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Numerical simulation of Organic Rankine Cycle (ORC) using Matlab
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Organic Rankine Cycle (ORC) Lwiansiwau1u1a1n Rankine cycle (RC) Alglunisuda W1 lagns
wWisuwassuanaseuliidunasouldd 1 lwigans orc azldldindussiinuluseuy wdazldansdunig
. . Aa A ° R [ % ' [y Ao ' o
(organic fluid) Nfiaifiaadindnsi Favilwszuy ORC mansalfundsnnuiangunnden (1w anuauainns
WITIN38 ANTauN uazaNsauanlafan) iuaumiadsvas OoRC la lunmsdnmit lawawildsunsw
$1909mIvuvedIzuy ORC danlusunsu Matiab lasldsunsuduwimgmaudfuasansiaudasllsunsy
$ { ] U 1 { e J
CoolProp @aiilugutayauny open-source g0 download anlFnulasladenldds  ldsunsuivaudn
sunIndwImlszEnTanaungvan 1 uazdoil 2 IUNIAN exergy destruction 1893zU wazlunsdnu Rl
a Aa b ' o o 2 N Yo o AN o 2 o o oA, P
uaAINATaIM AN N 8 shunaInwTan 910 112 °C audis 140 °C laglimhaanldaniaiasnaiudana
U v g/ 1 v dl v a R d‘ g a o dl
wuhanudainIzasihunasTouiil ewdhizwdaanas 47% wazlddnsmadasuudasigmngiansrinui
A , R = R vo o AN o a v oA, P e
NN988N28ILATBIAILLUKINN 25 "C Auh9 40 'C laglimiaef laanniaIesndvuldarnsNwuin 8asnnT inazas
b ' o . oa X 0o @ ' { o a X
FIUARIANNTIUURZE TV BTAURLDY 32.38% LAz 22.69% ANE10L ot lsnaulasanmT IR ndn
A9 oo &2 A X = ' Ao ' o o a a a o A
aldtutanAuduaw uaznwisuudasiamngdainan gsdanald nuans dszinfawaiungden 1 uaz
2 AR 0.35% 18.75% Az 18.65% a1ud1au uazluns@nmitdiuaadliiiu Exergy gnvianslundazadnyot
a o o Y o & A ' A ' A A o o e
laniFusdauanainnluos 4% iTasauuin 1aTaddu 1ATad3zinY 1ATBINIWM uaz L

Aan: N33180915962L8%, R30I RO IWW 1uUORC, 11/5un33 Matlab

Abstract

The Organic Rankine Cycle (ORC) is a modified Rankine cycle which converts heat into electricity.
Instead of using steam as the working fluid, ORC uses an appropriate organic fluid as the working fluid. The
boiling point of ORC working fluids is significantly lower than that of steam. Consequently, low-temperature
sources (e.g. biomass combustion, waste heat, and geothermal heat) can be used as the heat source for ORC.
In this study, a Matlab code was developed to model the operation of ORC. CoolProp, a free open-source C++
library that provides transport properties of refrigerants and many other fluids, is implemented to feed in fluid
properties into Matlab. The model can provide 1st- and 2nd-law efficiencies, including the exergy destruction of
the system. The study shows that, when the work output is kept constant and the geothermal fluid temperature
drops from 112 °C to 140 °C, the needed mass flow rate of geothermal fluid decreases by 47%. In addition,
to keep the work output constant when the working fluid temperature at the condenser outlet increases from 25
‘C to 40 °C, the mass flow rates of geothermal fluid and working fluid increase by 32.38% and 22.69%,

respectively. However, these mass flow rate increases need more pump work. Consequently, the net work
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output, 1st- and 2nd-law efficiencies reduce by 0.35%, 18.78% and 18.65%, respectively. The study also reveals

that the magnitudes of exergy destruction at the components in descending order are at the condenser,

preheater, evaporator, turbine and pump.

Keywords: Numerical simulation, Organic Rankine Cycle, Matlab
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Masruwusssnapadlan thanazunilywiaingn
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o Aa Ao A o o Aa o
Joufiligungdidn wia wasuaNuTauniguninen
(low grade heat) 31TIUAITHEA AN 1 LU Wadau
ANUIARNAN WRIIIWANTIUINLFIDNNAE WAII%
AINNTARINNLTOLNAITINIG WREAINTOUNIINN
NITUIUMITYATIANTTY Fadl59 WA Uszanniien b
wnasanuiougungiidnduduings fe T3l 19
#197Ud287 N3 Organic Rankine cycle (ORC) 1ilu

Tid"l%lﬂwﬁﬁﬂﬁﬂmﬁﬁwmmm:shu'ﬂi:ﬂauﬁém”tyag
4 g wflannulsalWW 1naslosin w3a Rankine
cycle (RC) @T@gﬂ‘ﬁ' 1 fsmdsznavaas U3 wilady
LA3INIR LATDIAILLI UAZUANAIAHAT UG
ORC 9218nn1 RC uazdnnasniswaa Wi wanin
13911914 (working fluid) w89 RC #ltaziduin ud
ORC 2:1% §138un38 (organic fluid) Toiduasf
SIUNFNYDIDG mfuauwamgj ﬁﬂlﬁﬁﬂq@lﬁam‘ﬁmﬁ
Wann 1w a3vinANLie R123 R134a Isobutane
n-pentane 599 1Wls9 W " Uszuanilanunsoldaanu
%’auqmﬂgﬁ@‘i%ﬁa@T&Jmiﬁleﬁﬂmmﬂu"l,a el
%gum%‘mﬁ'@ﬁ‘ﬂﬁ NAANTEuR W e
%@U”uﬁu'%ﬁ'mhqUi:mﬂﬁﬁ‘immﬂdmﬂs:ﬂau
154 WA 1 ORC

Ormat [1], Pratt & Whitney [2] ludszinadanafiusen

Viw UszinaanigenIniduTem

Turboden [3], Exergy [4] uazdnmsAnmunaInw
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$auwApanulselwsd 1 ORC Ainarnwane fnisdnmn
284 Guopeng Yu. [5] ba¥iINN1TINRaILaZILATIZR
159 lWA 1 0RC #ilgiiin Bottoming cycle 184 Diesel
egine (DE) 3NNNANTITINABILAZILATIZANLIT AW
%’auﬁgﬂﬂdaUaanmmmﬂ%ﬁamuﬁﬁma avielaide
Uszu1h 75% LLa:Lgﬂg‘U 9.5% UseANTNINVDI
159 lWA 1 0RC Alganutouiisanniaiesuudaisa
Uszaunm 9.2% fiasouwila 145 kW uasd
UszanFnmaungdafiaesvaaneily 21.7% 1o
154101 oRC

A a A a X
UseANTANV2ILATBIBUALNNDY 6.1%. J.P.Roy. [6]

¥ lﬂl 6 A o v
lenuiaSosundatoa vinlw

ANMTIA TS RN TTAUEUAZ N THIAIN DA D57
AN au‘ﬁ'qﬂﬂu 0315901 ORC Tanldaautandis
nnUaadlaldy NaNTANHITZULRINITONEANNRI L6
19.09 MW f8a351n5 l1Aa28Ia1511191% 341.16 kgls
Iﬂmlﬁ’ﬁmwLmn@hwaaqm%nﬂﬁmsiamm%’auﬂ“u
gsrnnumeluiaiosuanulasuanusandnsn 5
C ﬁﬂi:ﬁﬂ%nwwmwung%ﬁ%ﬁaLLa:ammmmaﬂu
audnfvinny 25.30% was 64.40 % ANEIAL.
Zvonimir  Guzovic.  [7,8].ldRNa1TMIRIAIY
Jululalunslewasauanusanlananludszine
Tastaifoiatanllumsnaalwi 1 :vmisansn e
in1siawalse W1 ORC  uaz Kalina  cycle
WasufisuausTane 209159 MW 1IFaILDD WU
TsslWdrore  Aulseludn

Uszfninmarungrenniszasnailalawfing

Kalina cycle i

WAL 13.5% uaz 12.8% HA3IENT 22255 kW
uaz 2101.4 kW anudnau uazlsslWW1ORC Ay
155l 1 Kalina cycle fitsz@nniwanungdafinis
gaanaslulawmdnduinnii 15slWW 1 Kalina cycle
WAL 14.1% waz 10.6% FuszAnfawanungdad
§09 WWINAU 52% UAT 44% MR991BENT 5270 kW
WRZ 3949 kW eus1aL

Hao Liu. [9] Anmnsinaasifaaaianlsslnda

ORC lagldwasinnainusansiunuLTalwaI51398
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ANM3AnE 159N 1ORC Huse@nnn 7.5% -
13.5% wialWdegludis 1.5 kw 3271 kw.
Bertrand Fankam Tchanches. [10] AneanIvineud
1lulsdlwd 1 ore  lasldwasinuainusaunann
LRIDIAAE INNTENBINLIN §1IHRIUALAL T
ﬁqﬂ o R134a wazdidansioudug fiaulade
R125a R600a R600 Lay R290 Wa@adseainvzialu
309189A210U8 00 AL #8997 §1IRNIIRAINE7
usnda W le

s2uy ORC lNsualglun1sudalnw 1 wddsle
Tumstudiialluszuunsessin msdnwves Joan
Carles Bruno. [11] laat1auuusiasalsslai 1 ORC 1
Itwasnwanutannuasanfiag thaltluszuunses
1N (reverse osmosis desalination) n13@nEAlel
$1809unuls9lWW 1 ORC-RO A% Solar collectors
3Aad11 9 1WSpuLfinuniy RO-photovoltaic WU314AT
leanszuuild ORC-RO ddunudadiuiasiian
AU 2-3.3 €m® #MIUNTassINsan uaz 4.3-95
em’  dwsunsesiinza lwn19aseanudia RO-
photovoltaic ~ Hd N weaUIu1asdavinAy 3.8-4.3
€/m’ uaz 12.8-14.8 €m° & wMsuNsasinnTasuaziin

LA ANA1OU

Heat
<« —
Boiler source
3
2
Pump
1
4
Cold
source
A
2 3
2
i
DD
o
g
[ 2
/ X
Entropy

Eﬂﬁ 1 Basic Rankine cycle

= & a & A4 o
1uﬂ']5?|ﬂ'1ﬂ"]u NﬁlﬂﬂizﬁﬂﬂLWﬂW@NuqiﬂﬁLLﬂiﬁ

F1809n713719 w9153 MW 1ORC NlFaauTanle
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a

Anwidudurias er8ldsunsy Matlab lasdiuio

AENLAVBIFN TN 1UTUATY CoolProp Tatdn

3

1UTBUALUY open-source N&1W1T8 download 31l

o9 U

A o A o &
Nulaslaidalting  TusunIuANawITwa10170

° a a (% A v A [ 4

fMuwrmlszEninwanungten 1 usstan 2 vaunes

Tu'lawding 320196 exergy destruction va47zuu 6
A o A adA

waz twatduuuinislunisnigariundngavas

J2UU ORC da'ly

2. WUUTIRDIATHAAIFAT

Tun13dnu s szuuveslsstWw1ORC  #Ala

'
o a

o =S A o 8 a
ﬂﬂﬂﬂiﬂﬂwﬂuaﬂﬁm:ﬂdg'ﬂ‘ﬂ 3 ‘ﬁ\‘]uﬁuﬂqiﬂ'JUﬂqﬁJ

a4 o a o

(governing equations) NLNYIVDINAI

=2

) My = % Moyt (1
Q -W= Zmouthout - Zminhin (2)

Xdest =I= Xin - Xout (3a)

Xdest = Xm,in - Xm,out - Xw + Xheat (3b)

Xmjin = X 1Mintin (3c)
Xmout = E1ioutWour (3d)
XW = WT.let (3e)
Xneat = 2 (1-1) G (3
Y= (hg —ho) —To(sk —So)  (4)
Qnot = Qcola (5a)
Qnot = Myoe(Rnotin = Mhot.out) (5b)
Qcota = Meota(Reota,out = eotd,in) (5¢)

AIMNFUNITT A BIINITOUININ TGN T

wieeng g Tuudazgunantlaaad

2.1 1% (pump)

h4s_h3
= 6a
M hy—hs (6a)
W, = riye(hy — h3) (6b)

Xdest,p = jp = Wp - mwf('abzt —3) (6c)
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2.2 LA389NIHH (turbine)

__ hy—-h,
Ne = e —hoe
1 2S

Wt = mwe(hy — hy)

Xdest,t = jt = mwf(lpl =) — Wt

2.3 LA38932Lhe (evaporator)
Qlw,Wp = Qep

Qlw,Wp = mgeo (hlw - th)
Qev = mwf(h1 — hs)
Xdest,ev = Iev = LpPin — ZMouwPour
Y Minin = My rPs + Myeothry

Zmoutl/}out = T'nwfll}l + mgeol/}Wp
2.4 Lﬂ%iﬂ\‘iqlu (preheater)
QWp,Zw = Qph

QWp,Zw = mgeo (th - h2w)
Qpn = 1y (hs — hy)

Xdest,ph = )ph = X MinWin — X MoutWour
Y Minhin = My Py + MgeoPurp

Zmoutl/}out = mwfll}s + mgeolpr

2.5 1A38IAILLIL (air condenser)
Qac = Quair
Qac = mwf(hz — h3)

Qair = mair(hZZ - hlz)

Xdest,ac = Iac = Z MinPin — Z MoutPout

(7a)

(7o)

(7c)

(8a)

(8b)

(8c)

(8d)

(8e)

(8f)

(9a)

(9b)

(9¢)

(9d)

(%)

(o)

(10a)

(10b)

(10c)

(10d)
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Zmin'abin = mwf’abz + Myirthy, (10e)

Z MoutWYour = mwflp3 + mairwn (10f)

2.6 Exergy balance

XSystem = Xin - Xout - Xdes =0 (11a)

Xin = Xow + X1y (11b)

Xour = Xow + X2z + Whet (11c)

Xdest.sum = jp + jt + jph + iev + jac (11d)

Xiw = Mgeo[R1w — ho — To(S1w — So)]  (11e)
Xow = Mgeo[haw — ho — To(S2w — So)] (1)
X1z = Mgir[h1z — ho = To(S1z — So)] (119)
X2z = Mairlhaz — ho — To(S22 — So)] (11h)

2.7 5200159 I 1 (power plant system)

2.7.1 Ma3gNF (net power)
Whet = Wy — Wp (12)
2.7.2 UsznSnmaiwngten 1 2suneily
laudnd (first-Law efficiency)

Whet

m= o (13a)
Lﬁﬂ

Qin = Qev + Qpn (13b)

Qin = Mgeo(h1y — haw) (13c)

Qin = iyr(hy — hy) (13d)

2.7.3 Usz@ninwarwngven 2 vasmasly

1audnd (second-Law efficiency)
(14)

ﬁ]’]ﬂﬁwﬂ’ﬁﬂﬁiﬁﬁm’lu"ﬂﬂdLL@iﬂzQﬂﬂ‘iﬂiﬁﬂw”liﬂ

W uTnaaUMIIAIIUI AT LLam‘Lug'ﬂﬁ 4
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3. M3IATRFIVANNANADY wuudtaesdanuiidafiedsiuuusiaesldltde
4 o Av X ~ a A @
WDATAREUANNYNABIVBINLLIIREY I \asanenuAawaAgIFaiaLYINaL 12.48%
laFayauaznaniinanasvaslssinl 1 ORC 189 Seok
Hun Kang [5] laofiszuulsslWd uaadlugn2 & O wm @
o O J = q‘lt' ] @)
Seok Hun Kang lav¥inmssanuuuuaznasaulss Wi ‘ =i 9o
@ ° A o <t 7
orC laglessrireuluszuy Ae R24sfa lapls e —
' a 6 o a Cooling |
AMWA@a$an Seok Hun Kang aduaaslua13en B¢ o
o { \ d Sia' 1 el Sl & —
1 1aNaaIans 9N 2 zAnIdndanuaaiaaian St \j: > Y
{ ' Aa A ¢ a a N ® oy
angafedlsz@nTninaesszuy Sedszantamw ny O AT e
T X B
2894UU3180I0AININNTIINANITNANBIVEI Seok ~~ %”‘ Y e
HUn Kang 12 480/ Boler :: : Storage tank \ (:\vDEimm power analyzer
. (] Punp \ =y
' A ' Aa ° —“:\;3—_—] <] Valve
ANNLANaNNUIINgiRziinINNIFIaedITUL
. W v a
Ll ore luwuudaaslaldRasansgnyde (@)
o v v Q‘ k3 d‘ a g 1
WRIUANNTORIANLFINAR BN NiaduIzninems / Jﬂ(d)
wanidouannuian uazanuiaungyidolugunaal = (®) (e
@199 uaznmsgLoanuawneluszuy F9vinlvna 3] () storage tank
u ¥ = 60 (b) saturated liquid in evaporator
° a a a ' o f
ANT3aeddaUszAnTainuinninlunan1sneaa E (c) saturated vapor in evaporator
I (d) turbine inlet
1 g a a o =
WRZIUEIUVBIANUTEANTAW Carnot VaILUUINRB IR 2 45 (e) turbine outlet
\ E (f) saturated vapor in condenser
1 1 = a '
FAMUINNIINIINARDY 6.46% LHaINNIHIIUAIV D " (
a
ad = d : a 304
gaunndnlglunisianson delddrgmnnigigalu / 10

L . o, - 12 14 16 18
TLUULANAIIN U vdtaadazltaramrnlziaali
. . ] U a9 Entropy (kJ/kg-K)
A ad o o .
sruudegun)iifinnadniaTaanani wilunminaaas (b)

289 Seok Hun Kang lfamnninnaidiiaiadszing p
e, o . o, 311 2 3zuuls9lWW 1 ORC 183 Seok Hun Kang [12]
ldedszUsz@nSaaw  Camot a83unus 188956

, e 4 2 - (a) NITUIUNTVBITEUL ORC (b) N3 T-S diagram
YINAIINNTNARDY AINUEAIIUAITINN 2 F=LAWIN

A13191 1 mﬁlm”l,umimnaaummgﬂ@?’awmuum‘hammﬂ Seok Hun Kang [12]

Parameters Tevin Ttin  Tcout Prout Wt Mt o
Units ‘C ‘C ‘C bar kW % %
Values 77 80 37.4 2.9 24.5 75 85.9

A13191 2 HaM IR ILL U UIoUABUNUNaNIINAaad Seok Hun Kang [12]

T(C) P (bar) % Ny (%) % Nearnot (%) %
Position Yoerror
[12] Present [12] Present error [12] Present error [12] Present error
Evp. in 771 77 0.13 7.6 7.22 5.00
Turb. in 80.7 80 0.87 7.6 7.22 5.00

5.05 5.68 12.48 11.3 12.03 6.46
Turb. out 61 58.5 4.10 2.91 2.91 0.00

Cond. out 37.4 37.4 0.00 2.34 2.27 2.99
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Me-©

AC - air condenser EV - vaporator PH - preheater

FN - fan FP - feed pump GiM - generator
IW - injection well PW - production well HP - high pressure pump
TB - turbine IP - injection pump
(a)
200
g
180 g
w § B
3

140

120

/ Enthropy (kIkgK )
0 02 0.1 04 07 1 13

(b)
31/ 3 32uU ORC AlgwasomanuianldRanw (a) N5UIRMIVEITZUY ORC (b) N5 T-S diagram [7]

{ Start )

k.

Input parameter: P, ,

PL’V’ E)’TZW’I}Z’TZZ’%’AT Vi/t’r]t’r]p

rp>

Varying parameter
Tyand T,

k.

Solve Egs. 6ato 14

|

geo >

Output: i, ., 1, , m

net 2

Wp’W Xdes’nl’nll

k.

END

3N 4 UNUNWTUABUNIARIWITE
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@15197 3 enfilgtTudnGudulunisinassszun ORC Zvonimir Guzovic [7]
parameter Ty, Ty T3 T, Tow To ATy Py Fgeo Py Wt Nt p
unit °C °C °C °C °C °C °C bar bar bar kW % %
value 140 80 25 15 20 15 5 5.6 16 1 2260 85 80

4. HANTANBEN

luﬂﬂiﬁﬂwwf:ﬁlxwmyagaaﬁﬂ Zvonimir Guzovic [7]
lasddmdsznauuarnszuinnsvadlsslui 1 ORC
ﬂ”@LLamlugﬂﬁ 3 uazldenluansen 3 iudsudn
Fem13vinemilglulselWid 1 ORC  @o isopentane
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fwniiaeslanansit
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Nomenclature

specific enthalpy (J/kg)
exergy lost rate (W)
mass flow rate (kg/s)
pressure (Pa)

heat transfer rate (W)
specific entropy (J/kg.K)
temperature (°C)

power output (W)

x.§,ﬂmg.~gg,~.:‘

exergy rate (W)

Greek letters

AT temperature difference (°C)
l/) specific exergy rate (J/kg)
N First-Law efficiency (%)
N Second-Law efficiency (%)
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