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Abstract 

Blends of R22/R152a/R124 have been proposed to replace R12 in refrigeration 

systems. In this research work, a technique to simply evaluate thermodynamic 

properties of refrigerant mixtures has been developed from Raoult's Law. The method 

has been approached to evaluate the properties of the refrigerant blends available in 

the market such as MP39 (R22/R152a/R124 53/13/34), MP52 (R22/R152a/R124 

33/15/152) and MP66 (R22/R152a/R124 61 11/28). The results agree well with those 

given by the manufacture within 5% error. 

The method has also been used to evaluate the properties of the 

R32/R125/R134a blend which is an alternative of R22. The calculated results of the 

SUVA 9000 (R32/R125/R134a23/25/52) refrigerant agree wall with those given from the 

manufacture with in 3% error. 

The thermodynamic property diagrams of these refrigerant blends are also 

proposed. 
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1'1!1n1'iK'l!-rn1jw 

p = 
... 

Fl'J'UJ(;l'l.l 

n = ~1'1.l'J'I.lL2.H'l 

m = 2.J'J"'l 

M = 2.J'J"'lL2.JL"'ln"'l, 

x = i (;l~'J'I.lL(;ltJ2.J'J"'l 

X = i (;l~'J'I.lL(;ltlL2.J "'l"ll'a\!1'a~11eJ ~2.J 

Y = i (;l~'J'I.lL(;ltJL2.J"'l"ll'a\!1'a~11eJ~2.J 

h = specific enthalpy (kj/kg) L'a'l.lYl"'ltJ41Lfj1:: 

s = specific enthalpy (kj/kg) L'a'WL"t'l1t141m1:: 

T = 'aClJ\Uln (0C) 
, 'lJ 

... s.­ s.­
'a m~11~'a tJ.,,1 tJ 

= ~11i .., ... 
= "lI'a\! L," "'l 'J'a 2.J [;l'J 

, 
s = l'a~2.J t1f'J 
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U'VI'VI 1 

o 
U'VI'U1 

o a "loa 
1.1 -a1''VI1f1';l1~L!I'U It'U~UU'VI1F1';l1~L!I'U 

1::uu';h l"l'J1~ Lii'l.lLLUUre1(;lL'fl LtI'l.l1::UU~ij~1'l.l1'l.lLL~ 'J L~ij m 1~~'l.l1 LLfl ::ufUU~'l m 1H' 
"'.... ... ...: J' "" "" J' ..I ..I 'I '" r:;:' 'I 'I '" ilJ

L~~U1::~'Vlfil11'rH'V'I~'iI'l.l LLfl::t.I'l\ln'V'l~'l.l1'i1'l.l~1L1'fltJ 1 L'V'I'fl ~"llU1::LtJ"ll'l.l'Vl'l ~'l.lm1 ~"llL J'l.l1::UU 

ufulfl1m f'l L~'fll"l'J1~~:: (;l'J n~U1tJ'iI'fl'l ~'fltl'fl1 ~mLfl::~ ~'l.l1 L'l.lL;'l fi1nlil ~'J 'l.lL'l.l111l"l'fl1'l~1~ m1~ 
... " " " 
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~ I I ~ 

mh'J~'fl~11~1'V'1'Jn CFCs ilLil'flijm1f'JL~fllil::Luvl1fl1tJL'flL'li'l.lL'l.l-n'l.lU11mmf'l [1] vl1L~f'l~ 

~fl (;l~1 L'JL'flLfl (;l (UV) ~~'fl'l~11il1n(;l'J'l'fl1Vi(;lUIil::~'lcJ1'l.l~1U'lLfln L(;ltJI'IN LLfl::ij~fllJ1'fl~'lij:nij (;l 
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vl1l"l'J1~ Lii'l.l'il'l.l1 (;l L~ m'll'l.l 1::UUvl1l"l'J1~ Lii'l.lL'l.l1tltJ'l.l1Jl ~'l~11 R134a lil::hlijrhm1vl1fl1tJ 

L'flL'li'l.lLLlJ1Iil::ij ~1l"l'J1~ ~'l.lL'fl Ln~L~tJ'lriU~11 R12 [2] LLlJ1~11 R134a Iil::ijifC1J~1 L~tJ'JriU 
" I I t I 

,j1:r'l.lWtl'fl~'l.lVi,j1~1 L~'lij 11l"l1 ~'fl'l.l;r1'l~'l LLfl::1::UU ~'fl'l LU~tJ'l.ll"l'fl~ L'V'I1~ L'li'flf~'J L~~ 
OJ 

~11Yi1'l1'l.l~nU~::Ll1'Vl~~'l~ijm~ij4'tJ L~'fl,j1~1 Lfl'l.l~::UUYi1l"l'J1~Lii'l.l~'fl m~L-if~11Yi1 

l"l'J1~LU'l.l~fl1tJ 1 ~'J~1~'J~ri'l.lLtI'l.l~1n~tJ'J~ L1tJn~1 m1L-if~11vl1l"l'J1~ Lii'l.l~~~ (Refrigerant 

blends) LLUU non - azeotropic ~'l~11~'lmh'JIil::LtI'l.lm1~~~ri'l.l1::~~1'l~1~vl1l"l'J1~Lii'l.l 2 
., , , 

"llU(;l~1'fl~1 n n~ 1U'l.l L(;ltJVi'fl tU~l1~1il (;l L~'fl (;lLLfl::1il (;ll"l'JU LL'l.l'l.lLLI'I n lJ11'l ri'l.l LLfl::~ nU1::m 1~;j'ln~'fl 
" ..." q 

~1~1~m~'fln~1~vl1'l1'l.l~1~~~ri'l.l L(;ltJYi1L~~111'V'1m1vl1fl1tJL'flL'li'l.lfl(;l~1fl'lL~ LLfl::Ld'flLn(;lm1 

f'JL~fllil::Hl1.~ Ln (;lre1'l.l(;l11 tJ lJ1'flm-if LLfl::~'l LL'J (;l~'fl~ 
OJ 
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R22/R114 [3] Ll1ltll"l'flt.lLI1lt.lL'lI'flf"'l~ill"l1l"l'J12-1Liit.l~'ltJ'J11l (Subcooling) 3 °c m2-l~1~1l LL~~ 

l"l'fl2-lL'Vi~~L'lI'flf"'l~ilU~~~'VlfiIl1'Vi1'flL'lIt.l'Vl~'flillil(Isentropic efficncy) 65% 
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R114/R22 

~.o ...J------------ ----------, 
~ 

'~i ./~ ~ 
~,oj/

SJ 
I 
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.	 '" . 
lUVi 1.3 COP "lI'fl'l~'mj2_JViI"l1~Ul11~'J'l.I~1'11 "lI'fl'l~11e.J~2_J R114/R22 

t'l.lU1~L'VlPl'l~ij~~mt1~2_J1Hl'l.l~'lJ'fl'l1~uu.;hm12_JLii'l.l ~t-if~11l'11'11'l.1e.J~2_J ;'1LU'l.l~11 
'U 

'" .
e.J~2_J'lJ'fl'l R22, R152a LL~:: R124 [6] t(;ltlt-ifLLuU~1~'fl'l'Vl1'1FlrWUlPl1~Ulf'lJ'fl'l1~UU~'Vlil2_JLiJ'flt-if 

~ 11l'11'11'l.1e.J ~2_J ~'1 n ~h'J LVitiUriU1~UU'Vl (;l~'flU'"I1'1 Ld'fl t-if~11l'1 1'11'l.1~~(;l~'J'l.I~1'1 1 '"11 n 
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1~ COP i1fOl1~'1~~ t~U~I"1';l1~~\l1\l1"1t1\lL~\lL'llt1;bJ~'1~1n LL~::i1fOl1~'1n~1Ldt1H' R12 '\.l1t1 
., CI "eu 

R22 LyjU'It1!,h'l L~U';l 

'"l1 n'l1\l~4'u~ tJ1\l~1 LL~';l'"l::;LtI\ln11 11~11Vh 1"1';l1~ Lti\ll:-J ~~i1 f'1nU1l1Yl fOlt1\l-lf1'1 ~'11 "In11 

,j1~1Yl ~LLYl\l~11 CFOs LLj;JLtit1'1'"l1n-lft12qj~Yl1'1 LYlt1fi:~i.~\l1~ni"1lt1'1~11l:-J~~'llU~L911'1 1 i1 fOl1 
I "... f 

fOlt1\l-lf1'1~ 1Ii~ i1-lft12qj~lii~~';l\ll:-J~~U1'1fOl1 L'Yh,r\l LL~::fOl1 L'\.l~h,r\l~t1'11-n;rt12qj~U1'1 ~';llii.~1il1 n .. 
n11Yl ~~t1U'"l1'1 1\l'l1\l~4'U"'~'1 ~n'li1~fin11'\.l1 FJN~~m L911'1 1 Yl1'1 LYlt1fi:~i.~\l1~ni"1lt1'1 ~11Vh 

1"1';l1~Lti\ll:-J~~ ~i~~';l\ll:-J~~L911'1 1 t~u1~fin11~i.2JenUaDt1\l ~'1'"l::;"Jl';ltJ1~~1~11C1'\.l1FJN~~'lThi~ 

i~~';l\ll:-J~~L911'1 1 i.~ 

1.3 -rP"'ltl'i:all~A"lJ'a~n1'iAm~1• 
~ n~1~fin11~1\l';l n,m 11"1•ru~ ~U~"1It1'1 LYlt1 fi:~ i.~'lJ1~n i t~tJl~fin11LL~::;~~ n11~i.2J 

1.4 t1'i~t!J"ll,Jm~~1nn1'iAnti1 

~fin11;r1'1~'lJ~1~11C1,j,1LtJ~1'lJ';lNFJN~~~"1It1'1~11l:-J~~~i~~';l'lJL911'11 LdttlLtJ1-Dl'lJ 
.. I 

1::;uU'Vi11"1';l1~ Lti'lJ '\.l1t1~(m1~ ~'1'"l::"Jl';ltJl 'lJn11'\.l1~~11C1'lJ::"1It1'1';l'l'"l1~'1 mh';l 
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..I 
tJ't'I't'I2 

n1'i\ll1ACU"~~'t'I1.:JL't'I'ilit~'lVlu1ijn-i"ll'il.:J"1'i~"~• 

2.1 ..~~m31ULUn1'i\ll1flcu"~~"lI'iI.:J"1'i~"~ 

1'lJmru"llrel..:l~11Vi1 ~'J1~ LU'lJLdrel~1 eJ~~ ri'lJ L~'a 11Xn11ii L~11 :;,r",'11 fiJ ru~~~'lJrel..:l ~11eJ ~~ 
" 

hlu..:Imn 1Ol:;i1~ru~~~~~1'lJ~..:Ii'1 
II II II -.i 

n. hJi1n1mJ~tJ'lJmJrl..:lrel..:lrltl1:;nrelU'VI1..:1L~i1"l1rel..:l~11~'Il1~1eJ~~ 

"lI. 'bJi1n11LtI~m.lLLtlrl..:l,E~1j;]1 Ldrel'll1~11:oJ~~ri'lJ hJ~11Ol:;rel~1'lJL'YJ~ (phase) "lIrel..:llrel 

... 
'VI1rel"ll'a..:lL'VIrl'J 

~. hli1n11LtI~tJ'lJLyJ~L~N~11..:1'V11reln111'J~~'J 1'l.lL~Lrl~rl (molecular aggregation) 

..:I. 1'lJmru~Jl1~"lI'a..:ll'a 1Ol:;~1L\l'l.lfiJru~~~L"ll'lJL~tJ'JriU LLri~~~\l1nr (perfect gas) 

2.2 n1'i\ll1Acu..~,m"ll'il.:J"1'it.l"~• 
...-:tIt. .Jill !:"I' .- roo CI 

fiJ ru~~Uj;]"lIrel..:l~11eJ~~ 'VI L'if L'lJn11'J L~11 :;'VI~~11t1'lJ:;n11'V11..:11'lJ"lIrel..:l'J..:I1Ol1'V11 ~'J1~ LtJ'lJ 

" 
'VI1rel~j;]u~ ~rel l"i1LLrel'lJVfrl1H1L~1:; (specific entropy) h LLrl:; Lrel'lJL'VI1t1~1L~1:; (specific 

I II II I 

entropy) s ~..:I1'lJ11tJ..:I1'lJ'Uuui'1IOl:;LL~(;1..:1iifin11'V11fiJru~~~L'VI~hi'1 L~rel~11eJ~~rel~1'lJLyJMh..:l1 

l~LLri LyJ~'lJrel..:l L'VIrl'J (liquid phase) "lICU:;~relU1'lJLyJ~ 1:oJ~~1:;'VI~1..:1"l1'el..:l L'VIrl'J~~~'Jlt1U..:ll'a~~~'J..
 
LLrl:;1'lJLyJ~~~11eJ~~'a~1 'lJ~Jl1~1'a (;1..:1 (Superheated) ~..:I Ln(;1~'lJ~ ~'J1~ ~'lJLLrl:;'tJ ru'VI.1Jij~1..:1 1 

1Ol1n fiJru~~U'1i'VI1..:1 L'VI'afL~ll(;1'lJ1ijni"llrel..:l~11Vi1 ~'J 1~ LU'lJ ~ 'J'lJ1'V1 'kJ1Ol :;~U~1 fiJ ru~ ~~1 'lJ 

~Jl1Vi"ll'el..:l L'VIrl'J 1Ol:;i1l"irI1n~ L~tJ..:IriUl"i1~'a~1 'lJ~Jl1~"lI'a..:l L'VIrl'J~~~'J l"i1 ~'J1~ ~'lJIOl:;hll"i'atJi1 eJrl ~'a 
I " 

n11LtI~tJ'lJLLtlrl..:l fiJru~~~~1..:1 1 'I1'lJ~'al"i1 L'a'lJvirltl LLrl:;L'a'lJLY11t1 "lI'a..:l ~11eJ~~1 'lJ~Jl1Vi"ll'a..:l L'VIrl'J 

~1~11t1 ~1'lJ'J CUL(;1tJ 

(2.1 ) 

... I "'~IO .... ~IO .J c: .... ,J
LLrl:; Sil ~'a mL'a'lJ'VIrl1J1Ol1L~1:::LLrl:;L'a'lJ'VIrl1J1Ol1LVi1:;"lIrel..:l~11 i Y1~Jl1Vi"ll'a..:lL'VIrl'J'a~j;]'J 'VIhil 

'tJru'VI.1Jij~11eJ~~ 
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L'lJn nil~ rl1'\.t'lJf;l LY1 tJ~ f011 f'1,)1~ ~'lJ~,)WlJ'fl~ ~ 1~t:J~ ~~'fl~L 'lJ~1l1~"JJ'fl~ L'\.t~') roh f'1') 1~ ~'IJ 

~')~~m:::.yhJ;\'fl"JJ'fl~ L'\.t~,) ~'flf011f'1,)1~ ~'lJ"JJ'fl~~,)'lJ~ Lij'lJ1'fl~'fltJ.. L'\.til'fl'll'fl~ L'\.t~') LL~:::f011 f'1,)1~ ~'lJ 

tJ'fltJ'll'fl~1'fl~1nLJ;\~:::[;;,') ~'fl~L'\.til'fl~,)'ll'fl~m~,)~1~1nl~1'lJ,)n.l r.l1nn!J"JJ'fl~L~1't1 (Raoult's Law) 

Lf;ltJ 

(2.2) 

Xi ~'flra(;J~1~,)'lJLf;ltJL~~'ll'fl~~1~ i L'lJ'll'fl~L'\.t~,)t.J~~ LL~::: PiS ~'fl f'1,)1~~'lJtJ'fltJ"JJ'fl~~1~ i ~~1l1~1'fl 

~~[;;''J LL~:::f'1,)1~~'lJ~'J~"JJ'fl~1'fl~'fl~L'\.til'fl~,)"JJ'fl~m~') ~1'lJ')~tO:j1nn!J"JJ'fl~f;l'fl~[;;''lJ (Daltoon's Law) 

Lf;ltJ 

(2.3) 

(2.4) 

.. .:. .., 
n'iCU"1l'el~L 'U~';I'el~ j;)';1 

, " , 
L'lJn~ruVi ~1 ~'fl~L'lJ~1l1~"JJ'fl~ L'\.t~')Vf~'\.t~ f;l'\.t1'fl Lij'lJ"JJ'fl~ L'\.t~')~~ [;;'') 

Xi ~'flram1~,)'lJL~~~,)~"JJ'fl~~1~ I L'lJ~1~t:J~~i~'\.t~f;l LL~::: M j ~'fl~1'\.tt!nL~L~Q~'ll'fl~~1~ i L'lJ 

~1l1~~~1~t:J ~~ dj'lJ"JJ'fl~ L'\.t~') ~,)'lJ'\.t1'fl LiI'lJ"JJ'fl~ L'\.t~,)~~[;;'') 
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(2.5) 

'" 
~n.m.1Jij LLj;j~:; ,"hiOl:;~1).J11tlfh~'IJ(;1 fOh ~'J1).J ~'lJti'elU'1l'el'!~11LLj;j~:;~'J PiS Hi iOl1mr'IJvhm1~'el'! 

~(;1 - ~'el'!Qn (Trials and Errors) L(;1ULL'VI'lJfOh PiS ~'!L'1JL'VI'el).J'VI1'!'1I'J1il'el'1l'el,!~).Jm1 (2.5) iOl'IJ 

'" 
L~e.J~Lvi1n1J,"h~'J1).J~'lJ1'J).J iOl1n,r'lJl·h~nJ~.1JijViL~ri~1).J11tl.y1L'1Jri1~'IJ(;1,"h hi LL~:; Si "lI'el'!~1~ 

LLj;j~:;~'J LL~:;).J1~1'IJ'JnJ~nJ~).J1J~'1I'el'!~11e.J~).Jl'11).J~n).J11 (2.1)• 

1 
p 
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(2.6) 

I I II I " 

n~ruVlLilui.'el~2J~';l~,nuJ(;l Xj ~'el i(;l~';lUL(;lfJ2J';l~"1I'el~~1~ i lU~1~l:J~2JVlLilui.'el~~'VI2J(;l 

til1 n ~h ~';l12J ~U~';l2J~.r(;l i.~ til~vi1 m~~2J2J~'elru'VIlln"1l'el~~1~l:J~2J ~~til~LilU'Plru'VIlli:ii.'el~2J ~';l LL~~ 
lit III " "( " 

'VI 1 ~1 ~';l12J ~ui.'el~2J ~';l"1l'el~~1~LL[;J~~~';l~'elru'VIlln ~~ n~h ';l LL~ ~LL'" U~"I L." 'el2J"'1~"1I';l1ij'ell 1.1. " 
~2Jn1~ (2.6) ~~til~~2J~~~ru'VI1Jn'1.tJ~'elfJ1til'l.lL"''el2J'''1~"1I';l1LVhri'I.J~1~';l12J~U~';l2J~.r(;li.~~~ 

LiluL"''el2J'''1~e]1fJij'elLL~~~1fiJru~2J'I.J~[;J1~1 "1I'f1~ hi LL~~ Sj "1I~~11LL[;J~~[;j'';ltil~fjtil1~ru1til1n 

~ru~2J'I.J~"1I'el~~11LL[;J~~~';l~'elru'VIllii LL~~~';l12J~Ui.'el~2J[;j'';l~~1U';lrui.~ LL~~,j1'1.tJ~1U';lru'VI1 h. . " 
LL~~ S ~';l2J[;J'eli.1J 

nnul'!lU101J 

lumrui.'el (;l~ ~1 m12J ~'l.l£l'elfJ"iI'tN~11LL[;J~~~';ltil~'VI1til1n~2J n11"11'el~ (;l'el~ [;j'u LL~~Ld'tl 

ri1'V1U(;l~ru'VI1Jn~12J11C1'V11fiJru~2J~ hi LL~~ Sj til1n~';l12J~u£l'elmL~~~ru'VI1Jn~ri1'V1U(;li.~ L~'tl 

hJ'VI1~1 h LL~~ S 1';l2J 
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.... 
\J'VI'VI 3 

e.I'an1'if11'U';IW\lI1f'lW1ftl~"JI'!HI1f1'ie.l'lnJ• 

-~... .­3.1 n1'iLlJ'i!J\JL'VI!J\JFlW1ftl\Jj;I• 
'"l1n'iifin11'\.n~t1.l~~llii'lJ'fl.:l~11~'J1~L!hJCJ~~ ~.:I~mh'J~1LL~'JL'l.lU'Vl~ 2 L'l.lU'Vl~'"l~'I.~• 

CJ~~ R22/R152a/R124 ~.:I Lil'l.l~~~'J'l.lCJ~~~L-nLL'Vl'l.l R12 LL~~ R32/R125/R134a ~.:I Lil'l.l~11 

'Vl ~LL'Vl'l.l R22 CJ~~'I.~~1 hJ LmtJU L-vltJUnU ~t1.l~~llii-vl'l.~'"l1n eJCJfi (;I~t[ (;I11~'J'l.lCJ~~U1.:1 fD11. ~ 

, 
(;I111.:1-vl1 LL~~.:I CJ~n1m ..J1tJUL-vltJUfD11'lJ'fl.:l L'fl'l.lVi'~t1~1 L'W1~ LL~~L'fl'l.lL'Vl1t1~1 L'W1:::'lJ'fl.:l 

~11CJ~~ R22/R152a/R124 ~~~~'J'l.lCJ~~ 53/13/34 (MP39), 33/15/52 (MP52) LL~::: 61/11/28 

" ...l ' " 
(MP66) L~tJ~1~,rn LL~:::L -vltJUnUfD11'Vl'l.~'"l1nU1';'VleJ

~ 
CJfi (;I 'W1J~1 CJ~-vl'l.~~ fD1"ILn~ L~tJ.:In'l.l .,.].:IL'l.l 

~1l1'W'lJ'fl.:l L~~'J~~ ~'J'I.'fl~~~'J LL~:::n1ru'l.'fl~.:I 

m11.:1~ 2 LL~~.:ICJ~n11LmtJ1JL-vltJ1Jn1ru~11CJ~~ R32/R125/R134a L'l.li~~'J'l.l 

23/25/52 (SUVA 9000) ~.:IfD11~~1'l.l'Jt1.l'l.~n~L~tJ.:In1JfD11-vl'l.~'"l1nu11i"VleJCJfi(;l 
~ 

3.2 LVl'£l:: LLn'iti f'lW1ftl~"JI'!HI1f1'ie.l1ftl• 
fOJt1.l~~llii'lJ'fl.:l~11CJ~~ R22/152a/R124 LL~::: R32/R125/R134a ~i~~'J'l.lCJ~~(;\1.:1 1 ~ 

o '1 ~ "~ClII.J I" .J 1I '1 II' 0 II' '1 ....-=..... oJ
m'l.l'J t1.l ~~ ~~tJ L"1I'Jfi'Vln~1'J L'l.l1J 'Vl VI LL~'J ~~Cl n'l.l1~1M1.:1 ~~'fl:::LLn1~~ t1.l~~1J(;I ~.:I1tJ'Vl 3.1 LL~~ 

~ ~. 
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R22/R152a/R124 

... ... I '" 
n. mru".ll'fl~L~~,)'fl~I"'J 

% error of enthalpy of saturated liquid (kJ/kg) 

MP 39 MP52 MP66 

P h cal. h chart %error h cal. h chart %error h cal. h chart %error 

(Mpa) 

0.1 160.265 161.316 0.65 165.651 167.177 0.913 158.63 159.419 0.495 

0.5 210.714 212.871 1.013 217.26 219.933 1.215 208.52 210.321 0.856 

1 241.447 244.546 1.267 248.747 252.543 1.503 238.79 241.456 1.104 

1.5 263.418 267.94 1.688 271.31 276.664 1.935 260.44 264.438 1.512 

2 281.512 287.759 2.171 289.926 297.142 2.428 278.26 283.894 1.984 

2.5 297.484 305.769 2.709 306.5 315.823 2.952 293.99 301.555 2.509 

3 312.503 322.994 3.357 322.37 1333.827 3.432 308.65 318.411 3.066 

3.4 
1

324.605 336.805 3.622 336.075 I 348.475 3.558 320.28 331.876 3.494 

% error of enthalpy of saturated liquid (kJ/kg) 

MP39 MP66 

P (Mpa) 

MP52 

%errors cal. s chart %error s chart %errors cal. s chart s cal. 

0.84210.71 0.839 0.3680.1 0.8454 0.8498 0.518 0.8675 0.8737 

0.627 

1 

0.5 1.0382 1.0459 0.736 1.0611 1.0705 0.878 1.0305 1.037 

1.1414 1.1516 1.13270.886 1.1648 1.1773 1.062 1.1416 0.78 

1.5 1.21 1.2242 1.16 1.234 1.2507 1.335 1.2007 1.2134 1.047 

2 1.2636 1.2827 1.489 1.2882 1.657 1.2539 1.2712 1.3611.3099 

2.5 1.3092 1.3337 1.837 1.3346 1.3619 2.004 1.299 1.3217 1.717 

3 1.3506 2.194 1 37761.3809 1.3396 1.3682 2.091.410312.319 
1 . 

3.4 1.3832 1.418 2.454 1.414 1.4488 2.402 1.3712 1.4045 2.371 
i 
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% error of enthalpy of saturated liquid (k~l/kg) 

MP 39 MP 52 MP 66 

P(Mpa) h cal. h chart %error h cal. h chart %error h cal. h chart %error 

0.1 388.541 392.323 0.964 383.666 387.889 1.089 388.808 392.202 0.865 

0.5 409.035 415.389 1.53 406.244 421.631 1.548 408.663 414.541 1.418 

1 418.433 426.258 1.836 416.748 424.565 1.841 417.574 424.973 1.741 

1.5 423.097 431.814 2.019 422.604 430.831 1.91 421.832 430.248 1.956 

2 425.118 434.607 2.183 424.46 434.125 2.226 423.634 432.847 2.128 

2.5 425.085 435.417 2.373 424.158 435.251 2.549 423.325 433.534 2.355 

3 422.108 434.404 2.83 418.94 434.365 3.551 420.748 432.517 2.721 

% error of enthalpy of saturated liquid (kJ/kg) 

MP 39 MP 52 MP66 

P (Mpa) s cal. s chart %error s cal. s chart %error s cal. s chart %error 

0.1 1.7755 1.801 1.416 1.7398 1.7643 1.388 1.7833 1.8081 1.372 

0.5 1.7264 1.7542 1.585 1.7042 1.7311 1.554 1.7304 1.7568 1.503 

1 1.708 1.7376 1.703 1.6921 1.7209 1.674 1.7095 1.7379 1.634 

1.5 1.6957 1.7263 1.772 1.6835 1.7137 1.762 1.6955 1.7254 1.733 

2 1.6841 1.7159 1.853 1.6743 1.7061 1.864 1.6828 1.7141 1.826 

2.5 1.6711 1.7049 1.982 1.662 1.697 2.062 1.6692 1.7023 1.944 

3 1.6536 1.692 2.27 1.6394 1.6854 2.729 1.6522 1.6891 2.184 
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% error of enthalpy of saturated liquid (kJ/kg) 

MP 39 MP 52 MP 66 

T h cal. h chart %error h cal. h chart %error h cal. h chart %error 

-10 401.023 403.549 0.626 393.078 396.249 0.8 402.38 404.499 0.524 

0 408.146 410.363 0.54 400.496 403.212 0.674 409.352 411.217 0.454 

10 415.398 417.339 0.467 407.996 410.357 0.575 416.458 418.089 0.39 

20 422.739 424.465 0.407 415.604 417.664 0.493 423.669 425.106 0.338 

30 430.163 431.742 0.366 423.271 425.134 0.438 430.96 432.267 0.302 

40 437.698 439.165 0.334 431.05 432.763 0.396 438.36 439.569 0.275 

50 445.347 446.732 0.31 438.943 440.545 0.364 445.87 447.009 0.255 

60 453.053 454.439 0.305 446.917 448.479 0.348 453.43 454.585 0.254 

70 460.926 462.284 0.294 455.039 456.559 0.333 461.161 462.294 0.245 

80 468.947 470.264 0.28 463.33 464.783 0.313 469.033 470.133 0.234 

% error of enthalpy of saturated liquid (kJ/kg) 

MP39 MP 52 MP66 

T s cal. s chart %error s cal. s chart %error s cal. s chart %error 

-10 1.8377 1.8454 0.417 1.7868 1.7971 0.573 1.8504 1.8568 0.345 

0 1.8644 1.8708 0.342 1.8145 1.8231 0.472 1.8766 1.8819 0.282 

10 1.8904 1.8959 0.29 1.8415 1.8488 0.395 1.9021 1.9066 0.236 

20 1.9159 1.9206 0.245 1.8678 1.8741 0.336 1.927 1.9309 0.202 

30 1.9407 1.945 0.221 1.8935 1.8992 0.3 1.9514 1.9549 0.179 

40 1.9652 1.9691 0.198 1.9187 1.9239 0.27 1.9754 1.9786 0.162 

50 1.9892 1.9929 0.186 1.9435 1.9484 0.251 1.999 2.002 0.15 

60 2.0129 2.0164 0.174 1.968 1.9726 0.233 2.0222 2.0251 0.143 

70 2.0362 2.0396 0.167 1.992 1.9964 0.22 2.0451 2.0479 0.437 

80 2.0591 2.0625 0.165 2.0157 2.0201 0.218 2.0676 2.0704 0.135 
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... ...I ... 
n. mC\.l".ll'el~LVI~'J'el2-J(WJ 

% error of enthalpy of SUVA 9000 at saturated liquid 

Pressure 

MPa 

h cal. 

kJ/kg 

h chart 

kJ/kg 

%error s cal. 

Kj/kg K 

s chart 

kj/kg K 

% error 

0.2 161.8409 161.985 0.09 0.8539 0.8544 0.06 

0.4 186.2851 185.907 0.2 0.9493 0.9479 0.15 

0.6 203.0497 203.077 0.01 1.011 1.0111 0.01 

0.8 216.2944 216.903 0.28 1.0578 1.0599 0.2 

1 277.501 228.774 0.56 1.0961 1.1004 0.39 

1.2 237.3601 239.356 0.83 1.1289 1.1356 0.59 

1.4 246.2554 249.028 1.11 1.1578 1.167 0.79 

1.6 254.4372 258.027 1.39 1.1784 1.1956 0.97 

1.8 262.0666 266.516 1.67 1.2078 1.2221 1.17 

2 296.2796 274.615 1.94 1.23 1.247 1.36 

2.2 276.1764 282.416 2.21 1.251 1.2706 1.54 

2.4 282.82 289.993 2.47 1.2709 1.2932 1.72 

2.6 289.3116 297.41 2.27 1.2901 1.3151 1.9 

2.8 295.7301 304.728 2.95 1.3088 1.3364 2.06 

3 302.307 312.006 3.11 1.3278 1.3573 2.17 

3.2 310.093 319.304 2.88 1.3502 1.3781 2.02 
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% error of enthalpy of SUVA 9000 at saturated liquid 

Pressure 

MPa 

h cal. 

kJ/kg 

h chart 

kJ/kg 

%error s cal. 

Kj/kg K 

s chart 

kj/kg K 

% error 

0.2 398.8346 401.325 0.52 1.6794 1.7261 1.3 

0.4 407.8551 411.967 1 1.6895 1.7318 1.46 

0.6 413.1792 418.431 1.26 1.6977 1.7373 1.73 

0.8 416.8191 422.96 1.45 1.705 1.7426 1.67 

1 419.426 426.321 1.62 1.7117 1.7478 1.76 

1.2 421.3183 428.875 1.76 1.7182 1.753 1.83 

1.4 422.6455 430.822 1.9 1.725 1.7582 1.89 

1.6 423.4918 432.283 2.03 1.7314 1.7637 1.98 

1.8 423.9118 433.336 2.17 1.7385 1.7696 2.06 

2 423.9105 434.031 2.33 1.7466 1.7763 2.16 

2.2 423.4544 434.401 2.52 1.7565 1.7847 2.28 

2.4 422.4475 434.467 2.77 1.7702 1.7964 2.44 

2.6 420.5825 434.236 3.14 1.7943 1.818 2.7 
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Pressure I 

% error of enthalpy of SUVA 9000 at saturated liquid 

h cal. h chart %error s cal. s chart % error 

MPa I kJ/kg kJ/kg Kj/kg K kj/kg K 

-20 403.8739 404.045 0.04 0.889 0.18935 0.24 

-10 411.7501 411.694 0.01 1.9192 1.9232 0.21 

0 419.83 419.505 0.08 1.512 1.9523 0.06 

10 427.5781 427.476 0.02 1.9805 1.9809 0.02 

20 436.221 435.608 0.14 2.0093 2.0092 0.005 

30 444.9661 443.902 0.24 2.0356 2.037 0.07 

40 453.0199 452.355 0.15 2.0638 2.0644 0.03 

50 462.0479 460.968 0.23 2.0917 2.0915 0.01 

60 470.36 
I 

469.739 0.13 2.1194 2.1182 0.06 
I 
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..,j 

'U'YI'YI 4 

i'f1tl~'in111~!1• 

"'l'lnCJ~m~1 LFl~'l~~~rufl'-J~"lJ'el..:lfl'l~v'i'l Fl'J'l'-J Lth.l~i (;1'Z'l'J'l.ll'h..:l 1 L~'el Lnu'll"hVlUI"lJ'el..:l 

fl'l ~CJfl'-J~ili(;1'Z'l'J 'l.lL~[J'J n'IJfl'l ~ "lJ'el..:l R22/R152/R124 LL~ ~ R32/R125/R134a ~ili(;1'Z'l'J'l.l 

n'l'vl'l.l(;1L(;1[J ~ CJ~ [;lVi'IJ~'l il LU'elfL:nw;lFl'J'l'-J~ (;1Vi~'l (;1~VJ nflll'l'J~hJLn'l.l 5% ~..:IfHi'el LtJ'l.lrh~ 
~ , 

[J'el'-Jf'IJL~V1'l..:l1 P\'Jn~~'-J ~..:I,r'l.lm~u'l1fim~1'l.l'IJVlVl 2 '-J'l1-n'l.lm~1 LFl~'l~~Fl rufl'-J'~V1'l..:l LVI'el1L'-J• 
.... I I I I 

L(;1'l.l'lii ni"r1..:1Vlflll 'l'J~"lJ'el..:l L'VJ~'J~'-J ~'J, flll'l'J~L'el~'-J ~'J I LL~~Vlflll'l'J ~L'el (;1..:1 (Saturated liquid, 

Satu rated vapor and Superheated vapor) ~..:Ifl'l'-J'l~r1v'i'lL~(;1[J~ l"l'l ~ (;1Vi~'l (;1~Ln (;1~'l.lL,j'-J'l n 
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Lt.!n11~1t.!'JruVl1 f'11fJru~2J~ L~'el~11-3 P-h diagram "lI'el-3~11eJ~2J L11L-D~11vi1fl'J12J 

Liit.!~'el R22, R152a LL~:: R124 2J1eJ~2JLt.!~~n~'Jt.!~1-3 1 nt.! L(;1mL~~::~~n~'Jt.!L11rl1V1t.!(;1L\\' 
, 

I.... .ell I .elf 

fl1fl'J12J(;1t.!"lI'el-3~11eJ~2J2Jfl1fl-3~ 

P = Constant 
I " I" 

Lt.!Vl'h::tJ n i'J'elth-3 n11~1t.!'Jru"ll'el-3~11eJ~2JVliJ~~11~'Jt.!~-3tl 

R22 =33% iJ2J'J~L2JL~fJ~ M = 86.47 

R152a =15% iJ2J'J~L2JL~n~ M =66•
 
R124 =52% iJ2J'J~L2JL~fJ~ M = 136.5
 

rl1V1t.!(;1L\\'~1t.!'Jru~ P = 1 MPa
 

LL ~'J~-3 vi 1 n11rl1V1t.!(;1L\\'If.J ruVllJi1"l1'el-3 ~ 11LL~~ ::'llU (;1iJ 'f.1 ruV1lJi1 L~tJ'J nt.! L~ 'elVl1 f'11 fl'J12J 

~t.!ti'eltJ"lI'el-3~11LL~~::i'J LL~'J LL~t.!f'11~-31tJL t.!~2J n11'll'el-3 LL~~ ::~n1'J::L ~'elL \\'1~ f'11 LVI1 nu fl'J12J ~t.! 

~rl1V1t.!(;1 (trial and error) LL~::Ld'ell~f'11fl'J12J~t.!ti'eltJ~LVl2J1::~2J"lI'el-3~11LL~~::i'JLL~'J inltJVl1 

I ~IO 'i' ~IO ~.01 0 I ~I 'i' ~I
fl1 L'elt.!~1 ~ lJIOl1 L'Yi1 ::LL~:: L'elt.! ~~1lJ1Ol1 L'Yi1::'ll'el-3~11t.!t.! 1 L'Yi'el t.!12J1 VI 1 fl1 L'elt.! ~1~ lJLL~ ::L'elt.! ~~ 1lJ 

~1L'Yi1::'ll'el-3~11eJ~2J~'ell1J 

,...... 
mru~ 1 ~n1'J:: Saturated Liquid 

rl1V1t.!(;1L\\' T = 38°C 

P =P =1.4606 MPa 
1 R22 

P =P =0.86224 MPa 
2 R152a 

x =33 X =15 M =86.47 M =66 M - 136 5 1 2 , 2 3-' 
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x x x X-'=0.381635 _2 =0.22727 _3 =0.381 =0.989905_i 

M, M
2 

M
3 

M, 

LL'Vl\cl1"l1fl.:lL\clfUJn'11 ~1).111mn1"l1 P = 0.9774 MPa 

nTVI\clj;11'l-nJ H'T = 38.88°C 

P=1.49294 MPa,
 

P =0.883184 MPa
 
2 

P =0.57627 MPa 
3 

LL'Vl\cl1"l1fl.:lL\cl~).In11~1).111t1'V111"l11"11)1).1~\cl11)).I1rXLirJ\cl 1.000 MPa 

Yi'lJ~1 Ld'a Fl1\cll) CULL~I) P ij1"l1 L;J1Ln~ 1"11)1).1 ~\cl11)).1 lJ11).1~ n1'V1\clj;1 ~.:I~\clL11'"l ~1rX 1"11)1 ).I~\cl 

tl'atJ~'a.:l ~11LL(;]fl ~~I) L~'aU 1hJHf'VI11"l1 L'a\cl'Vl1fltl LLfl ~ L'a\clL'Vl1tl~'a.:l~ 11LL(;]fl ::~I) LL~I) U1).1 1 
... 

Fl1\cll) CU'VI'"I L'a\cl'Vl1fltl LLfl~L'a\cl L'Vl1tl11)).I~'a.:l~11~~).I (;]'ahJ ~.:IU 

PR22 = 1.49294 MPa ; hf = 248.226 kj/kg ;sf = 1.162052 kj/kg K 

PR152a = 0.883184 MPa ; hf = 269.5788 kj/kg ;sf = 1.235536 kj/kg K 

= 0.57627 MPa; hf = 243.0808 kj/kg ;sf = 1.146256 kj/kg K PR124 

'"l1n h = Lxi hi 

=(0.33)(248.226)+(0.15)(269.5778)+(0.52)(243.0808) 

= 248.423 k..l/kg 

LLfl~ s =Lxi si 

=(0.33)(1.162052)+(0.15)(269.5778)+(0.52)(1.146256)
 

= 1.1649 kJ/kg K
 

mcu'Vl 2 ~.n11):: Saturated vapor 

n1'V1\clj;1L," T = 45°C 

P1 = = 1.73005 MPaPR22
 

P2 = PR152a = 1.0378 MPa
 

P3 = = 0.68121 MPa
PR124 

... ...l 
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"2:'< xii Mi) 
p - -=----------=­

-[X/M x/M X/M]-'--' + 2 2+ 3 3 
P P P 

13 28 3s 

LL'Vl'Wl"11(;]1..:1 1 ~..:I1'W~)Jn1~:::~1)J11tl\nl"11l"l';l1)J~'W1';l)J"JI'fl..:l~11~~UJ't~ P = 0.99 MPa 

ri1~'W~1~~ 1~ T = 45.35
0 

C
 

P1 = 1.7443475 MPa
 

P2 = 1.04718 MPa
 

P3 = 0.6875905 MPa 

LL'Vl'Wl"11~..:I1'W~)Jn11~:::~1)J11tl~1l"11"J1'fl..:ll"l';l1)J~'W1';l)J't~ P = 0.99999 MPa ~..:I~'fl~11n~L~tJ..:IriU 

l"11l"l')1)J~'W1';l)J~ ri1~'W~ ~..:IVi11~L11't~ l"l')1)J ~'WU'fltJ"JI'fl..:l~ 11LL(;]~:::~';l L~'fltl1 't,JHf~ 1l"1~1 L'fl'W'Vl1~ 

tI LL~:::L'fl'WL'Vl1t1 "JI'fl..:l~11 LL~';ltl1)J1~1'W';lnJ~1l"11L'fl'W'Vl1~t1 LL~::: L'fl'WL'Vl1t11';l)J"JI'fl..:l~11~~)JIJl'fl't'1.J 

PR22 = 1.443475 ; hf =416.602 kj/kg ;sf =1.6903 kj/kg K 

PR152a =1.04718 ; hf =533.41775 kj/kg ;sf =2.0637 kj/kg K 

= 0.6875905 ; hf = 383.1852 kj/kg ;sf =1.5861 kj/kg K PR124 

~1n h = Lxi hi 

= (0.33)(416.602)+(0.15)(533.41775)+(0.53)(383.1852)
 

= 416.7976 kJ/kg
 

LL~::: s = Lxi si 

= (0.33)(1.6903)+(0.15)(2.0637)+(0.53)(1.5861)
 

= 1.6921 kJ/kg K
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... ..J 
m-CU'Vl 3 ~111'J:: Superheated vapor 

o ... .J ... 0 ... .. ,J I'"
Lj11il::'Vl1mj'W1il1jCU1'Vl~CUtUJ2-J10 C fll'J12-J(;lt.l 0.1 MPa "1l'Utlt.l~111'J::'Vl~11LL(;J~::(;1') .. 

1'J2-J~~ ~11l:J~2-J'fl~tt.l~111'J:: Superheated vapor L111il::~12-J11Cl'VI1fOl1 L'flt.l'Vl1~iJLL~::L'flt.lL'Vl1iJ .. 
"1I'fl~~111~~~i1 

h1 = hR22 = 419.7 kJ/kg; 51 =5R22 = 1.9505 kJ/kg K 

h2 = hR152a = 521.428 k"l/kg ; 52 =5R125a = 2.29 kJ/kg K 

h3 = hR124 = 367 kJ/kg ; s3 = SR124 = 1.6392 kJ/kg K 

1il1n h = l:xi hi 

= (0.33)(419.7)+(0.15)(521.428)+(0.52)(367)
 

= 407.5552 kJ/kg
 

LL~:: s = l:xi si 

= (0.33)(1.9505)+(0.15)(2.29)+(0.52)(1.6392)
 

= 1.8395 kJ/kg K
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R22/R152a/R124: 20/10/70 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -25.41 171.5912 0.8911 -18.79 372.259 1.0806 

0.2 -8.1 190.7891 0.9659 -1.39 381.8509 1.669 

0.3 3.38 203.8902 1.0141 10.06 387.8712 1.6638 

0.4 12.15 214.1342 1.0503 18.84 392.3878 1.6608 

0.5 19.37 222.7226 1.0798 26.1 396.0037 1.6589 

0.6 25.57 230.2191 1.1048 32.33 399.0034 1.6574 

0.7 31.03 236.9291 1.1268 37.84 401.5686 1.6562 

0.8 35.95 243.0614 1.1466 42.77 403.7743 1.6552 

0.9 40.41 248.6995 1.1645 47.27 405.7067 1.6543 

1 44.51 253.8672 1.1808 51.41 407.4028 1.6535 

1.1 48.33 258.9083 1.1961 55.09 408.8514 1.6527 

1.2 51.88 263.5474 1.2102 58.86 410.2403 1.6518 

1.3 55.24 268.039 1.2232 62.24 411.4132 1.6509 

1.4 58.39 272.2902 1.2363 65.43 412.4521 1.65 

1.5 61.39 276.3821 1.2483 68.45 413.3485 1.649 

1.6 64.25 280.3304 1.2599 71.33 414.1245 1.6479 

1.7 66.96 284.1353 1.2708 74.09 414.7923 1.6467 

1.8 69.57 287.8335 1.2814 76.71 415.2771 1.6454 

1.9 72.06 291.4309 1.2916 79.24 415.7474 1.6439 

2 74.47 294.9506 1.3015 81.66 416.031 1.6422 

2.1 76.76 298.3673 1.311 84 416.2102 1.6404 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

2.2 79 301.7537 1.3214 86.25 416.2141 1.6383 

2.3 81.14 305.0597 1.3297 88.42 416.0652 1.6359 

2.4 83.22 308.3445 1.3384 90.53 415.7139 1.633 

2.5 85.25 311.5993 1.3473 92.56 414.8687 1.6289 

2.6 87.19 314.8703 1.3561 94.54 413.9801 1.6249 

2.7 69.27 294.42072 1.3 72.27 425.7817 1.66 

2.8 71.015 297.27883 1.3081 74.03 425.4278 1.6768 

2.9 72.71 300.1099 1.3159 75.73 424.9728 1.6734 

3 74.39 302.92057 1.3237 77.37 424.3931 1.6699 

3.1 76 305.7202 1.3314 79 423.8091 1.6664 

3.2 77.57 308.51937 1.3391 80.58 423.1085 1.6626 

3.3 79.13 311.30457 1.3468 82.1 422.2128 1.6585 

3.4 80.64 314.41084 1.3544 83.6 421.3183 1.6544 

3.5 82.085 316.93773 1.362 85.09 420.386 1.6502 

3.6 83.53 319.7721 1.3696 86.5 418.9644 1.6449 

3.7 84.97 322.60199 1.3773 87.9 417.9532 1.6397 

3.8 86.31 325.65448 1.3854 89.28 416.1328 1.6345 

3.9 87.645 328.7107 1.3936 90.62 414.0126 1.6275 
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IW)n~LL~(;l~fJru~2J~"lIIM~'W~~2J'fit;111~'J'\.,l 

R22/R152a/R124 : 40/10/50 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k"l/kg kJ/kg K 

0.1 -31.37 164.4072 0.8622 -24.23 379.3268 1.7262 

0.2 -14.58 183.2075 0.9349 -7.25 388.1838 1.7084 

0.3 -3.4 196.0424 0.9855 3.82 393.7174 1.6994 

0.4 5.16 206.0763 1.0219 12.32 397.7918 1.6936 

0.5 12.22 214.5084 1.0515 19.34 401.0264 1.6893 

0.6 18.26 221.8345 1.0767 25.37 403.6946 1.6859 

0.7 23.59 228.3984 1.0988 30.69 405.9516 1.6834 

0.8 28.38 234.38 1.1185 35.47 407.8885 1.6806 

0.9 32.74 239.8939 1.1363 39.83 409.5725 1.6784 

1 36.75 245.0322 1.1528 43.83 411.0389 1.6764 

1.1 40.48 249.8701 1.1681 47.55 412.3279 1.6744 

1.2 43.96 254.4429 1.1823 51.02 413.4479 1.6726 

1.3 47.23 258.7859 1.1956 54.29 414.447 1.6708 

1.4 50.32 262.9387 1.2083 57.37 415.3005 1.6689 

1.5 53.22 266.9 1.2202 60.31 416.0653 1.6672 

1.6 56.02 270.7429 1.2317 63.09 416.6876 1.6653 

1.7 58.68 274.459 1.2426 65.76 417.2349 1.6635 

1.8 61.22 278.0514 1.2532 68.3 417.6648 1.6616 

1.9 63.67 281.5456 1.2633 70.74 418.0127 1.6596 

2 66.02 284.9556 1.2731 73.06 418.2409 1.6575 

2.1 68.27 288.2651 1.2826 75.36 418.4112 1.6555 

2.2 70.47 291.5405 1.2919 77.53 418.419 1.6531 

2.3 72.56 294.7189 1.3008 79.65 418.4017 1.6508 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

2.4 74.62 297.8748 1.3097 81.68 418.1756 1.648 

2.5 76.57 300.9661 1.3182 83.66 417.8844 1.6452 

2.6 78.49 304.0403 1.3267 85.58 417.4627 1.6421 

2.7 80.36 307.0868 1.3351 87.43 416.7657 1.6385 

2.8 82.15 310.1197 1.3434 89.25 416.0506 1.6348 

2.9 83.91 313.132 1.3515 91 414.7364 1.6297 

3 85.62 316.1816 1.3597 92.7 421.9872 1.6234 

3.1 87.27 319.2878 1.3681 94.38 411.2333 1.6173 
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R22/R152a/R124; 50/10/40 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -33.61 161.5702 0.8506 -26.73 383.0766 1.7501 

0.2 -16.97 180.3026 0.9259 -9.96 391.6287 1.7292 

0.3 -5.915 193.0557 0.9744 0.95 393.9268 1.7184 

0.4 2.536 203.0041 1.0109 9.36 400.8292 1.7112 

0.5 9.51 211.3661 1.0405 16.3 403.9136 1.7058 

0.6 15.49 218.6492 1.0657 22.26 406.4451 1.7015 

0.7 20.77 255.1653 1.0879 27.51 408.5732 1.6978 

0.8 25.51 231.1013 1.1076 32.24 410.4006 1.6946 

0.9 29.82 236.576 1.1256 36.54 411.9792 1.6918 

1 33.8 241.6764 1.142 40.5 413.3502 1.6892 

1.1 37.48 246.4669 1.1573 44.18 414.5512 1.6868 

1.2 40.92 250.9927 1.1715 47.62 415.5988 1.6844 

1.3 44.16 255.303 1.1849 50.84 416.5022 1.6822 

1.4 47.22 259.4207 1.1976 53.89 417.2975 1.68 

1.5 50.12 263.3748 1.2095 56.78 417.9736 1.6778 

1.6 52.84 267.1414 1.2209 59.55 418.5693 1.6756 

1.7 55.5 270.839 1.232 62.17 419.0338 1.6734 

1.8 58 274.3843 1.2424 64.7 419.4438 1.6713 

1.9 60.44 277.8668 1.2526 67.1 419.72 1.669 

2 62.74 281.2081 1.2623 69.44 419.9556 1.6668 

2.1 65.02 284.53 1.2719 71.66 420.0551 1.6644 

2.2 67.15 287.717 1.281 73.83 420.0997 1.662 

2.3 69.25 290.8836 1.29 75.92 420.0394 1.6594 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k"l/kg kJ/kg K 

2.4 71.26 293.9824 1.2988 77.93 419.8632 1.6567 

2.5 73.21 297.0335 1.3073 79.9 419.6703 1.654 

2.6 75.14 300.0645 1.3158 81.79 419.2205 1.6507 

2.7 76.95 303.037 1.324 83.63 418.7418 1.6475 

2.8 78.75 306 1.3321 85.43 418.1504 1.644 

2.9 80.51 308.9568 1.3402 87.16 417.8879 1.6399 

3 82.18 311.9093 1.3483 88.86 416.2979 1.6357 

3.1 83.84 314.8542 1.3562 90.51 414.9874 1.6306 

3.2 85.46 317.8315 1.3642 92.11 412.8764 1.6235 

3.3 87.01 320.9114 1.3725 93.68 410.7703 1.6164 
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R22/R152a/R124: 80/10/10 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -38.36 155.0297 0.8237 -34.905 394.3434 1.8284 

0.2 -22.19 173.6186 0.8985 -18.805 401.7272 1.7983 

0.3 -11.51 186.1724 0.9487 -8.15 406.91452 1.7817 

0.4 -3.275 196.03168 0.9855 0.045 410.4245 1.7702 

0.5 3.51 204.28702 1.0155 6.78 413.1748 1.7615 

0.6 9.33 211.47886 1.0408 12.57 415.36704 1.7544 

0.7 14.47 217.921 1.0632 17.68 417.21872 1.7484 

0.8 19.08 223.7671 1.0831 22.275 418.7908 1.7431 

0.9 23.28 299.16776 1.1012 26.455 420.13532 1.7384 

1 27.15 234.19965 1.1177 30.305 421.2909 1.7341 

1.1 30.735 238.91767 1.1315 33.88 422.29288 1.7301 

1.2 34.1 243.39515 1.1474 37.22 423.15578 1.7264 

1.3 37.245 247.626 1.1608 40.36 423.90092 1.7229 

1.4 40.23 251.69022 1.1736 43.33 424.54098 1.7195 

1.5 43.05 255.56973 1.1856 46.15 425.0938 1.7163 

1.6 45.745 259.3184 1.1971 48.825 425.5419 1.7132 

1.7 48.31 262.93058 1.2081 51.36 425.8971 1.7101 

1.8 50.75 266.40198 1.2186 53.82 426.2012 1.707 

1.9 53.09 269.78829 1.2287 56.17 426.42598 1.7041 

2 55.39 273.1279 1.2386 58.43 426.57695 1.7011 

2.1 57.55 276.3312 1.248 60.62 426.67875 1.6982 

2.2 59.69 279.51034 1.2574 62.705 426.6754 1.6952 

2.3 61.7 282.5686 1.2662 64.735 426.6653 1.6923 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

2.4 63.58 285.44677 1.2745 66.71 426.5206 1.6893 

2.5 65.61 288.59373 1.2835 67.62 426.3543 1.6862 

2.6 67.44 291.5043 1.2918 70.49 426.1335 1.6832 
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R22/R152a/R124: 20/20/60 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -25.99 169.3019 0.8823 -20.43 385.885 1.7397 

0.2 -8.75 189.4916 0.9611 -3.36 395.5152 1.7249 

0.3 2.59 203.1478 1.0114 7.935 401.6652 1.7178 

0.4 11.28 213.8523 1.0493 16.6 406.2282 1.7133 

0.5 18.45 222.8442 1.0803 23.75 409.8665 1.7102 

0.6 24.61 230.6978 1.1067 29.9 413.8932 1.7078 

0.7 30.04 237.7263 1.1298 35.31 415.4498 1.7059 

0.8 34.9 244.1127 1.1504 40.18 417.6679 1.7042 

0.9 39.33 250.0115 1.1692 44.605 419.5977 1.7027 

1 43.41 255.514 1.1864 48.68 421.2974 1.7014 

1.1 47.19 260.6822 1.2024 52.47 422.7959 1.7 

1.2 50.72 265.5656 1.2172 56.01 424.1316 1.6986 

1.3 54.045 270.2238 1.2313 59.33 425.3008 1.6975 

1.4 57.17 274.6591 1.2445 62.47 426.3301 1.6961 

1.5 60.16 278.9503 1.2572 65.45 427.244 1.6948 

1.6 62.97 283.0411 1.2692 68.28 428.0263 1.6934 

1.7 65.68 287.0352 1.2807 70.985 428.6986 1.692 

1.8 68.26 290.8885 1.2918 73.57 429.2538 1.6904 

1.9 70.74 294.646 1.3024 76.06 429.7131 1.6888 

2 73.11 298.2967 1.3128 78.44 430.0492 1.687 

2.1 75.415 301.8854 1.3228 80.74 430.2886 1.6852 

2.2 77.61 305.3032 1.3325 82.95 430.3859 1.6831 

2.3 79.765 308.8477 1.3421 85.1 430.4201 1.6809 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k..l/kg kJ/kg K 

2.4 81.815 312.2462 1.3514 87.16 430.204 1.6782 

2.5 83.82 3.15.6171 1.3606 89.17 429.9206 1.6755 

2.6 85.76 318.9087 1.3696 91.115 429.2908 1.6719 

2.7 87.63 322.3197 1.3787 93 428.3616 1.6676 

2.8 89.46 325.6352 1.3876 94.84 427.3736 1.6633 
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R22/R152a/R124: 40/20/40 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -31.37 162.42006 0.8546 -25.3 393.21476 1.7862 

0.2 -14.63 182.2084 0.9334 -8.45 402.28482 1.7651 

0.3 -3.52 193.96692 0.9841 2.58 407.95774 1.7542 

0.4 5 206.214 1.0224 11.04 412.12024 1.747 

0.5 12.03 215.07219 1.0535 18.04 415.42636 1.7416 

0.6 18.06 222.78758 1.08 24.04 418.1376 1.7373 

0.7 23.36 229.6735 1.1032 29.32 420.42032 1.7337 

0.8 28.13 235.95465 1.1239 34.08 422.37704 1.7306 

0.9 32.46 241.72916 1.1427 38.41 424.07898 1.7278 

1 36.46 247.13452 1.16 42.39 425.55684 1.7252 

1.1 40.17 252.20843 1.176 46.09 426.85381 1.7228 

1.2 43.65 257.0255 1.191 49.55 427.924 1.7206 

1.3 46.9 261.5819 1.205 52.78 428.95754 1.7183 

1.4 49.96 265.91524 1.2182 55.86 429.83118 1.7161 

1.5 52.84 269.9135 1.2307 58.765 430.56849 1.714 

1.6 55.65 274.1316 1.2429 61.535 431.19958 1.7118 

1.7 58.29 278.02091 1.2544 64.19 431.73821 1.7096 

1.8 60.81 281.76824 1.2654 6671 432.15842 1.7075 

1.9 63.23 285.41899 1.2759 69.14 432.50601 1.7052 

2 65.6 289.03552 1.2864 71.47 432.73425 1.7029 

2.1 67.82 292.48020 1.2963 73.72 432.8658 1.7005 

2.2 70.02 295.92217 1.3061 75.895 432.93692 1.698 

2.3 72.08 299.23619 1.3154 77.99 432.86873 1.6954 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

2.4 74.12 302.53665 1.3246 80.03 432.7688 1.6927 

2.5 76.08 305.7785 1.3336 81.98 432.43067 1.6896 

2.6 77.98 308.98901 1.3425 83.885 432.0626 1.6861 

2.7 79.86 312.184 1.3513 85.74 431.52745 1.6831 

2.8 81.63 315.34459 1.3599 87.525 430.75865 1.6792 

2.9 83.37 318.48496 1.3684 89.28 429.96846 1.6752 

3 85.09 321.62315 1.3769 90.98 428.58101 1.6698 

3.1 86.73 324.87958 1.3856 92.63 426.77786 1.6634 

3.2 88.34 328.09508 1.3943 94.25 424.96645 1.657 
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R22/R152a/R124 : 50/20/30 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -33.46 159.6201 0.8431 -27.65 397.0184 1.8105 

0.2 -16.86 179.356 0.9224 -11.09 405.743 1.7866 

0.3 -5.85 192.7527 0.9733 -0.13 411.2353 1.7737 

0.4 2.58 203.2255 1.0117 8.24 415.2304 1.7651 

0.5 9.53 212.0162 1.0428 15.15 418.3798 1.7586 

0.6 15.5 219.6868 1.0694 21.09 420.9465 1.7534 

0.7 20.7 226.4594 1.0924 26.33 423.1385 1.749 

0.8 25.48 232.7697 1.1134 31.02 424.9831 1.7452 

0.9 29.78 238.5246 1.1323 35.31 426.5854 1.7418 

1 33.74 243.8881 1.1496 39.25 427.9695 1.7386 

1.1 37.41 248.9196 1.1656 42.91 429.1784 1.7357 

1.2 40.84 253.6788 1.1806 46.33 430.2359 1.7329 

1.3 44.07 258.2102 1.1946 49.55 431.1511 1.7303 

1.4 47.11 262.5312 1.2079 52.57 431.9262 1.7277 

1.5 50.01 266.6926 1.2205 55.47 432.6256 1.7251 

1.6 52.72 270.6464 1.2324 58.2 433.1879 1.7226 

1.7 55.35 274.5061 1.244 60.82 433.6733 1.7201 

1.8 57.86 278.2556 1.255 63.32 434.0477 1.7176 

1.9 60.29 281.9097 1.2658 65.73 434.354 1.7152 

2 62.58 285.418 1.276 68.04 434.551 1.7126 

2.1 64.82 288.8693 1.2859 70.27 434.6971 1.71 

2.2 66.97 292.263 1.2956 72.41 434.6945 1.7073 

2.3 69.06 295.5826 1.3051 74.49 434.6707 1.7046 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

2.4 71.07 298.8402 1.3143 76.49 434.4902 1.7017 

2.5 73.01 302.0395 1.3232 78.43 434.2482 1.6987 

2.6 74.9 305.17 1.332 80.34 433.9392 1.6956 

2.7 76.73 308.3269 1.3407 82.16 433.4132 1..6921 

2.8 78.52 311.4381 1.3493 83.95 432.8672 1.6886 

2.9 80.28 314.5401 1.3578 85.68 432.1437 1.6847 

3 81.94 317.6236 1.3662 87.37 431.1493 1.6803 

3.1 83.59 320.7091 1.3745 89 430.1635 1.6759 
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R22/R152a/R124: 70/20/10 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

IVIPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -36.68 155.0355 0.8243 -32.78 404.5587 1.8626 

0.2 -20.36 174.6761 0.9043 -16.59 412.7727 1.8324 

0.3 -9.59 187.9442 0.9554 -5.82 417.9299 1.8157 

0.4 -1.31 198.343 0.994 2.42 421.6568 1.8043 

0.5 5.53 207.0713 1.0254 9.205 424.5687 1.7956 

0.6 11.4 214.6791 1.0521 15.03 426.9348 1.7886 

0.7 16.56 211.4596 1.0754 20.18 428.9205 1.7826 

0.8 21.2 227.6366 1.0963 24.79 430.592 1.7773 

0.9 25.43 233.3381 1.1152 29 432.029 1.7727 

1 29.32 238.6514 1.1326 32.88 433.3714 1.7684 

1.1 32.935 243.6406 1.1487 36.47 434.345 1.7644 

1.2 36.315 248.3612 1.1637 39.83 435.2721 1.7607 

1.3 39.49 252.8485 1.1781 42.98 436.0682 1.7572 

1.4 42.48 257.1187 1.1912 45.975 436.7663 1.7538 

1.5 45.325 261.2316 1.2039 48.8 437.341 1.7506 

1.6 48.04 265.2 1.216 51.47 437.8107 1.7474 

1.7 50.6 269 1.2274 54.05 438.2223 1.7443 

1.8 53.05 272.6639 1.2384 56.51 438.5316 1.7413 

1.9 55.45 276.287 1.2492 58.87 438.7754 1.7362 

2 57.71 279.7644 1.2594 61.145 438.9352 1.7347 

2.1 59.94 283.2054 1.2695 63.33 439.0156 1.7322 

2.2 62.03 286.5096 1.2791 65.455 439.0507 1.7292 

2.3 64.09 289.7813 1.2885 67.48 438.9671 1.7261 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k...l/kg kJ/kg K 

2.4 66.07 292.9857 1.2997 69.47 438.87 1.7231 

2.5 67.985 296.1341 1.3066 71.375 438.6388 1.7198 

2.6 69.88 299.2619 1.3155 73.23 438.3547 1.7166 

2.7 71.66 302.3122 1.324 75.06 438.0526 1.7134 

2.8 73.42 305.3448 1.3325 76.79 437.5437 1.7098 

2.9 75.16 308.365 1.3408 78.5 437.0266 1.7063 

3 76.8 311.3546 1.3491 80.18 436.4702 1.7027 

3.1 78.43 314.3361 1.3573 81.78 435.645 1.6985 

3.2 80.05 317.3153 1.3654 83.35 434.8185 1.6945 

3.3 81.56 320.3149 1.3736 84.92 433.9773 1.6904 

3.4 83.07 232.3242 1.3817 86.4 432.6778 1.6852 

3.5 84.565 326.3131 1.3897 87.87 431.3414 1.68 

3.6 85.99 329.4454 1.3981 89.31 430.0173 1.6749 

3.7 87.39 332.6544 1.4067 90.715 427.9485 1.6679 

3.8 88.78 335.8499 1.4152 92.08 425.2272 1.6593 

3.9 90.15 339.1127 1.4239 93.42 422.5267 1.6507 

4 91.435 324.9821 1.4341 94.75 419.8272 1.6422 
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R22/R152a/R124: 50/10/40 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -47.27 130.8929 0.7243 -41.06 431.9544 2.0219 

0.2 -32.18 152.2227 1.8154 -26.08 439.7551 1.9794 

0.3 -22.26 166.615 0.8736 -16.22 444.431 1.9551 

0.4 -14.66 177.8389 0.9174 -8.655 447.729 1.9379 

0.5 -8.4 187.2157 0.9529 -2.41 450.2377 1.9245 

0.6 -3.04 195.3448 0.983 2.935 452.2082 1.9134 

0.7 1.68 202.5867 1.0093 7.65 453.8009 1.9039 

0.8 5.92 209.159 1.0328 11.89 455.1046 1.8955 

0.9 9.76 215.1778 1.0539 15.73 456.1672 1.888 

1 13.29 220.7629 1.0732 19.265 457.0373 1.881 

1.1 16.57 226.0022 1.0911 22.55 457.7498 1.8746 

1.2 19.63 230.9404 1.1078 25.61 458.3178 1.8686 

1.3 22.505 235.627 1.1234 28.49 458.7614 1.8628 

1.4 25.21 240.08 1.1381 31.21 459.0887 1.8573 

1.5 27.79 244.3706 1.1521 33.79 459.3201 1.852 

1.6 30.23 248.4704 1.1654 36.23 459.4543 1.8469 

1.7 32.55 252.4162 1.178 38.57 459.4917 1.8419 

1.8 34.77 256.2285 1.1902 40.8 459.4467 1.837 

1.9 36.91 259.9446 1.2019 42.94 459.3218 1.8321 

2 38.96 263.5449 1.2132 45 459.1147 1.8273 

2.1 40.93 267.0482 1.2241 46.98 458.8277 1.8225 

2.2 42.83 270.4691 1.2346 48.89 458.4646 1.8177 

2.3 44.67 273.8281 1.2449 50.74 458.0228 1.8129 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k"l/kg kJ/kg K 

2.4 46.44 277.0993 1.2549 62.53 457.472 1.808 

2.5 48.17 280.3373 1.2647 54.26 456.9003 1.8031 

2.6 49.83 283.4971 1.2742 55.94 456.2121 1.7981 

2.7 51.445 286.6197 1.2835 57.56 455.4179 1.793 

2.8 53.01 289.6945 1.2926 59.14 454.5258 1.7877 

2.9 54.54 292.7482 1.3017 60.675 453.531 1.7823 

3 56.035 295.7777 1.3106 62.18 452.4167 1.7766 

3.1 57.475 298.7736 1.3194 63.63 451.1197 1.7706 

3.2 58.88 301.7568 1.328 65.05 449.4026 1.7634 
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R22/R152a/R124 : 70/20/10 

Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k"l/kg kJ/kg K 

0.2 -35.93 144.4092 0.7838 -33.89 455.07713 2.0822 

0.3 -26.24 158.9856 0.8437 -24.225 459.4402 2.0507 

0.4 -18.81 170.3709 0.8888 -16.82 462.465 2.0283 

0.5 -12.69 179.8802 0.9254 -10.71 464.7236 2.0108 

0.6 -7.44 188.1365 0.9565 -5.47 466.4744 1.9963 

0.7 -2.825 195.4696 0.9836 -0.86 467.8582 1.9838 

0.8 1.32 202.1276 1.0077 3.275 468.9686 1.9729 

0.9 5.08 208.223 1.0294 7.04 469.8593 1.9631 

1 8.54 213.8877 1.0493 10.05 470.4853 1.9552 

1.1 11.76 219.2038 1.0677 13.71 471.1346 1.9459 

1.2 14.75 224.1873 1.0848 16.7 471.565 1.9382 

1.3 17.56 228.9149 1.1009 19.52 471.8854 1.9309 

1.4 20.22 233.4318 1.116 22.18 472.1091 1.924 

1.5 22.73 237.738 1.1303 24.69 472.2346 1.9174 

1.6 25.12 241.8763 1.1439 27.08 472.2787 1.9111 

1.7 27.4 245.8662 1.1569 29.36 472.2461 1.9051 

1.8 29.585 249.7258 1.1694 31.55 472.1414 1.8992 

1.9 31.68 253.4723 1.1814 33.64 471.9695 1.8934 

2 33.685 257.093 1.1929 35.66 471.7336 1.8877 

2.1 35.62 259.9291 1.2041 37.59 471.4314 1.8822 

2.2 37.48 264.0648 1.2149 39.46 471.064 1.8767 

2.3 39.28 267.4322 1.2254 41.26 470.64 1.8714 

2.4 41.02 270.73 1.2356 43.01 470.1543 1.866 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K k..l/kg kJ/kg K 

2.5 42.71 273.9757 1.2455 44.7 469.6102 1.8606 

2.6 44.35 277.1677 1.2552 46.34 469.0081 1.8554 

2.7 45.94 280.3042 1.2648 47.93 468.3479 1.8501 

2.8 47.48 283.3932 1.2741 49.47 467.6162 1.8447 

2.9 48.975 286.4392 1.2833 50.97 466.8223 1.8394 

3 50.44 289.4675 1.2923 52.44 465.9665 1.834 

3.1 51.86 292.4472 1.3012 53.87 465.0506 1.8285 

3.2 53.24 295.4148 1.3099 55.25 464.0386 1.8229 

3.3 54.6 298.3843 1.3186 56.61 462.9564 1.8172 

3.4 55.92 301.312 1.3272 57.94 461.8121 1.8115 

3.5 57.025 304.2558 1.3358 59.22 460.5381 1.8055 

3.6 58.47 307.2059 1.3444 60.48 459.1849 1.7994 

3.7 59.7 310.1502 1.3528 61.72 457.7084 1.793 

3.8 60.9 313.1314 1.3614 62.92 456.0264 1.7861 

3.9 62.09 316.141 1.3701 64.11 454.1982 1.7788 

4 63.23 319.2284 1.3789 65.26 451.6372 1.7696 
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Liquid Vapor 

Pressure Temp. Enthalpy Entropy Temp. Enthalpy Entropy 

MPa kJ/kg kJ/kg K kJ/kg kJ/kg K 

0.1 -35.77 152.6189 0.8151 -30.475 386.6704 1.7798 

0.2 -19.81 173.338 0.8993 -14.63 395.9052 1.7604 

0.3 -9.3 187.3443 0.9532 -4.15 401.7318 1.7503 

0.4 -1.235 198.3052 0.9938 3.88 405.9981 1.7436 

0.5 5.41 207.4891 1.0169 10.5 409.3592 1.7386 

0.6 11.1 215.4745 1.055 16.185 421.1164 1.7346 

0.7 16.12 222.6172 1.0796 21.18 414.4221 1.7313 

0.8 20.6 229.082 1.1015 25.68 416.3966 1.7283 

0.9 24.69 235.0602 1.1215 29.47 418.0925 1.7256 

1 28.45 240.6278 1.1398 33.53 419.5568 1.7231 

1.1 31.94 245.8617 1.1568 37.01 420.8232 1.7207 

1.2 35.18 250.7863 1.1726 40.28 421.8263 1.7183 

1.3 38.24 255.7941 1.1875 43.33 422.8644 1.716 

1.4 41.11 259.9719 1.2015 46.23 423.6707 1.7138 

1.5 43.845 264.2923 1.215 48.96 424.3325 1.7114 

1.6 46.43 268.4376 1.2277 51.565 424.8754 1.709 

1.7 48.9 272.4554 1.2399 54.06 425.298 1.7066 

1.8 51.265 276.3592 1.2517 56.425 425.5792 1.704 

1.9 53.53 280.538 1.2631 58.7 425.7306 1.7013 

2 55.71 283.8772 1.2742 60.89 425.7323 1.6983 

2.1 57.8 287.512 1.2849 62.995 425.5368 1.695 

2.2 59.81 291.0868 1.2954 65.025 424.8797 1.6904 


	ปก

	บทคัดย่อ

	Abstract
	กิตติกรรมประกาศ

	สารบัญ

	รายการตาราง 
	รายการรูปประกอบ 
	รายการสัญลักษณ์

	บทที่ 1

	1.1 สารทำความเย็นในระบบทำความเย็น

	1.2 งานวิจัยของระบบที่ใช้สารทำความเย็นผสม

	1.3 วัตถุประสงค์ของการศึกษา

	1.4 ประโยชน์ที่ได้จากการศึกษา


	บทที่ 2

	2.1 สมมติฐานในการหาคุณสมบัติของสารผสม

	2.2 การหาคุณสมบัติของสารผสม


	บทที่ 3 
	3.1 การเปรียบเทียบคุณสมบัติ

	3.2 ไดอะแกรมคุณสมบัติของสารผสม


	บทที่ 4

	สรุปผลการวิจัย


	เอกสารอ้างอิง

	ภาคผนวก




