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Abstract

In this research, the efficiency of the ejector cooling system was predicted using a
mathematical model and numerical analysis program ANSYS (FLUENT) 20 R2 to compare
the performance of refrigerants R141b, R245fa, and R1244yd(z) by defining characteristics
of mathematical models to be the same. The performance comparison that can be

determined from the Entrainment Ratio was predicted from the simulation.

Therefore, it is necessary to have dimensionless variables — Pressure Life Ratio
Critical discharge pressure and Ejector effciency for performance comparison in each

refrigerants.

The refrigerant R1244dyd(z) has a higher Entrainment Ratio than R141b and R245fa,
while R245fa has a higher Ejector efficiency and Critical discharge pressure value than
R141b and R1224yd(z). However, the ejector effciency of R1224yd(z) was close to R245fa

and the optimal boiler temperature in three refrigerants are 90.5 degrees Celsius.

Simulations display that R1224yd(z) may be a substitute for R141b and R245fa.
Furthermore, as compared to R141b and R245fa refrigerants, it has a very low Global

Warming Potential (GWP).
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AMudundgafenaan1eg amnsatunusuasudidames g fuansyinnnudy

9 Y

1.4 YIUWANISIVY
1. s lngIsn1s31aae (Simulation studies)

2. @nwnsvhanuredidawesiuuzusiaiien Mldnulussuuvianmdy

=3 v s 1 a a2 s

3. ANWINARNTVRIAITVIANULE UNTfedLdALnes wasUszansa nlunisvinaIuves

SilaLmes (Ejector)

1.5 JUADUNISYINTISANEN

1. Anwidouazngefiinendesiudidamesiazansiinudu

2. @AW stlushAs ANSYS il aldlun1s@nu1UseansSnneadidalnas i dmoans
ALy

3. MVUATNNUIEEAYUALAEIIHNUNTSANYIRINTTITY

A 1

4. eenuuUNITaesEseuEunTigafiongmieg
[ o

5. AUNANIIERINAEIATIINGN3INaeIesE TN YA MELNTAFangasne NITlkg

1

[ 4 .
MaBLAALWBDS (Ejector)

6. ayunamsAnwuardaviguiau



uni 2

N HATUIIBNNYIVS

2.1 UN

% ¥ % =

luuntlagnaniwmguiuazuidefineidesiunisdnedilamesnldlusussuy
o < o < =2 a a
audukazalsvianudulagldlusunsy Ansys lun1snwinavesuss@nsainves
a s o 2 Ao o 2 aa & !
dAweiluszuvarsiaNuduiddeansyianudundaiiongwineg wagldlusunsy
Microsoft Excel 11438 1uNISAIUIUIN 0MTIADUAIINYNADIVBIANRNIUNG Y A UAIRN

nslalusinsu Ansys Tun1s@nen

Y] o o < a 4 o . .
2.2 #anMSINUILSZUUNIAMUEULUUBLIAALADS (Ejector refrigeration

system)
1
B8 | 0 =
o~ g
o © =
o 0 =
Qboiter - o =)
A = 2
3
o
2
2
6 E
2
7
5 g
2 g o cooling coil
3 =%
e s
w
@' B gy S SO Y o D* = cold air
5 4 3 —

Pe
©

JUN 2.1 NnuNulewedseuurinanuduLuudinnes



31n3U7 2.1 szuuvinanudunuudidames (Ejector refrigeration system)
Usenaunle vialaun (Boiler) , 1AS895LMY (Evaporator) , LATBIAIULUU (Condenser) ,
¢ o I . . a ¢ . Y] ° &
AoEaNAULE (Cooling coil) wazdlirAmas (Ejector) In8TeUULSNALINGITVINIAULEUN

flaouziluvesnadldsu aruseuainudeloun vinligaugiiuasanusuiiivgsiy Weesn

a |

31nvsleleun (Boiler) n3an59907 1 A8138n31 vosbuaugugdl (Primary fluid) wazid1d

Y Y

LY o

81dawmes (Ejector) wanannil deiiloa1svinminanduii faudumg laainias oeseine

a < 4

(Evaporator) 3uni1 veslvaniugiiing8idnwes (Ejector) Aeiduiu iavaanad 2 ¥ila

Y

lunaw1uidn (Nozzle) wagnaunuil iesuay (Mixing chamber) 910 uf 92194
= 1 o o < A a 1
LA38IAULUY (Condensen) lagazviliilaansiauduiigunglanatiazAluiyuay

WA suan1uzd uue a1 lnies esaruwyu (Condenser) szulamltusoulyda

anmuingaey (Q ) wagansianuiundanuziiuveanaiunsdiugnaainduludy

condenser

niialen (Boiler) uardndiugnasludamsasszimve (Evaporator)

LY o a & o < a & 4 .
2.3 RANNISNNIUYDIBRAAMBI IUTZUUNNIAUEULUUDLIALNDS (Ejector

refrigeration system)

nUN 2.2 melugunsaididamesasiiduuszneu taun

=

1. %8 (nozzle) Fesnneluszuszneulumevaslyaniunainugdelel (boiler) 1Wgniad

a

vodlvaugundl (Primary Inlet) Favzsunvedivaviiniiin vaslvaugunil (Primary fluid) wae

Y

vodlvafiunniasesleseive (evaporator) Wignisdrvesinanfsnil (Secondary Inlet)

a

faonvaslnaniinii veslviayfend (Secondary fluid)
2. USaiena (mixing chamber) ssfuvinaiiveslnatsdessinanitsas ot
Qﬂamaaﬂmmamﬁ’uﬁﬁmmamﬁ
3. yion4 (throat)
4. USuneeeniiian diffuser
Tnedidames (Becton) erdendnniswilertivesvediva evedlnasdaniadiil

I | a 2 5 a o g v a & o
f"’n']llLi’JQ\ﬂ,VTaN'TUGUEN»L‘VTaVIlIﬂ')']llLﬁ'}ﬁﬂ"ﬂzLﬂ@ﬂ’]i@lﬂLLaﬁ‘quﬁsﬂ@ﬂlwamMﬂ'ﬂ’]ﬂ“i’lﬁqlma

mufiu daudenantassansnmuasgunsaldidanes (Ejector) anunsaiiansantaain



h -h
g-evap™' 'f-con
COP=R ——F—— (2.1)
hg-boiler'hf-con

PNAUNITT AU NUINTDNATUIAT LeUN1al (enthalpy) 1 USuniialoun
(boiler) wagMazasloseiny (evaporator) fAAnsiuLantes AeluIsauuAlraiUszansnn

A1UsEUNal entrainment ratio (R ) @1113091AL937N

nslvavesnavesatlvaniegi

nsluavesvadlnalgund

% § o

v @ l a a = o Y & a .
Ay AUszdnSamIsdianuduiusiunisivavesis veslnadgugd (Primary

o
v v =

fluid) wagvaslvanfenil (Secondary fluid) AsudsesinisAinwfnisivaveansvesiva
Uguqd (Primary fluid) wag vetluandeqd (Secondary fluid) lagid ofaen13dnwids
AUT50UrVRIBLTALABS (Ejector) F9@1U150NNSUANENNSUTEENS B dALnes

(Ejector Efficiency) fsamnnsdnsans $39n3use991n 91338983 TONGCHANA THONGTIP

(1]

k-1
m 1/(Pevap con)
N3 &~ k1 (2.3)

Mo p_sp

gen con)

loodmuald P, A8 anuduin3esiudale (Pa)
Peap AB  AVUAUTLASOISTIVY  (Pa)
Peon A8 ANUAWINGATDUATEIAIVLUL (Pa)

k AD specific heat ratio



Mixing chamber | Throat | Subsonic diffuser
/—R<Tmm | |
L
— = <
Primary Nozzle ‘ 19,
> 337mm R
................................................................... z . o2

JUN 2.2 nwauuszneunegluvesgunsaldidawmes (Ejector)

2.4 wanNsUSTIUBUNISINURAZUSLANS ANVBIEITNNANULEULAAZ BN

Foidesmnhnuandinisinavesasianuuidarsdaniouiouiieasy
yansviauduiiinisviiauazUszansamgae anmnsaiisgilaan entrainment
ratio (Rm) 4 aidusnsndrusening sasimslnavesvedlnanfond (mass flow of the
secondary fluid) Au %aﬂlwaﬂgugﬁ (mass flow of the primary fluid) Faaunisi 2.2 uay

o w

Tedinlunistdaupennuduingd (pressure critical) wadmsuamaudail laanun

Wisuieunulaensela sadulunisdnwidainldensidiunlinusy (Pressure lift ratio)

v A = = Y o v o [ 1 a
flagun1sh 2.3 Tun1siUseudieudedninuesansinnuduLnas s

static pressure at diffuser exit
Pressure lift ratio = (2.4)
static pressure of secondary flow




2.5 NquHNNeIva9
2.5.1 A1S9I9IUVBIEITNIAUDY

a15vAaLdy (Refrigerants) uansvoumariidauautiaiunsadsuaniuy
Tumevihauey 2 aanug fe veamauazuia simthidusinardlunmsuanivdeuaiuiou
yosszuvvhanudy Tnadlomsyhenuduiiaausidunia szgamnufousinusimsig
vl aumnfvsnutuanas uagarsvanufuaziniaudounnda esniuuiy
(condensen) 3gA18AUTOURBNIINTTUUKATAIUKIUNd Ul uan U Yo maILaY

unduluvinaunelussuuiuLiy

a1svihanudulunssuiuniseamnssudvainvateyie lngarsuaazyinazd
asrUsznauauantfuazdediinvesasiuansaiuly deiunisidentldasiiannudu

sdpudenldlivinganiununvzthluldinelildansvianuduniivssavsnmesgn
2.5.2 §n5N15Mavesua (mass flow rate)

Fntrainment ratio (Rm) WuAUIUoNUIEaNTAINNISY 9 UU9a1 59 ALY
nelupsediiames (ejector) InaunISA 2.2 wansbiiunnuduiusvesdadiudnsn
A15k1auaINIa (Mmass flow rate) FITUAINITAAIUINDASINIS IMaLTIuIa (mass flow rate)

Iaeeaun1sn 2.4

mass flow rate = pAv (2.5)
p = anunuLLUesnalvade 1 wihgusung
A = Nuinihdanvediralraniu

ANUISIvRINTTIva

<
]



2.5.3 &un19 Stagnation

mﬂaumiwa%ﬁﬁ (Bernoulli's Equation)

1
P+ PVZ+Y*=contstant (2.6)

£

LLANTUNIULSN ANUAUDS DIVl lUradbandni1siua N15InAUAUTABY

A A Yy o = o v lo A ad Ao = o
Lﬂaau%iﬂwjamﬂU%@ﬂlMaMi@ﬂﬁilmmQQQQﬂUVHMQLMUUﬂU%aﬂTMa WLIYNTT AITHUNUY

AunAngd (static pressure) @ansadnlaain

A// \\
(4) —ﬁ H
ho s
v 5 = | ¥
o l P
L . o/ d |—-X
(1) (2)
Vi=V V=0

3UM 2.3 T8n1570 static pressure Wag stagnation

Stagnation pressure mlaann1sinanunulievedivagnanauiiaudugud

f
Y
lagnsrurunsisanudeanunieanunialunisivanuvudadililes aunisiwesyd
(Bernoulli's Equation) au15al4lun15mANduiuS 989AUL5IUaYAIINAUAINLYY

NITLLd



; " =const (2.7)

AatiuRINANNTT Stagnation pressure Fvagulsinlugag Stagnation aziduniseneds

WNeatunsinaninusinieiaus nsas1eianiee lurieldsdesinisfiansanna

NAIUNIUNILELD
2.5.4 1av3m (Mach number , Ma)

AednsrdlruszuIneauiswennusdss Inglun1s@nwidnuvesluatindauiinun

91999k UNITRANSAUNSNBIENIT A @unsaulaleaInauns 2.7

(2.8)

0l

dwsunsinwuieivansiidusidlugauafauisaduiuainudveadss (C) o

Aaauns 2.8 lned k Wuilsiduresgaumaiivag R uaaed aeuauiidewewiaan

a

a [ ¢ o
ARzt luilaiduvesgungll

Y

C=VkRT (2.9)

2.5.5 A153AN15A15 Iavaanalnigluvianianwauzutnannisivalulynenay

NHITD 2.5.2 9MI1N15b1aLT 9078 (mass flow rate) TANUAUNUSAUAI

¥

= P Y [ P P [ | (=4
NuUNnFans Ivavesedlna aeauni1si 2.4 Weanwauevianisinaveswasinaliiduluy

nausIllanunsaddurtuaudnatveiauug wAwuld JsladinisiiAn hydraulic

'
= U

diameter (D) d1liAwnLnuLiielilaaNandes aunsaAuanlasal

Y
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Dh = = (210)

ANNISANEIL A Nwey a7 aula Tanwut UMY Tnga1u1saAIUI YN

[

hydraulic diameter (Dy,) WUUNWRIU LART]

hydraulic diameter (D) =2 (r, —1;) (2.11)

SatluesnaunIguen

ﬂ
o
Il

Sedivaaenaunielu

=
Il

-\ ¥

Yo

JUN 2.4 M nanuEYaLUUIIMIY

Aawv A a )

2.6 9MUYNLAYAVDY

¥ w.¢. 2559 TONGCHANA THONGTIP [1] 19¥i1n15@n®1n1swsaunseuuyinanuLiy

@ PONIRY) v =l : o o o [ a a

WUULANATERUAINUS AR N9lAEYNIN1591a09 CFD 28952 UUYMANULEULUUBLAAIMDSLAE
Tasvianudiu R141b wagvinniswauikasnaaaussuuyinauduLuudidanesiaely
A157ANILEY R141b Aunuy dnsuldanuas

39180 CFD wafagimunnuaitunisesnwuukaziiludnisimunssuuyinng
Wunuudidawasaunuulraiunsaldnulaegnaiivszansain Tnensldnisdnass CFD agyin

Tnsudanszurunisiranisludisiiawesuazldlunmsviuelseansnmvediiames
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U w.m.2553 algdl Sewmsenanazane [2] WAnwinsianuiulussuvaniuidvleg
naaoulasldiaiosiiaruburunn 1 Alates dmuslioamodvemsiolethegsening 110 fs
150 esrnwaldyanazguuivesAdsTzmensiiil 7.5 ssmiwaidea Tivndnugugl 8 il
sUnssnedy nanismaassilimuin sunssiuandnsiuvewidniinaseuszansnmvess
ARnasuazdnsd@LlsEaNSnnna U (COP) 38353UY

9 n.7.2561 aigydl Fowsznauarany [3] ldviin1sesnuuuiaieauletluLeunain
Furhanuiulaedsmiunisiiaszilssdnsnmnisgunnamans arsvianubuaziivuali
Huanslugauad nan1smeassilingiuin wWeamaasunaniamgufuandliiiuin 3501

Munauilianansaltlunsesnuuudiiames (Ejector) Ie



uni 3

35N15ALHUU

lunsAnwnisAnwUseanSamvedidames (Ejector) MluaussuuyinauLdy

IS A 1

Tnguusiumunisidanuiuasianudunianfendmngeg WednwwaviuSeuifisuninu

9 Y

= 1

wngaulunisdentdnuvesasimanubuiiyadiengsine lnglaaniunuuieendu

q

2 dw IfuA dwdl 1 Wumsmveuavesslinszsinsldauiimnzauiednuuz Ui
vosBiiamed (Ejector) fiunfinw dwil 2 Aensdiasssinavesasiharanduiiyn
Lﬁamﬁqwhm neludidawmes (Eector) s1unu 3 il @léun 1,1-Dichloro-1-fluor ethane
(R141b) , pentafluoro propane (R245fa) wag (Z2)-1-Chloro-2,3,3,3-Tetrafluoropropane
(R1228yd(2)) Wnedduitedldnsasuuusaemsedamaninunguivesesiva |

gaumamanLaslUsLNsuNSTIATIsMBeRLaY ANSYS (FLUENT) 20 Wundn

3.1 n1sidenld geometry vasgUunsaidiiawnas (Ejector)

1NNNSANYIIWIT8Y8S TONGCHANA THONGTIP [1] 1@nans81999 (DEVELOPMENT
OF THE JET REFRIGERATION SYSTEM TO BE USED WITH WASTE HEAT, 2559 : 43-44 )
WU geometry lAYIN1500NLUUAINNG B VDI Keenan (The classical Keenan’s 1-D

v

theory) liled1elagiuingaunan1sAnyl 39la geometry #adl

Subsonic diftuser

JUT 3.1 uanaseazidenves geometry Mldluns@iny



13

3.2 n1sasauuasslagldluswnsy ANSYS 2020 R2

' '
= A

Weannns@nwienfunsitasigsinisinasenisivavesansvinainufuiiindaud
aeludidawmas (Ejector) wisldlunsimsieiviunedse@nsnmvesdidamesydasvi

AMadudsll R141b , R245fa way R1224yd(z) lneyinn153lAsginiuen Entrainment ratio

(Rm) wag Critical discharge pressure (P ) @1fuluswnsy ANSYS FLUENT 20 R2

cri

Tunis@neaaelusunsy ANSYS 2020 R2uustunaulunisinauesnidu 2 dun

[

ddnuazidonsonnusielilesostoyanunimi 3.1 il
1. myenuuulagldaurulusunsy ANSYS Workbench 2020 R2
2. M3assnsivavesadluariulusunsu ANSYS FLUENT 20 R2

3.2.1 mseanuuulagldauniulusunsy ANSYS Workbench 2020 R2

nsvinauluduluswnsy ANSYS Workbench 2020 R2  aztdunisyinanulusiu

geometry Usznaulume 2 g laun
3.2.1.1 N19210 geometry LUUANNIATATULUALAY

18919998 NwME geometry H191ARIVBT 3.1 N9 ADIANITILATIENDINITUUS

Partition el geometry Wimangauseni1dnaes fegunmusenausialil

o
File Create Concept Tools Units View Help
AHB (@] D Greo [[sdect[y b RREB |0 [ A 0[S > QAQAQEQ QS |+ [@ (/2
W M~ £~ fiv fe A~ fo A 7
XYPlane. v | sketent - U </ Generate @@ Share Topology  [F5]Parameters. H REdtrude gloRevolve Qo Sweep  § Skin/Loft
@Thin/Surface Q@ Blend v & Chamfer @ Slice H @ Point B Conversion
Tree Outline
=),/ A: Geometry
3 XVPlane
3 ZXPlane
3 VZPlane
8 Surfaceski
P Facespiitz2
/& 1Part, 1 Body

metry - DesignModeler - o

Sketching M,—

Details View 2
= Details b

Bodies 1

Volume 0mm* .
Surface Area | 22901 mm* n
Faces 10

ges |33 0% 4000 80,00(mrm)
Vertices 24 .

20,00 60.00

Model View | Print Preview

3U7 3.2 N13a319 geometry Uagn15WUa Partition
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3.2.1.2 138579 Meshing

WannunanwuzunInsa (grid Elements) A1y geometry L9991ndnwaEIB4
a a 1 i 1 o o < 1 = & A Y a a4
nIndlnarieAugnAeLazkiugvensiaenlusgiunn lnensAnwididenldnIaniu

JUNSeEmaeY (quadrilateral grid) LiasnnnInanuazlliiauwmizausiednuaen1sdnass

wazdlnugnAeiugnign dsgunmuseneuseluil

ANSYS

2020 R2

0 0.005 0.01(m)
0.0025 0.0075

5U# 3.3 n15a37¢ mesh ludwwes Primary nozzle

gﬂﬁ 3.4 N19@319 mesh Tugiuves Secondary nozzle



JUT 3.5 N13a399 mesh ludiues Mixing chamber

ANSYS

2020 R2

0 0.0015 0.003 (m)
0.00075 0.0023

3UN 3.6 N3a319 mesh Tudiuves Throat

ANSYS

202082

5U# 3.7 n15a37¢ mesh ludiuves Diffuser

15
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3.2.1.3 3TUIUNIAVBIANALLDYATIAUNS AN

[

AR I3 Ave Az sauyteaniu 3 §nway fell wuuney, wuuly
nang LLaszuasLé‘amﬁqm Tngdnsdamanisdrasafien Entrainment ratio (Rm) 970911338
Y849 TONGCHANA THONGTIP [1] Lten@n58 198 9 (DEVELOPMENT OF THE JET
REFRIGERATION SYSTEM TO BE USED WITH WASTE HEAT, 2559) %NNa“UEN Entrainment

ratio (Rm) Tsiadilaisnaniu aedudelaidonldiuuiiansiidanuwuznsauvazidun Woan

18N1aNALAAANURANAIALUNITINGDINS LA T8 A

A15199 3.1 LEAASINUIUNSALART AN

AUAZLDYAVDINIA I1UIUNA
WUURYNU 110,179
WUUNAY 195,675
WUUATLDYN 347,600

A15197 3.2 Wa@AINa Entrainment ratio (Rm) WiazangeuznIn

- il Pressure Temperature
AUASLRYAVDINIA Rm
critical (Pa) outlet (K)
LUUKEIU 97,500 304.1 0.361430055
LLUUNAY 97,500 304.1 0.361586345
LUUAZLDYA 97,500 304.1 0.364001473
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— AN —NAN — U8
0.45

0.4

0.35
0.3

£ 0.25

R

0.2

0.15

0.1

0.05

0
60000 65000 70000 75000 80000 85000 90000 95000 100000 105000 110000

P outlet (Pa)
N J

SUN 3.8 LANIANUAUNUSTEMINANUAUNNII98A (Pressure outlet) wag Entrainment

v

ratio (Rm)

3.22 n1ameAIgUuuUNIIEIaas Hulusunau ANSYS FLUENT 2020 R2

lusiadent 3.2.1 9elagunuuras geometry war Meshing 109n3nn1elu geometry
Munganuad Tuneussldiduazidunisimsigrinisivavesarsvianuduniely
geometry LiiayuNedsUsEANS NInA1sYIauvesd i amesiiuluswnsa ANSYS FLUENT

2020 R2

3.2.2.1 AuENURYDIENSTINAEY
a15vianudunldlunisdnaesuseneulinie R141b, R245fa way R1224yd(z)
lngfimunanvazuaIAMaURfiInI1N 3.1

=] L wa o - o
13199 3.3 aﬂwmzﬂmammadmimmmLauﬂﬂumsmaaﬂ

Density Ideal gas

Specific heat Polynomial
Thermal conductivity Polynomial
Viscosity Polynomial
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[

Tun1s@nullagedequauifainuulsauniludiinrainsensianidi e
anigeLusni 18%edn NIST (National Institute of Standards and Technology) @115
AnwnauautRtiugIuveansiaudu ldandiuled

https:.//www.webbook.nist.gov/chemistry/fluid/

NIST s NIST Chemistry WebBook, SRD 69

a Searchv NIST Data v About ¥

Thermophysical Properties of Fluid Systems

Accurate thermophysical properties are available for several fluids. These data include the following:

* Density * Specific volume

i C, (I o

* Enthalpy * Entropy
® Internal energy * Speed of Sound
® Viscosity ® Thermal conductivity

e Joule-Thomson coefficient o Surface tension (saturation curve only)

gﬂﬁ 3.9 w1 iuledues NIST (National Institute of Standards and Technology)

3.2.2.2 n1siviua Boundary condition ¥asasyinanutdulunisitass

n3fmiuA Boundary condition tunaaniindrAgyvainisdtasinisinalaeazdy

Tanuunlunsfinelulsaznsdlfine) Aeg1auans Boundary condition fam151e

M13199 3.4 uans Boundary condition vewmuiivadlvauguall (Primary inlet) a1svh

ALY R141b

Nozzle Values Unit fiyn
Static Temp 90.00000 C ARINNITAINUA
Static Pressure 538250.00000 Pa
www.webbook.nist.gov
Density 23.68050 kg/m?
kinematic viscosity (V) 4.77E-07 m?/s
dynamic viscosity (W) 1.13E-05 kg/ms . )
Prop. U83&1911ANULEY
Cp 9.68E-01 kj/kg k o
790 C
Cv 8.31E-01 kj/kg k

Y 1.163820063 -




M15197 3.4 (618) uan3 Boundary condition wawavadlnalsy

1 ALy R141b

a

Y

19

A4 (Primary inlet) @13

Nozzle Values Unit ﬁm
Diameter 0.00320 m Dimension
Mass flow 311113
Average Velocity 89.63252352 m/s .
AU
Speed of sound 385.00 m/s aun1sANULSIEeS
Mach number 0.232811749 -
Total Pressure 555458.3427 Pa
dlNN3 stagnation
Total Temp 90.39956679 C
363.3995668 K
Mass flow 910113
Average Velocity 89.63252352 m/s
NAADY
Intensity 0.05 b o
ANMINAINLULAD
CH 0.09 >
TKE 30.12745977 m?/s? @ung TKE
Omega 4473759276 1/5 d@1un13 Omega

A15197 3.5 uane Boundary

yinAuLdu R141b

condition vemaiveativaniugi (Secondary inlet) @13

Nozzle Values Unit fian
Static Temp 10.00000 C A12INNITAINUA
Static Pressure 43564.00000 Pa www.webbook.nist.gov
Density 2.21229 kg/m?
kinematic viscosity (v) 3.99E-06 m?/s Prop. 489 R141b
dynamic viscosity () 8.82E-06 kg/ms
Cp 7.67E-01 kj/kg k
Cv 6.77E-01 kj/kg k
Y 1.133185514 -
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M15199 3.5 (si9) Lane Boundary condition ¥aemudvestnanfegil (Secondary inlet)

15 vinAudu R141b

Nozzle Values Unit iy
Diameter 0.03841 m hydraulic diameter

1.282292594 m/s Mass flow 31AN1T
Average Velocity s

AU

Speed of sound 337.00 m/s Aun1sANILSIEe
Mach number 0.003805023 -
Total Pressure 43564.35737 Pa g1N17 stagnation
Total Temp 10.00000964 C

283.0000096 K

3.3 351150 UN1591889UIUSHASY ANSYS FLUENT 20 R2

WoaianuuInassuagnIvun Boundary condition Tun153nasmuiivei 3.2 uan
neluazilunisandusnudmndunissrasdagedenissiaesiiulusinga ANSYS FLUENT

20 R2 mmiaﬁﬂm%’agamﬂﬁaa&J’Nﬂ'}'if\i’waaq At

%ﬁ:- - SR N |

Ul 3.10 Mvwansdnuaznisiaesnsivaveswedlyalulusunsy ANSYS FLUENT 20 R2



-] Contours of Wall Yplus

contour-1
Wall Yplus.
3
290400

2586400
225€+00

1936400
161€400

129e400

967601

6.45€.01

323801

162003

5UM 3.11 uansdnuagsgaziden Wall Y Plus ¥as geometry

Name Material Type Order Materials by
|r141b fluid ¥ | (® Name
| Chemical Formula Fluent Fluid Materials Chemical Formula

c2h3cl2f r141b (c2h3ci2f) - [ﬁ
Fluent Database...

Mixture e
S v {GRArnA MDS Database...|

| User-Defined Database...‘

Properties
Density (kg/m3) ideal-gas v ||Edit...
Cp (Specific Heat) (j/kg-k) polynomial N {Editm‘l
0
| Thermal Conductivity (w/m-k)| polynomial v || Edit...
|
Viscosity (kg/m-s)' polynomial % .Edit“.
|
Molecular Weight (kg/kmol) constant v |Edit

116.9

[Change/createv Delete} [EI ‘

JUN 3.12 fegrnsdsmnnautRvesasiaudu R141b lunislddnaes



mial Profile

Define In Terms of Coefficients

cp Temperature D N 12 =
Coefficients

1/51078.92 2 -1146.306 3/10.57353 4-0.05085653
5/0.0001348272 6 -1.869733e-07 7 1.061083e-10 8

Primary Independent Variable 5

StaticTemperature (K) ~

Count | 100 =
Min 300
4662
Max 500
=2
o
< 3369
e
o
2076
782.4
300 350 400 450 500

StaticTemperature (K)

[Copy to Cﬁpboard} [Reset Zoom

m Cancel | [ Help

;J‘I.J‘ﬁ 3.13 mstarn Specific Heat uu Polynomial

& Polynomial Profile

Define In Terms of Coefficients
Thermal Conductivity || Temperature - 2
Coefficients
1/0.0017294 2 -0.00049701 319.0427e-06 4 -6.3775e-08
5/2.2203¢-10 6/-3.8190e-13  |7/2.5777e-16 el
Primary Independent Variable alogsez
StaticTemperature (K) ~
Count | 100 <
Min 1300
~ 0.0517
Max 500 & o
5
S
z
z
£ 00377
k-1
2
5
o
=
E
i
<=
* 0.02387

0.009956
300 350 400 450 500
StaticTemperature (K)

[Copy to Clipboard] [Reset loom}

m Cancel @

g‘dﬁ 3.14 nnsmaen Thermal Conductivity kuu Polynomial
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[+ B ile
Define In Terms of Coefficients
Viscosity Temperature bl b =
Coefficients
1/9.5436e-05 2-2.1159e-06 3/1.9741e-08 4 -9.5092e-11
512.534e-13 6 -3.5481e-16 7 2.044e-19 8
Primary Independent Variable
2.967e-05
StaticTemperature (K) ¥
Count | 100 =
Min 1300
2.456e-05
Max 500
0
&
o
=
> 1945005
k-
o
2
5
1.4342-05
9.231e-06
300 350 400 450 500

StaticTemperature (K)

[c0py to Clipboﬂ [Reset Zoonj

3 (el (o)

gﬂﬁ 3.15 N13A9A7 Viscosity LUU Polynomial

B Pressure Inlet X

Zone Name
primary_inlet

| Momentum | Thﬂal N ,,R'?E"a‘“'?'l ;peaesi DPM M@asrei | ;Poterlt@l bl s |
Reference Frame' Absolute il
Gauge Total Pressure (pascal) 555458.3427 v
Supersonic/Initial Gauge Pressure (pascal) 538250 v
Direction Specification Method Normal to Boundary af

v Prevent Reverse Flow

Turbulence

Specification Method K and Omega M
Turbulent Kinetic Energy (m2/s2) 30.12745977 A
Specific Dissipation Rate (1/s) 44737.59276 -

o JE|EE

UM 3.16 freganisaamniadivedlvaUgugll (Primary Inlet)



n Pressure Inlet

Zone Name
secondary_inlet

Momentum Thermal Radiation Species DPM Multiphase Potential

Reference Frame Absolute
Gauge Total Pressure (pascal) 43564.35737

Supersonic/Initial Gauge Pressure (pascal) 43564

Direction Specification Method Normal to Boundary
Prevent Reverse Flow
Turbulence
Specification Method K and Omega
Turbulent Kinetic Energy (m2/s2) 0.006166029
Specific Dissipation Rate (1/s) 53.32118509

B2 (cose] (e

JU# 3.17 fregamsaisimiadivedivaniisngi (Secondary Inlet)

n Pressure Outlet

Zone Name
outlet

Momentum | Thermal Radiaton | Species DPM Multiphase Potential

Backflow Reference Frame Absolute
Gauge Pressure (pascal) 83000
Pressure Profile Multiplier 1
Backflow Direction Specification Method Normal to Boundary
Backflow Pressure Specification Total Pressure
Prevent Reverse Flow
Average Pressure Specification

Target Mass Flow Rate

Turbulence
Specification Method Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%) 5

Backflow Hydraulic Diameter (m) 0.024

(e (i)

uDs

ups

3UM 3.18 feganisaamiaaiuiiniesn (Pressure Outlet)

24
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3.4 YaULIAKAZNaUlYVBIN15I18a94
3.4.1 @1591AUEY

nsdrassnsivavesansimnuduniefigaiiiengeiieg 1w 3 viln dldud
1,1-Dichloro-1-fluor ethane (R141b) , pentafluoro propane (R245fa) waz (Z)-1-Chloro-
2,3,3,3-Tetrafluoropropane (R1224yd(z)) "TfﬁﬁﬂmamﬁﬁmdLﬂﬁﬁLLﬁﬂﬁfﬂﬁﬁULLﬁiﬁﬁﬂwmzﬁ

Aaneiu lagansna 3 vila danwazily High Pressure Control

3.4.2 nuA Boundary condition Tun1531a4

¥

dmunuddeilafinisimuald madiveseslnalgugdl (Primary fluid) wag

a

vadvesveslnaniegil (Secondary fluid) lieglugduuuvesnnuduniad (Pressure

Y

inlet) udiuvesseanvasvadinalieglusuiuuves AUAUNIIeen (Pressure outlet)

MAnududurasnistudau (Turbulent intensity) inadveslralgugil (Primary

(%
1

fluid) ledaaTldestunisinatudndoundu (Prevent Reverse Flow) atugfinnadnves
yoslnanAngll (Secondary fluid) FismsAmuamaadutiuilagenfoguuuuves K and
Omega Tuéausuaamaaﬂléﬁ%mﬁﬁmumﬁiwmmﬁuﬂauﬁi@saﬂﬁ’agmwwaﬂ Intensity and
Hydraulic Diameter Tneruunarrudulauvesnssualnadaundu (Backflow Turbulent

Intensity) A1087 5% WwagA1UId Hydraulic Diameter ¥8411998n8E7 0.024 WMS

3.4.3 N1591899NAVD4 Critical discharge pressure L@z ﬂ?dqm‘w{]ﬁﬁﬁnwﬁ

Lﬁamf\m Critical discharge pressure (P_,.) vpaan5vAnudu R141b , R245fa wag

cri

3

R1224yd(2) WnglunisAnuiiinvunligaumgivindeloun (Boiler) doumall 90 asraaldes
(O) wazmmualvviIesseive (Evaporator) dgaumail 10 aafwaIgya

) Y9915V INANULE ULLA AU ALAA

cri

Weans unaues Critical discharge pressure (P
MMsUasulasgamgiviviielen (Boilen wafnwianifientesasiinase Entrainment

ratio (Rm) MuuaYgumiledi 84 fia 100 ssrwaigya (C)
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3.5 1na9in13gidn (convergence criteria)

o o

dmiunuideillafinsiruaiefnengAnssunisinalazysz@nsninvesansvin

a1l aa

< ¢ . Y1 aa ! P P gy Y ! = a
AIMULYUNURDBLIALEI DT (EJeCtor) I@Uiﬂﬂﬂwmwamaﬂﬁﬁﬂw’maﬂ‘t-}mg@jlflﬂﬂ’ﬂﬁﬂ’mu\i NI

L v oo w

a Y A PN a Y . ) a N
Sunleinfidnwaznsnesd wazlamnAns (residual) vesduyszansatudAey (significant

coefficient) doanianfvinlinsmiiidnwazai welnldnadnsiuiuduasaurnauna



UNN 4

VAYANANITVIUIYVDILUUINAD

4.1 ﬁi’lﬁ]ﬁﬁ]Uﬂ’)’]ﬁJgﬂﬁ@ﬂ‘U@ﬂLL‘U‘U‘\T’]GEN

4.1.1 N1AIIVEDUAIIULNULIVDILUUINADY
1791437899 TONGCHANA THONGTIP [1] Lana@15914989 (DEVELOPMENT OF THE
JET REFRIGERATION SYSTEM TO BE USED WITH WASTE HEAT, 2559) wanal i unam 9
seienIneaaaznsldnIssiassua SawasiaiiewSeuiieunares Pressure critical Ay
AAnannwiniu 14.47% waz Entrainment ratio (Rm) Slnanufiawann 3.70% dejudsauiseld
wuusuesilunisinwldiidemnimuuliug ivanausenissiass

A15199 4.1 LanIN1SHUSUNEUNASERINNNISNAADILAE NS MILUUT1adlLN15INa0INE

N1INNAaDY mifi‘i’]aa\‘ma ﬂ'l"lilﬁﬂwa’]ﬂ
Pressure critical (Pa) 83000 97500 14.47%
Rm 0.351 0.364 3.70%

4.1.2 mInsRdauANiugIvamgullun1sAtuIn

31N 8f] 1-DIMENSIONAL 1 ou111AIwINM M18731n15inaideuiadgugd (Primary

a

Mass Flow Rate) ladin135m519d0unavemgullaelTauieudnsinisivaidwialgund

Y

(Primary Mass Flow Rate) Tun1sviaaesfiungul] dlvinasanised 4.2

M19197 4.2 LARIHANITATIAABUTNIINTIMaLTaIaUgugdl (Primary Mass Flow Rate) Tuns

NAABINUNG )
A1SNAABY 1-DIMENSIONAL AURANATN
dNIINS AN
- 0.0170667 0.0170729 0.036%
Ugugu (kg/s)
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aetuansianudulunmsfinwesailadinisinadnsnisivadanalgugll (Primary

Mass Flow Rate) Ingllduf] 1-DIMENSIONAL Ssfiinanufanaiauansfanisn 4.3

M19199 4.3 uanansiUTeuiieudnsnisinadaiaugund (Primary Mass Flow Rate) 581319

Mg ud] 1-DIMENSIONAL ffu 139109/ ulUsnsu Ansys Fluent U99a15vinA3Ldu R245fa waz

R1224yd(z)
#15vinANuLEY 1-D Ansys Fluent | A1uRanwan

ansINsinalde

- R245fa 0.034882 0.032064 8.08%
uaugunu (ke/s)
anIIN5 AT

N R1224yd(z) 0.032506 0.031109 4.30%
uauguQy (ke/s)

= o g o & do A ¢ .
4.2 AFANYINAANIUDIFENITINIAIMULL UNUNAFNDDLIALAND (EJector)

4.2.1 nsiinvesauaunieludidames (Ejector)

Auue center line wag wall surface Tun1sanasanalagfnwidnwazn1siUasuslad

vasrusuneludidnmes (Fector) fnalulununisinaiuresdidanes (Ejector) Feagiinng

'
=

W UAUAUUDILnaa1n Nozzle Inlet (x-coordinate 0 m) T¥HAIUAUT @9V ULALEIDDNN

99719 Outlet (x-coordinate 0.25306

150000

100000

0 0.05

Static pressur (Pa)

50000 ll\l\nhnnvl’”’-{/ ar
i “ U UUW

m)

R141b

Y

Center
line

surface

0.1 0.15 0.2 0.25
x-coordinate (m)

JUN 4.1 uanensideuudaswes Static pressure Meludidames (Ejector) vadansvinAuLiy

R141b
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R245fa
400000

350000
300000
250000
200000
150000
100000
50000
0

Center
line
Wall
surface

Static pressure (Pa)

|

0 0.1 0.2 0.3
x-coordinate (m)

JUT 4.2 uansnsideuudaswes Static pressure Mmeludiirmes (Ejector) vasansvinnnuLiy

R245fa

| o R1224yd(z)

©
©300000
N
0250000
5
&200000 Center
9150000 line
a
0100000 Wall
+ n surface
£ 50000 N
(Vp)]

0

0 0.05 0.25

o i 0.2
x-coordinate (m)

g‘dﬁ 4.3 LLaﬂ\'jﬂ’liLUg&uLLanaﬂ Static pressure meludidnmes (Ejector) YosEnTviAuLy
R1224yd(z)

4.2.2 wan1sInaeuavindinaneanmniingAvadiaIasalumliy (Condenser)

nnsiasansinaneludidames (Ejector) WisAnwmanwarnisivadisSeuiiigu

[y

uilq The Critical discharge pressure (P ;) ¥84%14 3 a159ANEULAZIIUT 9T

cri

LA30938L4e (Evaporator) Weanu (90 aeALwaLTEaa)
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15U 4.4 Wiuldddunisazauanisiinndunszunnvesansiianudy R141b
uwaz R245fa Adnwarlndifivetu luraeiortumuniiveindunseunnesans ey
R1224yd(z) dnwazuanaeeaniy iialudumislnasinansvitanudu R141b uag R245fa
idefiansanaindeyaluiided 4.5 Fauanslifiuingamniingfivesn3ssmuniuvesansyi

AULEU R245fa Tanunniigaudlndifssdiuansvinauu R141b uag R1224yd(z) fenieeiian

2
a1

Judsmiliiulainavedavdnnassmunisvainisiandunssunnidmarieanmngiingfues

LATDIAIUKL (Condenser) agdionaufasta

R141b at Critical discharge pressure

R245fa at Critical discharge pressure

R1228yd(Z) at Critical discharge pressure

Mach number

0.00 031 0.62 093 124 155 186 217 248 282
A A

JUN 4.4 peuwsiavdnvesasianuduwiazaiinilnanieludidawes (Ejector)
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4.3 WwEAINANI3AIA1 The Critical discharge pressure (P ;) Y9a1T1ANULEY

R141b , R245fa waz R1224yd(z) fisidmmas (Ejector)

wanatayansldlusunsy ANSYS FLUENT 2020 R2 Tunisfindngnsinistnaideuiausy
231 (Primary Mass Flow Rate) kay §95In15Watgeuianfiugil (Secondary Mass Flow Rate)
wazu1blUA1uINA Entrainment ratio (Rm) L‘ﬁ‘aqum The Critical discharge pressure (P ;)
Ysd15vAudY R141b , R245fa way R1224yd(2) Imﬁmuﬂﬁqmmﬁﬁwﬁdaﬁﬂ (Boiler) &

QUM 90 BeALTALBEARAZIVUALATIATEISIME (Evaporator) igaungil 10 asraades (C)

Y

4.3.1 udnMaA1 The Critical discharge pressure (P ;) ¥8sa159inasdu R141b

a

A135197 4.4 LAAINAAIYD9TD3LUALTINIA (Mass Flow Rate) Tudiuvesniadivesinalguq

Y

[

(Primary inlet) way mqﬁwmlmanaaqﬁ (Secondary inlet) ﬁﬂmuﬁuﬁhm YA TVINANULEUY

R141b

P outlet | P outlet | T outlet Y yesontary Entrainment

Pa) (Ban) © Mass Flow Rate | Mass Flow Rate 13
(kg/s) (kg/s)

83,000 0.830 299.64 0.016307423 0.00628064620 0.38514032540
92,000 0.920 302.48 0.016307423 0.00628063920 0.38513989610
93,000 0.930 302.78 0.016307423 0.00628062000 0.38513871870
96,000 0.960 303.67 0.016307423 0.00628064730 0.38514039280
97,000 0.970 303.96 0.016307423 0.00623827720 0.38254218340
97,500 0.975 304.10 0.016307423 0.00593592600 0.36400147340
98,000 0.980 304.25 0.016307423 0.00553972580 0.33970577690
100,000 1.000 304.82 0.016307423 0.00341769770 0.20957926340
102,000 1.020 305.38 0.016307423 0.00087466277 0.05363586693
104,000 1.040 305.91 0.016307423 -0.00115163630 | -0.07062037331
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e ™
05 ——R141b
0.4
0.3
£
@ 0.2
0.1
0
0 20000 40000 60000 80000 100000 120000
Pressure outlet (Pa)

- v
5UN 4.5 N5 WuandA15zndng Entrainment ratio (Rm) UagAusuinigesn (Pressure outlet)

Y93a159ANLEU R141b

1nAlUA13197 4.4 LazsUN 4.5 LanswaA Entrainment ratio (Rm) L3udAaAa97

AR 97,500 Pa virlsimsuladn The Critical discharge pressure (P ;) 983815%11A13L8Y

cri)
R141b 8g#iANAY 97,500 Pa Uagd1NNIATIIFOUAIVEITNTINTINaLTaIaUgugll (Primary

o 1 a

Mass Flow Rate) 3191338 7LA g170anuIlA19951n15naideauiaugugdl (Primary Mass

Y

Flow Rate) finanuaaiaadousnnauiseey 4.47 wWesigus

4.3.2 w#ndNan1 The Critical discharge pressure (P ) Y89d151A21ULE Y
R245fa
M99 4.5 uananaA1esnINIsialdana (Mass Flow Rate) ludmuvesmativesinaygy
i (Primary inlet) kagvnadvasivaniisgil (Secondary inlet) fiaususingg vesansviay

\fu R245fa

Primary Secondary
P outlet | P outlet | T outlet Entrainment
Mass Flow Rate | Mass Flow Rate
(Pa) (Bar) (K) ratio
(kg/s) (kg/s)
83,000 0.830 283.32 0.032063555 0.012970408 0.404521832
96,000 0.960 286.86 0.032063555 0.012970087 0.404511820
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A9 4.5 (D) LAAIHNARIYRITNIINTIALTINIA (Mass Flow Rate) Tudiuvsaniadnveelva

Ugundl (Primary inlet) wagnairvedlnaniegil (Secondary inlet) 1AAUANY VBIEITIN

ALy R245fa

Primary Secondary
P outlet | P outlet | T outlet Entrainment
Mass Flow Rate | Mass Flow Rate
(Pa) (Bar) (K) ratio
(kg/s) (kg/s)
124,000 1.240 293.35 0.032063555 0.012970082 0.404511664
176,000 1.760 302.82 0.032063555 0.012969996 0.404508982
180,000 1.800 303.45 0.032063555 0.012967198 0.404421718
182,000 1.820 303.76 0.032063555 0.012967182 0.404421219
183,000 1.830 303.92 0.032063555 0.012967204 0.404421905
184,000 1.840 304.07 0.032063555 0.012898732 0.402286397
184,500 1.845 304.15 0.032063555 0.012510747 0.390185898
185,000 1.850 304.23 0.032063555 0.012015973 0.374754858
187,000 1.870 304.53 0.032063555 0.009646387 0.300852070
190,000 1.900 304.99 0.032063555 0.005417601 0.168964436
200,000 2.000 306.49 0.032063555 -0.006091855 -0.189993112
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4 N
0.4
0.3
£
o2
0.1
0
0 50000 100000 150000 200000 250000
Pressure outlet (Pa)

- /

=1

5UN 4.6 N5 MuaneA15ENIN Entrainment ratio (Rm) Wagausuivigeen (Pressure outlet)

YpIaSYINANLEY R245f3

1nAlUA19197 4.5 WazgUT 4.6 LaAINaA Entrainment ratio (Rm) L3udA1aAA97

AUAY 184,500 Pa vinlinsauladn The Critical discharge pressure (P _.) U83a1591AuLdY

cri)

R245fa 9g#1m1usi 184,500 Pa Uaya1NN1IATINEOUAIVEITRI NS vaanaUgugd (Primary

a

Mass Flow Rate) 99nN15AIUIUNINEGBE NUIliaeasinisinadaiaugugll (Primary Mass

U

Flow Rate) finnnunaaadousIneuiseet 8.08 wWesidus

) UB9d1sNIAIULEY

Ccri

4.3.3 udAINaA1 The Critical discharge pressure (P
R1224yd(z)
A151497 4.6 wananar1veIsRsINITiraLleuna (Mass Flow Rate) Tuduaesmadnvesiva
Ugundl (Primary inlet) wagmai1vaslraniegil (Secondary inlet) ﬁﬂ’gmé’umm 99139

%9 Y

ALY R1224yd(z)

Primary Secondary
P outlet | P outlet | T outlet Entrainment
Mass Flow Rate | Mass Flow Rate
(Pa) (Bar) (K) ratio
(kg/s) (kg/s)
135,000 1.35 294.9800 0.027223135 0.012399376 0.455472009
140,000 1.40 296.0800 0.027223135 0.012399466 0.455475315
145,000 1.45 297.1800 0.027223135 0.012399416 0.455473479




35

AN5199 4.6 (FD) LAAINAAIYDITNTINTEIAALTINIA (Mass Flow Rate) Tudruvaaniadnvealva

Uguqdl (Primary inlet) wagmai1vaslraniegil (Secondary inlet) 1AL VBT

AU R1224yd(z)

Primary Secondary
P outlet | P outlet | T outlet Entrainment
Mass Flow Rate | Mass Flow Rate
(Pa) (Bar) | (K) ratio
(kg/s) (kg/s)
150,000 1.50 298.2800 0.027223135 0.012398593 0.455443247
155,000 1.55 299.1230 0.027223135 0.012378803 0.454716292
160,000 1.60 299.9660 0.027223135 0.012082420 0.443829118
165,000 1.65 300.8090 0.027223135 0.01073442 0.394312411
170,000 1.70 301.6520 0.027223135 0.007311599 0.26858036
172,000 1.72 301.9892 0.027223135 0.005408224 0.198662773
175,000 #T5 302.4950 0.027223135 0.002092348 0.076859201
180,000 1.80 303.3380 0.027223135 -0.002692232 -0.098894988
4 N
Ny —R1224yd(z)
0.4
03
£
o
0.2
0.1
0
0 50000 100000 150000 200000
Pressure outlet (Pa)
- %

5UN 4.7 N5 MuanaA15endNg Entrainment ratio (Rm) WagAusuivngeen (Pressure outlet)

YesasvhANILEY R1224yd(2)
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1nAMUAIT19 4.6 WarIUN 4.7 Lanenan Entrainment ratio (Rm) L3 uilAnanas

fia1uay 160,000 Pa vlns1uld 21 The Critical discharge pressure (P ) 98981591

cri
AMILE R1224yd(z) 0g#iAufU 160,000 Pa waza1NN1303I9d0uUAIr0ednsINsivadeana
UguQd (Primary Mass Flow Rate) 31nA15AUIUNIMNG Y] WuI1da18mnsIn1sivaidauia

(Primary Mass Flow Rate) AunanindeuaInawiduey 16.25 Wesidud

4.3.4 WEANINARIDATIEIUAIUAY (Pressure lift ratio) Va9a1591AULEY R141b ,
R245fa waz R1224yd(z)
MIANTNINEIUAINUNU (Pressure Lift ratio) ¥99a15v11AuLEU R141b , R245fa hag

R1224yd(z) lagensdeanaunisnnanntsluluund 2 uansmannisng

A15197 4.7 LansAdnsauausu (Pressure lift ratio) ¥99a15vi1AULEY R141b

Pressure outlet (Pa) | Pressure secondary (Pa) | Pressure lift ratio
83,000 43,564 1.905242861
92,000 43 564 2.111835460
93,000 43,564 2.134790194
96,000 43,564 2.203654394
97,000 43 564 2.226609127
97,500 43,564 2.238086493
98,000 43564 2.249563860
100,000 43,564 2.295473327
102,000 43,564 2.341382793
104,000 43,564 2.387292260

A15197 4.8 LanIAIdRIIEIuANNAY (Pressure lift ratio) U9a15yAMULEY R245fa

Pressure outlet (Pa) | Pressure secondary (Pa) Pressure lift ratio

83,000 81,673 1.016247720

96,000 81,673 1.175419049




A15197 4.8 (51) LARIASNIIAILAMNAU (Pressure lift ratio) VBIA1VINAUEU R245fa

Pressure outlet (Pa) | Pressure secondary (Pa) Pressure lift ratio
124,000 81,673 1.518249605
176,000 81,673 2.154934923
180,000 81,673 2.203910717
182,000 81,673 2.228398614
183,000 81,673 2.240642562
184,000 81,673 2.252886511
184,500 81,673 2.259008485
185,000 81,673 2.265130459
186,000 81,673 2.277374408
187,000 81,673 2.289618356
190,000 81,673 2.326350201
200,000 81,673 2.448789686

A15197 4.9 wansAEnTEILANL (Pressure ift ratio) UesansyinimLdy R1224yd(z)

Pressure outlet (Pa) | Pressure secondary (Pa) Pressure lift ratio
135,000 84,580 1.596122015
140,000 84,580 1.655237645
145,000 84,580 1.714353275
150,000 84,580 1.773468905
155,000 84,580 1.832584535
160,000 84,580 1.891700166
165,000 84,580 1.950815796
170,000 84,580 2.009931426
172,000 84,580 2.033577678
175,000 84,580 2.069047056
180,000 84,580 2.128162686
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NAIT19N 4.7, 4.8 LAy 4.9 NM1SMIA19RSIEINANNAY (Pressure Lift ratio) Huagvinli
aunsaasans i evinsiUSeuisudoyavesaisvinaudu R141b , R245fa uay
R1224yd(z) lngaz@aslidan Entrainment ratio (Rm) wagdns1diuadnusu (Pressure lift ratio)

= 1 = = J o [ 1 Y 1%
Lu%]ﬂ‘ﬂ’]ﬂ‘lmﬁ’m’]iﬂLUT&J‘ULVIEJUﬂ']“U’eNﬁ'ﬁVI’]ﬂ’J'mLUHLLG]@%G]’JI@]I@EJWNI@

-
05 —R141b ——R1224yd(z) ——R245fa
0.4
0.3
£
o2
0.1
0
0 0.5 1 1.5 2 25 3
.\ Pressure lift ratio )

g‘Uﬁ 4.8 NSINLENIAITLUINNBAIIEIUAIINAU (Pressure Lift ratio) wag Entrainment ratio

(Rm) v89a15vAnuiu R141b , R245fa way R1224yd(z)

4 M
A —R141b —R1224yd(z) ——R245fa

0.45 \

0.4 X
0.35

0.3

0.25

o 0.2
0.15
0.1
0.05

285 290 295 300 305 310
Temperature outlet (K)

o
sUN 4.9 nsluanaa15enI19gunnd7 30 The Critical discharge pressure (P

9%
) hay

crl

Entrainment ratio (Rm) v@sa159Anadu R141b , R245fa uay R1224yd(z)
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nTeyavianuaiing 191919y wansliiindnfige Entrainment ratio (Rm) vedvisay

ansvhanududainnuduiunnseiu wiloamgilndifssiuiufe arsvianudu R141b &

a

gaumgilegil 304.10 1aadu (K) ve 31.1 esmwaldea () flansvivarndu R245fa flgamaiior
7l 304.15 @A (K) w3 31.15 asnwaldes (O) uazansvharandy R1224yd() Slgamgiiog

301.8206 vAa3u (K) %158 28.8206 v Lgasted (C)

4.4 Aps1evinaUseEnsnnuesdliawad (Ejector Efficiency)

M19199 4.10 wanenarA1Useansninaesdidawmes (Ejector Efficiency) igednveusazansyin

ALY
Refrigerant Ejector Efficiency
R141b 14.95%
R245fa 15.28%
R1224yd(z) 15.25%

A15197 4.11 Uszansnmvesdidames (Ejector Efficiency) vesansyinainadu R141b Auusiu

mugumgivemiialet (Boiler)

T S e, () Ejector Efficiency

84.0 357.0 0%

86.0 359.0 0%

88.0 361.0 3.82%
89.0 362.0 10.09%
90.0 363.0 14.35%
90.5 363.5 14.95%
91.0 364.0 14.75%
92.0 365.0 14.44%
94.0 367.0 13.42%
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A15799 4.11 (fa) UszAnsnnvesdidames (Ejector Efficiency) 109a159AEu R141b

MUsiumugmgiivendisloui (Boiler)

Teen (°C) Teen (K) Ejector Efficiency
96.0 369.0 12.00%
98.0 371.0 10.91%
100.0 373.0 10.24%

A15197 4.12 UssAnSnnwesdldmnes (Ejector Efficiency) wesansyinaanudiu R245fa Mwusiu

augungiiveialou (Boiler)

Teen (°C) Teen (K) Ejector Efficiency
84.0 357.0 0%
86.0 359.0 0%
88.0 361.0 3.89%
89.0 362.0 10.68%
90.0 363.0 14.97%
90.5 363.5 15.28%
91.0 364.0 15.13%
92.0 365.0 14.21%
94.0 367.0 12.99%
96.0 369.0 11.66%
98.0 371.0 10.68%
100.0 373.0 10.01%
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a a a

A151991 4.13 Uszavsnmaeddifamnes (Ejector Efficiency) v09a13vinAuLiy R1224yd(z)‘1'7i

wUsiunuamgiivemlalow (Boiler)

Teen (°O) Teen (K) Ejector Efficiency
84.0 357.0 0%
86.0 359.0 0%
88.0 361.0 5.10%
89.0 362.0 10.83%
90.0 363.0 15.17%
90.5 363.5 15.25%
91.0 364.0 14.89%
92.0 365.0 14.24%
94.0 367.0 13.25%
96.0 369.0 12.70%
98.0 371.0 12.09%
100.0 373.0 10.95%

——R141b ——R245fa ——R1224yd(z)

18.00
15.00

12.00

9.00
6.00
3.00
0.00

84
-3.00

Ejertor Efficiency (%)

-6.00

T °O

generator

JUT 4.10 n5muananuduiusseninsaugiivesnialeul (Temperature boiler, Teenerator)

v

way Ejector Efficiency lnaiUSeuiiisuansiitanuiduna 3 uin
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4.5 WHNINANTITUIAT The optimal value of the generator temperature (Topt)

YD9E59AUEY R141b , R245fa was R1224yd(z) findelain (Boiler)

wanadayan1sldlusunsy ANSYS FLUENT 2020 R2 Tun1sAn1veednsinisivaideia
Ugunil (Primary Mass Flow Rate) waz 8n31n15bnaideutanfiond (Secondary Mass Flow

Rate) wagilumuamAl Entrainment ratio (Rm) Lﬁamﬁgﬂ The optimal vale of the generator

temperature (T, ;) ¥09e5AMYU R141b , R245fa uag R1224yd(2) Tnorvualionmgiii

nilalotn (Boiler) ﬁmimaammauﬁamﬁm The optimal vale of the generator temperature

v

(T, waziualinuiuLazguugiivnseantlinsasseine (Condenser) dAninfugaiidu

opt

) YasusazasiANLLEy

cri

The Critical discharge pressure (P

4.5.1 waMINANIIKUIA1 The optimal value of the generator temperature (Topt)

Ya9a159iIANEY R141b

A15199 4.14 LARINAAIYBIINTINITIALTINIE (Mass Flow Rate) Tuauued9nsinisinad

a

WIaUgu il (Primary inlet) kagdnsinistvaiBeuianfeni (Secondary inlet) Migamainge

Y

Y93a159ANLEU R141b

Primary Secondary }
T (O T (K) Mass Flow Rate Mass Flow Rate Entraln.ment
(kg/s) (kg/s) i
84.0 357.0 0.014251090 -0.006044266 -0.424126562
86.0 359.0 0.014918074 -0.002621187 -0.175705436
88.0 361.0 0.015606760 0.001460090 0.093554966
89.0 362.0 0.015959627 0.004014401 0.251534732
90.0 363.0 0.016307423 0.005935926 0.364001473
90.5 363.5 0.016499743 0.006306644 0.382226826
91.0 364.0 0.016682696 0.006343567 0.380248336
91.5 364.5 0.016866844 0.006392178 0.378978925
92.0 365.0 0.017052554 0.006451458 0.378327956
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AN5199 4.14 (AB) LAAKNARANYDIOMNIINTS IMaTaNIa (Mass Flow Rate) Tudiuvesdnsinisiva
Waanadguqdl (Primary inlet) kagdnsinstnaidauanfenil (Secondary inlet) Migamnisingg

Yp3a15viAnLeu R141b

Primary Secondary
Entrainment
T (O T (K) Mass Flow Rate Mass Flow Rate
ratio
(kg/s) (kg/s)
94.0 367.0 0.017810205 0.006468162 0.363171698
96.0 369.0 0.018591585 0.006228422 0.335012986
98.0 371.0 0.019397276 0.006090357 0.313980009
100.0 373.0 0.020022747 0.006083727 0.303840786
. N
—R141b
0.45
0.4
0.35
0.3
0.25
£
@ 0.2
0.15
0.1
0.05
0
82 84 86 88 90 92 o4 96 98 100
Teenerator , °C
N i Y,

JUT 4.11 n3MKAAA1521I19 Entrainment ratio (Rm) wazaumgiivesmisialet (Temperature

Y

boiler, Tyenerator) VOIENTVIIAIMEY R141D

1NANUAITIN 4.14 kaggUTl 4.11 Uananaa Entrainment ratio (Rm) ANM1NAaAT

gauunnd 363.5 wadu (K) w38 90.5 ssmwaided (C) vilving1ulai19a The optimal vale of

the generator temperature (T, ;) ¥09815¥11A"LLHY R141b agigamgil 90.5 sarLuaides

©



44

4.5.2 WaANaA1 The optimal value of the generator temperature (T, _.) V949819

opt

#AuEu R245fa

A151997 4.15 LAAINAAIYDITNTINTTIMALTINIE (Mass Flow Rate) Tuadiuued9ns1ni1snasd

a a1

WIUgu dl (Primary inlet) kagdnsinstralauianfenil (Secondary inlet) Migaumainge

Y Y

Y83a159ANULEU R245fa

Primary Secondary
T (O T (K) Mass Flow Rate Mass Flow Rate Entrain.ment
(kg/s) (kg/s) ratio
84.0 357.0 0.028094339 -0.012476459 -0.444091566
86.0 359.0 0.029409853 -0.005574622 -0.189549479
88.0 361.0 0.030770831 0.003005396 0.097670274
89.0 362.0 0.031468297 0.008613937 0.273733806
90.0 363.0 0.032063555 0.012510747 0.390185898
90.5 363.5 0.032530362 0.01311874 0.403276791
91.0 364.0 0.032893437 0.013259068 0.403091595
92.0 365.0 0.034625287 0.013357455 0.385771676
94.0 367.0 0.035123503 0.01287492 0.366561388
96.0 369.0 0.036667142 0.01252224 0.341511209
98.0 371.0 0.038262525 0.012438367 0.325079618
100.0 373.0 0.039905255 0.012630036 0.316500571
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—R245fa
0.45

0.4
0.35
0.3
0.25

£ 0.2
- 0.15
0.1
0.05

0

80 85 90 95 100

(o]

\_ Tgenerator : C J
JUN 4.12 n9MKaRA"5E1I19 Entrainment ratio (Rm) wazaaumniivesmisialey (Temperature

boiler, Tyenerator) VO9E15Y11AIUEY R245fa

1nAUATIT 4.12 Uaz3UTN 4.7 uanwwadl Entrainment ratio (Rm) dfnannigad
gaunil 363 LA (K) 38 90 asAgailea () vilinguladnan The optimal vale of the

9 Y

generator temperature (T,,) V89e3VNAMEY R245fa aefionmgil 90 esrwaldya (C)

opt)

4.5.3 udnINaA1 The optimal value of the generator temperature (T,,) Y8981%
AMudy R1224yd(z)
M54 4.16 Lananar1vesdaTINITinaiana (Mass Flow Rate) ludrnuvamnadivesiaygy
23 (Primary inlet) wagmaivesinanAend (Secondary inlet) figauvinfiangg vesansinim

U R1224yd(z)

Primary Secondary )
T T (K) Mass Flow Rate Mass Flow Rate Entram.ment
(kg/s) (kg/s) ratio
84 357 0.026152583 -0.018911261 -0.723112551
86 359 0.028552957 -0.004603771 -0.161236229
88 361 0.02981148 0.004364006 0.146386744
89 362 0.03046139 0.009598495 0.315103651
90 363 0.031109595 0.013910538 0.447146226
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A1519% 4.16 (9) WAAINAAIYDIONIINGbNALTILIE (Mass Flow Rate) Tud1uvean1adnvues

Iyaugugdl (Primary inlet) wagniadvadivanfsnil (Secondary inlet) N9aunQA17 VoINS

Ay R1224yd(z)

Primary Secondary
Entrainment
T (O) T (K) Mass Flow Rate Mass Flow Rate
ratio
(kg/s) (kg/s)
90.5 363.5 0.031445448 0.014226004 0.45240265
91 364 0.031780863 0.014131066 0.444640726
92 365 0.032450371 0.013969475 0.430487374
94 367 0.033836855 0.013903495 0.410897969
96 369 0.035258272 0.014215776 0.40318981
100 373 0.03673816 0.014439722 0.393044235
e N
g —R1224yd(z)
0.45
0.4
0.35 o~ I
0.3
£ 025
[a's
0.2
0.15
0.1
0.05
0
82 84 86 88 90 92 94 9% 98 100
_ Tgenerator (OC) /

JUN 4.13 N5 IMKARIA15E1I19 Entrainment ratio (Rm) wazaamgivewmiialot (Temperature

boiler, Tyenerator) VBIENTYNAMEY R1224yd(2)
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nAluAIS 9 4.16 wazgUR 4.13 uananann Entrainment ratio (Rm) ffwnniiandi
gaumnil 363.5 1Aau (K) 38 90.5 asewaidea (C) vinlumsiulaingn The optimal vale of
the generator temperature (T, ) 289815%1A1UL8U R1224yd(2) aq’ﬁ'qquﬁ 90.5 89"

wawged (C)
/

——R141b —R245fa ——R1224yd(z2)
0.5

0.45
0.4
0.35
0.3

Rm

0.25
0.2
0.15
0.1
0.05

0
82 84 86 88 90 92 94 96 98 100
(e)
\um Tgenerator O J

3UN 4.14 n31lua@nsA 152117149 Entrainment ratio (Rm) hage,mvagdvesndeloun

(Temperature boiler, Teenerator) Ysa5vANEY R141b , R245fa way R1224yd(2)

N3U7 4.14 azndunmsuaninmsiUeuiisudeyavesansinanudusieg uazaindeya
luiide 4.5.1 , 4.5.2 way 4.5.3 mudilananludneduii a1svianuduiian Entrainment ratio
(Rm) TnaiAeariuannlaee 3 @1svinaanudu R141b , R245fa way R1224yd(z) flA1 90.5 84en

waLgea (°C)
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UndsunI5Ia8eHa

NMsIaeINsivaresarsvianuiuneludiiames (Ejector) MAUATIINISYINIUBS
ﬁﬂalmf”uas“iﬁ 84-100 D3AaLTYd, Ejector Area Ratio 111U 7.9 LaglavdAn1seanianumniu
2.5 Iﬂ&JLﬁUﬁﬂugﬂﬁuaﬂ Entrainment Ratio (Rm), Critical discharge pressure WagUszd@nsAInuss
313Awes (Ejector efficiency) wandliliiuin ArvesUsyansanuesdidnmas (Ejector efficiency)
wazA1Ue4 Critical discharge pressure W Arvesansviimudu R245fa dAuinninansinby
R141b way R1224yd(z) uidsataiu fwes R1224yd(z) AdAnlndlAseiuansyinanudy R245fa
wazludiuwesen Entrainment Ratio (Rm) 1 @1sviraudiu R1224yd(z) fdmnnninansiaiig
B R141b waz R245fa Asiiunaulavesansvhanumdu R1224yd) Sendneniwlunisilnialan

¥ou (Global Warming Potential: GWP) fidntessnnidlewfisufiuansviiainuiu R141b uay R245fa

v 2V

nAsiaewiavualaeiaulusiilanandludneiu uandiiuings R1224yd(z) Suwalidy

@ v a

dl dl L% ¥ 12 1 5 L2 ! dl U a
‘Vl‘ﬂ%ﬁ?ll’]iﬂ‘l/l@LLWUﬁWiWiGﬂUﬂQQUUIW uanegtun i dadenalgegsnusenounisanaulanig

wBanldansyinenuduldangauiunislday
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Boundary condition ¥89815vA1LEU

Boundary condition 984 Primary inlet dsinanuduviia R141b

Nozzle Values Unit fiann
Static Temp 90.00000 C A1DINNITAINUA
Static Pressure 538250.00000 Pa
www.webbook.nist.gov
Density 23.68050 ke/m3
kinematic viscosity (V) 4.77E-07 m?/s
dynamic viscosity (L) 1.13E-05 kg/ms . .
Prop. U89d19M1AULEY
Cp 9.68E-01 kJ/kgK o
7 90 C
Cv 8.31E-01 kJ/kgK
Y 1.163820063 =
Diameter 0.00320 m Dimension
Mass flow 31nN1T
Average Velocity 89.63252352 m/s .
AU
Speed of sound 385.00 m/s Aun15ANLLSIEe
Mach number 0.232811749 -
Total Pressure 555458.3427 Pa
dun19 stagnation
Total Temp 90.39956679 C
363.3995668 K
Mass flow 31nN1T
Average Velocity 89.63252352 m/s
NAADY
Intensity 0.05 - L
AIAINAINLLAS
CH 0.09 -
TKE 30.12745977 m?/s? dun1s TKE
Omega 44737.59276 1/s? a1n13 Omega
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Boundary condition 984 Secondary inlet drsvinanuduviia R141b

Nozzle Values Unit fiann
Static Temp 10.00000 C ANDINNITAINUA
Static Pressure 43564.00000 Pa | www.webbook.nist.gov
Density 2.21229 kg/m3
kinematic viscosity (v) 3.99E-06 m?/s Prop. 89 R141b
dynamic viscosity () 8.82E-06 kg/ms
Cp 7.67E-01 kJ/kgK
Cv 6.77E-01 kJ/kgK
Y 1.133185514 -
Diameter 0.03841 m hydraulic diameter
Mass flow 31ANT
Average Velocity 1.282292594 m/s 2
AU

Speed of sound 337.00 m/s aunsANILSIEea
Mach number 0.003805023 -
Total Pressure 43564.35737 Pa @UN19 stagnation
Total Temp 10.00000964 d

283.0000096 K




Boundary condition 984 Primary inlet d1svinmnudusiia R245fa

53

Nozzle Values Unit fisn

Static Temp 90.00000 C AN9INNNTNAADY
Static Pressure 81673.00000 Pa

#1929 Thermodynamics
Density 56.15000 kg/m3
kinematic viscosity (V) 2.29E-07 m?/s
dynamic viscosity (JL) 1.29E-05 kg/ms
cp 1.19E+00 W/kek|  Prop. wadletidl 130 C
Cv 9.89E-01 kJ/kgK
Y 1.21E+00 -
Diameter 0.00320 m Dimension
Average Velocity 77.28264969 m/s|  Mass flow 31AN1TNAEDY
Speed of sound 385.00 m/s Aun1sANSLEeS
Mach number 0.200734155 -
Total Pressure 83676.81444 Pa

gUN19 stagnation
Total Temp 9.04E+01 C
3.63E+02(K
Average Velocity 77.28264969 m/s|  Mass flow 310N1TNAEDY
Intensity 0.05 ] o
AIASTANTLLAG

CH 0.09 -
TKE 22.39727979 m?/s? auns TKE
Omega 38573.49513 1/s2 a1n13 Omega




Boundary condition 984 Secondary inlet gsvinanudusiia R245fa

Nozzle Values Unit fian
Static Temp 10.00000 C AN9INN1TNAADY
Static Pressure 82417.00000 Pa
$1979 Thermodynamics

Density 4.78100 kg/m3
kinematic viscosity (V) 1.18E-06 m?/s
dynamic viscosity (JL) 6.47E-06 kg/ms
cp 7.11E-01 W/kek|  Prop. wadlathil 130 C
Cv 6.96E-01 kJ/keK
Y 1.02E+00 -
Diameter 0.03841 m Dimension
Average Velocity 0 m/s| Mass flow 31AN1INAABY
Speed of sound 337.00 m/s aun1sAsLdea
Mach number 0 =
Total Pressure 82458.2085 Pa| Static Pressure x 1.0005
Total Temp 1.00E+01 C

2.83E+02 K




Boundary condition 984 Primary inlet dsianuduviin R1224yd(z)
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Nozzle Values Unit fian
Static Temp 90.00000 C A1INNNTNAADY
Static Pressure 931200.00000 Pa
f1519 Thermodynamics
Density 58.33000 ke/m3
kinematic viscosity (V) 1.78E-07 m?/s
dynamic viscosity (JL) in38P=s kg/ms
Cp 1.0465E+00 ki/kek|  Prop. vesleinil 130 C
Cv 9.91E-01 kJ/kgK
Y 1.06E+00 -
Diameter 0.00320 m Dimension
Average Velocity 69.32763793 m/s| Mass flow 31AN1INAEBY
Speed of sound 385.00 m/s Aun15ANILSIEe
Mach number 0.1800717868 L
Total Pressure 947280.7997 Pa
guN19 stagnation
Total Temp 9.01E+01 C
3.63E+02 K
Average Velocity 69.32763793 m/s| Mass flow 31AN1INAABY
Intensity 0.05 ¢ A
AIAINAINTILAA
CH 0.09 -
TKE 18.02370518 m?/s? #unns TKE
Omega 34602.97124 1/s2 @1n13 Omega




Boundary condition 984 Secondary inlet dsinanuduviin R1224yd(z)

56

Nozzle Values Unit fian
Static Temp 10.00000 C A191NN1TNAADY
Static Pressure 84580.00000 Pa
#1919 Thermodynamics
Density 5.56470 kg/m?3
kinematic viscosity (V) 1.23E-06 m?/s
dynamic viscosity (JL) 6.85E-06 kg/ms
cp 7.326-01 k/kek|  Prop. wadlathil 130 C
Cv 6.76E-01 kJ/kgK
Y 1.08E+00 -
Diameter 0.03841 m Dimension
Average Velocity 0 m/s| Mass flow 31AN1TNAGDY
Speed of sound 337.00 m/s auN1sANSEeS
Mach number 0 a
Total Pressure 84622.29 Pa
dUnN19 stagnation
Total Temp 1.00E+01 C
2.83E+02 K
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AUNIIAIUIN Primary mass flow late #1uNg©# Y99 Keenan (The classical
Keenan’s 1-D theory) 8198991191439 8989 TONGCHANA THONGTIP [1] 1onan5819849
(DEVELOPMENT OF THE JET REFRIGERATION SYSTEM TO BE USED WITH WASTE HEAT,
2559 : 40) As3U

k 5y E2E D]
m, =A*P, —( = }
RT, (k+1

Where, m =~ is the primary fluid mass flow rate (kg sech)

A is the throat’s area of the primary nozzle (m?)
Po is the generator pressure (kPa)
T,  1s the generator temperature (K)
is the ideal gas constant (for R141b is 0.0543 kJ kg K™)
k is the specific heat ratio (for R141b is 1.07)
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