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WACHIRAPORN RAKSA-IN : PERFORMANCE ANALYSIS AND
WORKING FLUID SELECTION FOR ORC POWER PLANT. THESIS

ADVISOR : ASST. PROF. ATIT KOONSRISUK, Ph.D., 94 PP.

ORGANIC RANKINE CYCLE/ ZEOTROPIC MIXTURE/ WASTE HEAT

RECOVERY/ WORKING FLUID SELECTION

In this study, thermodynamic performance of an ORC power plant with heat
source temperature of 100 °C was investigated. It aimed to investigate the performance
of a plant using zeotropic mixtures as its working fluid and compared with a plant using
pure working fluids. First, the mathematical model of the cycle was develop using
MATLAB. The modeling uses the golden-section search to determine the mass flow
rate of the working, composition of the mixture, evaporation pressure, and condensation
pressure that provide the highest net power output for the specified heat source and heat
sink conditions. NIST REFROP was linked with MATLAB to determine the flow
properties. Second, validation of the modeling was conducted by comparing its
predictions to existing literature. Third, the simulations of an ORC plant using various
different zeotropic mixtures as its working fluid were conducted and compared with the
performance of an ORC using RC318 as its working fluid. The mixtures tested in this
study were isobutane/isopentane, R227ea/R245fa, R227ea/RC318, R1234yf/RC318,
and 1234yf/R227ea. Fourth, an ORC power plant, that has a capacity of adjusting its
condensation pressure to correspond to the ambient temperature variation across a year,
was simulated, so that a highest net power output is achieved across the year. The results
show that a plant using a mixture of a 40/60 mass ratio of isobutane/isopentane as its

working fluid provides a highest net power output. Its output is 29.0 — 35.7% higher



than that provided by a plant using pure RC318 as its working fluid. For the design
condition, the plant using isobutane/isopentane (0.4/0.6) as its working fluid provides
a net power output of 4.1 kW, It was found that the net power output of a plant with the
capacity of condensation pressure adjustment is 30.2% higher than that of the

conventional ORC plant
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317 2.6 T-s diagram ¥83e1311191U (2) @1591197U R134a 100% (b) e1371191U R245fa 1Az

R134a 0051894 50%:50% (c) A15M19IU R245fa 100% (Collings et al., 2016)
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dunadensminlumsilunnassuanudeu e gl nsalansaiinu ldileguugil
E4
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Saeeiginsuuusiduay Tagldguugliormalungelnis dszmeadu wudi dszaniam
a 9 A daf a a g’/ Y
IHIANNTOUVDITTVUANIUINAN 23% tazau1snansiaIn1sannved 15 liiald

1 Y o ti'
1NN 7% Tﬂﬂﬁ'liﬂﬁﬂllﬁﬂ\iﬂﬁulﬂﬂﬂﬁﬂﬂ 2.7
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16% P~ Case 1: T,=150°C

12% ~

Efficiency
’
\

- === Dynamic ORC

Conventional ORC

Jan Feb Mar Apr May Jun Jul Aug Sep  Oct Nov

A d a

~ ~ a A a 9 v @ o a £
31U 2.7 manfFeuinsnilseansmmaannuiouveinIng loe13FuuUAITOUNISUTIND

wazas® Tensollnueangalnne Uszmedu (Collings et al., 2016)

Y [ . A =2 =] =
d9ANA9INY Suetal. (2018) L4 Mondejar et al. (2017) nunisanvulSeuiney
UszanimmFsnnuiouvesiping saudemsinsantitendawademsnantias luihves
rd 4 a 1 { g
1591 To013% 1equugiiuvasanudewnldouutas voslse I Teorsduuuly

a A Jd a é{ = a
AIDUNITIUTANTUAZATH lonsailn

Q

e

UONINU Feng et al. (2015), Kheiri et al. (2014) tta Li et al. (2015) galdvhmsnasan
I a a £
nFeuieuanudlullidmaasvgmaniveslseliihles i duuassunidusgniuay
A g o 4 g % o A o o
wuuldensdTensedndluasiay meadludaniladuaonlumsiasandmsyTsa v

a9
NAIY

2.6 m‘saﬁanmsﬁnm

2,61  ¥HAYLINITINNU
o { o A 1 A J
arsmaunldduiumslulseddhansontnwquauianianes

a o a o [
lauind'ld 3 ¥iia Ao dry fluid, isentropic fluid 1Ay wet fluid Tasa1TH1NIHIL TN HUL VD

idugaduA U T-s diagram (saturation line) NLANANAY Faudaslanagin 2.8

Y
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AT

gﬂﬁ 2.8 T-s diagram VOIFT NI UF LA (N) isentropic fluid (V) wet fluid (A) dry fluid

(Mago et al., 2008)

{ 1 r o a 1 Y 2 o
910317 2.8 WU T-s diagram YOI ITNUFHAAN 9] 9 WAUUDIFADUA?
I . ~ 1 ] ] [ ~ [ 9
vean1snareilule (saturated vapor line) NUANATNNUDINIFALIU (AN 3 -4) ganalnnig
o o I 4 o 4 <
MUVIA1TMNNUM e TP ABUNUIADS HALTDIUZVDIAITNINUILDDDNIIND DYWL
4 ~ 1 [

1ABT (AN 4) LANANNY

=R a o a o Ya ~ @ Y A @

FITMINUUNFUAVDITTMNU RN TANNANUFUVDUTUIADUAD T

< . . a1 o I [ .
msnaetlulelu T-s diagram Tae dry fluid 92 Ha1anuFwIuLIn 15U R113, isobutane 11ag
I 9 . A v 3 1 . I 9
R245¢ca 11 14a 1 wet fluid 92 UA1AUFWII WAL 15U ammonia, ethanol ag R143a 1Wluay uag
. . =N v 3 Jd I 9 a 1% 1
isentropic fluid A1ANVFUTUGUE 19914 RC318, R11 1Az R22 1udY 910NHANTINAING?
] . . . . ' a A a 9 { ' . 4
WU dry fluid 1ag isentropic fluid 9¢HA1YTEE@NTAIMFIANUTOUNANIT wet fluid 1HBI91N
o 4 <3 4 12 I . .

#1591 uileee RN AsINUIABS 9z T a1zt uveaway (saturated liquid — vapor

. A @ . o Y J o =\ a A ] 9
mixture ) IMUBUND wet fluid CVI'IGI;W!’E]ﬂ“]ﬂ,LWulﬂ'ﬁ)iﬁ']il'ﬁﬂ‘ﬂ'N'lullﬂigﬁﬂﬁﬂ']Winﬂﬂ')'lﬂ'ﬁsl%
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R @ o < o
wet fluid 320D989 05N IAA MMTTINUIEaze M IFNuYe ud nsuwwaes T 18
4
528YAUIUTUAY (Mago et al., 2008)
1 < A Aa A Jd A £ Y] a I = A
pd19l5na I led1sounIsuSgnsnaniuvwnatluasdlonseodiln
A wa a A o Y Y A o <
iosnnauauiavesansinamalasumlas i lvduvesgasus lumsnanaidulovesas
1< { 1 @ 1 X @ 1
nasuudauswiRedny 5y @13 R1234yf/RC318 (0.5/0.5) HFUAAIAIDE19UDY T-s diagram
% { I
910 115151 NIST REFPROP 10.0 1asa31 2.9 TagT1sunsy NIST REFPROP 10.0 111

{ A o
Tsunsuinilugmdoyanuaninvesasiau

()

(V)
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[T T T T 1 I

i i i )

(f)

g‘ﬂﬁ 2.9 T-s diagram YDIFITNINU (D) R1234yf (V) RC318 (A1) R1234yf/RC318 (50/50)
o g.’/ = 1 Y a ° 1 [ 9 <3
AuY Jenan lan yilavesensiauizdawanee1gms IFauveud nasuwy
14 4 { 1 a a d 3
woslulselihleo1sd Taonss Areaunginauitiedu luinetdnwusiauiivudendals
o = a a . . . . o
mauglonsedtnyiia dry fluid 418% isentropic fluid Tumssaod
262  anvldasasuvesmsimnuneaunnas
UONINFUAVDIATTNIUNYINNTUINAD G3dpemtiainnulasansves
o ~Aq Yo 9 2 & < o o A [ v A 9 | Aq Y
arsmnunlsenais suilulszaudiaynesdwanignuaedunadon Tasarnldluns
Usziiuanulasadevesaisiiauilszaouaile ardneninlunisitatsle Tsy (Ozone
Depletion Potential, ODP) Adnea nlunsiilvinaniiz lansean (Global Warming Potential,
[ < . . .
GWP) tiag mM3aeannuetansminudn luussenma (Atmospheric Lifetime)
9
1 %3 o U . . d

1) ardnen1nlun1sviiateyu 1o ey (Ozone Depletion Potential, ODP) 11l
VoA = 19 o 3’; = 4 g.}l
amfnaasnsszaulunsimatele loulusudaasiladiilos (Stratosphere) YBIFUUTTEINA

° Y1 ¥ s 2 Ao P s ~
a3 Tagldmaeainewes R11 dunasge msnliduaszinguar lamsuoun
= G A = Id 4 A A @ Y A o o P
inaeiu vise lustwiusanilszney nilsuandludlraziidnesmnlumsynateTe Tould dq
o A A 1w o H) I 4 . . .

ah‘mﬂu'ﬂﬂmiumﬁﬂﬂmwhmimmwuiaimmﬂuquﬂ (Harn engineering Solution,

2020)
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2) mdneamlunmsmlfinaniizTanfou (Global Warming Potential, GWP)
I 1 %) A ~ 1 o a a 4 ~ Y ast
umveamaizounszanignilassnInmsa i uAINTINVBWYBINNNYNAILANMETANT
= = Si a é () 1 a A o 9 a
151082 1a (Kyoto Protocol) HNinua 7 ¥ila Famauaazsiaianuamnsalumsmivina
Y d‘ 1 [ d’! [} a A Ty A 9 1
Az laniounuananany yuegiulszansamlunisursidanusouvesluanausas
Ysznn Tasadnennlumsih liinaniizTandeu (Global Warming Potential: GWP) 11924
= 4 a [ 9 A o = o ~
52821781 100 U (09ANTUITMITIAMTNIHFITOUNTLIN (BIANTUHIFU), 2557) FIe15MIUN
= A w o Y a 9 A o
ansimdnennlunsmlinaniig lansoung
o d . . . d
3) A15ANENINVRIE5NIANEU Tuussena (Atmospheric Lifetime) 1y
mnsenszeznalumsateglunssomevesansihauignilaeseenainszuy Fanioe
A I ) =~ 1 o g’/ T dyd J =3 = A
ngnasnaztludanivesnisasedluusseimsa Ay minA1nNaIIn 390191 Tonan
o =) o A o Y a A a o
arsmnuaznyunsuiatele lsurieazaum liinannzizounszan uag natyminy
A 9 [l = ] 4 D A A
ganadeuvedlanedaun (Han. e luinesuATUITETI, 2563)

=) v

Y v
UONIINUTINTZAUAIINYaANY (Safety Classification) NN TLITUUY
2

L g a ] J a
ﬁugmmm ASHRAE Standard 34 “?\H‘]Juﬂ']‘iWﬁﬂiﬂﬂL!ﬁgllﬂx‘llﬂm“ﬂﬂ’ﬂﬂUl’)ﬂ'l'i@lﬂlh\l"ll@\‘]ﬁ1i

ﬁ1ﬂ1uﬁﬂgﬂﬁ 2.10 (Carrier Corporation, 2015)

. | A3
Higher , R-290 Propane B3
|
|

Flammability R-600a Isobutane

\
|
|
\
Lower R R ke e ’ e ]
f Flammability A2L* ‘ B2L*
' R-32 R-717
R-1234yf Ammonia
R-1234z€(E)

| A1
R-22
R-134a
R-410A
kil R-12332d(E) B1
R-404A R-123
R-407C
R-507A
R-744 Carbon Dioxide

Flammability

Lower Toxicity Higher Toxicity
Toxicity

31 2.10 szAVANIaDANBYDIAT191UA I ASHRAE Standard 34

(Carrier Corporation, 2015)
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~

Tagdpgavesmanuilaoassuesasiinuansataad laaazlin 2.11

U

Refrigerant Group Atmospheric Life ODP GWP Safety Classification
R11 CFC 130 1 4000 Al
R12 CFC 130 1 8500 Al
R22 HCFC 15 0.05 1500 Al

R134a HFC 16 0 1300 Al
R404a HFC 16 0 3260 Al
R410a HFC 16 0 1720 Al
R507 HFC 130 1 3300 Al
R717 NH3 - 0 0 Bl
R744 o2 - 0 1 Al
R290 HC <1 0 8 A3
R600a HC <1 0 8 A3

317 2.11 /1 ODP az GWP v99a13111911A79813 (Harn engineering Solution, 2020)
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] a3 = A o 1 Aav
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o W Ao nuisielifuity, w
Muw An A31M3 Inasauiavesasd lonsediln, ke/s
h,hy, h,  fie aueumatlvesasiiam w dumiad 1, 2 nasdumniadi 2.ile
Isentropic efficiency mmﬁmﬂu 100% SNA1A, J/kg
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Qevap = M (h; -hy) (3.3)
4 1 { 14
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LlaﬂL‘]_]afJL!ﬂTINSEJuﬂULL‘HaQi‘Uﬂ’JHJi’E)u mmmmsau‘nmﬂmmﬂcluﬂeummcﬁesmmia
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ﬂ?ll?ﬂ!llﬂﬂﬂﬁﬂﬂ?iﬂ 3.6 Ha91NUU mi“vmm%ma’amnﬂamﬂnqﬂmmﬂmg%ﬂma"hJ

Qcond = M (h4 - hl) (36)
A A ' 9 A J
o Qeond Aa AaNuTeUNIIemluAsUALRS, W

Mt A 8031M 3 Inalauiavesasd lonseiln, ke/s

h,, h, Av AOUMATIYBIANTINY B dunUad 1 tazd e 4

Aua1AY, J/kg

A 0 sy v& y A a ¢
Weshimsaaaundesneliily manuseunoiemludunlllisees
A g s a v 1 Y} A s Y °
nuiensuneeinaala tazmnnuieuioiemlunemauaesuda samisasiuin
o W Aaa 4 a o Aa A a
maslihgninlsdlwihleoridannsonanld nagduialszaninamsinnuiouves
{ 7 A o {

Tsdlhawngded 1 veuneos Tulauiing (Thermal efficiency, 1)) 1dasaunisd 3.7 uag

3.8 uaIAL

Whet = Wpump = Wexp 3.7
W et
Ny =—" (3.8)
Qevap
o Whe o MasIldhgninTsdlwlhmaald, w
W pump Ao unnelisuly, w

{2 Jd a
Wexp Ao NUNBAUINLIRRINAR 16, W
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Qevp Ao manuiounoremludulliiswes, w

N, Ao Uszanimwirinnuiouveslseliih

L oo ° & o P P
UoNIINY §a lammssmuiauiervuiaveoull Tilismes asumuaesd
o [ o I s A o
1ATOATIAIUNTVE1AIVD 1D (Expansion ratio) Meludnwunuaesioriiuigvuiaves
3 <Y =< a o s
PABLNUADIAY FavuIavedwl Tilismesuazaeuwaumosvzgnuandluzilues UA 910
AUNT 3.9 -3.10 1Az 3.11 — 3.12 Mud1aL
d' o o Y o d‘ 9 d'
ieaanmsasamnualianyazais lvavesmsuanaasuanuieun
~ X a ¢ 7 < J
avuneluduilTiismesuazasmamaasitluns lvanuuaiunia (counter flow) Ha3
Y (% ci o Qd‘ a d’@’ 4
anbuzmM Inansgili 3.4 uazansoudaimsnsznealvesgurgininavumeluglnsol

=

{ 4 <3| [ { o
pandsunnudew Wens lvarfunuuaiunie Tadagila 3.5 3esduruvuinveg

A o s o A o o
aLmﬂﬂujmamazﬂaumumenﬂumﬁumwaumi 39-3.10 uag 3.11 - 3.12 a1y

Qevap = ( UA)e\,ap ATIm,evap (3-9)

— (Ts 'T3) 1 (T6 'Tz)

0o AT e= (3.10)
In ( T5 'T3 j
Te 'Tz
Qcond = ( UA)Cond ATIm,cond (3 1 1)
uar AT, g= (TsTy) - (T,T;) (3.12)

m,cond
in| Te7Te
Tl 'T7

[ r'd
(1o U Ao mfmﬂszﬁmmmwmmm%’auim (Overall heat transfer
coefficient), W/m’K
a A A A 9 )
A Ao nunlumsuanasuanusou, m
AT AD AUNAIANNIANANYDIGUHAN (Log mean temperature

difference), °C
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| Counterflow
-

S — -

T
7

Heot Exchaonger Tubes

3 1/ 3.4 an¥ULMI IMauLy counter flow (Engineers Edge, 2020)

A o a ts P~ 9 [
317 3.5 m3nsznedvesgurginieluginsalnanasuanuieuunuaiuniany

(Cengel, 2007)

HAZOAIIAIUNITVII8A V03 10 YDA 15981911 (Expansion ratio) §NA1UI
NAAUNITN 3.13 - 3.15

m
Vy=—2 (3.13)

P3
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Muwf .14
Vi=—— (3.14)
P4
. .V,
Expansion ratio =— (3.15)
Vs
o Vi Va Ao 8n31N13 Iraaf5unasvesans oy o dunian 3 uag 4
AIAIAY, m'/s
Ps Py A9 ANUUUWUUYBIATINY B NN 3 ez 4 MudIay,

kg/m3

[ v v o I 4
Expansion ratio ﬁ@ amwmumimmammaﬂamaqmimqmiumﬂmmumai

& o o o . o
UINIINU mﬁmm:]mmm@mwmmaqmmm“luisa"lwﬁw (Pressure ratio)

| ' 4 H
c'?ﬁmNam)mizmimummﬁummﬂu"lﬁ'@maumiﬁ 3.16

. P
Pressure ratio = —* (3.16)
|:>cond
4 o 4
e P, Ao anwaulumsszonieluduilTiismes, MPa
P Ao aAnuaulunmsaruudumelunou@ues, MPa

cond

@

Pressure ratio .~ 710 oa31auaNuau 11 T5e v

9 1)
msmIuRITaUNINLaIzgnlouegluTisunsy MATLAB ties1aes
° { A s s
T5¢ 1 Tastimssunamsnldsunasguugineludinlliiswes wazaewaueiae
35115 Golden section search method LWO WA 1L1H1UIUDIN15LAA Pinch point temperature 4

. . A Aa 1 aa a dﬂg J =
Pinch point temperature 9 i;m/mm“lmmmNmmqmwgmmﬂmumﬂiuqﬂﬂimuamﬂaﬂu
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T\m,r(v,m

T;ourv;c,oul/
2 p(‘Vdp 3

pnond 4
0 Tsmk,out

]
/!"SK

T?l"k‘ll‘.

Y

:J.‘ﬂﬁ 3.6 N51NA Pinch point temperature (PP) Glu"i’;]{Tﬂﬂamﬁ (Mondejar et al., 2017)

v
o Jd A
35 duseumsdiaealsslihlensd
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A 1 ) A o A o o
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9 = a = Y o 1 o A [
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3 ¢ S o
(2017) FudunisnagonTsa I loo153 Taeld R600a/R601a (0.4/0.6) 1Tuarsiau Tag
o v Aa 4 v 4 a 1 Y Qy
MruanuaunonlTiisees ANuAUARUIALILDT LAZYUNTUDHAINIINTOUNT
1 = [ d‘ 1 a o ﬁl = 4 a 1
FURBINVUNANN tHBHIAI QNN TiNwieend Nl Tiisines guvgiuvas
Qy 4 d {1 d o o a
anudounuilosonnnduilliismes manudounoremluduilTiisaes Maslaihgns

1041591 nazlszansmwmaanudouvealsalwih ansouaaana ldasnsian 3.2
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Y = ' = o A
mﬂﬂTiﬂi’J"ﬂ’d’OUﬂ’ﬂiJE]ﬂG]@ﬂ(laniNTl 3.2 WUN IﬂillﬂihﬂgﬂW@lﬂﬂWﬂ
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(2 g.’: o v o SIS J. a a g 4
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. Wangetal. | Hadln ANNAAIA
53N 2
(2017) Tlsupsu | maau (%)
a o A = J
gangiasinulesonanonl Tiimmes
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(‘O
guUglNHaInNUToUNULDOENIIN
- . 88.40 88.30 0.11
o Tiismes CO)
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maslwdhgnsveslselvlih (wm’) 17.50 18.32 4.69
UszansammFaanuion (%) 4.10 421 2.68

352  nszuaumssasslsdlihluaniizesnuuu
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a 4 a 4 @ o
Golden section search method Gluﬂ’lﬁﬁ'lw'li']il!ﬁﬂi 4 WU DT ﬁ@ ﬂ')’]llﬂu"ll@\iﬁ'ﬁﬂ'l\‘l'luclu

4 [ o 4
aunTdiswes (P, ) anuauvesa1siiau luneuauyes (P

evap

o) 0315 InaBaIaun g

15411974 (mass flow rate of working fluid) 1aZAIWBATIFIUANUTUTUVDIA1TH1Y

(mass fraction) 1 1% 154 IWhawnsandamds Il Idgega Futonlumsdrasuiluds

A o o IS [ A
M1319% 3.3 uazuruInszuIumMstae lulilsunsuiluaagaln 3.7
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a d
NWINNINOT YN ‘I‘i‘lrhﬂ
Isentropic efficiency vo1lu 0.75 -
< 4

Isentropic efficiency UDUDNBLWUIADT 0.80 -

[ a 1 9y ay

f]@]i'lﬂﬁ'll‘ﬁﬁL“]S\HJ’JﬁﬂIENLL‘VmQﬂ’JHJif]uVN 1 kg/s

Y

QNﬂQN%@QLLWﬁQﬂ?TN%BH%Q 100 °C
pinch point temperature 10 °C

3

i1

)

h

Inputs:

s initial conditions
» select working fluid

h 4

guess mass flow rate
of working fluid

guess mass fraction
of working fluid

pinch point
temperature
=10°C

[~ A

guess evaporation
pressure
of working fluid

pinch point
temperature
<10°C

¥

=)

Y

calculate:

net power output
thermal efficiency
heat exchanger size

L]
L]
L]
* expansion ratio

Y

calculate cycle by using
energy balance equations

pinch point
temperature
= 10°C

guess condensation
pressure
of working fluid

pinch point

temperature
=10°C

=
N

3.7 uNUAINszUIUNTaea luTdsunsy MATLAB luanizeenuyy
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s 2
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wuvl¥asaylenseiiln Ao isobutane/isopentane (Lecompte et al., 2014; Liu et al., 2014; Liu et
al.; 2015) b8 g R227ea/R245fa (Wu et al., 2016; Zhao et al., 2014; PreiBinger et al., 2013) au
o <3| A Y 1 =~ a Jd = =
a3 Re318 Wumsidonldarsaw oyna Tuslsdia waze1iind quadq. (2562). ¥4
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h 4

Inputs:

» imitial conditions
» select working fluid
* evaporation pressure

P
&
A

k.

guess mass flow rate
of working fluid

pinch point
temperature
< 10°C

ves

h J

guess mass fraction
of working fluid

pinch point
temperature
< 10°C

)

£y

calculate:

s net power output

» thermal efficiency
* heat exchanger size
® expansion ratio

A

calculate cycle by using
energy balance equations

pinch point
temperature
= 10°C

guess condensation

pressure
of working fluid
Fy

el
g

ﬁl o4 o o ‘:‘
gﬂ“l/l 3.8 LHUAINTZUIUMITIa09 Tu T15unsy MATLAB Tumsdiaeen 1
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L 4

Inputs:

o nitial conditions

s select working fluid
* evaporation pressure
s mass fraction

"
el

A J

guess mass flow rate
of workimng fluid

pinch point
temperature
= 10°C

ves

¥
guess condensation

pressure
of working fluid

(=)

FY

calculate:

s net power output

s thermal efficiency
* heat exchanger size
s expansion ratio

~

calculate cycle by using
energy balance equations

pinch point
temperature
= 10°C

dl 4 o o d'
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RC318 PFC 115.23 0 10,300 Al
R1234yf HFO 94.7 0 4 A2L
R227ea HFC 101.8 0 3,350 Al
R245fa HFC 154.01 0 858 B1
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o w =)

{ a o o IS a
a51ei n.1 doyamas liihgnivesmssrass i Teorsduonldashauiumsdunsd

g
a a

UFans uazasx lensoiiln

Q

W, (kW)
gaurnintiaInNNIou asmausuulyasea
¢ mﬁuﬂ%fiﬁ%qﬂé isobutane/ R227ea/
isopentane R245fa
100 4.5 6.106 5.846
150 25.94 26.865 26.793
200 61.59 64.857 66.981
250 134.9 121.360 90.775
300 231.44 152.119 129.954

{ o @ o o <3|
M13190 0.2 doyadasimsversaives lelumsiraes il Teoridunn ldasanndu

a

a A o Q‘f = a
AIOUNIIUIGNT tazasd Tensorin

Expansion ratio
gauHaRNTaINNNIoU asimavuliaswa

fa o) ma%um‘%‘éu‘%qwé isobutane/ R227ea/
isopentane R245fa

100 1.92 2.047 2.092

150 5.47 3.640 5.769

200 6.73 7.373 11.162

250 30.00 25.76 7.724

300 98.43 16.27 12.260
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Evaporation pressure (MPa)

gaurgintiaInNNIou nsmausuulyaswa
faco) mﬁuﬂ%fiﬁ%qﬂé isobutane/ R227ea/
isopentane R245fa

100 1.10 0.59 0.96

150 0.84 1.24 2.12

200 1.17 2.06 2.70

250 2.80 3.20 2.16

300 1.28 2.46 2.85

{ [ 1 o o <
a13190 0.4 doyannuaulumsarumiulumssaes i Teorisunnldasienniiv
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Condensation pressure (MPa)

gauHaRNTaINNNIoU asmavmuulia e
fa o) gmu“l%’mm‘%qné isobutane/ R227ea/
isopentane R245fa

100 0.63 0.29 0.48

150 0.19 0.37 0.46

200 0.20 0.34 0.34

250 0.15 0.22 0.35

300 0.02 0.21 0.34
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A3 1M 3 IaTanaa (ke/s)
o Y

gamgundanindeu msmhauuuulimsnan
N1 (°0) suulFansusgns isobutane/ R227ea/
isopentane R245fa

100 1.00 0.30 0.70

150 2.50 0.75 1.50

200 1.20 1.25 2.50

250 1.63 1.70 3.80

300 2.00 2.20 4.80

a3 0.6 ToyavuavesdunlTimmeslunssiaes lihleesduunlfamsmauiu

A Jd A

a £ = a
A30UNTIVTANT tazasdlenseiiln

Evaporator size (kW/ mz)

QaUMNIHaINNIOU ashausuulyaswan
faco) gmﬁl%miu'%qn?; isobutane/ R227ea/
isopentane R245fa

100 6.11 7.43 7.19

150 16.73 13.57 13.70

200 22.87 29.72 35.00

250 57.43 49.77 28.29

300 86.38 34.38 26.22
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aseurIdqn azasd lenselTn
Condenser size (kW/mz)
gaurgintiaInNNIou ashausuulyaswan
faco) gmu‘l*i’fmsu’%qﬂ’é isobutane/ R227ea/
isopentane R245fa
100 7.22 9.40 9.61
150 19.67 24.78 21.02
200 32.04 39.87 34.56
250 47.85 55.36 54.61
300 63.72 69.28 66.34
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M3197 1.1 YoyamssaesdeldarsdTonseililnais o

isopentane/ R227ea/ RC318/ R1234yf/ R1234yf/
working fluid
isobutane R245fa R227ea RC318 R227ea
Iilwf (kg/s) 0.29 0.35 0.35 0.35 0.35
P, porator (KP2) 645.977 1024.016 1619.789 2035.464 2692.734
P, vdenser (KP2) 395.030 504.816 831.182 1033.981 1522.374
dTs 1.49E-03 7.03E-04 1.04E-03 6.33E-04 3.08E-04
Expansion ratio 1.673 2.151 2.322 2411 2.175
UA,.., (W/m’) 6,929.03 4,637.61 2,578.60 2,835.74 2,790.03
UA . (W/m’) 8,850.15 5,006.43 2,505.56 2,912.32 2,641.80
Wnet (kW) 4.123 3.172 1.762 1.933 1.728
N 0.040 0.051 0.049 0.050 0.044
mass fraction z1 0.600 0.240 0.860 0.300 0.910
mass fraction z2 0.400 0.760 0.140 0.700 0.090
Qin (W) 104,111.65 62,091.71 35,935.19 38,760.77 39,668.97
Qout (W) 99,988.65 58,894.01 34,159.53 36,811.93 37,927.42

INAT5 N V.1 LAAINITINA Temperature glide UDIT19N191U isopentane/isobutane

R227e¢a/R245fa, RC318/R227ca, R1234yf/RC318 112 R1234yf/R227ca TUBATI@8IUANMIATY

v
= [

WA Y 1 IAAa31N .1, 1.2, 4.3, V.4 1Az V.5 AUa1A1

U

Temperature ()

200 0,000 200 400

Entropy (RAg-K)

3 UM v.1 T-s diagram U9 isopentane/isobutane (0.6/0.4)
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57 9.2 T-s diagram Y99 R227ea/R245fa (0.24/0.76)
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isobutane/isopentane
QuHAN Maaluvh anuauly Y@ Y@ NI Usz@nsam
Funadou qns msamumiy | anTisines AOMIAUITDS venefves | Wannudou

°C) (kW) (MPa) (W/m’) (W/m’) 1o

25.19 7.01 0.28 7206.344722 8989.744733 2.3512 0.0622
27.53 6.449 0.30 7161.778719 8969.004302 2.2023 0.058
29.93 5.8833 0.32 7112.138548 8948.670203 2.0611 0.0537
29.1 6.0775 0.31 7127.369987 8954.907208 2.1086 0.0552
30.19 5.8224 0.32 7107.810141 8945.896263 2.0464 0.0533
31.44 5.5325 0.338 7086.924149 8933.20907 1.9777 0.051
3237 53178 0.348 7060.632734 8919.681333 1.9282 0.0493
32.63 5.2581 0.34 7053.703886 8916.314196 1.9148 0.0489
33.87 4.9756 0.35 7023.438932 8900.968996 1.8517 0.0466
31.8 5.4491 0.33 7076.48903 8928.103455 1.9584 0.0504
29.98 5.8718 0.32 7111.306413 8948.985095 2.0583 0.0536
25.44 6.9499 0.28 7203.089811 8988.467917 2.3348 0.0617
29.72 5.9318686 0.31 7115.757886 8949.043376 2.0729 0.0541
30.82 5.6757 032 7098.321418 8940.051393 2.0114 0.0521
31.62 5.4909 0.33 7081.672779 8930.835044 1.968 0.0507
31.34 5.5549 0.3341 7089.800204 8932.501116 1.983 0.0512
32.64 5.2561 0.34597 7053.448618 8916.405019 1.9142 0.0488
343 4.8783 0.36159 7013.91784 8895.066043 1.8304 0.0458
3436 4.8644 0.36217 7012.639274 8893.815025 1.8274 0.0457
35.08 4.7021 0.36912 6998.416585 8884.067855 1.7925 0.0444

eI

36.41 4.4043 0.38222 6967.142248 8865.957531 1.73 0.0419
34.79 4.7679 0.36629 7003.961089 8889.551454 1.8066 0.0449
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QuHal maaluvh anuauly QA YA N3N Usz@nsam
Fandon qns nmsamumiy | anlisines AOMIAUITDS venefves | @annudeu
°C) (kW) (MPa) (W/m’) (W/m’) 1o
29.92 5.8853 0.32147 7112.274687 8947.172394 2.0616 0.0538
30.66 5.7126 0.32801 7100.568844 8940.068582 2.0201 0.0524
31.06 5.6204 033156 7095.101863 8938.063209 1.9983 0.0517
31.83 5.4421 0.33853 7075.614049 8927.116756 1.9568 0.0503
31.06 5.6204 033156 7095.101863 8938.063209 1.9983 0.0517
32.61 5.2629 0.34569 7054.244654 8916.998823 1.9158 0.0489
34.16 4.9095 0.36027 7016.87943 8895.42489 1.8372 0.0461
34.06 4.9326 0.35929 7019.124196 8898.974606 1.8423 0.0463
34.05 4.9349 0.3592 7019.33234 8898.668855 1.8428 0.0463
36.31 4.4268 0.38121 6970.379243 8868.378235 1.7346 0.0421
37.17 4.2357 0.38985 6943.778468 8856.343566 1.6954 0.0405
35.89 4.5208 0.37704 6984.095736 8874.469691 1.7542 0.0429
31.49 5.5205 0.33544 7085.432451 8931.86283 1.9749 0.0509
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130 - 150°C

unAate

rwiseiingUsasifzinmoenuuuTsalain organic Rankine Cycle fiasvili
arailihantgage fundsnniongomgd 130-150 earumaios Tnvusiansdllunas
panuuuaaniduntdl subcritical was supercrtical TagvmnEanarsiaudimnzay
dmiunsiiumdanaadaudts lunsdl subcritical az1Fansvinan R124, ammonia,
R142h, R114, butane, R245fa, Wes R1234ze LAZNT supercriical a:lfm o R134a,
R227ea, R152a, propane, WAL R1234ze lun17eenuuy snnsaaneuuwuitlunsd
subcritical @197 R1234ze rl;1mHi?rhs”a'[ﬂﬂﬁ'.ﬂ‘e_m'r'ia‘ﬁhqn‘dwqmﬂqﬁuaatmm
avdauilaifianson Tun1andufunsdl supercriical a19vi 4 R2278a MU ToHER
ﬁﬂ3“-11ﬂﬁ'1'ld'gaﬁqv-1mmsioa“.wiauﬁa 130 wAz 140°C wasfiunasaaudon 150°C ans
e R152a mansnuiarinda il ldgaan uanenflgaldvns off.design subcritical
aunndunsdinrudnuduga 126-158°C Taedmualdmdnnnialihilubaldgiasd
frnafiusstiudoudaulalfivanzau (erwfim Tz, AuEETERTULEL usdhT
ey

ﬁ‘lﬂ'lﬁ'q.[: Organic Rankine cycle, subcritical ORC, supercritical ORC, s Tauf

Abstract

The objectiva of this study is to design an ORC pawer plant that can provides the
highest net power output when the heat scurce temperature is 130 - 150°C. The types of
the ORC cycla Investigatad here are subcritical and supercriteal. R124, ammaonia. R142b,
R114, butane, R245fa. and R1234ze were studied a3 the working flud for the subcribicsl
ORC plant. In sddiion, R134a, R227ea, R152a, propane, and R1234ze were selected for
the atudy of the supencritical ORC plant. The simulations show that the suberitical power
plant with R1234ze as its working fluld provides the highest power output over the whole
renge of the heat source temperature studied. On the other hand, the supercritical power
plent with R227ea provides the highest power output for the heat source temperature at
130°C and 140°C, while one with R152a provides the highest at the temperature of 150°C.
Additionally, the off-design simulation when the heat source temperabures were vanied in the
range of 125 - 155°C were conducted and Tound thal the preger adaptation of the operating
condition (evaporalion and condensalion pressures. working fuid Now rale) can maintain a

conslant power oulput,

Keywords: Organic Rankine Cycle (ORG), subcritical, superorifical, heal source
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unAnta

awuﬁi’uﬂﬁfaqu:mﬁx‘smnninnﬂu‘lﬂv‘h Organic Rankine cycle Inmﬁunmxmnuﬂn:ﬁﬁhﬂiml"a'lﬂﬂ‘ln"nigaqn 7
uni.m’mn'nuqquﬁ 130 - 150 samwaiun [nsutinydlumyaenuuuasniunyil suberilical, supereritical, use tritateral [apyins
Wanrieni s edmium i miuniiemiouiis lunsd sucitical 9:198711939% carbonyt sulfide, R1234ze, RC318,
R124, R236fa, propyne, iscbulane, R236ea, R114, perflucropentans, R2451a, neopentane, R12332d, RE2451a2, uar R245¢ca Tunydd
supercritical 91T mineu R218, R115, R1216, R123dyl, carbony! sulfide, R1234ze, RC318, R124, R236fa, propyne uazdmiulunsil
wo1 bilateral 1313719710 u caonyl sulfide, R12342e, RC318, R236fa, propyne, iscbutane, R114, perfluoropentane, R2456a,
neopentane, R1233z4, RE2456a2, R245¢a, R21, R365mlc, pentane, WAz R11 dmiunaswslumysanuuuwuiilunyts suberitical w3
Y RC318 lmmnuﬁaﬁﬁa‘lﬂmiigaﬂgmﬁninqmw‘lﬁ"luunwrnm'nuéﬁ 130 uar 140°C ua:nﬂugmunjuniimwfauﬁa
i 150°C ayvhau perfluoropentane runmuiwma":'lﬂ*ﬂ.i'!uqm FIRTUNTIR supercritical T3 R1218 mananuanass W

1agoqmluundsnauieuia 130°C uRsTUMEIRTILToK 140°C UR: 150°C mIRIK R318 munsaaias A lagene uaslunsd

P - 3 o Y Tows
uuy iU perfi ane runmuanmi'l'lvliﬂ«gu'nqngmw‘»iluvlmm‘lm BURNTIIIM wanTINROa 18T off-

design Vi1 3 NI0H A8 subcritical, supercritical, WA trilateral qnugﬁuuﬂamwi‘amﬂuﬁn 125 - 155'C ‘auﬂmuwu‘:wa:qdmrﬂ
uanupunruienidnaiuasiunowdowtulivansay (@wekmeTme, sAzILFURMIRILWIN)

dman: iginiloafduuuiunita, Spinslasifuvvguiedatas, dginmrsinlndauuularuaniaesa, undsnmidontio

Abstract

The objective of this study is to invesligate a subaitical ORC, sup ical ORC, and | Rankine cycle (TLC) power
plants that can provides the highest net power output when the heat source lemperature s 130 - 150°C. Carbonyl sulfide, R1234ze,
RC318, R124, R236fa, propyne, isobutane, R236ea, R114, perth e, R2450a, pent: R12332d, RE245fa2, and R245ca
were studied as the working fluid for the subcritical ORC plant. R213, R115, R1216, R1234yf, carbonyl sulfide, R12342ze, RC318, R124,
R236fa and prapyne were studied as the working fuid for the supercritical ORC plant. In addition, camanyl sulfide. R1234ze, RC318,
R236fa, propyne, isob . R114, perfuoropentane, R2456. R1233zd, RE2456a2, R245ca, R21, R385mfc. pentane and
R11 were selecied for the study of the TLC plant. The simulations show that the subcriical plant with RC318 provides the highest net
work when the heat source femperatures are a1 130°C and 140°C, while one with perluaropentane provides the highest net work when
the heat source temperatures is at 150°C, The supercritical plant with R1216 provides the highest net work when the heat source
temperatures is at 120°C, while ones with RC318 provide the highest net work when the heat source temperatures are at 140°C and
150°C. On the other hand, the TLC power plant with perfl P as s working fliid provides the highest power output over the
whole range of the heat source temp studied. A ¥, the off-design simulabons when the heat source temperatumes were
vaned in the range of 125 - 155°C were conducted and it was found that a proper ion of the op [°] di {evaporat)
and condi 2 ing flukd flow rate) can maintan a constant power output,
Keywords: subcritical ORC, supercritical ORC, trilateral Rankine cycle, waste heat
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WASTE HEAT RECOVERY POWER PLANT FOR A HEAT SOURCE
TEMPERATURE OF 130 - 150°C

W. Raksa-in* ABSTRACT:
A. Koonsrisuk®* Organic Rankine evele (ORC) is a promising technology for power genervation
* School of Mechanical Engineering, that uses low-temperature heat from various sources including renewable
Institute of Engineering, Suranaree energy and waste heat. The objective of this study is to design
University of Technology, Muang thermodynamically a subcritical ORC, supercritical ORC, and trilateral
Distavcs; Nakho Satchasima 30000, Rankine cvele (TLC) power plants that can provide the highest net power
Thailand ankine cye y: I y: J4 po
2 School of Mechanical Engineering, output when the heat source temperature is 130 - 150°C. A numerical model
Institute of Engineering, Suranaree was developed using MATLAB. The thermophysical properties of the working
University of Technology, Muang [fluids studied are calewlated by NIST REFPROP program. The simulations
District, Nakhon Ratchasima 30000, show that the subcritical plant with RC318 as its working fluid provides the
Thailand k d
highest net power when the heat source temperatures are at 130°C and 140°C.
The corresponding net powers are 15.6 kW and 23.08 kW, respectively. While
one with perflueropentane as it working fluid provides the highest net power
when the heat source temperatures is at 150°C and the net power is 26.3 kW.
The supercritical plant with R1216 as its working fluid provides the highest net
power of 171 kW when the heat source temperatures is at 130°C. Meanwhile
the plant with RC318 as its working fluid provides the highest net power of 24.2
and 31.5 kW when the heat source temperatures ave at 140°C and 150°C,
respectively, On the other hand, the TLC power plant with perfluoropentane as
its working fluid provides the highest power ouiput over the whole range of the
heat source temperature studied. Its corvesponding power output are 21 kW,
27.2 kW, and 34.5 kW, respectively. Additionally, the off-design simulations
when the heat source temperatures were varied in the range of 125 - 155°C
were conducted and it was found that a proper adaptation of the operating
conditions (evaporation and condensation pressures, working fluid flow rate)
can mainiain a constant power output.
Keywords: subcritical ORC, supercritical ORC, irilateral Rankine cycle, waste
heat
1. INTRODUCTION

The Alternative Energy Development Plan: AEDP20LS [1] reported that heat energy form is the most utilized
renewable energy that more than 60 percent for the use of all renewable energy, followed by biofuel and electricity.
In 2014, energy consumption was accounted for 64 percent, biofuels and electricity accounted for 19.7 percent and
16.3 percent, respectively.

The Organic Rankine cycle (ORC) is a promising waste heat recovery technology. This cycle used organic working
* Corresponding author: A Koonsrisuk @
E-mail address: atit@sut.ac.th
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PERFORMANCE ANALYSIS OF USING ZEOTROPIC MIXTURES AND PURE WORKING
FLUIDS IN AN ORC POWER PLANT WITH A HEAT SOURCE TEMPERATURE OF 100 -

300°C
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mtﬁnu‘ldﬁ1n11’nr.ﬁ:ﬁnunnu:1ma{ua'lﬂrﬁlnmﬁhu'l-ﬁ'mmnl.l {REDDAREDTA
mﬁuﬁmmmm’j‘mna LE: R2Z2TeaR2456) LLEI:W'TUEE_“TT‘[RCGH. perflucropentang, sopentane, pentane, and
fFminirdranTnmand mathylcyclobexane) Lua1 a1 "uaqrn“amlﬂﬂ'ﬁurw MATLAB (A anirindslvid
wninmavmalulalgiung winldgaga laphinsndanamanadiveeimanm, danmslsadanemoes
muaqm'ﬁ dunadies Y37, AUARYEY evaporator, WAZATUAY condenser fiunAIATMToUG MMM 100 -
FawTuaTIIEENT 30000 300°G InnTaIwy T RE0aIRED1a murrorAatd lwdgntldgean fa 61 kW
E-mail: attf@sutacth A 26.9 KW Aumdanadau 100°C uaz 150°C AMUAIRL uatWL AT R227ealR2456
Tal; 044224410 eananasaiaTlihldgifian Az 66.9 kW fundsrradaugnngd 200°c Tumanduiu
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300°C.
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Abstract

The usa of zectropic mixtures (RE00a/RGE01a and RZ2Tea'R2456a) and pura fluid
|RC318, parflucropentane, isopentane, pantane, and mathylcyclohexane) as the working
fluid of an ORC power plant was examinad in this stedy. A MATLAB code was developed
1o design the operating condition that provide the highest net power output. The program
saarches for the optimal mass fraction {for the zeotropic moitures) and mass flow rate of the
working fluid, and tha evaporation and condensation pressure. Tha heat source temparature
is 100 - 300°C in this study. It was found that using RE00a/RE01a &5 the working fluid
providas the highest net power outputs of 6.1 KW and 26.9 kW when tha heat source
termperature is at 100°C and 150°C, respectively. It was also found that wsing
R22TealR245fa &5 the working fluid provides the highest net power cutput of 66.9 KW when
the heat sowrce termperature is &t 200°C. On the other hand, using pure pentane as the
working fluld provides the meghest net power cutput of 134.9 kKW when the heat source
ternperature s at 250°C, while uaing pure methyleyclohexane provides 231.4 KW at 300°C.

Keywords: ORC, pure fluid, 2ectiopic mikiune, optimeaton
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