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Abstract

The organic Rankine cycle (ORC) power plant has been proposed as a promising technology
that can convert low-temperature heat source to electrical energy -efficiently. However,
implementation of the ORC for low capacity electricity generation is unattractive at the commercial
level. To make it more affordable, this study designed and built a 1-kW ORC power plant to search
for the operating conditions that make the technology more competitive. To this end, the heat source
temperature and the pump speed of this power plant can be changed. Also, the expander of the plant
was not a commercial turbine, but it was a modified compressor. Scroll compressors are massively
produced to be used in refrigeration and air-conditioning applications and their production
technologies are mature. Using a scroll compressor in reverse, as an expander, can reduce the
investment cost of low-capacity ORC power plants. In this study, 2 scroll compressors that are
available in the automotive air-conditioning market of Thailand were modified and used as the
expander. The performances of these 2 scrolls were compared and the plant performance was
investigated. A heat source temperature from 100 °C to 150°C was supplied to the plant. It was found
that the mechanical power is higher by 18-35% for the larger expander (110 cc/rev) than for the
smaller expander (85.7 cc/rev). The larger one provides the isentropic efficiency of 37-76% and the
mechanical power of 806-1,926 W. In addition, the effects of check valve installation were examined
and compared with those of the tests without check valve installation. It was revealed that the
isentropic efficiency increases by 18% while the gross power decreases by 4-22% when the check
valve was installed. The decrease of gross power might be due to the pressure loss across the check

valve.
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A1519% 2.1 ORC experimental works

Author Cycle size Heat source Working | Expander
(kW) fluid type
Macedo et al. 0.5 Biomass (146°C) R245fa Radial
turbine
Taccani et al. 2 Parabolic trough Solar collector (72- R245fa Scroll
100°C)
Kosmadakis et 3 Parabolic trough Solar collector (65— R-404A Scroll
al. 100°C)
Torregrosa et al. 1 IC engine exhaust gas (210-240°C) ethanol | Swash-plate
Yang et al. 3 Electric heater (100°C) R245fa Scroll
Shu et al. 9.67 IC engine exhaust gas (110-150°C) R123 Expansion
valve
Pu et al. 2 Diesel boiler (64-93°C) R245fa, Axial
HFE7100 turbine
Bianchi et al. 0.4 Thermal source (70-120°C) R236fa | Rotary vane
Feng et al. 2 Electric heater (110-140°C) R123 Scroll
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Fractional cost
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V04 heat transfer fluid A1A19 9 (Garg et al., 2016)

volumetric expanders dynamic expanders

work = [ vdp work ~ u?

piston screw scroll vane axial cantilever radial

‘ﬂﬁ 2.3 Expander ﬂﬁll volumetric 8% dynamic (WeiB et al., 2015)
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M13199 2.2 U969 19 volumetric expander ¥HAA 9 (Chang et al., 2015)

Authors Working Expander type New Neyete W (KW)
fluid
Nguyen et al. n-Pentane Radial turbine 49.8 43 1.44
Lietal. R123 Radial turbine 54-68 4.6-8.2 0.7-2.4
Pei et al. R123 Radial turbine 65 6.8 1.36
Chang et al. R245fa Scroll 60.7-80 4.24-7.77 | 0.53-1.74
Zhou et al. R245fa Scroll No data 2-8.5 0.075-0.645
Quoilin et al. R123 Scroll 42-68 1.7-7.4 0.4-1.8
Bracco et al. R245fa Scroll 57-74 7-8.7 1.05-1.5
Declaye et al. R245fa Scroll 27-75.7 0.1-8.54 0.21-2.1
Yun et al. R245fa Scroll 44-61.4 3.2-7.5 0.25-3.3
Saitoh et al. R113 Scroll 65 11 0.35
Manolakos et al. R134a Scroll 30-50 3.5-5 0.2-0.95
Farrokhi et al. Isopentane | Multi-vane 37-45.5 2.59-3.1 0.059-0.15
Qiu et al. HFE7000 Multi-vane 52.4-55.5 | 3.73-3.89 | 1.66-1.72
Zheng et al. R245fa Rolling-piston 40-43 5-6 0.18-0.35
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Authors Scroll category Modifications New | Neyee | Working | Heat  source
(%) (%) fluid temp. (°C)

Peterson, | Off-the-shelf expander - 45-50 | 4.3- | R123 165-183

2008 (Air squared 7.2 (thermal oil)
E15H22N4.25)

Galloni, Off-the-shelf expander . - 4-9 R245fa | 75-95 (steam

2015 (Air squared boiler)
E15H22N4.25)

Abadi, Off-the-shelf expander = 60-70 | 6-7 R245fa | 80-120

2015 (Air squared (steam boiler)
E15H22N4.25)

Zhu, 2016 | Off-the-shelf expander = 65-78 | 0.5-2 | R134a 100 (steam
(Air squared boiler)
E15H22N4.25)

Aoun, Modified air | Fan removed; tip | 42-48 = Vapor 100 (thermal

2008 compressor seal replaced oil)

Quoilin, Modified air | Fan removed,thicker | 42-68 | 5.1- R123 53.4-163.2

2007 compressor tip seal replaced 9.9 (hot air)

Declaye, Modified air compressor Fan removed - 3.2- HFE7000 | 80-120 (hot air)

2010 7.4 R245fa

2.4-
5.5

Zhou, Modified air compressor Insulated 3 2-8.5 | R123 90-220  (flue

2013 gas)

Yun, 2015 | Modified air compressor Shell re-build, ball | 54-62 | 7.3- R245fa 120 (steam

bearing and lip seal 7.6 boiler)
added

Change, | Modified air compressor | Insulated 65- 6.7- | R245fa | 100  (steam

2015 (Anest Iwata SL-165E) 73.1 9.44 boiler)

Bracco, Modified HVAC | N/A 60-74 | 7.1- | R245fa 100-150 (steam

2013 compressor 8.1 boiler)
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(AOTECAR ATC-066)

Kosmadak | Modified HVAC | Inlet volume modified | 20-85 | 1-4 R404A 65-100 (steam
is, 2016 compressor (Copeland boiler)
ZP137KCE-TFD)
Change, 1. Modified HVAC | 1. Scroll tip chamfered, | 72-77 | 4.9- R245¢fa 50-110 (steam
2014 compressor, 2. Modified | 2. Check valve removed | 61-69 | 7.7 boiler)
car compressor 4.7-6
Oroz, 1. Modified HVAC | 1. -, 2. Check valve | 18-64 - R245fa 150 (solar
2015 compressor (Copeland | removed 25-76 thermal)
ZP51K5e), 2. Modified car
compressor (Denso
SCSA6)
Kim, 2007 | Self-developed = 35-40 = Vapor 139-145 (vapor)
Saitoh, Modified car compressor Check valve removed 65 6.5- R113 140 (solar
2007 7.5 thermal)
Manolako | Modified car compressor Check valve removed 30-50 | 3.5-5 | R134a 37-60  (steam
s, 2009 boiler)
Twomay, Modified car compressor | Check valve removed & 3.47 R245fa 80-120 (thermal
2015 (Sanden TRSA09) oil)
Liu, 2019 | Modified car compressor | Check valve removed 22-43 - R123 90-150 (thermal

oil)
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Y Y
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Electrical
output 1 kW
Heater tank
7 T Expander
% £ O\ Generator
(__ Thermal oil 110-C, 0~ Working fluid (777 ‘
0.5 kg/s R245fa 100 *C,
ORC evaporato 6 bar, 0.05 kg/s Condenser
C ) )
:

Expansion tank Regenerator

Flowmeteré Receiver
/57N
@

Thermal oil Pump ORC Pump T = Thermocouple

‘Thermal oil loop @C loop P =Pressure gage

g‘ﬂﬁ 3.1 Lmuv‘i’wﬂmam thermal oil loop 8& ORC loop

3.2.1 Scroll expander
= 2y o ¢ < s A o g A
Tumseinyil desnisaauilasaeumsaaesuesInouaNei11119 scroll expander
p
o ' 1 P ' ' -
Tagidonsau 2 ju 1Aun Aoumsaiwes 810 Sanden 34 TRSA09 1A TRSAT Hel15u1as
N21AABIOU (swept volume) 1N1NY 85.7 1A% 110 cc/rev AINAIAY nazl design pressure ratio

iU Ao 6 TaonslaussnuzesnoUNTAIEDIjU TRSA09 Hanbazamugii 3.2

A A I Y dy A =\ Av A A 9 1 1 =}
WWJWaﬂlaﬂﬂﬂ@ulWiﬁlcﬁﬂiﬂW@u LHEN%”mll\ﬂuﬂﬂﬂﬂ!a@ﬂi‘HNWﬂ@uua$Wﬂ'ﬂ REAIAIRY

v [ [ 1 Y
Uszaniam luuanarannimsidenlsoiod (Twomay, 2015) aznudn 84eid 159Unan

o 1 o y
Tulszmalne naz1damlusosudnaroju SeazainTumsiadouaznvoya
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T'RSA09 Performance

Pressure Dis /Suc - 1.67(MPa) / 196(kPa) [gage]
Sub Cool / Super Heat : 0/ 10(K)

30 25

25
20

C.0.P.

20

C.0.P.

Refrigerating Capacity

Refrigerating Capacity & Power Consumption

05
Power Consumption

0o

1000 2000 3000 4000 5000 BOOD  FOOO 8000
Compressor Speed (rpm)

317 3.2 A9 1MlaNITOULVDI compressor TRSA09

[ o o ~ o
Tumsdaudasneunsaises ¥ HE1A expander ABIEAULTUN9LT1-0DAVDIATT
o 1 A
WMa1U naAe
o Y A 4
- w3 vahideseenvesnoumnsaiyes
Y ] J .. o o I ¥
- YIAING I UTDITEN I orbiting NV fixed scrolls Ml ldaueenin
Y o A F) s
- udrmsian lvasenigeudvesneumsasos
A o 1 T Yy A a4 ¢
ozt usuiu 1A Aonoa check valve 09N 108 valve HogNN1900NY0INOUINS T15DS

@ A o Y A v o 9 [
ﬂ\‘]gﬂﬂ 3.3 ﬂ1ﬁu1ﬂﬂﬁ]ﬂﬂuﬁﬁﬂ1ﬂu1‘ﬂaEJf)uﬂ’diJ
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Check valve
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=Dle
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Check valve 8o 11y
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3.2.2 ORC pump

- 60

[H] |CR 1S-33, 3*400 V, 50Hz
m
Q=0.52m%%h
200 = - H=173m
s n = 2896 rpm
1804 \O\Pumped liquid = Water
160 Liquid temperature = 20 °C
p Density = 998.2 kg/m?
140 =
120 /
100+
80 :
60+ F
404 /
20 - Eta pump = 28.5 %
Eta pump+motor = 24.2 %
O - L] L) L) L] L) L ] L) L L) L]
0 01 02 03 04 05 06 07 08 08 1.0 Q[m¥h]
=1
(kW] P1
1.0 e
T e— P2
0.54 P1=1.01kW
P2 =0.855 kw
00 @ NPSH =1.69 m

3

1

=
N

3.5 (M) NENTIOUL (V) aNBULMBUDN LA (A) nameplate Y89 ORC pump

20
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' '
a2 o/ o A

Pump N 1¥d S udunaeua1sritaululse Iy orC 921915219 M multi-state
. A 9 J = (% o o a ~ 4
centrifugal pump 810 Grundfos 34 CR18-33Iaglinann13v1a1ulage1densunleaniigud
. 3 . (2 d' ) Yy
(centrifugal force) 11NNIIHYUVDITUNWA (impeller) N8 1UAD pump WdBIdIIHIOUMeTUTHT
<3 A o A ds! @ Y v A o H A
AN HewaIUvangeIy Taglunalual pump vzgniniesludnyazoynsy 33 WU e
2 o o y X o o < ¢ v
s uYe9a15 i IR gy tag pump SamnsalSuanuiEisevvemesvina 1 kw 14
a 9 14 L!' ' g’/ 1 9 14 L2
Tl inverter dm5uauaud lumstenszua lihaeua 0-s0 Hz dmsuauautiaves ORC

pump vzuaa13lugili 3.5

3.2.3 Evaporator, condenser, recuperator {L81& subcooler
o % 1 4 { § % {
dwsunquaunsainaniasuanuiounignidenldne plate heat exchanger #3357 3.6
9 ] Ld' 9 [ g’/ z:' 9
wag 3.7 Tagazilszneudleury lans uangniageunuraly 9 ¥u msuanilasuanuiou
a 43! A A A a J Y o 1 ' A o =
melunaduiiosnnarsniiguugiigenin (dudd) lvaasiuresiiivua uaza1sh
] P H 9
gaungiian (dudvi) Travumivanudoungesdall Taoarsis 2 ag 'l lddudaiulaonsa
1 A’ﬂ 1 U Yy =] 1 1
uagnnulauuduTane Tasanuiouszannsomemndsdoumgdudnlarmuuniulangug
uazgaremsaanaie 3unuiuunY chevron 182015 1AL counter flow 328358911113

A Y o’gd Aa A A
wanulasunnuseuvesgnsaiuilszansamngs

\J

Connections Back cover
Zero hole

channel plate

Channel plates

Cover plate

gﬂﬁ 3.6 anvazne luvos plate heat exchanger
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9 o A A Ay Y Y = A '
A1 ITUIUIAUDY plate heat exchanger ﬂglﬁﬂﬂﬁ']llﬂllﬂﬂﬁjslﬂﬂblﬂlﬁu@ul'J “lf\?fl]mﬁ@ﬂ%']ﬂﬂ

A o = ) o a 9 Ay A
vosmsngthuanydsuanuioudu uazmudJnaanuioundesnsuamlaen Tu
1 o a 14 9 A A 1
M8 kW Tagainnissiaesneasiamans auseunuanaesnszyiing evaporator ag
S Y v A EES @ A A a A
condenser 9zl IndiAeanunszua 10 kW nagginsaion 2 ANgremudsz@nsnin uag
desanlunsiiauvealsaliln Ao recuperator 1ae subcooler MUFIAY VEADINT
4 y 4 v 2 4 a -
namdasuanudoundszuia 2 kW A9 UIUIAVDA plate heat exchanger NLABANI1VL T

'
A v =

AUTNUAGNAITNN 3.1

v
A o

A v Y a
g‘lJ‘VI 3.7 aNHMULUDY plate heat exchanger VREVRNCARMIEER
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A wa A A Y g '3 A 9
ATTINN 3.1 ﬂﬂ!ﬁll‘ﬂ@]‘ll@\? plate heat exchangers ‘VILﬁf)ﬂllﬂ“]fl‘ﬂu@ﬂﬂﬁﬂllmﬂlﬂaﬂuﬂﬂ'mﬁﬂu

Properties Evaporator Condenser Recuperator Subcooler
Model name KO050*40w K050*40w K030*30M K030*30M
Capacity range (kW) 11.72 10.34 2.64 3.52

Area of heat transfer (mz) 0.969 0.969 0.3276 0.3276

Material Stainless steel | Stainless steel | Stainless steel | Stainless steel
Max. working pressure (bar) 45 45 30 30

Max. working Temperature ("C) | 200 200 200 200

Max. flowrate (L/s) 240 240 65 65

Weight (kg) 7.03 7.03 1.91 1.91

3.2.4 Thermal oil heater

' F4 ]
unasnnuieugurgiidinsulsedud orc lumsanwiiiii Miieasunasnau

Y v [
Foudianannanudouns W3eMswnTINIa FINTOVATUIIUIHAINNINS oUgUTM Tasaz

@

mmsadeanuiouTasld electric heater YU 20 kW ¥31/5n0UAY heater 10 kKW 2 2

] @ 4 [ 9 LS @
PIAIINU Lﬁﬂ%aﬂﬂizmﬂmm%}au Lla$16]5 Bang-chak heat transfer oil !ﬂu@]')ﬂa’lﬁiuﬂTiW’lﬂﬁ’lN

A A =

v ' A~ : Vo X Yy o 3 - A =
'fl'@uh],ﬂﬂ’lfllﬂcﬂ evaporator i].@Lﬂusll@\clu'lNuG]'JUﬂ'l’]Nﬂ’)’]j\lﬂu@{lﬂalﬂﬂ\iﬂﬂu'] Llaguﬂﬂlﬂ@@gﬂﬂq

o 9

354°C 1 1 v35enma Tae laauiigudn ld1useuy thermal oil loop Ys¥anas 100 a3
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Tam1 .
Immersion heater

IMH-T 8.2x500mm 380VAC 10KW 3U SUS 316 2@

Coolzon Heater zon |
100 00 mm———-ﬂ]

[ i

: 8.2 mm

L 3

r‘\ Rneay \j
| 5

[ =

7

———td44 -1+

SUS 304 infienl 1/2" BSP

Mpogr Wl Ly (i

Mo o

e b

unEmmdeenda Aede Anuendy

immersion heater
IVIH-T 8 2¢500mm 380VAC 10KW
3U SUS316 24

17/08/2559

~ o . Ao ' ? o v
317 3.8 ANV electric heater N1FluMsguiiuion

3.2.5 Thermal oil pump

saq Y o A Y o v Y e . .
gunsainlylumsvuaaouniudonusz 1 positive displacement pump 152109 internal
é A o (2 d' & dy o 7 1 d’d
gear pump F9NaANHAUEMETUAIFUN 3.9 (M) B9 pump YszantvsdmSUgUdIvoAiaIN
A ] %’ v = gj (% cglq/ d’ Y v a o
ANUAUAFUINNY DN pump AINSIBBNUDUN AN TFN VYR I AUV gIlszaas 200°C
1 1 o 4 @ a g‘; 4 1
ApN A NBINDT 1.5 kW 5198051115 11 ld 3.5 m/h uaz 1AAAAY bypass valve ilo¥8 14

ansadSuensims lualase valve Taeliganansznunen1smaruves pump
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=t . . Y o . a Ao Y
31191 3.9 (M) Quarter section view 7181UA2 pump (V) ANYAIE thermal oil pump 33371 T30
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3.2.6 Generator

d’g ¥ o { 4 QU d 4 =) 1
gunsalsuilinihindoundsaiunain expander 1iu 1t iivonda vl 11/dqe
o { o 1 o {
T Tnaana lndhnduvasalil 12 v 60 W $1191 18 vasanevuuny 1ae generator 719
@ 7 = I A A 12
aaualaan1a1n alternator 508UATU Toyota corolla AE101 1.6L T 1991-1998 1iusiiah i
1 < 1 { 1 @ 4

auuimana1ns Tasvzldnszualvid Ivandiu field coil NeguuAITouHanTZAY

] I o dy 9 A A Y [l < 1 1 ~
aunimandaasnIuunuy Taeldlddnnuuamesiensequauiuuimanioulugiei

< o ' 2 %

AMNITITOVAINT 1000 rpm HINTOUFIVUDIUTEWI 1000 rpm 2193MeTU vzdAnTZIANIN

~ o wAa 1 A A 9 9 ] <3 o 9 o Y
wuawes lagena 1uia uazutia Ilihinaa lduadeauuimnandinsdedies Fanyue

{a g‘/ I @ {
Y04 generator NAARIUUYA 159 TWhaziTludsgili 3.10
{ o { a 1 <3 a
Tunsaifusau lvlidinaa 18910 generator gan1 15 V 91nA1152150UgURY 3000
A g o ' Y a A

rpm WT regulator wagﬂwwmzuﬁ"lﬂﬁwm generator swihmsaaussaualunu Ui ground
= o ~ a A Y 4 a o g’/ A 9
Fuiunalnlunisdesiunumaeisziaiiosninussduasoganull duiwieldau

9
generator A1 19 sz@nsnmmaa Ilihgeganisldamluseumsvyulusialszua 100o-

1500 rpm e tloanumsneussau lnihnwda ldinu 17 ground Taegalaniues
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$0Av04 generator Uszianiiaedisiaign fnumuniu uazmieIdihe uadeidene
Yszansamlumsnda i Sennmsnaaesmuhaunsondeuiidimsnadiullihdae
Usz@nSamiies 20-30% teanindeamsuia llihiinaa 18dumia ldadeamnumiman i
field coil 1 1HFIE I gNF 1A generator szianiidininszinnfiFmimadnaisaie

A

] <] o {
AUINLNAN Tﬂﬂﬂmﬁmmmmwmm generator ﬁwuﬁm'lﬁhlumiwﬁ 3.2

M3197 3.2 AUTVIAVDY generator

Properties Value
Model series 1991 — 1998 Toyota Corolla AE101
Amperage 70
Voltage 12
Regulator Type Internal Regulator
No. of pulley groove 5
Belt type 4PK 900
Output type DC current 12 V

dJ

3.3 ihmsdaveginsamaziszneufansganaaey

Y

v Y [}
Tastunouiigive lansszaeu af1alse I nazgilnsaiinertesiuganaans
9

Ay A A A A
TNUUA NYIDILATDINDNA DINNTLATDOIND 1

[

gi dy L] 1 1 1 9 o dy
Tagvuaouivzutaiuaiudgos 6 aIUA8AU Al

2 ¥
3.3.1 MIVU IATIasN
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Thermal oil loop
A

ORC loop

507 3.11 mstuTassada1selwihues ORC loop 1ag thermal oil loop

Taseaaszsznavudie 2 dauueni 141n ORC loop 118¢ thermal oil loop 1A8 ORC
= I ) @ .
loop 93N 9geuIAn N1 x 819 x g1l 1 x 1 x 2 m 18z 1 x 2 x 1.5 m’ d1151 thermal oil

A = [ o d
loop LW@LWEN‘W@ﬂ‘]Jﬂ”lii]ﬂ’)NQ‘]Jﬂim@]N 9 melu

o [l g a [
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Tagd11i5U ORC loop 9281999 TDOALLUIN 2 NTUITY (Eicke and Smolen, 2015; Zywica et
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al., 2015) Taglivanaa Aall
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Y
Tagn1sdaauuuiiaoz 1donInav1n buoyancy effect ¥r81a3 un15 lviaveaas
sz

1 YA [ J 9 Al ci 9
Elﬁlﬂl!‘lJ‘]J"lJu'lﬂ"U@\WlE]Iﬂﬂiﬁuﬂ]u'lﬂm'lﬂ]L!'IﬂﬂlfN‘]/'IE]TINL"]J'I"]JENQ‘]JﬂimﬁN 9 el

= =

mamslasunlasnidalidoeNiga e 1Hina pressure loss osnga

q

[

189 receiver Az aNa151MUABUA pump 1T T1509U A1 pump Has
o Y a & A . A A °
M liganasanal 9NN suction head INBIARHTAINNITINNIUYDY pump
1 @ ' 1 A g
ponuuulntinms@eidivesnelidesngamimiulyla
1 { 1 a v <A 1 )
imsldvendanguld (flexible joint) Vinanivaiginsainaaiiegdu
1 < T 7 1 ' { B
lémomanuaz ldmsaeuvuidunaedlugaiaiainginmalasunasginssilu
LA s aw 4 2 4 s
puAa dauimasazldmaFeunnsnmuaiiedoinisnssa
A v o4 A ) A A 0 o ¥
donldginsainmae lalutewnainiione iodieasnisvie

Tsallihazesnuuulinanyas 1159 o ¥18153 0932110017 T2 U18AINS U

YOI motor pump LA I1BABNTINIDUNDIIFITNEN

' | | | ORC pump
Thermal oil loop : ORC loop |

31/ 3.12 M39A21991n38iv93 ORC loop 11AZ thermal oil loop
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#1415V thermal oil loop @5 1911 Btedrasaunasanudeud msulse i Taeld

o ¥ v A B Y o A P o o Y A
electric QHHTNHiﬁ’E}ﬂ!ﬁQNQ’Q@1N@’E}Qﬂ1ﬁ Lm’Jumummﬂaﬂumwmﬂunumimam VDAND

q

awsnlugungl lalusaandrauns1z thermal oil HyatdeaogNilszuia 354°C Aauay
o [ 1o & 3 < (J {
vsserma mldanuanluszuyluisuiludesguniiounisld losndudiwminiuioun

a [ 4 g vy [ A o A [ 9
PUNYUGN 9 Vl'lcl‘ﬂ5$‘U‘Uu"lllﬂf)\‘lfN')'miﬂ\‘lfﬂii'JLufJ\‘]ﬁ]Tﬂllix‘]ﬂuﬁluig‘U‘U wazd NS ly

Q U

P [ [ . 1A a
aﬂﬂimﬂ"lmmwummu 1835119049 thermal oil 2gN 70 UIN/aN3T

Q

ao I
Taal1a11398904 Dickes et al. (2014) tag Jung et al. (2015) @35 1% thermal oil 13
o Y a Y o o [} =) [ = 1 [
danaramianuiougungila 145°C uay 158.7°C 15 wAeIny Fanuaianuauluszuy
LA 6 A
thermal oil YA UWEN 1.5 bar

9 o . 4 [ J .
#m5UNTeNUUDYA thermal oil loop 9z Ul5znou'll1d 3 ginsaindn Taun 1. oil

A

pump {oVUAADY thermal oil, 2. heater tank ¥V 9 electric heater Bl wag 3. expansion

= a & A

tank 131919191 1967 thermal oil vena@uiioganiigaiu iedosnunianaussauazanlu
szuvFeannsagiemsiauldlugn 3.
Y
a L9 1 o o w
Tuau3tet 18a31952 00 thermal oil llunnasnnmiousinoslastimaslunmsad

Y 0 ayn gy o 9 o v Y @ L4
ANNIOU 20 kKW Lmzmqmwgn"lﬂ@mmaﬂ 150°C Tﬂﬂﬁﬁ\‘]’lﬂﬂ@ﬂﬂuﬂﬂllal ﬂ']ﬁﬁ]ﬂ'JNQ‘]Jﬂim

719 3.12 mInaaeumsi lasmsonomaluszuune
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Tunmsnageumsiraziiuiennuinledn Wedadsaie q Wgszuy 15U R245f 197
Tdaelumsez higwisoireengussermaladie ilesdarodesniugulditoulaluns
\ =l d' =) 9 =) o d’
naaeeae q Ianed danuaadunsnveulimamshauluszouTsdlih vaziesn

o = 9 d‘ 9 gﬂ = o ) Y
a5 lnoud 1N s In 450 11n/kg 15nanua 20 kg) Ihnsnageunsialagoa
T Y
2 IMAINTZUvaNdan1elueINImATee 1| 30U 7.5 bar REUAUUTTOINE HEINUY
o <3 @ = H 1 v o T Aa A 1 @ o 1 1 A Y
M3 195age 37 Taemsdahaludadumianinnu@ssinie i dedusuisnudons
= A ] 1A o o = & Yo A
nded nazsoion Funinnunimsiezlsingvedgilin 3.12 gz Idihmsud lvawgad
' o o Y v 9 Yy o o < v o A o

woaulinumsiala q azihimsdauseaumald 1 u naznduuudsaluiudauniiiussduan

v3e'li Wetulan lutimsFudiseiimsdaasrian R245f 0119010 59 Inlihd o 20 ke

y .
waziiuranay SP-10 1 kg v3eUszana 5% laguiaasiau

=S A A W
3.3.4 MITADUNYULATOINDIA

[

nsosiiodaluga el orc i1 3imedanmauiinais q vesasieu uazialy

1 o % o % 1 4 { { . 4 G'QJ 4 .
dauvesmasnuna mas i nagadu q MneIes Fazdszneudleseveglnsaiaail ¥

[

R ~ < A A 2
ﬂgﬂﬁ’nﬂQﬂ’]ﬁﬁ@‘llﬂ/]ﬂﬂllﬂﬂlﬂulﬂﬁﬂﬂuﬂ JU

3.3.4.1 Thermocouple type T

3.3.4.2 R245fa Rotameter, Water Rotameter
3.3.4.3 Pressure gage

3.3.4.4 Data logger

3.3.4.5 Torque meter

3.3.4.6 Tachometer

3.3.4.7 Clamp multimeter
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M1519% 3.3 AUANIAUDUAT0INDIA

Parameter Description Range, Accuracy
Thermocouple Type T -40-350 £ 0.5°C

Pressure gage Bourdon tube 0-25 bar + 1% Read, £ 0.1 bar
Flowmeter Rotameter 0-52 L/h, & 4% Read, + 0.5 L/h
Torque meter Strain gage 0-10 N-m, £ 0.2% Full scale
Tachometer Laser pointer 2-9999.9 rpm % 0.05%, £ 0.1 rpm
Clamp meter True RMS DC Voltage: 0-600 A + 1.5% Read, £ 5 digits

multimeter DC Current: 0-600 V £ 1% Read, & 5 digits

DC Power: 0-100 kW % 1.5% Read, £ 5 digits

o & Y '
TaggnsaiNiuuAvansaouINeUITY thermocouple, pressure gage A torque meter
Y ~ ' Y 2 = A A o A '
vz Idgnaeuiiouneuldnunsau Tassessdeaveuniosiioinazszy 13 lumsieh 3.3 dau
?A A n Y = = o o A A . . A v 9 o W
gunsaiou q N'luldaeuieurzinmasulsenu Wiell certification 91NV HNAUFINAL

= 9y A Y = = = ~ [ dy
138U D8 Tﬂﬂqﬂﬂim‘ﬂU],ﬂﬁf]ﬂmﬂﬂl,’é)\ﬁzllﬂ‘c’l‘jglﬂﬁlﬂﬂﬁﬁ@ﬂl‘l/lﬂﬂﬂﬂ@lf]ulﬂu

3.3.4.1 NMSAOUINOY thermocouple 92111 1AsTDUINIUNY thermometer 150N NEIU
Y ° o 1 1 y o 9 . ~
M5 19911 0-200°C + 1.5% Read +0.5°C Tagguasli1ue191i1iuson (heating bath) Neuisn
gangi1a 30-120°C nazi1n153Agun NN 14910 thermocouple 10 A7 WAL thermometer
o I 1 1 g’; o 1 A
U50M910 30-120°C TAgThiMsNUAIND 9 5°C AA1ATI9 1INTUINIAIN A1 thermocouple 1Az
y o [ [ <A 4
thermometer ¥18&314 calibration curve 10151 1 auduwusn1a ludouas data logger tite
~

Usuudmanasesiiedaligndesaeli) Tasgimsdeuiion thermocouple vzteraal3lugia

3.14
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Thermocouple

317 3.14 MIA@UINGY thermocouple
v Y
3.3.4.2 MIADUINYL bourdon tube pressure gage N 1% 1UA1TITENINUA 4 §3 LHINT
douiioy digital pressure transducer NUANVAZDEAFIFA 0.01 bar AIWAAIAAADY 0.04% read
1] [ A d' tﬂ' a o o
+0.05% full scale TagtlSuusIAUIINAA 1 bar Ti50e S AUFANTYNTITNINIUVDN pressure gage
A a y A o o ' ' Ay ~
1 0-25 bar 1AYAOUINOVN IV VINNLTIAUUAZAALTIAY WU TUBIUTUAY pressure gage 1)
A [ @ I Y a1 A Y (] '
AMUATIAAADUFITA 25% UANAI910 2 bar ifuan liTismnuaaiamaouiosnin aglugas

0-6%
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Bourdon tube Pressure

gﬂﬁ 3.15 MIAOULNEY Bourdon tube pressure gage
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3.3.4.3 MIAOUNYY torque meter THUA strain gage F115VIAUIILAVOY expander 1
?7’ % a o o d‘ ! 1 d' Y

TagnagouuyIUiMIiNUIATFIUAREANFEN151T1IUYOUATOT 910 0-10 N-m WU 1A%
anuaaanaoumasguanlsiund (calibration factor) Uszaas 1.13% Taeg1 torque meter
1Az dead weight N1 lumsaeuiiouszuaaslugii 3.16

3.3.5 MIRuAUIU

A = 9y [ 2K o . [ =<

retfosmsmsgapdonnudouvesasiinu 59u'l1U8ei9 thermal oil gUITEIMA ¥4
o Y a A o Y = 9 9 A a A a
ldszaninmaealseliihdias deslimsduaniuszuy Tasjuauiunuinungungi

1 a 1 i 4
g9 uaz lidesms lhinanmsmomanuiousengussema Tasldmuiulwiwesnard wun 1

£
Yy

A a [ 1 g’/ 1 J 4 4 4 1 U
11 fuaaeauinasina naludiune 1aa gUnsaiuannlasunnudou uaszas luaiuves

pump 1A% expander 11999103 O—ring seal UAIRBgN 18 U lid IO NUANN O UG B0

'
A o

Y 4 ' Y S o ~
izmﬂm"lmauﬂﬂﬂmﬂqﬂﬂim Tﬂﬂ‘l/li]‘l/lmmi‘kjuﬂuauﬂwaﬂymzmugﬂﬂ 3.17

Recuperator (insulated) S

{ 14 1 Ja o o
511 3.17 msuauau wesnanauuszuuve uazgnsainsuilu
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e

expander

~ . Aa g‘/ = A A
31]'1/1 3.18 %@ Thermal oil L1ag ORC loop NAAANBYNDINITATOIND 5

3.4 AMUNMSANYIIDY
1 9 ° y 2 Ay A A A A
TslWhuazgaunasnnuiousiaes gnainiunveuniosliona 01n1sn3eiio |
o < 9 = av 9 Ay .
HaziiMInaaeun Iy atazAnE1IY tag l9a151591 TnAN1 o9 Thermodynamics

4‘ = d' a v = = =
F5110 2113159900 5 mmmmaﬂmﬂﬂaﬂqsmi V. UATINYIAU

3.5 35MINAaog

a

9
Tumsfnuil sg@nwigninaves 3 aaus 1dun 1. gungluvasanuiouyndn

U

v 9
mmﬁiumsﬂauﬂﬁzumm pump, 2. YVHIAYDY expander AT 3. ONTWAVDINTITAAAN check

[ 1 Y
valve ¥4 laagidoyalilum15199 3.4 uaaznisnaassaziinisiuiinna Tasasan Tsa Tl

[

A o = 1
MuUNMrUA TaglduaouNTNAaIAdL

Y
(2

1. AsQuugiiunaInudoun@InIuAN heater 1318 thermal oil loop (Aanaaslugil

<3| )
i 3.18) 1Tl 100°C wd T thermal oil pump 50 1¥gagR IS ZIN® 10 W17

a 4 a o < { 1 { % { o
2. 11l cooling bath tilewaatuduRazdalUf subcooler Fadnfiilansirannd

an1uzid)y subcooled liquid NOMITT ORC pump
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Ala bypass valve ior/aguidunians Imavesansianuld lwann evaporator 11/

&4 condenser 1a8'11H U expander ti1asnnlai M AnToa lUTITA FO1ULVOY
o I ] o Y a =

ashauztuveaurad min'lvaru expander 92 linan oMY

Y
1 %

1)@ ORC pump Wiayu ball valve Tiiduniia 30 oer asnnud lihdiialszua

=

30 Hz uddaunagnaoelu rotameter 119 3ndns1ns Tnavesansiiiom Tugiedu
Q'J lﬂ' o o L} % =

gnasyIzduNINiiesInanuzyeId 1L linwd nazivesle Tnalziu

A A A & A A d P Ay 9 oA

iiegnaveianiie JunuaudumndeIns 19 wud 40 Hz

- 2 o g 2, g '

e valve WilszihasihhidnimaeduveTs Wi condenser

dUNAADIUZUIEITNINTUN sight glass NOUIYT expander 50IUNTENIATTHINIU

IS 4 1 [ <

nanenilulo (Noweer1u sight glass 92 liwiuveunad) TastimsisadieTsunsuy

aol ) a 2 o d‘ o ] 1 9

F11aorgurginazn A uYeIa 151 uNA 1IN uid1 expander 11/

ATINADUATDIUZYDIA15H9IUIN 115011050 NIST REFPROP

- iy M . 2

e bypass valve Teasmauimealan lvaan evaporator H1H expander 91N UY

a) ~ o o a Y a

e ball valve NNIUANEATINS Inavesdshauan@y 30 osnliilaga

a ° X o { g @

Wanaoalwving 60 W 119 1 waea FehmrhinduTnaame vl @waaslu
1 Y i1 v

517 3.18) udrihimsidlanaea lilduiniuiiazvasaeninis: Inaagagan

generator 51 18399z 19 Iamaswan Iihgege Tagluvazidlalddunanis

M3V generator Nasonan Wi 1degnie li Tasaainuseauliihianasoun

Y 1 A <] = d A
Iﬁﬁﬂiﬂ’gﬁﬂ’n 10V Wi'ﬁ]ﬂ’)'liJLi’Jif]‘U‘lJ‘iwﬂm 800-1000 rpm GINLTJ‘Llﬂ'I‘ﬂ generator

A 4 Y [ <3 o % A A
FUASNATLUANDIAA field coil I a1 9aummanalsanodldaaeTaslng 7

v
=

AUD 40, 45 uag 50 Hz 3 las1uru Ivaanaea Initla ldaega®n 5, 7uaz o

u q

HaoANINa 1ALl

Y Y 1 a g
solWan12z Tsa T udg steady-state TaogoingavglluTseTudiavua s

o ] d' a 14 d' 1 a o 1 d' S =X o
ANV UINABDUNAUNDT LNBﬂTQWﬂQNﬂQﬂﬁT?ﬂQVI1J5$3J1i1! 10 UIN JWABININIT
2 1 a Y @ 1A v o 1 ~
UNHAYUNHY LIIAU ’E)Gli'lﬂ']illﬁa Hagn1ou € ﬂ\??‘]')f]ﬁl']ﬂclugﬂﬂ 3.19

@ o < o A : I ) o g
ﬁﬁﬂﬂ'lﬂﬂuﬁﬂﬁ»lﬁlﬁiﬂ Vl'lﬂ'lil,Wllﬂ'J'llla"ll’fN pump 13w 45 Hz 1nUUNANUVUAD Y

- 3 o A dq 9 A <
N 10381 uazﬂsugﬂaﬂumma”lwmummmu"lﬂumﬁm 3.4
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H Y H ]
11. %8391 Mn5USuAMUD pump Tuduaaun 9 asuazimslasugurgives

Y v Y H Y
thermal oil 1n8'11/A%A1 heater 19 1Agaivinil 130°C MntwIMWAIUADUA 1 D3 9 9

uazilSunlasusgamgliunasnnudeuliasuaulenluluased 3.4

tﬂ' [ 1 d' a g‘/ o d' d' 9
12. LiJ’é]‘lJi‘UﬂWﬂ’J'liJﬂL!ﬁ%Qmﬁﬂ"uﬂiﬂﬂﬂ 9 MINAae WM sasu expander Nl

< o ¥ o {
NAADUN 85.7 ce/rev (L UVUIA 110 ce/rev AL IuTUaDUN 1 D4 10

Y ' v v '
13. ¥MM3AAAY check valve TuanbaEA1d 9 A1uA15199 3.4 tazsng luvuneui 1 94

10

14. 1A818991NNAR0UAT V2RI cool down 153 11 Taeri1n157@ heater taz

v | YA 1 o ' R B A
TSUIYANUIOUDDNIN thermal oil Gl‘l’iiJﬂWﬂﬂ’ﬂ 100°C i]\jﬂ@ﬂﬂﬂ!ﬂﬁ@\i

A1319% 3.4 aalsnldlumsdnm

Parameters Quantities

Independent variables Pump frequency (Hz) 40, 45, 50
Thermal oil input temperature (°C) 100, 130, 150

Scroll expander swept volume (cc/rev) 85.7, 110

Check valve addition

w/0, before expander, after

expander
Dependent variables Expander torque (N-m) 6-10
Pump speed (rpm) 1400 - 1900
Working fluid mass flowrate (Lpm) 50-180
Shaft power output (W) 500 - 1900
Power plant heat input (W) 6000 - 15000
Control variables Thermal oil flowrate (Lpm) 35
Cooling water flowrate (Lpm) 37.5
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@ DCS-100A - UCAM-5504 - TESTO002.KS2 - u] . . experimantal planxdsx - Excel stamdade <~ M@ —
File Edit View Set Measurement Check DiAdem Window Version it Page Layout Formee Data Revian View Developer Help Q Tell me
CH &%
oy T
CHCond. Meas. Cond. Explon B I U- AA 3

Paste Cells = Editing

e riecy B i — Clipboard T Font - Alignment 2| Number styles
B1 f 31 -

A B C D F G H
1 ‘64 config 31.3}ambient RECUPERATOR
2 Raw data Computed data
3 Tewater in (°C) 293 Qin ol (W) 13822.00272
4 ow Tewater out (°C) 339 Qin ORC (W) 11748.70231
5 Vdot cwater (I/m) 35 Qout cw (W) 1646.516552
6 mdot water (kg/s) 0.580534 Qout ORC (W) 450.1118228
7 Tevap in (°C) 68.4 Qout sc (W) 885.7403917
8 Tpump out (°C) 25 Heat Qout scr (W) 38.89712941
9 Tpump In (°C) 235
10 Texp out (°C) 98.8 Torque (N*m) 334 6.68
11 Texp in (°C) 1239 Torque Speed exp (rpm) 1404 2755
12 Trec in (°C) 271 Pshaft (W) 1926.222533
13 e Teond in (°C) 418 Pelec (W) 411 102 419
14 Tscin (°C) 357 Peer Ppump (W) 181 280 877.7%
15 Vdot ORC (I/h) | 146.2622 Pscr (W)
16 expinphase  #Superhez Pht (kwh/t) 0.2
17 exp out phase  #Superhez pht (W) 50,09 14374.13
18 cond out phase  #Subcooled liquid  Pump speed (rpm) 1916
19 pump in #Subcooled liquid
20 mdot ORC (kg/s)  0.05452
21 Toll out (°C) 1375 » 6.125
22 o Toil in (°C) 149 nisen pump 0.26843064
23 mdot oil (ka/s)  0.483862  Eff  nisen exp 0.493684214
24 Cpjoil (KI/kgK) 2.484 ncycle -0.03317592
25 Tscer in (°C) 151 nmech exp 2.367786974
26 sc Tser out (°C) 185 nmech pump 0.137692999
27 Vdot scwater (I/s). 0.065789 ATsup 30.71117864
28 mdot scwater (kg 0.065713 neycle (mech) 8.923921175
29 Ppump in (barg) 2 mdot_wf 1 scale 3 times
' |30 Ppump out (barq) 10t1 648
F2/ CHCond.  F3| Meas. Cond F5| REC Fé| STOP F7) Initiel ‘ test16 Occ test 110cc test18 ‘ ’

A @ I <] @
Qijﬂ‘]/l 3.19 GI'J’E]EJNﬂ'lilﬂﬂﬂuﬁﬂwaﬂ'ﬁﬂﬂa@\‘l

5 2
3.6 oulsusranssaus
v Y
dmisuaulsn1Flumstsraussouzvodse i 1dnmstenn Iiduaums
Y

dae llil

d' Y @ g’/ ) d‘
aumsnlFlumsmuaanunaium Idannaunisn 3.1

27
60

(3.1

Pshaft = Mgt X T X

=) [
Tas P, A0 WAIUNEA (W)
< o ] @
(1)gen f’d]@ AITNEIITDUNITHHUYDI generator NAOWNNY expander (rpm)

4 o
Toen Av NOINVDUNAIVL generator (N-m)
aumsnlFmlszansamsivveaTse I ldnnaumsn 3.2

_ Pshaft _Ppump
Neyete = Ty fARp %100 (3.2)

Tag M. A0USEANTNINTIMVRITZVY (%)
rh ABBATING 11av0d working fluid (kg/s)

Ah_ 10 HAA9TEHIN enthalpy ¥OIEN51U NOUIT LIAZHAI9N expander (kI/kg)
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P,y NOWATIU T pump 19 (W)
~Aq Y a 9 a A . .
dumsnlslumsdsziiuaussouzved expander Usznouaie aun1slsz@nFnIw isentropic

VDY expander AIAUNTN 3.3

h in—h
. — _expin exp,out x 100 (3'3)
1sen,exp hexp,in_hs,exp,out

iag h Ao enthalpy U948131191U AU LaYHdd0on expander LIQ1E h

exp,in exp,out

Iﬂ EJ h s,exp,out

) % 4 g 3 . .
ﬁ’ﬂ enthalpy Y9I@1TNINIUNAIDONIN expander Lﬁaﬂizmumimawmgﬂmmu 1sentropic

expansion 9 enthalpy ﬁﬂﬁ%ﬂ@@ﬂl&ﬁﬁﬁﬂ (kJ/kg)

{q 9 a t4 Y a a
wazaumsnlglumsdsziivaussouzvesginial pump Usznovuals dumslscaniam

isentropic U84 pump AIaNMIN 3.3

_ 1'1s,pump,out_hpump,in
~r]isen,pump - x 100 (3.4)

hpump,out_hpump,in

o ! 9 v
iag h ﬁ’ﬁ] enthalpy Y9I 1ININIU NDULUT UASHAIDDN pump LS h

ump,in pump,out

T h

s,pump,out

o o . g < . .
Ao enthalpy Y9IT1TININIUNAIDBNVIN expander Wenszuiumsverea ndunuy 1sentropic

expansion 9 enthalpy ﬁ'mm@gﬂumiaﬂ (kJ/kg)
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1 Y
na1n 1§ iednu1dnTuesdulsans  aedeliil

4.1 aNEWAV0 expander swept volume

v 9 g o = =} o A A [
TurdetiazsinsanyudSouion expander 311U 2 1AT09 NI swept volume (MY

o o % 1 a 1 I
85.7 cc/rev 1Az 110 ce/rev Taviimsdsudmlsduldun guuglvesumasnnuieusnduilu
. 1 ) .
100, 130 uag 150°C uazanvanszua lina1e1% pump 15y 40, 45 naz 50 Hz a1e Tagh
< 7 o A A Y 1 A =
AMNI5ITOVVDY pump 2 sAUATIR VAN YDV I AT181% pump nA1IA® pump 92T

d 2 4 { 2 g’/ 4 o
ﬂ’ﬂmi’Ji’f)‘]JiJ']ﬂ‘ﬁ“L!Lﬁ@ﬂT]iJ?]iﬂﬂ‘ﬁU PINUU Lﬁ@ﬂﬁhiiﬂu%ﬂli’)ﬁ expander éﬂquﬂsJ}@HﬁfﬂTﬂﬂWi
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< A a o 1 Y 2
‘VlﬂﬁEN]’lﬂ‘Wﬁ@@ﬂﬁ'l‘V\IL‘W’E]‘W%15m1¢]3llﬂiﬁlﬁiﬂu$¢n\‘i 9 Iﬂﬂllﬂwaﬂ'li‘ﬂﬂa@\i U

2200
@ 85.7cc, 100
1800 %
85.7cc, 130
) A ..o‘..
1400 & et 87.5¢c, 150
& 00'.... ...o‘. ‘
a” 1000 110cc, 100
600 .:~.' ..0.o°'....... ‘110CC, 130
.......00
4 110cc 150
200
40 42 44 46 48 50
Pump frequency (Hz)

[

~ [ -4 [ A 9 A U Y =
E‘IJTI 4.1 ﬂi"ﬂ/\lﬂ'J"IﬂJﬁﬂJWH‘ﬁsUf’NWG\N"IHﬂﬁTI]lﬂ VRUNYUUHANANNIDU LUASAITUD pump
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1n3U7 4.1 naluaasnnuduRus sz nieawdvesmas dda ¥ s pump Tu
Y

1 ] H Y
unu X uaznasnunanlse i orc waa 1@ luunu Y wuduiiennud pump snusiu vi1ld

=

<3 o a o y A X {
ANUIGITOVUAZOATINS IMaves pump galiu damalimskdandsnunaiuiuiuaies Taeh

=

gl 150°C 92 Idnasaunagega sosasunefiguugi 130°C uag 100°C MudERy Tagh
gl 150°C expander Y119 swept volume MY 110 ce/rev 3% TAWAINIULINNIIUUIA swept

1 (% U = 4‘ v A dgf (2 d‘
volume 110U 85.7 cc/rev U5ENIU 17% NA1IADLIBOATINT IHaNNUYUINNTUTVANND

] P
pump danalina I UnANNAFURY

10
9 ‘Q..D........ . e00coe,
.o-.t.--. ® 85.7cc, 100
8
. 4 85.7cc, 130
64
S 87.5cc, 150
<5 X
S 4 i 110cc, 100
3 g
, S 4 110cc, 130
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Pump frequency (Hz)
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NAADVYDINUIIUDYN 5-11 bar WoaNuAUNlFnagoulAut1lnan1 design 399111H pump
= Aa A dal U ad o A A A a A A °
ulszansa gy Tudiuvesguugleailssansnnedn e ngurIvedans iy
vaawanensIau lovesdsiau Tasningaguugigaussau losawn Fedwaidoaens
o [ ~ o Y [ Aa g 1 9
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4.2 INTWaVDINISAAANG check valve
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loss (bar) ratio loss (bar) ratio loss (bar) ratio
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UAMINNNTAUAA check valve HAIDINH1THIIUDDNIIN expander UUIDI
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100
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4.3.1 Shaft seal pump 3
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g‘/ 1 1 EaR o
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.3.1 main function

»figure; hold on;

v mdot

a=0; %start of interval mdot wf

b=5; wend of interval mdot wf

epsilon=0.05; %accuracy value

iter=10; wmaximum number of iterations
phi=(sgrt()-1y2; %»golden proportion coefficient, around 0.618
k=0; wnumber of iterations

x1 =a+l-phiyxb-a); % computing x values

x2 =a+phix*b-a);

(f x1,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p_cond,mdot cfl=trilateral evap outer2xl); %
computing values in x points

(f x2,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7, T8, sum UAevap, sum_UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p_cond,mdot cfl=trilateral evap outer2x2);

% plotxl, f x1,'rx") wplotting x
% plotx2,f x2,'rx")

k =1;

while (abs®b-ay>epsilon) && (k<iter)

if(f x1<f x2)ywminimize < , maximize >
b=x2;
x2=x1;

x1l=a+1l-phiyb-a);

(f x1,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p_cond,mdot cfl=trilateral evap outer2xl); %
computing values in x points

(f x2,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p
evap,p_cond,mdot cfl=trilateral evap_ outer2x2);

%
% plotxl,f x1,'gx");
else
a=x1;
x1=x2;
x2=a+phi*b-a);

(f x1,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p_cond,mdot cfl=trilateral evap outer2xl); %
computing values in x points
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(f x2,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_

evap,p_cond,mdot cfl=trilateral evap outer2x2);

% plotx2, £ x2,'gx");
end

k=k+1;
end

0()
%% chooses minimum point
% if(f x1<f x2)

% sprintf('x min=xf', x1);

% sprintf('fx min=»f ', £ x1);

% plotxl,f x1,'go")
%else

% sprintf('x min=xf', x2);

% sprintf('fx min=»f ', £ x2);

% plotx2,f x2,'go"
% end

dTs =f x1;

mdot =x1;
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.3.2 Outer2 function

function

[dTs,Wnet, T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7, T8, sum_ UAevap, sum_UAcon
d,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p e
vap,p_cond,mdot cfl=trilateral evap outer2@mdot)

% figure; hold on;

vwmPevap

a=300; %wstart of interval pressure evaporator

b=1000; wend of interval pressure evaporator
epsilon=0.5; %waccuracy value

iter=10; wmaximum number of iterations
phi=(sqrt()-1y2; %»golden proportion coefficient, around 0.618
k=0; wnumber of iterations

x1 =a+l-phiyb-a); % computing x values

x2 =a+phi*®-a);

(f x1,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p cond,mdot cfl-trilateral cond outerlxl,mdot); %
computing values in x points

(f x2,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p cond,mdot cfl-trilateral cond outerlx2,mdot);

% plotxl, f x1,'rx") %plotting x
% plotx2,f x2,'rx")

k =1;

while (abs®-a)>epsilon) && (k<iter)

if(f x1<f x2)ywminimize < , maximize >
b=x2;
x2=x1;
x1l=a+1l-phiyb-a);

(f x1,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p
evap,p_cond,mdot cfl=trilateral cond outerlxl,mdot); %
computing values in x points

[(f x2,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_UAco
nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p_cond,mdot cfl=trilateral cond outerlx2,mdot);
%
% plotxl, f x1,'gx");
else
a=x1;
x1=x2;
x2=a+phi*b-a);

(f x1,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
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nd, x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p
evap,p_cond,mdot cfl=trilateral cond outerl(xl,mdot); %
computing values in x points

(f x2,Wnet,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_ UAco
nd,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p_
evap,p_cond,mdot cfl=trilateral cond outerlx2,mdot);

% plotx2, £ x2,"'gx");
end

k=k+1;
end

%

%% chooses minimum point
%if(f x1<f x2)

% sprintf('x min=xf', x1);

% sprintf('fx min=»f ', £ x1);
% plotxl,f x1,'go’

welse

% sprintf('x min=nf', x2);

% sprintf('fx min=»f ', £ x2);
% plotx2,f x2,'go’

% end

dTs =f x1

p_evap =x1;

% end
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1.3.3 Outerl function

function

[dTs,Wnet, T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7, T8, sum_ UAevap, sum_UAcon
d,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p e
vap,p_cond,mdot cfl=trilateral cond outerl(p evap,mdot)

% figure; hold on;

%P _cond

a=50; %wstart of interval pressure condensor

b=300; wend of interval pressure condensor
epsilon=0.5; %waccuracy value

iter=10; wmaximum number of iterations

phi=(sqrt(’)- 1y2; %»golden proportion coefficient, around 0.618
k=0; wnumber of iterations

x1 =a+l-phiyb-a); % computing x values

x2 =a+phi*®-a);

(f x1,T1,T2,T3,T4,Vvdot3,Vdot4,eff,mdot,T5,T6,T7,T8,sum UAevap, sum_UAcond, Wn
et,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp, Eovr,p
evap,p_cond,mdot cfl=trilateral innerxl,p evap,mdot); %
computing values in x points

(f x2,T1,T2,T3,T4,Vvdot3,Vdot4,eff,mdot,T5,T6,T7,T8,sum UAevap, sum UAcond, Wn
et,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp, Eovr,p
evap,p_cond,mdot cfl=trilateral inner(x2,p evap,mdot);

% plotxl, f x1,'rx") wplotting x
% plotx2,f x2,'rx"

k =1;

while (abs®o-a)>epsilon)&s& (k<iter)

if(f x1<f x2)ywminimize < , maximize >
b=x2;
x2=x1;
x1l=a+1l-phiyb-a);

(f x1,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8,sum UAevap, sum UAcond, Wn
et,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp, Eovr,p
evap,p_cond,mdot cfl=trilateral innerxl,p evap,mdot); %
computing values in x points

f x2,T1,T2,T3,T4,Vvdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum UAcond, Wn
et,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp, Eovr,p_
evap,p_cond,mdot cfl=trilateral innerx2,p_evap,mdot);

% plotxl, f x1, 'bx");
else
a=x1;
x1=x2;
x2=a+phix*@-a);
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(f x1,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7, T8, sum UAevap, sum UAcond, Wn
et,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp, Eovr,p
evap,p_cond,mdot cfl=trilateral innerxl,p_evap,mdot); %
computing values in x points

(f x2,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8,sum UAevap, sum UAcond, Wn
et,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp, Eovr,p
evap,p_cond,mdot cfl=trilateral innerx2,p_ evap,mdot);
%
% plotx2, f x2, 'bx'");

end

k=k+1;
end

%% chooses minimum point
%if(f x1<f x2)
% sprintf('x min=xf', x1);

% sprintf('fx min=»f ', £ x1);
% plotxl,f x1,'bo")
%welse

% sprintf('x min=nf', x2);

% sprintf('fx min=%f ', £ x2);
% plotx2,f x2,'bo")

% end

dTs =f x1;

p_cond =x1;
end
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1.3.4 inner function

function
[dTs,T1,T2,T3,T4,Vdot3,Vdot4,eff,mdot,T5,T6,T7,T8, sum UAevap, sum_UAcond, Wne
t,x4,dt cond,dt evap,wp,wt,sl,s2,s3,s4,hl,h2,h3,h4,E5,E6,E7,E8,Epp,Eovr,p e
vap,p_cond,mdot cfl=trilateral inner@ cond,p_ evap,mdot)
%»R1234ze 60 subcritical off-design

wmdot =3.2;

%Wnet design =1le6; % fixed wnet case

»Turbine inlet

%p evap =10821;

%p_cond =57.87;

npinch evap =10;

%p_cri =REFPROPm('P','C',0,"' ',0,wf)

%T cri =REFPROPm('T','C',0,"' ',0,wf)

wf ='R245fa';

%%%% %% %6%% %% %% %%

%%%%%%%%%%%%%%%% Validate condition

T5 =363.15;

T7 =298.15;

Tsur =288.15;

%isen eff tur -0.85;

%isen eff p =0.65;

%CP_hf =20000;

%CP cf =311810;

%% %% %% Y6 %% %% Y6 %% %% %6 % %6 %% %% % % %%

%%%%%%%%%%% Superheat case condition

%T5 =330.15;

%T7 =301.15;

isen eff tur =0.85;

isen eff p =0.65;

mdot hf =1;

cP_hf =REFPROPm('C','T",T5,'Q',0, 'water");

CP_hf =mdot hf*cP hf;

cP _cf =REFPROPm('C', 'T',@2*T7 +5y2,'Q"',0, 'water');
%off-design

%Wnet design =1170.99451371482;

% sum_ UAevap =2599270259;

% sum_UAcond =6544.93652;

%Cmin evap =CP_hf;

%NTU evap =sum_ UAevap/Cmin_ evap;

%epsilon evap =1 -exp(-NTU_ evap);

%%6%% %% %6 %% %% 6% % %% %6 %% %% %% % %
dTpp_evap =5;
dTpp_cond =5;
%dTpp IHE =5;

%Pump inlet
pl =p _cond;
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hl =REFPROPm('h', '"P',pl, 'Q"',0,wf);
sl =REFPROPm('s','P',pl,'0Q0',0,wh);
Tl -REFPROPm('T','P',pl,'Q',0,wh);

% Pump outlet

s2s =sl1;

p2 =p_evap;

h2s =REFPROPm('h', 'P',p2, '"'s',s2s,wi);

h2 =hl +(h2s -hlyisen eff p;

T2 -REFPROPm('T', 'P',p2, 'h',h2,wk);

%Qmax evap =Cmin_evapxT5 -T2); %off-design
s2 =REFPROPm('S','P',p2,'h',h2,wl);

%h3m =REFPROPm('h', 'P',p evap,'Q',1,wf);
%CcP_wf evap =REFPROPm('C','P',p evap, 'h',h2+h3my2,wf);
%h3 =h2 +epsilon evap*Cmin evapxT5 -T2)ymdot;
wEvaporator outlet

%»Not sat.vapor

%cP_hf =REFPROPm('C', 'T',(T6+T5)2,'Q",0,wf);
p3 =p_evap;

h3 -REFPROPm('h', 'P',p3,'Q"',0,wh);

s3 -REFPROPm('s', 'P',p3, 'h',h3,wf);

T3 =REFPROPm('T', 'P',p3, 'h',h3,wl);

rho3 =REFPROPm('D', "p',p3, 'h',h3,wf);

»Turbine outlet

sd4s =s3;

p4 =p_cond;

hd4s =REFPROPm('h', 'P',p4, 's',sds,wi);
h4 =h3 -isen _eff tur*h3 -his);

T4 -REFPROPm('T', 'P',p4, 'h',hd,wh);
s4 -REFPROPm('S', 'P',p4, 'h',hd,wb);
rho4 =REFPROPm('D', 'T',T4,'H',h4,wi);

wSteam quality

h4f =REFPROPm('H', 'P',pl, '0',0,wf);
h4g -REFPROPm('H', 'P',pl, '0',1,wh);
h4fg =h4g -h4f;

x4 =4 -hdfyhdfg;

%IHE -After varying effss from 01 -1, it was found that the pinch point
walways occurs at the outlet of the low pressure working fluid
wEffectiveness =(Thot,in -Thout, outnThot,in -Tcold, in)xEnergy,

%weconomic and environmental (3E)aspects of internal heat exchanger ofr ORC
%%

%%6%6% %6 %% %% Yo% %% Yo% %Yo Yo% % Yo o Yo% e Yo %% Yo Yo %% Yo Yo %o % Yo Yo Yo% Yo Yo Yo% %Yo Yo% Yo Vo Yo% Yo Yo Yo% %Yo Yo% Y Yo% % Yo %e %o % % Yo %% %Yo %% % Yo% % %o
%%%%%%%%%%% 1 HE

weffss =0.860; weffectiveness =0.760113 will provide case I of Fischer
%T4a =(1 -effssyT4 +effss*T2; weffss case

%T4a =T2 +dTpp IHE; %fix dTpp IHX occur at lp outlet

whd4a =REFPROPm('h','T',T4a, 'P',p4d,wi);



%wh2a =h4 -hd4a)+h2; wadiabatic condition:eta IHE =th2a -h2yh4 -hda)and let

eta IHE =1:Working fluids for high

% T2a =REFPROPm('T', 'P',p2, 'h',h2a,wf);
%stept hp =(T2a -T2ynpinch_ evap);

% Thp(l)=T2;

%hhpd)=h2;

% Thpmpinch evap+l)=T2a;

%hhpmpinch evap+l)=hZa;

% Tlpd)=T4a;

%»hlp(l)=REFPROPm('h"', 'T',T4a, 'P',p4,wi);

% Tlpmpinch evap+1)=T4;

%hlpmpinch evap+1)=REFPROPm('h','T"',T4,"'P',p4,wi);
%

% for 1 =2npinch evap)

% Thpi)=Thpd-1)+stept hp;

% hhp(i)=REFPROPm('h', 'T', Thpi), 'P',p_evap,wi);
% hlp@d)=hhp@d -hhp@-1)+hlpd-1);

% Tlp(i)=REFPROPm('T', 'P',p cond, 'H',hlpd),wk);
% end

%% figure

%% plotthhp, Thp, hhp, Tlp)

%dT IHE v =Tlp -Thp; %IHE case

%% figure

%%plothhp,dT THE wv)

%dt IHE -mindT_ IHE v); %IHE case

%dTIHE =absdTpp IHE -dt TIHE); %IHE case

wPerformance

wp =h2 -hl;

wt =h3 -h4;

wnet =wt -wp;

Wnet =mdot*wnet; %run case
wmdot =Wnet/wnet; %validate case fixed Wnet
Vdot3 =1000*mdot/rho3; %Liter/s
Vdot4 =1000*mdot/rho4; %Liter/s
%ratio Vdotd43 =Vdot4/Vdot3;
%gin =h3 -h2a; %IHE case

gin =h3 -h2; %Simple case
%gout =hd4a -hl; %IHE case

qout =h4 -hl; %Simple case

eff =wnet/gin;

%

% Qin =mdot*h3 -h2a); %IHE case
Qin =mdot*h3 -h2); %Simple case
T6 =T5 -Qin/CP_hf;

% Thf out =T6;

Qout =mdot*gout;

%T8 =T7 +Qout/CP _cf;

T8 =T7 +5;

cP_cf =REFPROPm('C', 'T',2*T7 +5y2,'Q',0, "water");
mdot cf =QoutucP_cf«T8 -T7);
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%[mdot cfl=goldenwithfxmdot,hl,h4, sum UAcond,cP cf,T4,T7);

%%mdot cf =-sum UAcondicP cfr*logd -(T8 -T7uT4 -T7y;

CP_cf =mdot cf*cP_cf;

% T8 =Qoutimdot cf*cP cfrT7;

%% Condenser pinch point

stept wf =(T8 -T7iunpinch evap);

Tcond(1)=T1;

pcondd)=pl;

hcond@d)=h1l;

% Tcondnpinch evap+l)=T4a; %IHE case

Tcondmpinch evap+1)=T4; %Simple case

pcondmmpinch evap+l)=p4;

%hcondmmpinch evap+l)-h4a; %IHE case %Be carefuliDon't use the relation

REFPROPm('h', 'T', T4, 'P',p4, 'r245fa")because it is a saturated mixture.

REFPROP will provide the enthalpy at the sat 1lig state.

hcondinpinch evap+l)-h4; %Simple case

Tcf cond)=T7;

Tcf condmpinch evap+1)=T8;

for i =2:npinch_evap)
Tcf condd)=Tcf condd-l)+stept wf;
hcondd)=(CP_cfimdot)«Tcf cond@)-Tcf condd-1)+hcondd-1);
pcondd)=pcond(i-1);
Tcond(i)=REFPROPm('T', "P',pcondl), '"H', hcondd), wi);

end

%% figure

%%plotthcond, Tcond, hcond, Tcf cond)

%% xlabel('Enthalpy J/kog")

%% ylabel(' Temperature &)

%% legend('Working fluid', 'Cooling agent')

dT cond v =Tcond -Tcf cond;

%% figure

%w%wplotthcond,dT cond wv)

dt cond =mindT cond v);

dTcond =absdTpp cond -dt cond);

%

w%Evaporator pinch-point

stept wf =(T5 -Téynpinch_ evap);

% Tevap(l)=T2a; %IHE case

Tevap(l)=T2; %simple case

pevapl)=p2;

whevap(l)=h2a; %IHE case

hevap(l)=h2; %Simple case

Tevapmpinch evap+1)=T3;

pevapmnpinch evap+l)-p3;

hevapmnpinch evap+l)-h3;

Thf_evap)=T6;

Thf evapmpinch evap+1)=T5;

for i =2:npinch evap)
Thf evap)=Thf evap@-l)y+stept wf;
hevapd)=CP_hfmdot«Thf evap)-Thf evapd-1)+ hevap@-1);
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pevap@d)=pevap(i-1);
Tevap(l)=REFPROPm('T', 'P',pevap@), "'H', hevapl), wf);
end
% figure
%plotthevap, Tevap, hevap, Thf evap)
%wxlabel('Enthalpy J/koy")
%ylabel('Temperature &)
% legend('Working fluid', 'Heat carrier')
dT evap v =Thf evap -Tevap;
%% figure
%%plothevap,dT _evap v)
dt evap =mindT evap v);
dTevap =absdTpp evap -dt evap);
dTs =dTevap +dTcond; %Simple case
%dW =absWnet design-Wnet);
%% dTs =dTevap +dTcond +dTIHE; %IHE case
% %%
%% %LMTD -Evap
%dT evapL =(T6 -T2a); %IHE case
dT evapL =(T6 -T2); %Simple case
dT evapR =(T5 -T3);
LMTD_evap =dT _evapL -dT evapRylogdT evapl/dT evapR);
%UA evap =mdotx*hd4a -hlyLMTD evap; %IHE case
UA evap -mdotxh4 -hlyLMTD evap; %Simple case
sum_UAevap =0;
for i =l.mpinch _evap)
dT evapL@)=(Thf evap)-Tevap);
dT evapR@)=(Thf evap@d+l)-Tevap@+l);
LMTD evap(i)=dT_ evapLi)-dT evapRd)ylogdT evapLdydT evapR(i);
UA evap()=mdot*hevap@i+l)-hevap(il)/LMTD evap(i);
sum_UAevap =-sum UAevap +UA evap();
end
sum UAevap;
%
% %%
% %LMTD -IHE
%%dT _hin =(T4 -T2a);
%%dT hout =(T4a -T2);
%%LMTD IHE =T hin -dT hout)log@dT hin/dT hout);
%%UA IHE -mdot*h4 -h4ayLMTD IHE;
%% sum_UAIHE =0;
%% for 1 =l:mpinch evap)
%% dT _hin v(i)=(Tlp)-Thpd);
%% dT hout vd)=(Tlpd+1l)-Thpd+l);
%% LMTD THE@)=dT hin v(i)-dT hout v@)ylogdT hin v@ydT hout wv(iy;
%% UA TIHE@)=-mdot*hlpi+l)-hlp@)yLMTD IHE();
%% sum UAIHE -sum UAIHE +UA IHE();
% % end
%% sum_ UATHE;
% % %

% %%



%% %%LMTD -condenser

dT condL =(T1 -T7);

%dT_condR =(T4a -T8); %IHE case
dT condR =(T4 -T8); %Simple case

LMTD cond =T condL -dT condRylogdT condL/dT condR);
%UA cond =mdot*h4a -hlyLMTD cond; %IHE case
UA cond =mdot#h4 -hlyLMTD cond; %Simple case

sum_UAcond =0;
for i =l.npinch_evap)
dT condL(i)=(Tcond(i)-Tcf condd);
dT condR(i)=(Tcond(i+l)-Tcf condi+l);

LMTD condd)=dT_condL(i)-dT_condRd)ylogdT condLdydT condR(i);

UA cond()-mdot*hcond+l)-hcondd)/LMTD cond(i);
sum UAcond =sum UAcond +UA cond();
end ; - a
sum_UAcond;
%%%%eXergy analysis %%%%%
E5 =CP_hf*(T5 -Tsur)-Tsur*log(T5/Tsur));
E6 =CP_hf*(T6 -Tsur)-Tsur*log(T6/Tsur);
E7 =CP_cf*(T7 -Tsur)-Tsur*log(T7/Tsur);
E8 =CP_cfx(T8 -Tsur)-Tsur*log(T8/Tsur));
Epp =Wnet/E5;
Eovr =Wnet +E6 +E8WES +E7);
end
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64 config _ ambient RECUPERATOR

Raw data Computed data
Towater in (¢ C) Qin oil (W) 13822.0027

aw Tewater out (°C) Qin ORC (W) 11748.7023
Vdot cwater (I/m Qout cw (W) 1646.51655
mdot water (kg/s 0.58053 Qout ORC (W) 450.111823
Tevap in (°C) Qout sc (W) 885.740392
Tpump out (°C) Heat Qout sar (W) 38.8971294
Tpump in (°C)
Texp out (°C) Torque (N*m) 6.68
Texp in (°C) Torque Speed exp (rpm)
Trecin (°C) Pshaft (W) 1926.22253 9 bulbs

ORC Tcond in (°C) Pelec (W) 419.22
Tscin (°C) Power Ppump (W) 877.778
Vdot ORC (I/h) Pscr (W)
exp in phase #Superhe Pht (kWh/t) 0.2
exp out phase  #Superhe pht (W) - 14374.1
cond out phase #Subcooled liquid Pump speed (rpl
pump in #Subcooled liquid
mdot ORC (kg/s) 0.05452
Toil out (°C) p 6.125

oil Toil in (°C) nisen pump 0.26843064
mdot oil (kg/s) 0.48386 Eff  nisen exp 0.49368421
Cp,oil (kJ/kgK) 2.484 ncycle -0.03317592
Tscrin (°C) ~ nmech exp 2.36778697

e Tscr out (°C) ~ nmech pump 0.137693
Vdot scwater (I/s ~ |ATsup 30.7111786
mdot scwater (k¢ 0.06571 ~ necycle (mech) 8.92392117
Ppump in (barg) mdot_wf 1 scale 3 times
Ppump out (bar t1
Pexp in (barg) 2

Pressure Pexp out (barg) B3

HX eff. 0.85 - 146.2621885 L/h

Toilset
PHz

D_receiver (m)
A_receiver (m2)
1 liter high {m)

Patial condense

Celsuis 132

0.25082819
0.049413153
0.020237526

1 v.2 doyaaussouzons Tula excel
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A159N V.1 HaNMINATOU expander YU1A swept volume 110 cc/rev

Experiment

No.

110 testl
110 test2
110 test3
110 test4
110 test5
110 test6
110 test7
110 test8
110 test9
110 test10
110 testl1
110 test12
110 test13
110 test14
110 testl5
110 test16
110 test17

110 testl8

Ty

set

°0)

100
100
110
110
110
120
120
101
102
122
130
130
130
101
132
152
152
152

Hz,
set

(Hz)

36
40
40
42
45
35
45
30
50
40
30
40
50
45
45
40
45
50

T,

hs,in

(°C)

99

98

108
108
108
118
118
100
99

120
130
131
129
100
130
150
149
149

A%

dot,wf

(I/h)

104.05
153.76
146.74
158.92
162.16
88.09
155.98
51.33
207.85
91.99
50.05
75.86
150.84
134.00
96.50
70.24
113.49

146.26

P

shaft

(W)

795.53
1034.49
1170.49
1387.39
1634.55

869.47
1658.02
214.65

805.97
828.75
239.46
806.50
1740.48
1165.20
1314.40
870.41
1449.87

1926.22

P

pump

(W)

335.55
456.83
434.91
506.25
616.97
284.18
611.83
194.17
897.18
431.68
188.10
436.46
866.87
639.73
640.36
332.23
637.38

877.78

elec

(W)

200.01
249.60
276.04
319.92
362.00
234.00
373.89
50.40
227.74
180.40
42.84
196.88
320.62
283.81
314.00
225.23
328.44

419.22

Q. (W)

7661.12
11612.08
11073.27
12180.54
12270.10
7765.07
12003.91
3902.22
4179.54
6988.10
4090.83
5934.98
11649.60
9838.17
7453.15
6762.64
9229.37

11748.70

Nisoerp
(%)

40.28
37.28
43.01
37.75
33.63
57.68
38.60
80.39
14.94
65.11
135.63
64.49
41.15
42.87
58.43
76.80
64.52

49.37

Pump
speed

(rpm)

1407
1703
1617
1632
1736
1427
1733
1107
1913
1488
1057
1499
1869
1758
1709
1557
1773
1916

Expander
speed

(rpm)

647.4
752
802.5
1020
1122
650
1150
465.5
664
678.4
4875
680
1388
776.5
920.7
705.1
917.7
1404

Exp.
Mass
flowrate
(kg/s)
0.038
0.057
0.054
0.059
0.060
0.032
0.057
0.019
0.077
0.034
0.018
0.028
0.056
0.049
0.036
0.026
0.042

0.054

Filling

Factor

0.585
0.763
0.532
0.453
0.421
0.308
0.308
0.392
1.140
0.294
0.173
0.183
0.188
0.613
0.177
0.097
0.124

0.104

Pressure

ratio

6.18
6.25
6.33
5.93
6.07
5.60
6.20
3.90
5.88
5.00
3.27
6.60
5.63
5.17
5.64
6.18
6.67
6.13

specific
power

(kJ/kg)

20.77
18.28
21.67
23.72
27.38
26.81
28.87
11.36
10.53
24.47
13.00
28.88
31.34
23.62
37.00
33.66
34.70

35.77

swept

(L/m)

71.21
82.72
88.28
112.20
123.42
71.50
126.50
51.21
73.04
74.62
53.63
74.80
152.68
85.42
101.28
77.56
100.95

154.44

ncyc]e
(%)

-2.18

Pl

pump to

expander
(bar)
0.4
0.4
0.4
0.1
0.6
0.5
0.4
0.7
0.2
0.5
0.7
0.4
0.8
0.8
0.3
0.3
0.8
0.2

Pirop
across
expander
(bar)
5.7
5.7
6.4
6.9
7.6
5.75
7.8
2.9
7.8
5.2
2.5
5.6
7.4
6.25
6.5
5.7
6.8
8.2
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A5 197 V.2 HANSNATU expander UYUIA swept volume 85.7 cc/rev

Experiment

No.

85.7 testl
85.7 test2
85.7 test3
85.7 test4
85.7 test5
85.7 test6
85.7 test7
85.7 test8
85.7 test9

T,

s

set

°0)

101
101
101
130
130
130
150
150
150

set

(Hz)

40
45
50
40
45
50
40
45
50

hs,in

(°C)

100
100
99
130
130
130
149
149
149

A%

dot,wf

(I/h)

58.85
75.36
223.70
62.67
89.73
108.04
71.16
71.45
130.06

P

shaft

(W)

493.29
794.42
760.99
631.83
902.21
1422.63
708.36
1097.20
1593.43

P

pump

(W)

467.87
670.35
931.02
447.55
658.65
882.63
468.11
658.09
887.48

137.00
221.76
185.64
135.20
243.60
332.80
171.99
283.25
373.32

Q. (W)

4353.97
5631.94
4671.71
4879.81
6898.39
8332.63
5776.14
5779.30
10529.97

MNicrew
(%)

33.74
34.96
15.13
61.30
44.68
38.42
71.06
56.12
55.71

Pump
speed

(rpm)

1524
1733
1934
1558
1742
1957
1562
1782
1950

Expander
speed

(rpm)

607.2
707
678.5
672.6
750.4
937.8
698.5
812.7
1101

Exp.
Mass
flowrate
(kg/s)
0.022
0.028
0.082
0.023
0.033
0.040
0.026
0.026
0.048

Filling

Factor

0.344
0.378
1.200
0.157
0.202
0.194
0.102
0.088
0.118

Pressure

ratio

specific
power

(kJ/kg)

22.717
28.64
9.24
27.38
2731
35.77
27.04
41.72
33.28

swept

(L/m)

66.79
71.77
74.64
73.99
82.54
103.16
76.84
89.40

121.11

ncyc]e
(%)

P

loss
pump to
expander
(bar)
0.5
1.4
0.1
0.5
0.6
0.3
0.2
0
0.4

P

drop
across
expander
(bar)
5.4
5.9
7.9
53
6.8
8.7
59
7.5
8.5
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A15199 V.3 HANTANYIDNTNAVD check valve A28 expander YUIA swept volume 110 cc/rev

Experiment

No.

110 chk af 1
110 chk af 2
110 chk af 3
110 chk af 4
110 chk af 5
110 chk af 6
110 chk bf'1
110 chk bf2
110 chk bf 3
110 chk bf 4
110 chk bf 5
110 chk bf 6

hs

set

0

130
130
130
150
150
150
130
130
130
150
150
150

set

(Hz)

40
45
50
40
45
50
40
45
50
40
45
50

hs,in

(°C)

130
131
129
149
150
149
130
130
129
149
149
149

Vdol,wf
(I/h)

61.59
83.96
142.03
77.36
98.11
169.70
76.62
90.51
114.75
78.10
103.25
123.23

P

shaft

(W)

753.37
1099.75
1636.04
737.36
1126.04
1651.15
681.32
1261.12
1441.98
715.79
1245.03
1761.58

Ppump

(W)

432.57
680.88
892.33
430.23
651.23
692.11
410.28
591.06
796.41
427.89
616.87
896.98

154.56
254.80
329.00
144.00
250.20
305.86
159.60
266.90
330.33
141.00
270.48
318.32

Q. (W)

4822.57
6518.30
11108.66
6242.56
7517.02
13454.63
5810.76
6970.58
8809.36
6227.19
8151.38
9810.60

MNicrew
(%)

73.10
53.44
48.00
91.64
75.33
58.47
85.23
68.14
46.54
93.00
74.04
63.28

Pump
speed

(rpm)

1566
1738
1902
1503
1771
1892
1496
1766
1903
1526
1717
1889

Expander
speed

(rpm)

625.1
761
1129
646.3
824
1267
601.9
967
1037
630.1
863
1253

Exp.
Mass
flowrate
(kg/s)
0.023
0.031
0.052
0.028
0.036
0.062
0.028
0.033
0.042
0.029
0.038
0.045

Filling

Factor

0.166
0.181
0.218
0.120
0.115
0.134
0.215
0.158
0.191
0.124
0.120
0.098

Pressure

ratio

specific
power

(kJ/kg)

33.23
35.58
31.29
25.89
31.18
26.43
24.16
37.85
34.14
24.90
32.76
38.83

swept

(L/m)

68.76
83.71
124.19
71.09
90.64
139.37
66.21
106.37
114.07
69.31
94.93
137.83

ncyc]e
(%)

6.65
6.43
6.70
4.92
6.32
7.13
4.66
9.61
7.33
4.60
7.71

P

loss
pump to
expander
(bar)
0.5
0.5
0.5
0.2
0.5
1
0.2
0.5
0.5
0.3
0.3
0.5

P

drop
across
expander
(bar)
5.5
7
8
55
6.8
7.5
53
6.5
8
5
6.8
7.9
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Company name:
Created by:

Grundfos Thailand
Pojchara Poonpratin

Max pressure at stated temp

Flange standard:
Connect code:

Pipe connection:
Pressure stage:
Flange size for motor:

Liquid:
Liquid temperature range:
Kinernatic viscosity:

Electrical data:

Muotor type:

|E Efficiency ciass:

Mumber of poles:

Rated power - P2:

Power (P2 reguired by pump:

Mains frequency:

Rated voltage:

Rated current:

Starting current:

Caos phi - power factor:
Rated speed:

Efficiency:

Muotor efficiency at full load:
Muotor efficiency at 34 load:
Muotor efficiency at 1/2 load:
Encloswre class (IEC 34-5)c
Insulation class (IEC 85):
Muotor protec:

Muotor Mo:

25 bart 90 °C
25 bar -20°C
DIN

FGJ

DM 25/ DN 32
PM 16 F PN 25
FT100

-0 .. 80°C
1 mmZ's

1.1 kW

1.1 kW

1.1 kW

50 Hr

3 x 330-415 DMEGD-00 ¥ V
2,50/11,44 A
450-500 %
0,83-0,7a
2840-2870 rpm
IE3 B2, 7%
BT %

B4.8 %

854 %

55 DustiJetting
F

NOME
BRBOS1TE

Phone: +66 94 9909554
G n u N D Fos ® l \ Email: ppocnpratin@grundfos.com
Date:
Description Value ) e |
@ =0.52m%
General information: ;z_' — e rm
Product name: CR 15-33 AFGJ-A-N-HQOV -‘J-..._‘__HP-""H‘J I = iater
Position 150_—_‘—\6 Liguid temperztune = 20 °C
] Densiy = 538.2 kgms
Product Mo: BEEGG424 140 +
EAMN number: 5700383995210 1204 i | ea
Price: On request 104 -Ir'.. | =1
)

Technical: = 7 7 "
Speed for pump data: 2853 mpm =1 Sy I
Rated fiow: 0.9 m%h 04 R 20
Rated head: 22m 204 e Ebpump = 235% Lo
Head max: 92 m o *""T | | | | Emmumemoln - 2i2% |
Impellers: 33 0 01 02 03 04 05 05 07 OB 03 10 Qs
Shatt seal: HQaW D-':'ﬂ R
Approvals on nameplate: CE.TR 1 L E o
Curve tolerance: I500006:2012 38 L P —— - ——— S
Purmp type: CR 15 T |
Ctages: ] 04
Pumnp version: A _
Madel- A 2z o NEsH=1gEm | o
Materials: I
Purnp housing: Cast iron |

EN-JL1030

ASTM A4B8-30 B i
Impeller: Stainless steel

DIM W.-Mr. 1.4301

AlS1304 E
Material code: A
Code for rubber: v
Installation:
Maximum ambient ternperature 60 °C

Prinfed from Grundfos Product Cendre [2015.03.043]
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11. Exploded views

English (US)

ELET S0FIS0MNL

Fig. 21 Exploded view, CR, CRM 32. model B

] SIGK] Exploded view U83 ORC pump series CR
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E15H022A-SH

1 kW Scroll Expander Pricing Sheet

1 Housing E15H22N4.25 (oil-free) 54,950 US
120V, 60 Hz Generator $550 US
115/230V, 50 Hz Generator 3550 US

Coupling Housing 3480 US

Expan Coupling Housing & opional. If not used, Expander and

Giarar wist be mounted and precison abgned o
E15H022A-SH Generatar prevent damage 1o Magnatic Coupling

Notes

~inmor Rotor, Extermal Rotor, Containmert Shroud, end Flangs Hub inchuded with E15HOZ2A-5H.
-Flangs Hub is left Dank for customsr machiring. Custom Flenge Hub machining availabls.

-Generator requires Coupling Housing for alignment andl mounting.

€2015 A Squand Manufacturing, Inc.

31U .4 Tuiaues1M1ved E15H022A-SH 910U 1N Air squared
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Santech st

Leading Through Techmology

SANDEN

TRSA09, TRSALZ, TRSEOT

Sun]!un."[‘]lisellargc Plugs and Pads C13-5102{TRSA12)
for TRSEQOT and TRSA09 M96-2140{TRSA12)
? F20-2110 5 7 M30-2100{TRSA12)
F20-2110 —= L) | &
C95-4001 —H.._q - C95-4001 & &;53
C95-3005 ——_ ;:) : -
= M96-2118(4)

LD | G=—953003 =
M11-2106 — &2 @. —— ALD-S122
(TRSEDT) ! f_,n’{?,- | — M OH-2151
M202159 — A~
(TRSA12)

MSS-2101

(TRSE07 and TRSA09)
M25-2101

— P15-3050

M20-1065(TRSA12)
M20-2140(TRSED7T and ’ I'RSH]'ZIJ

F20-211I0H) \

SSE-1001 ——— \\
\

F55-4000

N
Y

B10-1T107(TRSADYTRSENT)

B25-2112{TRSENT)
B25-2111{ TRSA09/12)

F25-3112
Series

M96-2151

Page 508 & 2013, Santech Tndustries, LLC, All Rights Reserved

3 ﬂ 1 7.5 Exploded view Y84 Expander series TRSA
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Engineered Replacement Pargg T4
Leading Through Technology ™4

SANDEN

TRSA09, TRSA]I,| TRSE0T

O-Rings R134a and R-12 Comparible Green HNBEE  Black Nitrile
Caze O-Fing (Front) (TESAL2Y) MI0-1065
Case O-Ring (Front) (TESEQ7/ TRSAQ) M20-2140 M20-1040
Discharge Port O-Ring (TRSA1Z)} M96-2140 MO6-1040
Head Bolt O-Ring, Front M96-2151 MO26-1051
Head Bolt O-Ring_ Fear M96-2118 MO6-1018
Internal Orifice Tube O-Ring M25-2101 M25-1001
Plug O-Ring(TRSEOT) MI11-2106 MI11-1006
Pressure Relief Valve O-Fing M96-2111

Rear Scroll O-Ring (TESALZ) M2ID-2150 M20-1059
Rear Scroll O-Ring (TESEQOT/TRSAQ09) MS355-2101

Suction Pert O-Ring (TRSAL2)
Bearings

M30-2100 M30-1000

Gaskets

Clutch Bearing (35mm x 48mm x 20mm)
(TRSEO7 Honda Civic)

B15-1104

Nose Bearing (10mm x 26mum x Smim)

(TRSEDT)

B15-1112

Nose Beanng (10mm x 28mm x Smm)

(TRSEOT)

B15-I114

Nose Bearing (12mm x 28mim x 8mim) (TESA)

B15-21111

Clutch Bearing (35mm x 50mm x 20mm)
(TRSA1Z)

Clutch Bearing (35mm x 55mm x 20mm)
(TESAQ9/TESEQNT)
Chemicals

Ultra PAG Oil 46 - 6pk. 8 oz Bottle

Ultra PAG O1l 46 - 6pk. Quart Bottle

Ultra PAG Oil 46 - Dium (52 gal)
Clutch Components

Chutch Cedl - OD/ID: 81.5mm / 58mm (Honda)

Clutch Ceidl - OD/ID: 36.3mm / 59mm (4901}

Clutch Hub - OD: 105mm. Offzet: 6.8
Fasteners

Bolt - Head/Shipping

Betaining Ring - Lip Seal

Shim - Chutch (0.3 Smm)

Shim - Chutch (0.76mm)

Gasket Kit - O-Fings (Green HNBR K25-1150

(TRSA12)

00 nen
OBage20

B15.1102 Includes:Front Head O-Ringi1), Scroll Rear Q-Ringy1), Suction Port
O-Ringil), Fronr Head Bolt O-Ring (8}, Rear Head Bolr O-Ring{4),
PRV O-Ring(l), Discharge Port O-Ring(1)
Bl0-1107
Gasket Kit - O-Fings Green HNBR K23-2151
{TRSE07 / TRSA0D)
MT3012
MT3018
Al0-6163
CH®
H25-7384 CQ00  QOCoeoDoo
H25 7330 Includes :Fronr Head O-Ringil), Scroll Rear O-Ring(1), Front Head
= Bolt O-Ring(?), Rear Head Bolt O-Ringi4), PRV O-Ring(1), Internal
H5-T035 Orifice Tube O-Ring(1), Plug O-Ring(1)
F20-2110 Piston Components
FE5_4000 Scroll Rings (Set of 2) P25-3050
F25-3112 Service Irems
25.3113 High Pressure Relief Valve 3/8-24 AlD-£122
Shaft Seals
Lip Seal (Black Rubber) Nitrile $55-1001

i

1

=
N

& 2013, Santech Industries, LLC, All Rights Feserved

A.6 19Ms0e Inaves Expander series TRSA

Page 509
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Sa'n t eCﬁ . Engineered Replacement Pares T

Leading Through Technology

SANDEN
TR5A00, TRS5AL12, TRSEOT

Shaft Seals

Lip Seal Kit (Rubber Coated Black Nitrile K55-3006
Seal)

Shipping Closure - 3/4" S / 5/8" D (TRSA12)  C13-5102

Shipping Plate (Use with C95-3003 & C95-  (95-4001

Shipping Plug (Discharge) (Use with C95-  €95-3003
AOO1YTRSEOT/TRSAG9) Lo S
Shipping Plug (Suction) (Use with C935- C95-3005

4001 TRSEQT/TESAQD)

5U% 7.7 5197502 |nav09 Expander series TRSA (710)
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90101-10184
S GP—o0179-10067

v

27310

00004966 (4) 279108 | 90099-00195 (4)
27312

27411
_ 5738042010 (4)
*1 9009900157 (4)
W —x2 50099-00243 (4)
a7330
27330A 27443
90099-05171

27384
w1 { —9208)
®2 [9205- ]

90099-05232—&)

27387~ 42020_% 9009300197

Q008900197

MERBE3-A

gﬂﬁ 1.8 Exploded view U®3 generator series AE101
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quiszanas W)
Temsmlyne 135u iademy | ndnem AYIae Hng
035 luase lua3e iinoe 16
Expenditures naoall N 1 909 2 avanel) | Notes

M3a¥InIN Uszneudie (naaeeaziden) 120,000 60,000 60,000 0
MIGHIeI50 (91 11.63) 1Aouaz 10,000 1M

93U Total 120,000 60,000.00 60,000.00 -
mneuunu Igaes nazTaq 1sznoudy 325,000
(Msauanasivaziden)
AVHULNTHAIUIVY 4,000 V1N 4,000 4,000
AR IENEIT 2,000 VN 2,000 2,000
mnamnadaazaaasyaraanszualilih 50,000 1 50,000 50,000.00 -
mnavmnadaazaasaga linnuiou 130,000 1m 130,000 130,000.00 -
mdamnaanasdadayananlfsunnudou 50,000
YN 50,000 50,000.00 -
Maunmnadiaazindiyaia expander 50,000 1M 50,000 50,000.00 -
gunsaluan/Geunwdeu 20,000 1 20,000 4,665.20 15,335
Jagawaes 17,000 v 17,000.00 38,086.85 21,087
aTnasma lalsuaid 2,000 1 2,000 2,400 400

99U Total 325,000.00 325,152.05 -152.05

o d -

ﬁim@ﬂmm Usenoudiy (Lanaseaziden)

99U Total 0.00 0.00 0.00 0.00

5211 8NIGH Grand total 445,000.00 | 60,000.00 |  385,152.05 -152.05
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