAY A71F oUAE YA, g A 50| wol Y EILE o5 Ak o A%

S71900 Aol el e Aolol AGHE BERAL  SABEEE o I AEFAS BFEAL PES
FULE] 5200 Hslo] R, SHLEA B] el Al B AE BES BE 5 YA Aol 4L B
WA e 2ol dglo] gl AeThE Aol YHo] & of RHSAT. HFRAS LE-dERIMEA Y o
olFtE R, A& Feo] JHTE A7UAR Wto| 715 Z|KZE7} dT/ds=0, d7/ds<0, dT/ds>0 OoJLfof wafkA]
* AA s W 57| & 7])EAFAIE (Gyeongsang National University, Research center of Aircraft Parts Technology)

# o NEA(F) 7]edF4(SunTech Ltd, R&D Center)
T WAIA A}, E-mail : sycho@gnu, ac kr

The KSFM Journal of Fluid Machinery: Vol. 18, No. 5, October, 2015, pp.33~41(Received 26 May. 2015; revised 08(1) Jul. 2015, 3(2X1) Sep. 2015; accepted for publication 03 Sep. 2015)
SEQAPDHES =28 MI18HA, Mb5E, pp.33~41, 2015(=2& 42X} 2015.05.26, =24FURE: 2015.07.08(1X1), 2015.09.03(2X1), AMAIRZ UL 2015.09.03) 33



P7aT7a P4,T4

P$ $9;
Y

:

A: Turbine
B: Generator P4aT4a
IC: Heat source o
D: Evaporator

E: Tank

F: Condenser

iG: Cooler

H: Recuperator

I: Load
@—Pressure sensor
S-RTD

%l'u:x\p
Relief valve

< Flowmeter
Control valve
Bypass valve
Alr vent

O Sight glass

q) i

Fig. 1 Schematic diagram of the experimental facility
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Fig. 2 Measurement locations in the pressure-enthalpy diagram
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Fig. 3 A picture of experimental facility

Table 1 Measuring instruments used in the experiment

Instrument Maker Model Accuracy
Mass flowmeter EIr{l(ileSeSrJr 80E15, Coriolis +02%
Pressure sensor Druck PTX 7500 +0.05%

Thermometer Dongyang PT100 +02%

Powermeter Yokogawa WT1600 +01%

DAQ Omron ZR-RX45 +01%
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Fig. 4 Configuration of axisymmetric supersonic nozzle
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Fig. 5 Configuration of axial-type rotor

Table 2 Geometric parameters of the rotor

Parameters Dimension
Tip radius (Rtip: mm) 41
Hub radius (Rh: mm) 30
Partial admission rate (&) 16.7%
Number of blades 29
Pitch at mean diameter (p: mm) 7.78
Chord (¢ mm) 150
Blade inlet angle (Bin) 65.0°
Blade outlet angle (Bout) 65.0°
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