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Abstract

The aim of this research was to study the composition of mixed refrigerants,
specifically R32/R290, R32/1270, R134a/R290, and R134a/R1270, and their impact on
the coefficient of performance (COP) and global warming potential (GWP) of
refrigerants. The objective was to improve the efficiency of refrigerants for industrial
applications by achieving hish COP and appropriate GWP. To achieve this goal, we used
Aspen Plus to predict the properties of blending refrigerants. We then used the
obtained data in the NIST refrigeration system simulation program (Cycle D-HX), which
showed that the type of mixed refricerant, composition, and behavior of the refrigerant
in an azeotropic mixture affected the COP significantly. The wide phase difference
reduced the COP significantly. Moreover, the composition affected the GWP.
The composition of hydrocarbon in blending refrigerants that met the Montreal
Protocol Standard were 0.8, 0.8, 0.9 and 0.9 for R32/R290, R32/1270, R134a/R290, and
R134a/R1270, respectively.

Keywords: Binary refrigerant mixtures, Azeotropic, Coefficient of performance (COP)
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A15U5ENaUAUNIdaratun3 g Nwinngd1nsuns g aulussuuyin
[~ (Y] I3 d' a d’*" [ [ a a =
AMudukazUsuo1nia Wuarsimiieduluingdnsn1edaingwasziadann

(%
1 [ o U s

Qd' =] 6 d! I~
s3SI lITNTUNINUYIvDINYEE BaAnAnanimnisiatetuleleudueud
warAANgNNLUNITYINIAAN1ElanSauNmsee1aklll wazanusannule
[ [ a fd' o @ i 9{) LY
Autandaralawesnulussuuianuduiazaiuisaazatela luyidu
(Mineral oil) 15 9497N@15% AU URUFITUBIA LU TN DUV IAADT UNS D
Waeesuddddviugnsedudiuazldifiansaunionnilugaiuideneves

¢ 1 | ° o aa = ]
gunsalfauial wia1siauduaInsssualdymduaniuun tawn

nsiangau anudune Anulln Wudu [8]

2.1.2 auliveaamwamanivasansinnnuiy
asheadumsiivszansammsg ummwamanigs i oUszndand sy

wilumaufuRkifeansianudulafiausanevausinudosnisiavuald Tagans

yheubuidenannislduaneiu Setusgfummanasalunisvhanubuuas

a o [ (%) [ = o <3 ° v o <
QWMQ&IL‘UUﬂaﬂ [3,7] Uadenanlunisiaonansyinanud udnsuseuuyinanudu

s

AaauiAnIgunnamansfiiausousdsvesnisnareiuleanudeuudefigs

[y

ArduUsEAvEaNTIaUE oamnRIngaveaTTANMEUAITELNEIAIILLANG 19D

gaunITluNIAIUKILEIAIENINAINTAINGY Wielvisvnedegamiinsionvesans
o [ a ad o A a Y 1Y o & v v Y]
cl/l']f’n']llLﬂu@?iﬂqm%ﬂmﬂmqmqﬂLmaW]EJUﬂ‘Uaﬂ']’JgLL'JWa@lI LLaszUumaﬂmLimﬂu
o 2 A ! o ~ & v &
33"U'U‘V]'W‘nqllLEJu‘V]lI']ﬂﬂ']qﬂ’J’]ﬂJWUU'ﬁiﬂqﬂqﬁLW@a@ﬂjqﬂJLTJUVLUVL@IV]@']ﬂ']ﬁLLﬁgﬂ'JWN%U

indssuuvesansyhauiu

2.1.3 adnanwlunisvihliianiazlaniau (Global Warming Potential, GWP)
Lﬂuﬂﬂiuaﬂﬁaﬂ%mm%’aﬁauWﬂLimﬁﬁ”wm%Uauvl,maaﬂlszjﬁmmia@m'fulé%EJ‘ﬁ

ArfngnInlun1syinlmian1Elansau vindu “vhe” ANINTUINYI9SE8EIAN

[ 1

« = v =y, o <& A 1 v & a
Muas0U” [9,10] N13IANYENSYINAMILEUTdINanDN1IZlaNToUTULNNLLIAA

J o

] = aa Y £ a | I3 d' A a ¢
ANNITVUNDNIENUNUNBDNTIIN Imaﬂﬁausﬂ‘UL‘W gUuLNn quUi?@JﬂJqLﬂULﬂﬁa\‘iN@?Lﬂﬁqgﬂ

WU UNANSENUTAAT U D AIINA0Y [11]
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2.1.4 dnanwnsianesuleleu (Ozone Depletion Potential, ODP)
Andnenmnsyanetsuleleu il evonisnsinanelelsuluansilnailesi
Wasuidlsuanmsvhaneleleuluduansilnadles Inonisiansunnialvesneudass
vosmaniuiindeuiufisetuleleulutuussennmaifnaunanmsldasianmbu
lnsaaslsigeslsfimuiuamssradaiisinunadnenmnmshaedulelawdy “wils”

[12,13]

2.1.5 auvinishnlvessansianududafen
dandnvesansiiuleviefwiueinageseganelutissenintsauaanss
Tunsfnlifidasiinnnsinlaldus (Lower Flammable Limit, LFL) uagdasidaluns
AinlW41gs (Upper Flammable Limit, UFL) gamgiigafnlidasgsnelunisidunisin
Tyngd LLazaaﬂ%La‘miummﬁﬁaqaqmﬂudaumamawﬁaLwﬁaﬁ’ummmﬁmmzau
AnoliiAnniswilnsifasussdusznoumuaumaenly fe Wends eondiou uaz

ANUSoU Lileann1sAnlnasuuanIsRalnIelduansnyinlrarsisiaullweag [1]

o < I3
2.2 d@15N1ANULEULLUUED999AUSENaU
ASENUTvIa1sYIAIEukuUKanlnt AslTnsEUILNITIsIza s Ut ulunng
W’wmmsﬁwmmLE’MLW'I@sJﬁmsmﬁqQmauﬁﬁmamamwﬁugw AuUaanny
N1sAANANTENUsBAIRG e SIulUfAumIIzaNveIgUNTallaEsEUY kavuananillyl
~ % a ° & A & a e P VS Vo v ~ a a
WILARBINAITUNANSYINANULT UL T UTASADAINA DULYINUY wedaaduseanSainlu
% [ d‘d o =3 % o @ 1 a a £

AT INAIUNRVDITEUUYINANULT UMY dNsvinANUduLfazsine19tin1stgauLaniy [12]
nsldansimnuduniiendnaainlunisiibiifinnnzlanseuslulagtusasniadenaes

° ) ° 2 aa ' I & ° <
asnandwsvatsvianuduniiey anuduldlalunissiuvsenisnanaisitainudu
a a Y YR v wa a v P | ~ 2 v
Waagndmeiuiielldnuaudfiniuideiniswasinansenuieusseiniaiiie wdntae
Faflanunenginegnaunnlun1siaLILaENAd U IWHANYDIE1SVINALLEUA19Y nSNE
a1svianududansndisiedui elildquanifndesn1siideinisannanssnuse
UTTEINIA GIAITNITANYIDE 196 DLE 89 hazd T U 99N A1TUININUABNITNAA DY
wiu nsldlalasrigeslsafludimennduaisasiudmsvaiunanvesaisiniudu [4]

o @ 1 [~ & o I3 = a
waza1syinAMuduLuURaNLULTuaausenm [9] fn 1. a1svinanudukuuasdlensaln

o I = a d! = = [ 1 dy
2. ansihanuduunuudlensetn Felisvazidennsralull
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2.2.1 ANWAULVDIEITVINAMUE ULUUNEY

2.2.1.1 d@1svianudunuuazdlensetn (Azeotropic refrigerant)
asvienuduninauiudsusassiatuludfiesdsznauluigaiale

aunanazignInvemaImilauiuiaNAunAmils gamnlvesanvinaly

a a 1

WULUUDLE L ansoUn A I UV S ML AANISTEMULAZNNTAIULLUN A UAUAIN
drunanvasasyinaNuduriadidnuazwmilouasvinanudunildulsenou
e [9] lunmsimuadeansyianudulignimunsia ASHRAE luswaensvi

ALY R500

2.2.1.2 g@1svianudunuudlansaln (Zeotropic refrigerant)
o [ a [ 3 1 a :9; 8 oa & [

asvhanudunnauiuiudaesriatuludadiesdusznauigninle
aunauwazignIAvaanaINuanaeiy gamgivesarsinanududlelnsing
AN5UAUWUABLNANITIZLLATNITAIULLUNANUALAIN L DA15YINAINY
= i a a T eihdl ) = ada '
WWurlafifan1siAeanIon1IATULLLTYNANUIUAIN FregungiiTisendn
“frepunevesgunivnziuisuaniug (Temperature glide)” [9] @139
AMULS UL UUNENLUUE oINS LA SUNITAINUATHERIN ASHRAE Tusiaansyin

ALY RAOO

2.2.2 m3vsuupaaantiveasasinanuiulangeslsimulasmaiianisnauli

) o < 3

Wuasviranuduluuaasesalsenay
nstansyhanududafsaewiauwauiulag Wensusulpaudinisih
< o < = 3 wa [

Anuuvasasanudulavigeslsliuwuuasieiusznounvandiguvnanans

Y09a135vAmLEY Aulaeniaannisdudanisinliuaznansznused s indeu

[y

fanmzgamaiiadi lnen1siansannguvedansinanduiihunau il

1. ansnaulalasgeslsaisusuivansnguyihanudusssuya

ansnaulalasngeslsmsveuivatsnguinaudusssuyfnduans

lalasAIsuaU WaLANNAINTSLUNSAZA1eNATUAULITY (Mineral oil)

LALANKNANTENUNIEIINADL [4,7]
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s

2. ansngulalasigeslsmsveuiuaingulalasvigeslsleaiiud
nsuaumeansnqulelasgeslslowiiud iWeandnan nlunisinli
Ainnazlaniau (GWP) wmsizinnguilanunsaaaiadieg1esansiluusseinie
WasniuszaAvasasuaululiena dwaliyisannisasanansenunvinly
lanSou nisuaunauasvihanuduaoinquiddaduisndenlunisusuuss
wva [J 1]
AMFNUATDIANTYIAINULEY [4,6]

3. ansngulalasnigeslsmsuauivatsnaulalasvigeslsaisusudu [10,14]

nswaumeansngulalasigeslsansueudu iienisanasAdnenIw
Tunrsvinliinn1izlaniau (GWP) wagsiuietigannisnenansznuluannng

yanelaley

2.3 wyAnssuvasarskanluaunaignialowazveaman [15]
auna’ignialeuazveavan Aeanneiasluipgaaleuazveanarogsiniiluanioy

auna lnenlifiussdundeuluseninannzunsziibiiinnisiasunlasnaautiluingnia

v
a0 1 (Y v =

lowagvonnal Fuduanzigamgdisssuudaniiiu aruduvesssuudanvifu

o
v o 6

wazdAndmaaiivindunduignalowagrasnainuiniu wanslaifanizaugatudndnig
wilvasasineanuluignialotazvesnaidanviniu dellauddyegiwinlunisiiansan

JEUUTDIgUMNamansLuduan Y

2.3.1 ﬁﬁﬂaﬁauqaﬁgmﬂ‘la-ﬂlmmm (Equilibrium Ratio: K-Value) [15,16]
Aasiiaunaigaiale-vesvan dadusnndiuiuanssninednmdlasly

avasansiegluigniale (y) Auignirvesvan () suddu Tnedleansiaiidngantoe

aunaluinnialenazveamarluuiuiaansilivindu Arasiiaunaingaialoway

YaamalIaINIsausvenwulldulunisuendivesarstuigaialenisvesnainiy

%
(%

sysumANTuegivgamgiuaranuiulussuunaunsaleuanslaasil

y.
k(T P)== (2-1)
Xi

dlaAves K Weuwinduaiasiaunaigniale-vesvan danamnsaesuielag

[

Weuanusingmisaiiiintuaindnsiduluavesansiaulalasiail

Ki=1 wansliiuingns i donsdulualuigaalosasvosnanviiy
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K>1 wandliiiuinans i donsdwlualuigaialounnninluigaiavesad

K<1 wandliiiuinans i donsdnwlualuigaaledosninluigninvesnan

M19197 2.1 aunfgIuLazuuuIIaeaNnainnalowazra e illunsiasanaIn

aunaignialo-veanad (K-Value) [15]

FUNRFIY KUUINABIEUADINNTA mmﬁauqai'gn'm‘la—%mmm
lowazvaaman (K-Value)

o a o o a sat sat
WIHRANARLAYEITAYAEDANAR y.P=xP; (2-2) ) (T P) . P|_ (2-3)
(Ideal Gas & Ideal Solution) i\t - P
widgAUARLAYETAZAIEAT yPZYX~P§at (2-4) pfat (2-5)

i i S\ ——
(Ideal Gas & Real Solution) N (T’ P) =Y, b
LAATILAZAITALANDDT D vp= sat - psat a
©yP=YxP (2-6) K(T P) YR (2-7)
(Real Gas & Real Solution) i\’ B @ p
i

2.3.2 WUUINARINIQUNNAAIAATIAZANNITEATUE [16,17]
wuudiaesegumamans Judsildesuismduiusyesnnudu Usuns
Lazg ANl MINAIITUINGANTIUVRIAITHa@ITakeneandy 2 Useian
g 1. uiagaun (Ideal gas) 2. wiaass (Real gas) Im&quaﬂﬁmﬁﬂdnmsﬁwﬁuﬁjﬁﬁ
sdnlunsfissaniunndstuisuduressinesveduanaveseuniaufausiaz sl
YUIAYDIOYNIA UIINTEITENINeYNTA (LTsRsgatumTousslunsndn) nsindeud
vosouna Wudu dduifiolansodasmafnssufiind uresansiainisin

DYNUNNUIYNNYNYINBD U EITLNATVU

2.3.3 a@unisannzuuulaizea (Virial Equation of state) [18]

N ANssNvBIiavetarsnauilaedulnguadanudeauulianuiagauns

a11150A N1 lA NANUFURUT VRIANNAN UTUAT gaunqil uagdns1dIuves

a

I3 a ° ¢ =< o & £ aa &
99AUTENBUVRIATT NTOUUUTIMBINISQUVNAAIanS FaduUsednsiandaidu
AuaudRvesaslussuunTuduladedrsduiilanaiun Ingaiuisnesuiedeniny
= c; & a = =~ < =
Weavulvananuduanuianaugauai deaunisaaiusuuuluisaniivaunis

NI

—~ P
nd - p (Bll+y§512) (2-8)
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—~ P
N = — Bty D ) (2-9)
b Cai®,
1n#l B; Wunsdraemginssuiiindusevinduanavesasiusengisodu

Tnvaulaiiesassluanavotansuauyintu violudnmamidanunsaiasanginssy
wiantuldaneuduiusluaunsdeluil Ao B,=8°+w,B" (2-10) FsrAvas B uaz B,

Aaunsamlanssaludl

0.172 (2-11)
5,-0.139 -7
)
0.422 (2-12)
B)=0.083 - 3
:

o B, uaz B, \Uuilsddures T, Mmlunsfinnsanseninegnndiuvesgumgd

Tuszuuiugumgiingauesansay MINLansaINaunIsy 2-10 uag 2-11 F491NNHNNS

suifigniigavllae Prausnitz wazamg [18] dmsunsAuae o, T wag P

2.3.4 @un1580122uUULUS-150UdU (Peng-Robinson Equation of state) [16]
RT a(m) (2-13)

Pz — - ———————
v-b v(v+b)+b(v—b)
a(T)=a M (2-14)
R°TZ (2-15)
a_=0.45724 —
PC
RT. (2-16)
b=0.07780 —
PC
T
o (1) =11+(0.37864+1.52200-0.2699202 ) (1-(—) )] (2-17)
TC
e
2 2

” Z z St (2-18)
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b= z Xibi (2-19)

a1p=(1-kyp)/ 31182 (2-20)

1ng Ky, Ao ‘vmwﬁLma%ﬂﬁé’mﬁuémmmimamaaaaﬁﬂivﬂaU%QM
mnmﬂ%’%%’mamaaaLLUUﬁWé’qaaaﬁaaamﬁﬁﬁuﬁmm
NTeyanIsvinaes
235 uuudasanmevasaduussAvsuaniiagiiuvia (UNIFAC) [18]

& 1

uenuennmsfiddulssansiesueanudenuiluignialowds nsedune
noAnssuvesansazansvesvesHaniidsavullainaisazarsgauadfiinsfuaty
g gLty Tnsanunsoldavesduussansueniialunisesuiengiingsy
vasasarangluszuuld Tnsuansliiiuieauidsavuvesansluignavesnailu

FPUUBLUUaeRsAduUsEAvSLenTIRgdua (UNIFAC) Hsuaumsdssialuil

n Y=y +Hny (2-21)
BLOT]
n Y;:l—Ji+LnJi—5qi(1——+Ln ) (2-22)
I Li i
5. B,
nYi=qls ) (8= -eyln—)] (2-23)
Sk Sk
k
Bp)
~ (i)R
=/ Yk Tk (2-24)
k
®
a= /) Vi Q (2-25)
k
19 ny© R LLaﬂ‘ﬁ%amaqmsﬁa’%maﬁwmﬂL,Laz'gﬂs'”uwaﬂmaqaﬁ

waneineiulnefiansunasUTavaLvinty

Iny" Ao ueaiianesueUjduiussenindluanasenineas
|
U3gvsuazasnanlussuy
a Ae M3fiwesdnaeanginssuseninilsAtungudasiog

Tuans wPaiu)



21

= a v o s PN
Rk Ae Uiﬂqmﬁamwmﬁsﬂaﬂﬁqi‘Wﬁu‘lﬂ
Q

2.4 S3UUYAMNEULUUAtS [19]

1% '
Sa v 6

8 Nundunmsvesansnauls

o))

v v

n¥nsmsimnudumenissaleiduiesildivegnsunsvateuniigadmsugLay

= Y

syuuedesuene uavtuaudeu Usnaudiednssuiuniseidl
nszuiuan 11U 2 AenstudalewvulewulnsUnlumeunsaiwes
Aszurwan 21U 3 Aemsmuniuiinuduasiluedesnuniy
nszuuan 3 W 4 Aensananuduiioumatnsiilugunsaianaanusiy
nsyuInan 4 1 1 ﬁamiam%’umwm%auﬁmmoﬁ’umﬁiuLﬂ%ﬁsmsJ

P A

Vin

h

] ! o LY o <
FUN 2.1 UHUNTLAAITENIBUNIATAUAIINANTEI9TIINANEY
wuusnlelugauai [17]

Tuseumaienuduiuudalolugauaf arsvianududigeeumsawes o a9 1

Tuanugloduduavgnivdanuulawulnstnluiinounuwes Invaumngiivesasinniy
< A a & ' Ao a oA v | a @
Wuiinsinduluseninnszuiunstudanuulewulnstniiieligandngumgdvesiinans
Tngsau Mntduarsvhenuduiianzleseusinduddgnounuees a 907 2 waziinnis
wanidsunnuiousenitansyianuduiveinia dwaliasianududdsuaougidu

VOUVAIBUFT 2 999 3

gaungiivesansvianuiuluaniusjdnsginitgangiivesanimwindeulagsou

v

Tngansyimnudumaidusia o 999 3 gnanAuAuEIuEIMEeaena Uaan3 dawali

gamgiivesasianuduanadluszninanszuiunisuazwsednginiosssivesely a 907

g, o

4 Tnenan1zidillevesasvinenuduaniios mﬂﬁumiﬁﬁmﬂmé’uizmmwmimsmsg]m
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Fupusounuvaifeinsangamgi arsvhanudussmvenataduled udnasnduidn

TUlupaumsawes o 999 1 BNATIRIUATUINAS

%} =Y Q‘ o
2.4.1 AFUUTEANSANTIOULNITIIAUEY (COP) [19]
1Us2AN5UsEanS a1 (COP) AarAuanisuseans nnlunisangmainy

SousunuUsuraundsnulniialdll Inessuuvianuduiinisaiemaiusauain

[ |

Usnailgaumaiinluduinuniiguvgias fadasengniagamnamans 1081331

o

ANUToUMLETIUYIRIaIINUTHANa Mgl s naianmgiinm

Q (2-26)
COP =
Wnet, in
Ing COP Ao AEUUSEANSUSLANS AINVDITEUUINANUE ULUY
oala
Q, A9 ANNENINTA NS UANSUYRIENYINAULEY
(Alagasieflans)
s \ Ao ndsnundeudnginsestudnlelumaunsaes

(Alagasienlaniy)

2.4.2 @Sassalo [19]

(Y

\wsasnlevzenaumsaes ugunsaindniiddysuniavesszuurinnuy

' 1
a

vimdlunstusearsimnuduluaauzuiadianudundddianuduiig
a

Tnguiannuduiuazguuginnasesssmerudiludneunsaes uaidudn
wiawulidanuiugelunaslioumgliacdusiy wazdulugunsalldiuuianuuly

[y

FEUUTEmINAMLGugIwazaudumdsiliaanisivailudgdng Fenszuaunistu

[

ontawuulawulnsUnilaun1saad

(k-1)

KR(T,T)) kRT, [P\
W L= = [ —_— —1] (2_27)
comp, in
k-1 k-1 \P,
We w o, Re wduiiloudigaounsaes (Mlagaseilaniiy)

k AB TNTIAIUVBIAINNUS BUTILNIZN AINUAUAIN H DAY
ANUSDUTUNENUTUINSAST
= 1 dl 24 Q) 1 a U a

R A Armsivesuia (Alagasieilansu-inaiu)

7,7, A8 gaun)dvesansiingaoninsaweiuayeanain

ADLLNTADS (AAIW)
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P, P, AD AUAUVDIATTN LTI ARILNTALYD T LATBNIN
ADIULNTELDS (U1S)

nszuIUNsTudnlanuulawulnstn AonsEuIuNISNADULNTAWDSIYINUYINNNS

£
==

Judnlelnliaudusazgaumginastu lnennssuiunishilinsgayideninusau
& Y 1Y) " v I i e A v
Junszuianmsiidundulale wasilunsyuianisieulnsUiiaamnyaudiuas v

DONVOIMDUNTALYOS

2.4.3 AS09AUKLY [19]
=~ ' = 5% ° v Ay v ° = & aa )
LA DIAIUBUUNGDARYASOU YINUUNNa1sVinAUEUluan 1 usLAaNlAuAY
wazgaunaiige nn1sarvkuuluasinaudunaniugveuna A8n135EuIe

[

AMUSauEaNINA1SYIANMLEY Batlauniseadl

1ng O, Ao 9MIINITTLUEAINNSTOUDDNIINATTVIIAINULTY
(Alagasiadui
. = % a [} I a a
th Ao omsINstualaeulavesans (Alansuseiui)
h, Ao naweunIalNan1izledsen (Rlagasdenlansu)
hy Ae NaNURUNIaTNaN 1Y RMAId N (Flagass
Alansu)

[

2.4.4 2137aaL3590U [19]

N o

Jugunsaldrtanisluaeiiendsiivihlianuduanasedtadded

1Y

) Inwlisiag
aulag anudunanadluveamvad dewalvgamaiiinisanated1aenn wagmemeil
£ a [J < = [ aa = [
aiinsldlunulumsvihanuduiagluaiesUiveinia gungiinanas (M3eu1nss

NN AN WU u) Tusendnanseuliunisiinisarvaulaenuaud@iLsendn

9 U

“duuseaniga-neudu” Faaneumalvntiwazvureendusuiuivindy faunis

aalUil
h,=h; ( throttling) (2-29)
lny h, Ao nanueunalvesansiingaunsalanaiudu
(Alagasoilaniy)
hg Ao NHIUBUMATVDIANTNRENIINGUNTAIANAIILAL

(Alagasianlaniy)
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2.4.5 A38e33vE [19]

.3 essumenionssdidu (Dugunsnivdnvesszuuviaudy v 3y
USnamuouanuinaidesnshanudy anmsiamshauduinegaai
SouluvaziAsuaniurnvesvauduuia Fsanuannsalunisgaaiuieuresans
wiazsdedanuuandnafunurvesaufeunddunsnareidle Tasausoudign

dnewmludsansyhenududmaliiiigamaliinisanas dafiuandinaunis

Q_=m(h;-h,) (2-30)
198 O, Ao n31N135UANTauaNsYAIE (Alagasedundl)
0 & % ) U 1 a a
o Ao 9n5INSavesasiaeula (Alansureiui)
h, Ao naseunaleesasnan1isleduss (Alagasie
Alansu)
& o a P & 'Y
hy Ao NasUeUMaTedanseanaNgUnsalanAILL
(Alagasielaniy)

2.5 unANNITeNngItes
2.5.1 aunalawazvaanatdmiuszuumunzngaslsdmunulnsmu waglangosls

¥

Amuiulwsiwuludlsgunglineus 253.15 fie 323.15 LAY
Ju Hyok Kim agatdy [20] Tavins@nwiniseana st ui aniie

a d'

gaunnIANAIA 253.15 §4 323.15 AT Lesnansnauiillalasmisueu uazlalas
wgeslsasusuliidnanmlunmsianglelswiuaznnzlanseumasluiie Jafeidu
arsviauduniadeniifiuiaulalunisdner dnideuisauld@nwiaunaloway
o v J < a s
Y93911a7 (VLE) dvsussuunanansyiauidusialalasnisuauuas
lelasgeelsasueu Feleyaninlaannsiunelagldaunisanswuuis-Tsdudu
(Peng-Robinson Equation of state) 7ilsannnsinaunale-vednainnan1izANusou

Twasewmnuisule MaRIssUULANIDIIRLTLaNTOTN
9 9

Toan15naasetun1sAnerd Segazvesnisiiswuuduysaliad gvueg
asdUsEnauTasANiuLatlessed msuam INaNsenIunzNgealsmuiulnsmy
(R125/R290) fi® 0.44 uay 0.63 uazdmsuansuausznilageslsilinuiulnsiny

(R32/R290) Aa 1.06 Uag 0.62 wazAIMNITEMaTUSAUNUSYRIaNTHALARIRIAUTENEY

6

anusaldlunsihuwedeyavesigninvedlowazveamnaimerndsauuiosasduysal

Y
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R125 + R290 R32 + R290

T (K)

Xazeo P(kPa) 0 P(kPa)
253.15 0.594 434.9 0.657 562.5
263.15 0.603 609.2 0.666 787.0
273.15 0.614 825.3 0.676 1067.4
283.15 0.625 1095.9 0.685 1421.5
293.15 0.638 1423.6 0.698 1833.4
303.15 0.651 1820.0 0.709 23449
313.15 0.663 2299.5 0.718 2970.1
323.15 0.674 2871.6 0.725 3720.5
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A19197 2.3 audRnugIuvesashauiu [21]

Refrigerants R-32 R-134a R-1234ze(E) R-13I1
Formular CH,F, CH,FCF; CF;CH=CHF CF,l

Mw [g/mol] 52.0 102.0 114.0 195.9

T, [°C] 78.1 101.1 109.4 1233

P. [MPa] 5.78 4.06 3.63 3.95

NBP [°C] -51.7 -26.1 -18.9 -21.8
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(3 Data £d point 1
3 Estimation ® Number of intervals 508
4 By Anaysis B
4 EgBINRY-1
Ainput -
(3 Customize. (L Rn Analysis
2 Results
| 2 proveres
| simulation
Ja satety Anaiysis
Y Energy Analysis
Input Cnanges | CheckStatus | N - - s © ®

sU# 0.5 wiheing Binary wedlusunsa Aspen Plus

6. liaAANT Run Analysis Laa lAnsIwLanIngfinssuvesa1sinnnuLuNausening

R134a/R290 fagUsioluil

® oH NT > M=

Simalation 1 - Aspen Plus V9 - aspenONE

Customizé  Resowces  Design | Fommet Sedrch asperONE Bxchange

Companent R2%0

Temperature C

Py

Flot Pressure bar
Selected Da

Properties
Al It

4 g Components
8] specifications
» £ Molecutar Structure
£ Assay/Blend
B)tioht End Properties
3 Petro Characterization
] Peeudocomponents
8] Component Attributes
3 Herry Comps
B UNIAC Groups
& Polymers
8 Methods
3 Chenmistry
(8 Propenty Sets
23 Data
3 Estimation
4 g Ansiysis
4 EYBINRY-1
Dinpu
3 Customize
23 Resuts
", Properties

2
/(| Simulation

Ja satety Anatysis

9 Energy Anaysis

Input Changed | Check Status |

sy
nsot
nas
noof
1arst

1050}

7 BINRY-1 (BINARY) - Input BINRY-1 (Binary) - P-xy - Plot - | +

= M
b (g seun

P-xy diagram for R134A/R290

-]
Bo v

azs a30 035 040 04s 030 033 020 oes ar
Liuidpvapoe moke fraction, R2%0

JUN .6 NI MuanIngRnIINTesEsIAIISUNALTEINe R134a/R290
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1. Waluswnsy ProREFD

ProREFD

Computer-Aided Tool for Refrigerant Design
Copyright © PSE for SPEED Ltd.

Heat Duty
Work
Temperature

Pressure

Condenser

Expansion Valve

U 2.1 vhenswazidalusunsa ProREFD

2. \A9n Database 1 ProREFD

Computer Aided Tool for
Refrigerant Design
(Chinese Text)

V.2021-1.2
Modelling Toolbox Data

_ User Guide

. |Database Selection

1
Model Select Database : [ProREFD Database v]

g
=Q

Select database complete

Generation

Property Estimation Property Estimation T Retrigerant ant Cycle
(pure) (organic systems) pn
Property Property Refrigerant Refrigeration
Estimation Estimation Selection Cycle
Pure Organic Systems | Simulation
] 5 | i .

-’ £
@
https://www.pseforspeed.com/ .

sUfl 9.2 wihusnaedlusunsu ProREFD



3. Aanil Refrigeration cycle simulation

sl ProREFD

ProREFD

Computer Aided Tool for
Refrigerant Design
(Chinese Text

Modelling Toolbox

Model

Generation

Property Estimation
(pure)

Property
Estimation
| Pure

Vsl |

Data
Search/Retrieval

Database

Manager

¢

Property Estimation
(organic systems)

Property

| Estimation
Organic Systems

Refrigerant cycle simulation...

ol i

Process System Engine
Sustainable Product-Process En a ’

Elu!uq!r >n and Design

V.2021-1.2
User Guide
Database Selection
Manuals &
Tutorials © anmn

ST

Refrigerant Selection Refrigerant Cycle

Simulation
| Refrigerant Refrigeration
Selection Cycle
| st Simulation
b, = :

https://www.pseforspeed.com/ .:

JUN .3 wilinsvnesedng Refrigeration

cycle simulation

4. Benviiavesansianuunay 2 ¥ila lneaanil Binary Mixed Refrigerant

Bl Refrige

Refrigerant Specification  Operating System Specification Simulation results Sensitivity Analysis - Thermodynamic Diagrams

on Cycle Simulation

Single Refrigerant

Quaternary mixed Refrigerant

@® Sl unit

Binary mixed Refrigerant

| | Ternary mixed Refrigerant

Quinary mixed Refrigerant

L — -
J ‘ Open Saved data

O English unit

Component Mole fraction Mass fraction
Boiling K ‘ 1 [ |
\ [ | |
Critical Temperature: T«
Critical Pressure: (. o
85l Mixed Refrigerant Selection - .o X
Select Data Source : ProREFD Database
Chemical Name, CASNO. or Formula: [ ] Search
ASHRAE Chemical Name Lol Component ASHRAE Chemical Name CAf
» Cyclopentane | |
R-702 |Hydrogen (55) 'Tv
R-704 Helium (#)
R-50 | Methane () >
R-717 Ammonia (1) [ << Delete
R718 [ water oo
R-720 Neon (%) o| Omelefracionof1tcy: [ ]
< > O Mass fractionof 1 (x1): [ |
Record : 1
Add >> OK Cancel

gﬂﬁ 2.4 nuw9ludIUYeg Refrigerant Specification

56
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5. PINUUTIAUNEITYIAMULEUNYIINISAN® WAINA Search

- o

B8 Refrigeration Cycle Simulation
Refrigerant Specification Operating System Specification results itivity Analysis iic Diagrams @ SI unit O English unit

Single Refrigerant Binary mixed Refrigerant Ternary mixed Refrigerant

Quaternary mixed Refrigerant Quinary mixed Refrigerant Open Saved data

Component Mole fraction Mass fraction
T I 1
Boiling Temf 5 Mied Refrigerant Selection - o X
Critical Tem|  Select Data Source : ProREFD Database
Critical Presl  chemical Name, CAS NO. or Formula : [250 Search
ASHRAE Chemical Name Component ASHRAE Chemical Name A
» -2 Propane (FfE) » R-134a 1,1,1,2-Tetrafluor... |C
Benzene,1,3-Dichloro-5-(Chloromethyl)- (1,3-=&-5-(§] 2 R-290 Propane (Fitg) «
Dinitramine (§5 &) . v
1,3-Benzenediamine, 2,4-Dinitro-N3,N3-Dipropyl-6-(Trifi| L 2
<< Delete

1,5-Hexadiene,1,1,2,3,3,4,4,5,6,6-Decachloro- (1,1,2,3,

O Mole fractionof 1 (x1): [ |
>| @ Mass fraction of 1 (x1) :

Record : 1

Add >> | oK Cancel

JUN v.5 milssvazduuazidenaisiauululusunsy ProREFD

6. eniiy Mass fraction udinsenefisiesnsfinen antudenuiiu Operating system

4

specification LH8¥11N13N3ONAIAINNADINTITANYN

B Refrigeration Cy mulation
Refrigerant Specification Operating System Specification Simulation results Sensitivity Analysis Thermodynamic Diagrams @ SI unit O English unit

single Refrigerant Ternary mixed Refrigerant
Open Saved data

Quaternary mixed Refrigerant | Quinary mixed Refrigerant

| Binary mixed Refrigerant

Mole fraction Mass fraction
i I I 1
= o X

Component

Boiling Tem 5@l Mixed Refrigerant Selection
Critical Tem|  gelect Data Source : ProREFD Database

Critical Pres; - chemical Name, CAS NO. or Formula : [20 [ Search

ASHRAE Chemical Name Component ASHRAE Chemical Name
> R-290 Propane » N - [1,1,1,2-Tetrafluor... [
. 2 R-290 Propane () <

~

chloro-5-(Chloromethyl)- (1,3-=i-5-(q
" |Dinitramine B . E % ¥ v
[ 1,3-Benzenediamine, 2,4-Dinitro-N3,N3-Dipropyl-6-(Trif| L€ 2
B M:xﬁd\ene,l,l,z,z,?, ,?,E,SB&CB;?\TOF;(L},Z,i << Delete’
T e T
>| @ Mass fraction of 1 (x1) :

Record : 1

JUN .6 mihsnsvagiansendnsdinveasinnudululusunsy ProREFD



a8l Refrigeration Cycle Simulation

Refrigerant Specification ' Operating System results

itivity Analysis Thermodynamic Diagrams

58

o X

@ Sl unit O English unit

I

Single Refrigerant

Binary mixed Refrigerant

Ternary mixed Refrigerant

Quaternary mixed Refrigerant

Quinary mixed Refrigerant

Open Saved data

Mass fraction

Component Mole fraction
Boiling Temperature: RS M [£,1,1,2-Tetrafluoroethane (1,1,1,2 70 MZ.f) | 0.3018 | 05
|Propane @) | 0.6982 | 05
Critical Temperature: 371.18 K
Critical Pressure: 41.92 bar
‘( H3C ~_— CH3
C s (11 (11120% C Propane (Ffz)

Molecular Formula :  C2H2F4 Molecular Formula :

C3Hs

JUN 0.7 mihsnswansansyhenuduiinesdesieudignszuiunisiiaes

Tusguuynenu

a o

7. INN1SNTBNAINY

the consistency rules uaa3s@W1sanaN

ol Refrigeration Cycle Simulation

00N = ° [ % d'
1Lﬂuﬁlaﬂﬁﬂﬂw’ﬂ,mzuumﬂ’J’]@JLEJULLa’J I@EW]

wululusunsy ProREFD

4

aadulumuteulvves

Run Simulation tegradwsle

o X

Diagrams @ stunit O English unit

results

Refrigerant Specification Operating System
Mass flow rate: ka/hr

Room Temperature:

Ambient Temperature:

ATmin:

Compressor

n isentropic

Condenser

[ Fixed Condenser Pressure:
Fixed Condenser Temperature:

Cooling Temperature:

[ Fixed Evaporator Pressure:

Fixed Evaporator Temperature:

Expansion valve

@® Isenthalpic system

O Fixed vapor fraction Vapor fraction (y1):

O Fixed liquid fraction Liquid fraction (x1):

O Fixed temperature outlet
Temperature outlet should be between275.15K(dew pt.) and273.91K(bubble pt.)

Outlet Temperature:

[

Reference Temperature (K):

Run Simulation

ity Analysis

g Pana = P, = Ps

Liquid Vapor

Condenser

Ty hg

. & )
" Expansion

il Compressor

Evaporator

Qeyp

Ta hy

[«]

= <
Liquid and
vapor

Pevp =P,=P,

Troom:  [303.15 K
Consistency rules
v Tend < 0.9Tc,refri
v Tevp > Tbp, refri
v Tend > Tew + DTmin

L
L

v Tevp < Troom + DTmin

Consistent Cycle

sUf 2.8 nihenslunisnsenandnelussuuyinanudululuswnsy ProREFD

Y
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Simulation Results

85l Refrigeration Cycle Simulation

Refrigerant Specification  Operating System Specification Simulation results ' Sensitivity Analysis Thermodynamic Diagrams

Operation 3
Temperature (T3): [32315 | K
Pressure (P3): bar
Enthalpy (h3) : ki/kg
Entropy (s3) K/kg.K

Vapor fraction (x4):

Operation 4
Temperature (T4) : K
Pressure (P4) 426 bar

Enthalpy (h4) : 148.87 KI/kg

Entropy (s4):

.25

Vapor fraction (x4):

Coefficient of Performance (COP) :

Compressor Work Consumption (Wcom):

Evaporator Heat Duty (Qevp):

Condenser Heat Duty (Qend):

Refrigeration cycle simulation was completed

T hy

T hy

Qeng Poa=P;

E Condenser

Expansion

valve Compressor

Evaporator

lz'
.
Liquid and Vapor
vapor Q,
Peyp =Py =Py

o
am
G

T, h
w,

emp

Tl hl

Operation 2
Temperature (T2) :
Pressure (P2):
Enthalpy (h2) :

Entropy (s2):

Vapor fraction (x2):

Operation 1
Temperature (T1) :
Pressure (P1)
Enthalpy (h1) :

Entropy (s1):

Vapor fraction (x1):

Export to excel files

Save As

JUN 9.9 mihenawadnsann1sldlusunsy ProREFD

- o X
@ stunit O English unit
X
kg
koK
1.00

p
4.26 bar
tako
1.41 KI/kg.K
1.00

59
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1. \WalUsunsu CYCLE D-HX udqadn Continue

5 CYCLE_D-HX

National Institute of Standards and Technology
Engineering Laboratory

CYCLE_D-HX:

NIST Vapor Compression Cycle Model Accounting for
Refrigerant Thermodynamic and Transport Properties

Version: 2.0

Developed by:
J. Steven Brown, Riccardo Brignoli, Piotr A. Domanski, and Young Jin Yoon

CYCLE_D-HX was developed by the National Institute of Standards and Technology (NIST), is not subject
to copyright protection, and is in the public domain. It can be used freely provided that any desivative works
bear some notice that they are derived from it

NIST used its best efforts to provide a high-quality software package and to select modeling methods and
corelations bssed on sound scientific judgement. However, NIST assumes neither responsibility nor libility
for any damage srising out of or relating to the use of CYCLE_D-HX. The software is provided “AS IS"; NIST
makes NO GUARANTIES and NO WARRANTIES OF ANY TYPE, expressed or implied, indluding NO
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

You are solely for the i of using the software and you assume all
risks associated with its use, including but not limited to the risks and costs of program emors, compliance
with applicable laws, damage to or loss of data, programs or equipment, and the unavailability or
interruption of operation. This software is not intended to be used in any situation where  failure could
cause risk of injury or damage to property.

U A.1 nihesvasadalusunsa CYCLE D-HX

2. naAan? New wiaasslndluddmsunissiassszuuvinanuiu

5 OYCLE_D-HX - NIST Cyde Analysis Program

Fie Options RunSimulaion Disploy Resuts  Help
B - > e
gt Ly N7 0 LW TR WLy oW v el
emeeed refngerant
Refigerart  Cycle Options  Cycle Specficaions
Selection rfomaton
Selected redrigerant
Sngje Compound Fud Crtcal temperature: ™ T
Crtscal presaure: r | xPa
EBreackdown

Define New Bend

JUN A.2 nihinswasiiaselidnddwsunissiassszuurhanudu
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3. 1ARNNAEe Define New Blend Lilaa$19a15vinAnuLdunanifoIn1s@nen

I CYCLE_D-HX - NIST Cycle Analysis Program - o x
Fle Options Run Simulation  Display Results  Help
DEds > e

Selected refrigerant
Refigerart  Cycle Options  Cycle Spectications

Selection Irformation
Selected refnigerant
Single Compound Flud Crtical temperature [ ] <
Crtical pressure [ | kpa
Breackdown

S

JUN A.3 nisnswadendidd Define New Blend tiofinwiansvinaanudy

4. BAPNAITYINAMUEUNADINTUILNANLT e T

-] 1%+ NIST Gycle Analysis Frog

Fle  Options RunSimulation Displey Resuts  Help

LD wd > e

i A i - il

Seloctod redngorant

Refigerart  Cycle Options  Cycle Specications
2% Define New Blend X
cis-2-butene “ [R134a (1,11 2-tetrafivoroethane
cyclohexane |
! | glopropane ‘
dimethylether(methorymetnane) | !
dodecane | | |
i | |eane
Precefioed Bend | | gthanol (ethyl alcohol) ! !
I | athylene(ethene) ‘
Isobutane(2 - methylpropane) < Remove |
Isobutene (2-methyl-1-propene)

Defie How Blend Isohexane(2 - methyipentane) ‘
“sopemnm - methylbutane)
methane

Sngle Compound Fud

heptane
hexane |

1| methanol
| pentane

erflu entane
hb |

JUN .4 nihdwariidonarsvinnudy
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5. nsNdRNT1dIUlALINATDIAITINANUE UTFDINSIawn lUT1aeslusEUUInANLEY 1AD

Aan OK

Fe Options Run Simulation
QDEds > e

Analysis Prograrm

Display Results  Help

Sebected redngeyant

Refrgerart  Cycle Options  Cycle Specfications.

B8 oes
. Avaliefisds | [ Speciy Blend Composition X -
Srge Compound Asd (562 butene sfluoroethane)
cyciohexane Bend Name  R134a Propane]
cydopropane c
amethylether(methoxymethan L
dodecane
ethane Sum: 1 | Mass Fracton
Predefined Bend | | ethanol (ethyl alcohol)
heptane Componert  MassFraction  MoleFraction
huase . R1Ma 0500 0302
isobutene (2-methyl-1-propen Fropane 0500 g
Defre New Bend

isopentane( - methyioutane)| I
methane

1 I metmanol [
pentane

| |peruoropentane

JUN .5 nihsaasiinsendnsdulaetiaveasvinududideans

6. 1@an Cycle Type WUU Single Stage ﬁagﬂﬁuﬁm&ialﬂﬁ

B3 CYCLED-HX - NIST Cycle Analysis Program
Fie  Options  Run Simulation
D do »le

Cycle Type
© Sngle Stage

) Two-Stage Economizer

© Thvee-Stage Economizer

Optons

Two Stage Compreson wih intercocing

) Do not inchude kqdne/suction ine heat
LLSLHX)

© Effectiveness of LLSLHX fraction): 100

Display Fesults  Help

Selected refrigerant  R134a/Propane
Refgerant Cycle Optons  Cycle Spectications

5UT A.6 mihsnsuauziliden Cycle Type
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7. fsArszuuviaududsgUNLansiolUiudIng Run simulation 91nHulUSLNTHAZUANS

HadnsaanuRagy

I CYCLE_D-HX - NIST Cycle Analysis Program
Fle  Options Run Simulation  Display Results
DEdo e

Selected refrigerant

Reftgerant  Cycle Optons  Cydle Soechicatons

Help

Heat Exchangers Compressor System Coolng
AT/UA and Pressure Drop. (Fractions) Cooling Capacty: 3s4
Impose. Semulate Isentropic Efficiency 07
° © S Vapor Uines Pressure Drop
Heat Exchancer Regresertatin. Check to account for pressure ralo (Dow Port Tempersire Ovp)
aT UA
] o Voumetnc Eficency 100 Suction Lne: 0.00
Establoh Reference Parametens. Bectic
Motor Effcency. 059 Dacharge Lne 000
() Check for Yes T
to
—_— Auhary Power

Evaporator Condenser Indoor Fan: 000
Heat Exchanger Typs | © Courter O Paralel O Courter . O Poralel Outdoor Fan 000

Sia O Crow Powerfor Cortos: 000
HTF Temp In 00 T ®0 . C
HTF Temp Ot %0 € “wn .t
a7 1 500 ¢
Sat, Temperature Drop: 000 C L
Superheat 000 <
Subcoolng 000 T

kw
kW
kw

fA.

€aN
e
=b.

5 OYCLE.D-HX - NIST Cycle Analysis Program
| Fe  Options RunSimulstion  Display Results
fMMEds P ROTsH=0

I
v

7 Mee9luv e NIRRT U UYIAULE U

Help

XX T

CYCLE_D-EX, Version 2.0 $/€/2023 €:41:47 A i
n Imposed AT and pressure drop
System Coolng
Single-Stage Cycle Fractons) Coolng Capacty: L1 2N
. -------------- | L)
Vapor Unes Pressure Orop
The electric motor waste heat is applied to the suction gas I""“"“ A e '
L] Suction Line. 000
o A os Dacharge Line 000
Refrigerant: R134a/Propane Ib.
System cooling capacity (kW) - 3.5 [ & Ausxhary Power
Indoor Fan. 000
Compressor:
Isentropic efficiency - 0.7%0 Outdoor Fan 000
Volumetric efficiency = 1.000 | Powerfor Cortrols: 000
Electric motor efficiency = 0.500
)
Heat Exchangers: Evaporator Condenser
Contiguration - Cross Cross
HTF inlet temperature © = 30.00 35.00
HTF outlet temperature © = 25.00 40.00
ot © = 5.00 5.00
Saturation temperature drop © = 0.00 0.00
=) - =

a

W
W
W

JUN 7.8 MIANUAAIHATNG
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1. AsAUIAIFIUTE NS ausIauzn1vinAudu (COP)

Q (37n2-26)
COP =
Wnet, in
Iy COP A AduUsransUsEANS N NRIsTUUYANULEuLUY
9nle
Q, Al Auasalunisiuauieuveasvinuiy
(Alagasenlaniy)
W, . fo wisnuidewdngindesiudalelureinsawes

(Alagasiailaniy)

Landiiag1anugIUNITAILIN

szuuUsuaIniIaldasvinalnuLdu RA10A Tussuulnail Aoulnsatsas i wa 19y

a v ¢ 1 v o ~ [y s o w 1 o [
X ﬂIa’JWﬂ IUGU’NF’]’J']SJWUGHLLaZEJQVI 8 NU 13 U1591Ua1nU 29111A1 COP 99958 UUNIAINULEU
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Enthalpy (kJ/kg)
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.1 7579 P-h diagram ¥89a19

Q. = 420 kl/kg - 220 kJ/kg

Q. = 200 ki/kg

= 0.0297 kg/s

220 V; M

| =747 AV

55.249 kJ/kg

P=1V=1643.40 J/s = 1.6434 kJ/s

Wnet, in = P/M

INAUATT

COP

Wnet, in

200

CcOopP

azlen

55.249

U 3.62

ANYINNY

2 A
UUN

A1 COP 99458 UUTNAINULE

AU



AMARNUIN

ac o 1 o [
29N13ATUIUAT GWP U291 NT1AIMULYUNEN



[ < a Y v [y v J [ [ LY [J
‘U’]ﬂﬂ?iﬁdﬁﬁ’]i%’]ﬂ’l’mLEJ‘L!?!’EJQ%U@L“UW@'JEJHUI@LW 1. @13n1AUEU R134a AU 2. @159
[ A [y ] 14 a o 1 vo X
ANuLEY R290 laefillenaulusnsidiusovaslaeuiain 0.5 @usaAILIAT GWP lmmu

TnefiA1 GWP wpsansvinaandu R134a fu R290 fe 1430 wag 3 Auds

[

9

()]

GWP Blended = (%wt1) (GWP of Refrigerantl) + (%owt2) (GWP of Refrigerant2)
GWP Blended = (0.5) (1,430) +(0.5) (3)
GWP Blended = 717

AU U Nons1dIuseuaz 50 lnsuia asvinanuduilan GWP fe 717

=3

Wednsndruvesasvianududdsuniadly A1 GWP vasansuauiin1siasuwlas

WU ARSI LEAIAIUAIIH

A1919% 2.1 LEASA1 GWP T9nT1dulneiiavesdsyinanudunasenIng R134a/R290

Composition (mass fraction)
GWP
R290 R134A
0 1 1430
0.1 0.9 1287.3
0.2 0.8 1144.6
0.3 0.7 1001.9
0.4 0.6 859.2
0.5 0.5 716.5
0.6 0.4 573.8
0.7 0.3 431.1
0.8 0.2 288.4
0.9 0.1 145.7
1 0 3

$IN99)



A15199 2.2 LAAIAT GWP N19n571d1ulasu1av99a15v AU unansening R134a/R1270

#1139

70

Composition (mass fraction)

GWP
R1270 R134A
0 1 1430
0.1 0.9 1287.2
0.2 0.8 1144.4
0.3 0.7 1001.6
0.4 0.6 858.8
0.5 0.5 716
0.6 0.4 573.2
0.7 0.3 430.4
0.8 0.2 287.6
0.9 0.1 144.8
1 0 2
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A9 9.3 waRsA1 GWP Tonsnaulnemnavesatsyianudunansening R32/R290 fna9)

Composition (mass fraction)

GWP
R290 R32
0 1 675
0.1 0.9 607.8
0.2 0.8 540.6
0.3 0.7 473.4
0.4 0.6 406.2
0.5 0.5 339
0.6 0.4 271.8
0.7 0.3 204.6
0.8 0.2 137.4
0.9 0.1 70.2
1 0 3




A151991 2.4 LAAIAT GWP N18057187UlAgLa89a1TINANULEUNANTZINe R32/R1270

$IN99)
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Composition (mass fraction)

GWP
R1270 R32

0 1 675
0.1 0.9 607.7
0.2 0.8 540.4
0.3 0.7 473.1
0.4 0.6 405.8
0.5 0.5 338.5
0.6 0.4 271.2
0.7 0.3 203.9
0.8 0.2 136.6
0.9 0.1 69.3
1 0 2
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A15°9% 2.1 uanstoyanlianuuudtaesssuurinuiuues R134a/R290

Composition

(Mass fraction) cop Latent Heat Compressor Refrigerant mass
(kJ/kg) Work (kJ/kg) flow rate (kg/s)
R290 R134A

0 1 4.336 150.97952 34.82 0.023319
0.1 0.9 3.935 155.94405 39.63 0.022568
0.2 0.8 4.019 156.3391 38.9 0.022517
0.3 0.7 4.065 160.161 39.4 0.021949
0.4 0.6 4.063 171.17419 42.13 0.020561
0.5 0.5 4.089 187.60332 45.88 0.018762
0.6 0.4 4.118 206.47652 50.14 0.017046
0.7 0.3 4.148 226.23192 54.54 0.015557
0.8 0.2 4.182 246.1107 58.85 0.014303
0.9 0.1 4.218 265.5231 62.95 0.013256
1 0 4.246 284.14232 66.92 0.012389
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A1519% .2 uanstoyanliannuuudtaesssuurinauduves R134a/R1270

Composition

Latent Heat

Compressor Work

Refrigerant mass

(Mass fraction) CoP
(kJ/kg) (kJ/kg) flow rate (kg/s)
R1270 R134A
0 1 4.336 150.97952 34.82 0.023319
0.1 0.9 4.076 159.81996 39.21 0.022022
0.2 0.8 4.081 165.40293 40.53 0.021282
0.3 0.7 4.116 173.0778 42.05 0.02034
0.4 0.6 4.117 183.82405 44.65 0.019146
0.5 0.5 4.12 197.5952 47.96 0.017813
0.6 0.4 4.131 213.44877 51.67 0.016491
0.7 0.3 4.146 230.55906 55.61 0.015268
0.8 0.2 4.162 248.38816 59.68 0.014172
0.9 0.1 a.177 266.61791 63.83 0.013201
1 0 4.246 284.14232 66.92 0.012389




M15719% 2.3 uanstoyanliannuuudtaesssuuriAuluues R32/R290
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Composition

(Mass fraction) cop Latent Heat Compressor Refrigerant mass
(kJ/kg) Work (kJ/kg) flow rate (kg/s)
R290 R32
0 1 4.045 237.48195 58.71 0.014823
0.1 0.9 3.913 218.03236 55.72 0.016145
0.2 0.8 3.827 199.96075 52.25 0.017603
0.3 0.7 3.759 189.26565 50.35 0.018599
0.4 0.6 3.736 192.55344 51.54 0.01828
0.5 0.5 3.633 207.15366 o T 0.016992
0.6 0.4 - - - -
0.7 0.3 3.311 244.74912 73.92 0.014382
0.8 0.2 3.39 263.7081 77.79 0.013347
0.9 0.1 3.794 280.83188 74.02 0.012534
1 0 4.246 284.14232 66.92 0.012389
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M157°9% .4 uanstoyanlianuuudtaesssuuyhAuiures R32/R1270

Composition
Latent Heat Compressor Refrigerant mass
(Mass fraction) COP
(kJ/kg) Work (kJ/kg) flow rate (kg/s)
R1270 R32
0 1 4.045 237.48195 58.71 0.014823
0.1 0.9 3.962 224.0511 56.55 0.015712
0.2 0.8 3.908 213.33772 54.59 0.016499
0.3 0.7 3.875 208.74625 53.87 0.016863
0.4 0.6 3.869 211.94382 54.78 0.016607
0.5 0.5 3.868 221.52036 57.27 0.01589
0.6 0.4 3.851 234.60292 60.92 0.015006
0.7 0.3 3.857 249.00792 64.56 1.4135
0.8 0.2 3.929 263.55732 67.08 0.013357
0.9 0.1 4.072 276.52952 67.91 0.012728
1 0 4.246 284.14232 66.92 0.012389






