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ABSTRACT

&77-7), Renewable Energy

Several working fluids for Organic Rankine Cycle(ORC) were recommended by many researchers.

However, the

recommended optimal working fluids were not exactly same because the operating conditions of ORC and application were

different. The major parameter to select the working fluid for ORC was the temperature of available thermal energy. In this

study, low-grade thermal energy was used for the heat source for ORC and the appropriate working fluids were searched among

26 candidate working fluids. The requirements to be a working fluid for ORC were reviewed and the cycle analysis for simple

cycle was conducted with 75C and 35°C at the turbine inlet and exit, respectively. R600, R601, toluene were best candidates

if the system could work without leaking the working fluid. Next, R236ea, R245ca, R245fa were recommended because they

are not inflammable working fluids as well as better efficiency.
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Fig. 1 Schematic diagram of an organic Rankine system
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Table 1 Recommended optimal working fluids for ORC
Authors Applications | Recommended Working Fluids
“chanche Solar R1343>R152a>R609>R600a>
R290: <90TC
Hung® WHR benzen>R113>R11>.R12>R1343>
ammonia
Lai® WHR cyclopentane: 280-350C
Roy"” WHR R123: <135°C
Lin® Geothermal W Water,. ammonja.l, ethanol:
HR Inappropriate
Cyclohexane: 80-150TC
Facao®” Solar y%fa: 200-250°C
R123: 100-180C
Wang” WHR R141b :>180C
Dai” WHR R236ea: 80-135C
Cong? Solar R123>isobutane
Lemort'™” WHR, solar | n—pentane>R123>R245fa>R134a
Borsukiewicz— | Geothermal, R227ea, R245fa, Propylene:
Gozdur™” WHR 80-115C
Fernandez"” ICE, WHR siloxanes: 140-260C
Declaye ™ WHR R245fa: 150-200C
Gu™ WHR R113>R'13>R245fa>R600a
Lecompte” CHP R245fa>R152a>R1234yf
Drescher"” Biomass toluene: 90-200C
Al-Weshashi"” | Geothermal R236ea ,R236fa, R227ea
Gao™ WHR R152a, R143a: 220
R113: >177C
Mago'” WHR RI123: 147-177°C
Isobutane: 102-137C
Dalta™’ WHR toluene: 100°C
R236ea, R245ca, R245fa, R600,
Saleh™” Geothermal R600a, RE245:
100-350C
Mikielewic™ CHP | ethanol, R123, R141b: 170-200C
Masizza™’ WHR R125, R134a
Aljundi(% Geothermal isopentane, butane: 100°C
R113: >157C
Mago™’ WHR R245ca, R245fa: 107-157°C
isobutane: <107C
Pan™ WHR R600a, R227ea: 90C
Hung™ OTEC, benzene>R11>R113
; R11: simple cycle
Badr™” WHR R113: regeniraﬁge cycle
, R227ea: 80-160C
Lakew"” WHR R245fa: 160-200C
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Table 2 Requirements to be used as working fluids of ORC

Classification Properties Requirement

ODP
(Ozone depletion potential)

GWP
(Global warming potential)

AL (Atmospheric life)

l

Environmental

Toxicity
Flammability

Safety

Density

Viscosity

Latent heat of vaporization

Specific heat capacity of
Thermo- liquid
dynamic

Melting temperature

Critical temperature

J
J
J
l
1
J
Thermal conductivity 0
1
!
!
1
1

Pressure at atmospheric
temperature

dry, isentropic
Sound of speed 1

Saturated vapor curve

Efficiency

Maximum operating pressure

Mass flowrate

Process —
Critical pressure

Volume flowrate

|| —>|—|—|—

Cost of working fluids
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Table 3 Comparison of properties of five working fluids with
different latent heat of vaporization

Working | Latent Heat at 7}, Cp II,/m I,/m
Fluids (kJ/kgl [kJ/kg-K] | Eq.(5) | Eq.1)
R227ea 737 11244 1077 | 1429
RC318 76.0 1.1244 1097 | 1371
R123 1483 0.7536 2112 | 2258
R245fa 156.7 1.0737 054 | 2484
R601) 3234 1.86%5 4623 | 4929
7hehE HojEal glovt, AA| AsAe] AofA dofzl
gryle &9 A= I19Avk ¢t} &, RC3189] 7|Et
H-2 R227ea Hr} AA|TE 4] (o] 2J3 RIS SAERT
292 9 AS3S 4 5 AUk olEt Aol SAIEZALY
Al 2HeR-A1e] 7ol ERlolA As-5A7F B T
HrlWolA TG EE FAISHANE Clausius—Clapeyron

relation oA = EZIS7IFEE FAIETH= 7Y stollA] Al
Ato] o] ROl FE E‘i‘j} ofya}l FpAlS 47 flste] T
3kt 7P 50l AEE 7] wizolch,
713kge] & AsRAlE A8sks 2ol Hyle &9
S7hk=dl feletAT 7|3t do]l & AERAl7F ORC A}
o] 29| A&F7tol Frhetal & 4= glrh. oA AR
7]§}XL03 o] = A9 X ‘ﬂ.é‘

=
= QRS

N

*POIEL—J E" = 71% =2 3
Atk Afo|2e] gg-o 7] flste] AnE= ¢
g 7o ® RO Y5 wsly| wiiZolt), wekA 7]
SRrdo] 2L Ao HEL 71Esl] st dEe A
A ez g}, webA AlolE WolM= o] &
ojEi m= gulo] 8L 7 |9t ElRlof Ao &9

Aoluel b getsio

20|
shAx

&
b

Hao] oY %k EE} Aohd Afolg 582 45T 5
71 mizelet, sl 1S WA= deolEta 7Hdst
O Afol 29| Ba2 o ol on|S 2A] Fetni gels
Byl E3o| Z7loHs ko Aldshs Zlo] & Zloloh
4. AMO|EsHY

2743} 373e] wtoll AAA AefAlE ddshet 48
g a2 AE5S ARlstA, ofegt ﬁ%uﬁ% RS

Fote AsiAle floh webs HgHor AERAE A
Aol sliAE Fdto] AAstoiof g & 4
oju] FH =o)X AHsFAIeE A= AL E]
TIPS TEsle] AL AL 3-8F= ORCOY|
3 A5 Aol Hsto] doREtt.

A Eo| 4] ORC Ato]Ee] Aol Fralo] Hrgst
A RS 2Eskr] 9%t

H YO =%
RS 2

At gRloA e E8& 7]

SEFAHIEE =28

D M8, M4z, 2015



w7|HZMOIZ2 HSRA =

Fom Aol B HY T 4 Utk YL ABRAS
S 18 doliiet Bzl el A oA 5
7slojo} @itk 35718 7KEel] IR E o 714 o
AL S0 19] A7} 5118 oA ORCe] A
of mebd $5S R B0l A3 Ba Y A9E 9L
% gick. whehd QNP O R o] Hie AEu|we) ofehgol
glon AolZ Fgolt A gt e A2
U Fig 12 JlEoR @l Amde e
(h, kI/kg) & A} (6)3} 2k, SHIAL] S Fig, 1014] &
718 S AT 9IXS Lehic,

h,=h

P t4

—hy (6)

HEESTONAY by, = HEZEE@,) o w2t D

4 MAA b, = B SAERS HFL so] HEH
Ag e e A ARtk o 2ol
ojujgiet. mebd 9
sio] el Hed, & Aol Hie )
o A WG Teisle] 1592 HESiAct Ea

S| SE7l0Ae) rEele dnalel 2 15y
Ae) 4 Soll latol 2}, vabA eiede ok
7148t}

7hrE AsAls SR04 7FEE o] A gl A =

stA e 2 HA7E ZeMdEiel A ThaE o ZoST1A
B2 Hoy o] wf Ba R sh= A, )2 4 (&) o] o
ol zltt.

h;, =h, —hy (8)

o] YL WAEelH FFAEE YR, T 7|3
(D)2 FHE, T FEH ZEGA AGEE 9ol
oA ool wale] ¢S }AFI|E wHEolol
s 33|80l 02 Uk e s
o E2(n,) HNATFAN Ae(n, )2t Eole] el
(h,) & 71202 QA FAAY, ET AR H9 520)
of el greziet,

hyy = hyy — (h’f,l 7/7’1,2.9) <1y 9)

N
=~

lo J

B9 R AAuEe] et el A mgE 7}
chEA Ho) uebA] 2 AT A Eule] B Uuky
2 Elel A ot 4 gl el 80m= AT of

S=RAPIHSe =28 184, 4=, 2015

g7k AtoI2o0i 0|Xl= Egol|

]
rol

b et

274
2718 A 5 Ye BT AL 7L
?:]_

A
=~

CERE oﬂxu WYl Eul] e s &
g AEHAT S &
Mok e, ojelgh RES thas} slo] BN S5
Y7 B Aow sy wehd Eile] &Y
(1002 AMgSHo] @7 Eek,

rlOJQm

hy, =h, —hy, (10)

AZEIS EE e Qs el e
o2 4 (DIHHY EAH,

a2 Leh

_r (11)

P ER RE PR ETIRRE
£ Adshs WHoR g dAEo] ofet 22 Y
8913, Apol2e] BEE Vo HERAL Agelsich
2 Ao AfelF A Sl 2xHO R Alo|F A
2% Apgsielon], Bash 45gAle] BA4AE NIST
o] aolwals Laaoe] QBT ol AlolF
of 584 o] AARAA B8-S ool DT AT
So] 9th. Quoilin et al, ®’e WO 7|2 HEEE
mejstel AERAI B A HEAE ATSR
A"l A B B8-S AA[she Bagtr| o) Aol whE
SRR 37140 Tejele] 5SS AU B4
7isto] 2R AIe) A0 E TeslE Sk, ofele
F7bel 7S AATle] 7 714 Amel e
et 540 . EJE APlE9] ek AAAolES
Aol ATHE Zrshe WG E wol A guAg, 2
Ao B Apol oMl Atz ulmstsic,

A&

SR

5 XECO

. SR Z#at

4789] AlolZ 5} =1
ato] EjRIQTol A &= 75CR st $57]0A 2
255 30CE 3fo] g2 A7t 48}04 FdE AEaA
o j= Rt JdE AsfAE 348}01 5
AEAE 2-88F3T Fig, 29] 7F=S R4 9 El*
EE HojR1 9lon, R2194 RIT7HA]= S 2He-H
A& Hebdm, R113914 tolueneZHA|= SAERT] o]4F9]
e aAE YeEt AT "RleAe] &892 S A
Ay FAEZ] A5HA|e= Aol7F louk A|A-Y] &
&2 Aty om HUm AgfAolA HolflE HojFa
itk R717(tEYoh o] A gulo] % 7} Ax|ut
E3H 7]-?4 ko }\]/\Eﬂ g o:] r,]_

Aol Aol P UW% U AA A= oA o

=

A wpHe =



P
ol

S 80 10

N ——G-—-  output power

S 70] —a ici a

g ——A—. efﬂclency(P A_A\ 4 / I §'

o A A, ok 9

£ 60 2 ! Y i w0l 4 ; »

- fy 1 ; 4 \ / =

- i | \! | 7 f _

g 504 ! ] / \ =

o Iy | | AK F8 ©

2 s r' | i & ®

g 404, 1 M 4 | L o | 2

5 AV EAVAN Y i B

2 304 M AW\ H / i 3]

5 o4 i/ /

£\ e @ A ] £

© 201{q £ ! AL g o]

o Ky Voo o8\ o N\ 4 L6 B

£ ® & \ \ o \ 2 >

-E 10 X é,Q 4 (]

=)

- 915
TNOQTOTOTON MOMOITTO0TOE QKITOE VO — O
ANNANNDIISON — \—N(\IV\—\—(DG)QB\—Q-NOOC
EEICHISIBY rrre-oNeIIoRDeL S

roe oo o gggmmEg S
Working fluids
Fig. 2 Turbine output power and system efficiency
500 | 0.4
I
[o} ——-— speedof sound | —

E 400 - ],' 4 —--&—- volume flowrate I| Lo 3«)&

£ . T =

o) ! i

£ 300 A P ! 2

> rg 4 o

o ] \ I Loo2

o vt | <z

“6 ! A 4 b o)

200 ; oA o 2

o) : A e
[ \ ! v / /! )

$ 489 g \ /R\\ Vo I c

ol ; ¥ ® We\‘vd] Vg e’d i 0.1 >

o 100 A \ Vb y A o

\‘AA Ay %/‘/ \A,J‘ >
« ‘\A—A\A,AA Mok
o 00
TNOTCO @O @O MOTTO0 TO O TS VO O
ANNNNDOTSON \—NNV\—\—G)ﬂJo"lr_)\—q NOO C
TrIVVLIIBY rrrosoNeYN3Ro8ES
rreYesw xo gggmm&i )
Working fluids

Fig. 4 Speed of sound and volume flowrate

Aol el Yeiah e 2ol pig. ol ekl &
Ao AFA Aol BUR SAxANN FE}]
Holol elzolA Aol WS e BAZE
SREGIET o] RHo] dure wx) glonR Il w3t
SHA) gkateh. vl AR Al HAH0® ¢Jeo] po}
ol weba] AzgEgoIAe] At WolA: AnE 1
ofF9lTh. B3] RTITY) A9 W IS Basinz e

T wiw o = =21
o ggo] 2 ARGHA AFT F UeS & ek,
Fig. 4% Aol 4 Sl

AELA7L BN LpEAdN
w50 HWslet Rl SR oA] dojRl= &
ARSIk, § o EIRle] st AR Bl s
S2H g4 2 Zlo] felsin) &
2 A Az 4= et AHdkd oz XLE‘-n—Zﬂ—J
off vlate] sl W= o o= low S AsAlvt =
TS 84S Urhyolrh ofe] WA Fof Wist oy
Bul EolAle] g e B4 Mol
PNskgredat gule] Fejute] BAS AR 95ke]

=53
1400
——-o-—— h, (input power)
. o — b= h, (heating liquid)
9 1200 + ; —-——- L (latent heat)
=
= i
o |
© 1000 T
g 600 ‘
=x i
S 400 ] &2
Q il R ; 4 V4
= A ;:’ R el
200 { Ko7\ pq ! N - a4
PO PR Al O
A’V/X$A A Wg'&. K a” A
0 A—A’A A A DS A s &
CNOATOBOT T " OOT T OV T I TDE VD O
NNNNDIITNON — \—(\INV\—\—OOUB\—?NOOC
KESQSQQSBE rrrlIPdR8Ysl0lRes
i reo o EggmmEg 3
Working fluids
Fig. 3 Input power for ORC cycle
S 80 10
< 70 —--o—hy (output power)
2 J —— n, (system efficiency) A v
— L Nle | Fo
2 60 /g B ]
c % Y S \ S__V’
3 50 - A | =
: auE N -
8 40 fov Ay el ko)
- / Vo H ' ‘S
> =1, =]
2 304 VOV 7T s
= - & v 125‘ E
© 9071” A P ’CKO/' )
o 0 6 o
= 00— gy =
3 10 4 s @ 17)
= -
=
F o ; . . ; 5
0 50 100 150 200 250

Latent heat, L [kJ/kg]

Fig. 5 Turbine output power and system efficiency related with the
latent heat of vaporization

do| Hato] tiek ERlE= 9] Y-S Fig. 59 UERlRIt

gAFoR Aol & ABRAE EHe] FUS FHTL
BolZT gk SN A ALY ERIE AN

el dhste] =Y Hwold

St EulETolAe] S AEAA
2xof ojg AERue) 718718 Totol Boteh durEo
2 dPwY 7187l FASE BuH EFe 37
¥ |, FTeIMS £x J187IE HeE fefsict,
SpA 2wue] 27 HE e WES| GeuR

[l

om

Wk RS N
HuEde gt 2w gule) 29

S=RAD A ==& 183, K4S, 2015



7 35 —
. ® =
? ——G-—- expansion ratio i E)
QY6 t ; - G | 130
~_ I\ i f ==
o 5 [ i U las &
i I3 i :
! / I i | [0}
E 4 | \_\ d 3 ﬂl\\ @/9\0\ 4 // ﬁ 2.0 3
kS JRY IR RVARRNAYFE =
2 3 Rf & g h £ w7 \ 15 3
S Q I /3 1A i 5 2
% \éﬁ! 8060 R /‘{ V! \AA,A\A_{ o
y Y
£ e 2
()
N 0.5
\—Nnmomﬁmmv\ 'O?(')V(U-QOO(UNg&OO‘S,G}Ox—G}
RRYARIEEEE tUOITN88eRIN8R s
rreSeee™ IEIEEIQQQQQEQIEQ
14

Working fluids

Fig. 6 Expansion ratio and specific heat coefficient

2AsHAY BHAE 7o ® Aol &
AHoz =2 Byl 282 4 4 oy
7V A= et o B2 220 dY
gk ORCO| 4ol AARQ] 2A-5-HA1E A7) fI5ke] 26
To AERAIE 7IEoE AROlE széi% Fayskalct. 54
o] 2GRl A R142b 7F £ 58S
7hs st BRI 277} vha %—7}6}711 Bt ODPOﬂ «1?& AP
717k ARt aestoiof 3t} FAERT A-5HA
oM Alo]Z AEo] £ RI113, R123, R141b7} AHE7HS
SlL} ODPof| oJsto] ARg-7|7to] Aghe& Le|stofof gty

5547 o

R600, R601, toluene?] 7-9-+= o} REZH A ZEA
o[ x4t 7t do] Qlem e HEg A E T 4 e AL
= WHSoloF o aEstoiof gt o]gt 279 W0l

o]-& A= ¢HgAlo] BHH E R236ea, R245a, R245fa
7t AsRAR Ads)iet

=7

£ A7E BABAUY, BIA/SATY, B
AR B LU FARAD HEARY SO S
AAT

References

(1) Tchanche, B. F. Papadakis, G., Lambrinos, G. and
Frangoudakis, A., 2009, “Fluid Selection for a Low-—
Temperature Solar Organic Rankine Cycle,” Applied Thermal
Engineering, Vol. 29, pp. 2468~ 2476.

(2) 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.

S=RAPIHSe =28 184, 4=, 2015

g7k AtoI2o0i 0|Xl= Egol|

]
rol

b et

(3) Lai, N. A., Wendland, M. and Fischer, J., 2011, “Working
Fluids for High-Temperature Organic Rankine Cycles,”
Energy, Vol. 36, pp. 199~211.

(4) Roy, J. P, Mishra, M. K. and Misra, A., 2010, “Parametric
Optimization and Performance Analysis of a Waste Heat
Recovery System Using Organic Rankine Cycle,”
Vol. 35, pp. 5049~5062.

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

(6) Facao, J., Palmero-Marrero, A. and Oliveira, A. C., 2008,
“Analysis of a Solar Assisted Micro-Cogeneration ORC
system,” International Journal of Low—Carbon Technologies,
Vol. 3, pp. 254~264.

(7) Wang, Z. Q., Zhou, N. J., Guo, J. and Wang, X. Y., 2012,
“Fluid Selection and Parametric Optimization of Organic
Rankine Cycle Using Low Temperature Waste Heat,”
Energy, Vol. 40, pp. 107~115.

(8) Dai, Y., Wang, J. and Gao, L., 2009, “Parametric Optimization
and Comparative Study of Organic Rankine Cycle (ORC)

Energy,

for Low Grade Waste Heat Recovery,” Energy Conversion
and Management, Vol. 50, pp. 576~582.

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

as a Renewable Energy Option,” Jurnal Mekanikal, Dec., No.
20, pp. 68~717.

(10) Lemort, V., Declaye, S. and Quoilin, S., 2012, “Experimental
Characterization of a Hermetic Scroll Expander for use in
a Micro-Scale Rankine Cycle,” J. Power and Energy, Vol.
228, pp. 126~136.

(11) Borsukiewicz-Gozdur, A. and Nowak, W., 2007, “Comparative
Analysis of Natural and Synthetic Refrigerants in
Application to Low Temperature Clausius - Rankine Cycle,”
Energy, Vol. 32, pp. 344~352.

(12) Fernandez, F. ]., Prieto, M. M. and Suorez, L, 2011,
“Thermodynamic Analysis of High Temperature Regenerative
Organic Rankine Cycles Using Siloxanes as Working
Fluids,” Energy, Vol. 36, pp. 5239~5249.

(13) Declaye, S., Quoilin, S. and Lemort, V., 2010, “Design of
Experimental Investigation of a Small Scale Organic
Rankine Cycle Using a Scroll Expander,” International
Refrigeration and Air Conditioning Conference, Paper
1153, pp. 1~7.

(14) Gu, W. Weng, Y. Wang Y. and Zheng, B. 2009,
“Theoretical and Experimental Investigation of an Organic
Rankine Cycle for a Waste Heat Recovery System,” J.
Power and Energy, Vol. 223, pp. 523~533.

(15) Lecompte, S. Huisseune, H., Broek, M. V. De
Schampheleire, S. and De Paepe, M., 2013, “Part Load
Based Thermo-Economic Optimization of the Organic
Rankine Cycle (ORC) Applied to a Combined Heat and
Power (CHP) System,” Applied Energy, Vol. 111, pp.

1



A .
z48

871~881.

(16) Drescher, U. and Bruggemann D., 2007, “Fluid Selection for
the Organic Rankine Cycle (ORC) in Biomass Power and
Heat Plants,” Applied Thermal Engineering, Vol. 27, pp.
223~228.

(17) Al-Weshahi M. A., Latrash, F., Anderson, A. and
Agnew, B., 2014, “Working Fluid Selection of Low Grade
Heat Geothermal Organic Rankine Cycle (ORC),”
International Journal of Thermal Technologies, Vol. 4, pp.
6~12.

(18) Gao, H, Liu, C., He, C., Xu, X, Wu S. and Li, Y., 2012,
“Supercritical Organic Rankine Cycle for Low Grade
Waste Heat Recovery,” Energies, Vol. 5, pp. 3233~3247.

(19) Mago P. J., Chamra, L. M., Srinivasan, K. and Somayaji,
C., 2008, “An Examination of Regenerative Organic
Rankine Cycles Using Dry Fluids,” Applied Thermal
Engineering, Vol. 28, pp. 998~1007.

(20) Dalta, B. V. and Brasz, J. J., 2012, “Organic Rankine
Cycle System Analysis for Low GWP Working Fluids,”
International  Refrigeration and Air
Conference at Purdue, Jul. 16-19.

(21) Saleh, B., Koglbauer, G., Wendland, M. and Fischer, J.,
2007, “Working Fluids for Low-Temperature Organic
Rankine Cycles,” Energy, Vol. 32, pp. 1210~1221.

(22) Mikielewicz, D., and Mikielewicz, J., 2010. “A Thermodynamic
Criterion for Selection of Working Fluid for Subcritical
and Supercritical Domestic Micro CHP,” Applied
Thermal Engineering, Vol. 30, pp. 2357 ~2362.

(23) Maizza V. and Maizza, A., 1996, “Working Fluids in Non-
Steady Flows for Waste Energy Recovery Systems,”
Applied Thermal Engineering, Vol. 16, pp. 579~590.

(24) Aljundi, 1. H.,, 2011, “Effect of Dry Hydrocarbons and
Critical Point Temperature on the Efficiencies of Organic
Rankine Cycle,” Vol. 36, pp.
1196~1202.

(25) Mago, P. J., Chamra, L. M. and Somayaji, C. J., 2007,
“Performance Analysis of Different Working Fluids for
Use in Organics Rankine Cycle,” J. of Power and Energy,
Vol. 221, pp. 255~264.

(26) Pan, L. and Wang, H., 2013, “Improved Analysis of
Organic Rankine Cycle Based on Radial Flow Turhine,”
Applied Thermal Engineering, Vol. 61, pp. 606~615.

Conditioning

Renewable Energy,

=
S

el

(27) 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,” Energy, Vol. 35, pp. 1403~1411.

(28) Badr, O., O'Callaghan, P. W. and Probert, S. D., 1990,
“Rankine-Cycle Systems for Harnessing Power form
Low-Grade Energy Sources,” Applied Energy, Vol. 36,
pp. 263~292.

(29) Lakew, A. A. and Bolland, O., 2010, “Working Fluids for
Low-Temperature Heat Source,” Applied Thermal
Engineering, Vol. 30, pp. 1262~1268.

(30) Chen, H. Goswami, D. Y. and Stefanakos, E. K., 2010, “A
Review of Thermodynamic Cycles and Working Fluids
for the Conversion of Low-Grade Heat,” Renewable and
Sustainable Energy Reviews, Vol. 14, pp. 3059~3067.

(31) Papadopoulos, A. I, Stijepovic, M. and Linke, P., 2010,
“On the Systematic Design and Selection of Optimal
Working Fluids for Organic Rankine Cycles,” Applied
Thermal Engineering, Vol. 30, pp. 760~769.

(32) Quoilin, S. and Lemort, V., 2009, “Technological and
Economical Survey of Organic Rankine Cycle Systems,” 5th
European Conference Economics and Management of
Energy in Industry.

(33) Calm, J. M. and Hourahan, G. C., 2001, “Refrigerant Data
Summary,” Engineered Systems, Vol. 18, pp. 74~88.

(34) ANSI/ASHRAE Standard 34, 2008, “ASHRAE Standard
Designation and Safety Classification of Refrigerants,”
American Society of Heating, Refrigerating and Air-
Conditioning Engineers, INC.,

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

(36) NIST, 2010, “Reference Fluid Thermodynamics and
Transport Properties,” Refprop version 9.0.

(37) Quoilin, S., Declaye, S., Legros, A., Guillaume, L. and
Lemort, V., 2012, “Working Fluid Selection and Operating
Maps for Organic Rankine Cycle Expansion Machines,”
International Compressor Engineering Conference at Purdue,
Jul. 16-19.

(38) Cho, S. Y., Cho, C. H. and Kim, J, H,, 2013, “A Study on
the Organic Rankine Cycle using R245fa,” J. of Fluid
Machinery, Vol. 16, pp. 10~17.

S=RAD A ==& 183, K4S, 2015



	유기랭킨사이클의 작동유체 물성치가 사이클에 미치는 영향에 관한 연구
	ABSTRACT
	1. 서론
	2. 작동유체의 요구특성
	3. 기화잠열의 영향
	4. 사이클해석
	5. 작동유체의 결과
	6. 결론
	References


