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Study of Working Fluids on Thermodynamic Performance
of Organic Rankine Cycle [ORC)

KYOUNGHOON KIM- "

*Department of Mechanical Engineering, Kumoh National Institute of Technology,
1 Yangho-dong, Gyeongbuk 730-701, Korea

ABSTRACT

The thermal efficiency of energy-to-power conversion becomes uneconomically low when the temperature
of heat source drops below 370°C. ORC (Organic Rankine Cycle) has attracted much attention in last few
years due to its potential in reducing consumption of fossil fuels and relaxing environmental problems, and
its favorable characteristics to exploit low-temperature heat sources. In this work thermodynamic performance
of ORC using nine working fluids is comparatively assessed. Special attention is paid to the effect of system
parameters such as turbine inlet temperature and pressure on the characteristics of the system such as
volumetric flow rate and quality at turbine exit, latent heat, net work as well as thermal efficiency. Results
show that in selection of working fluid it is required to consider various criteria of performance characteristics
as well as the thermal efficiency. Results also show that the system efficiencies become same irrespective
of kind of working fluid when the temperature of heat source decreases to low range.

KEY WORDS : Organic rankine cycle(-7]2714}0]5), Low-temperature energy source( - <)), Patel-Teja
.
=

)7 2] (Patel-Teja equation of state), Thermodynamic performance(E g4 4 %5)

Nomenclature P, : turbine inlet pressure, bar
P; : condensing pressure, bar
h  : specific enthalpy, kl/kg R : universal gas constant, kJ/kmol-K
M : molecular weight, kg/kmol s : specific entropy, kJ/kgK
P . pressure, bar T : temperature, K or C
Ty : turbine inlet temperature, K or C
TCorresponding author : khkim@kumoh.ac.kr T, : condenser exit temperature, K or C
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x : enthalpy ratio
v : specific volume, m3/kg
Z : compressibility factor
¢ : latent heat ratio
1, thermal efficiency
1, : isentropic efficiency of pump
n;, : isentropic efficiency of turbine
w @ acentric factor
Subscripts
¢ : critical

f : saturated liquid
: saturated vapor

LM E

A A A A oAU A 5 AeH YA
(low grade energy)s AA ] 50% o]Ao] He A
FakE A gl ey dAEAE AT
Lﬂx]"ﬂ st A4 &40 AN 7= FFo
= A Al A At Asw uA=
W23 Qlom, o= B3t dFsld o5k 24 &
AL do7|a gtk evtete] 49 13F YA ¢
of 2% AP ol A ARE-E AL LT, o5 oF
60%E HEZ £A% JE o FHHEY
o] AT 40005 TOE(1AF olvA] 9] ¢F 31%) 2=
gk ool s
A+ 01]L17<]i/\1L ARQIA] H DR ob]e} B
¥4 Xl"é, F2Ea yA Fol Ak =& 2E

-7} 370C o]

4,
-

rir
N
Y
1o,
Lo
1%
re mlm
b

il
i)
L
i
>
%0,

e
S
o
N

o o 2t [o

A fo b fu

cycle, ORC) 1 AlAA
zml FEa a}zuﬂ & 2hd) Ao g’
ORClN = ZHefAlZ = thaldl Yot w3}

S

224

6
D
9
rug
J&"
o
0x
oIr
2
i
ror
e
4

2 He], As Al ko e
x3}5719] dg]e] WMskS(dT/ds,)l vt G1
2o FiAll(wet fluid), FE ot 2 A5 (dry
fluid), A9 FHolH SANE 23 A (isentropic
flud) = 73t ORC«] dosty EAL A5
3] fAel e

ORC Atel& 9 2bs-frAlel dial 731%™, Dai
=P e g wel A7 (exergy) EES H
2 k= ORCE FHAz=e sl vl HESA
t} Hung 57 999 %71 uj$- w+& ] ORC
o] 54 i"}é‘}%‘ﬂtﬂ e
ORC# ZH ok Y sl Hers

A 276 &) AFsreth Heberle

Z
15T ALY AYY Falmol

Delgado-Torres 5
EWEANA A

]
&

-4
QL
2 xR
o
ﬁ
—
' R i
ol r‘{N
flo HU
o o
B
TR
N
oo N
AL
o T =2
o2 o
}o ng o
(e

\%H_E ]}\i qub‘l— X]Oﬂoﬂ}\i 017]_ 34—7’— Eg% )
F Q= A4 Azl ga 2k Lai
= HA 2] G9& 488Hs ORCOl e
:TL

x

r

14

ofN o
T4t jo

o 2 |
ol

Son

e

>
ol
Ol
3R
o
9,
|
k1 o
= 2
@)

TN
o
o

o, Hir
O
ol
o
o

=
_1
N
N
ne)
]
%
{m
o)
>~
E
oo
) :
H
X
e
> @
o T Jo T

T,
[e]
= MN'
-
=2,
>
—_
=
o,
rN
o)
)
"]
_?(J
i_r“

N
=)
Md
=2
2
offl
o
é
fftl
X
_lZi
ot
ol
o
N
§2
el
rlr
>
=

o

o
=
)
o,
>
w ol
my)
N
ne
o oy
o
°
T
e
I
o,
T

o2
S offf 12
Jo 4
2
i o
LD
ol
;?‘:‘
(o3

O
2
o
v
H
x
e
-

o kR
o
2
il
)
o
(o
frtl
_0|L
A
=
©
i
o
e
ifieA
18
Lot
)
O>~

r}méomkﬂmﬁ’ﬂ
re H v

44 et
9&‘
£
BN
>

ki :
= 38470 o} FIA AEHAE
o s v walolA doshy JHAES vl
B, HHlYTere] #Malrl Ajxee] o

=24 Z AoUXss] =28 M22a3 M2s 201149 43



XMoo
g °
o

e
41
i
g o
Lo,
M
offt
tlo
M
1%
o,
O,
ko
rot
BN
rl

Patel Te]a«] e A S
RA5S dfjA e,
2. Goistn A A

Patel-Teja A eI A2 a, b, ¢ Al 742 w2}
HEE 7 g5 2 FEHE & 5 ok

_ RT a( 1)
b= v—b w(v+b)+ec(v—0) D
2 2
a(T)_Q”(RP? al(T) (2)
RT,
b(T) = Qb(a) 3)
c(T) ZQC( RP? a(7) (4)
1) =[1+FA1- JT/T,)]* ®)
F=0.452413 +1.30982w— 0.2959370 6)
2.=1-3C (7)
¢, =0.329032—0.076799w+ 0.0211947w” ®)
Q,=3C+3(1—-2¢) 2+ 2% +1-3(, 9)

ol7]el| A RS ARMZ|A AL

b ael Ha e selch

flo

[e)
‘Qb% q'—ﬁ_-y Z‘:}

QP+ (2-3C) 2 +330,—- =0 (10)

A7 a9k e & thadt 2ol Aojsh

Trans. of the Korean Hydrogen and New Energy Societ(2011

0

Mo

1
dz;[—(b+c)+ B +6bc+c 11
e:%[—(b+c)—\/b2+6bc+02] (12)
ey e s 2o dez 2 - A
RT a 1
b= v—>b d—e(v—d v—e) (13)
EEEERDET EEE EESEECE
o Brke 2702 R thist o] 4 nk
7P0f71*1n P(Ufib)]* a In i
RT RT (d—e)RT "\ v;—d
:Pug_l_ln[f’(vg*b)}_ a v,—e
RT RT (d—e)RT v,—d
(14)
71004 o, 5) o= 247 Eaelsh L8457
S A Aol A (13)9] HA 2 F o]t}
B91AYY A9} A=) thga) ol P
+ 9
p=AL [Z— p—
M R(d—e)Va
x1 (” d)]+hlg (15)
e
Table 1 Basic data for working fluids
Subst M Tc Pc
uostanee | skmot) | (&) (bar) w
iso-Cyf,, | 72150 | 462.43 33.81 0.228
C.H, 72150 | 469.65 33.69 0.249
CiHy 58123 | 425.18 37.97 0.199
CH, | 106167 | 617.17 36.09 0.304
C, T, 78114 | 562.16 48.98 0211
R134a 102.031 380.00 36.90 0.239
R152a 66.051 386.60 44.99 0.263
R143a 84.041 346.25 37.58 0.253
NH, 17.031 405.65 112.78 0.252
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Fig. 1 Temperature-entropy diagram for various working fluids Fig. 3 Temperature-volume diagram for various working fluids
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Table 2 Thermodynamic properties for R134a at Ty = 75T,
T]_ = 20°C

No . gT P 3v h s
(C) | (bar) | (m'/kg) | (ki/kg) | (kI/kgK)
D | 000 | 200 | 514 | 095 0.0 0.000
@ | -072| 213 [1999| 095 1.8 0.001
@] 000 | 750 | 1999 127 86.1 0.263
@] 1.00 | 750 | 1999 | 931 202.7 0.598
® | 1.02 | 248 | 514 | 41.70 180.8 0.617

o] 93] P, = Py = 1999 bare] AE) @2 713t
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Fig. 5 Turbine exit enthalpy ratio for various working fluids
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