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THE RELATIONS USED TO ANALYZE THE PHASE
EQUILIBRIUM PROPERTIES OF BINARY REFRIGERANT MIXTURES

Dra Xie Guozhed Prof. Wu Yezheng
Dr. Dang Kunxuan Mr. Chen Zhong
Xi’an Jiaotong University, Xi’an, Chine, 710049

ABSTRACT

At present, the method adepted to enalyze the phase
equilibrium propertiec of refrigerant mixtures is as follows:
Firstly, beced on some experimental data of " phase equilibrium,
the intersctive factor between the mized refrigerants can be
derived by ueing a equation of state. Secondly, the vapour apd
liquid phase equilibrium properties are predicted by combining
the mized rule with phasge equilibrium condition of mixture,
Because the value of internctive factor for mixture variez ag ihe
different tempereture amd the comcentration, the deviation
betweea the calculated results and meesured values ic obvious.

In this paper, first of all, the mathematical model of .
gctivity-coefficient for the binary refrigerant mixture hag been
built on the basis of the statisticel mecharics theory. Then,
the rolations used to caleulate the phase equilibrice properties
of saturated vapour and liquid for binxry refrigerant mixture,
whose undefined constants were determined by regressing the
measured deta, havs been found, Finaly, some phace equilibrium
properties of mixture R12/R116 and R33/R114 have been predicted
by using sbove relations, end the calculated results agreed with
the megsured values.

1. NOMENCLATURE

[ =m--ve- Activity coefficient;

X wmee--- Nole concentration of component A in liquid phase:

: Gas constent; ’

T mmmmen Temperature, K;

N seane-- Avogadro’ s number;

S Number of neibouring molecule to encloss the mizture
molecular;

Q ——weman VWork needed by neibouting moleculer’ s moving in mixing
PIoOCess;

Tr ---mn-n Reduced temperature;

AB ----- Component A and B.

2 INTRODUCTION

At present, mixturs refrigerant play an  impertant rele ij
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the replacement of CFCe, Thermodynamic properties of mixture is
different from pure refrigerant. For example, 2t = certain
concentration, phase-changing process of mixture is an isobatic
but monisothermic one, So, it is difficult to determine the datum
(i.a, determining the evaporating tempersture end condensing
temperature) for compericg the cyele efficiency of refrigerating
cystem. With the concentration of mixture changing its
thermodynamic properties are different and its effect on the
heat tramsfer coefficients of evaporating and condensing
process ig lerge. So, it is very nscessary to study the phase
equilibrium characteristics of vapor end liquid of mixture( i, e
the relation of pressure, temperature and concentration}  for
analysing other thermodynamie properties of mixture.

The conventional method of studyiag equilibrium
characteristics between vapor and liquid of mizxture is: Choosing
an equation of state, using experimental data of equilibrium
between vapor and liquid of mizfure, regressing the interactive

factor of two mized components, finaly, using mizing rule and
the conditions of phase equilibrium to predict the properties
of equilibrium hetween vapor and liquid,  Because the

intersctive factors are varient with concentration and
temperature, they slways meke large defference Dbetween the
.caleulated results and experimental data of squilibrium between
vapor and liquid, ia eddition to that, it yields errors
inevitably to deduce the complex pathematical model in fugacity
equation.

From the view of statistical machnics, in this paper,
suthors deduced the mnetivity-coefficient pathematical model of
ponideal liguer for bipary mixture, combined with experimental
date of phase equilibrium, regressed the constants in the model,
finaly, got 1 more sccurster apalitie equation of pressure

-temperature-concentration for bipaty mixzture under the condition
of phase equilibrium. The ealeulated results =znd experimental
data of RI2/R116 and R2Z/RI14 were compared

3 THEORETICAL MODEL

Margules [1] had put forward an experiential equation of
activity coefficients for binary mixiure:

ny,=b Qex) el x) 4 emee .

iy =b'x" ‘x’
Te = X 40X Ao [}

In above equatioas, b, ¢ by ¢',.. ... are unkoown constants to be
determined.

Gibbe- Dube equation reveals the relation between
concentration and aetivity-coefficient of binary mixture:



ralley ) . allny )
N N

Derivating eq. (1) and eq, (2} and teking them into eq. ( 3} ,
the expression of sctivity-coefficients ezn be dedued:
7 =EXP -5
7. (4}
P, =EXP[bx"] '
From the statistical theory of binary mixing proecedure, the
expression of activity-coefficients can be deduced:
4 = IRt
,4-EXP[RT(1 x;}l .
_— N !
r,—EXP[RT.\ J )
a)=-."\r" 2

Eq. (6) reveale the molecular preperties of constant b
in the activity-coefficients expression (i.e. eq. (4) ) from
microcosm profoundly, i.e. b is determined by the properties of
vapor, temperature, number of molecules and moving energy.

In the saturated liquor of nonideal mixture, divided
pressure of every component iz vapor is: ’

Divided pressure of compoment A - in Yaper:

P4=Di":‘ . x (6)

2

Divided pressure of compoment B in vapor:

ﬂ,-ﬁ:'?,'(l-.\') 7}
Teking eq. () into eq. (6} and eq. (7), then
[ i} 3
po=nx e EXP[ R -0’ @®)
] fi2d 2 ao
D‘=ﬂ.'x'EXP[ﬁx ] (9}

From Daolten Law, |t can be  known that saturated vapor
pressure of mixture is:
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In above eqistions, By , Py represent saturated pressure of component
A and B in mixture nt a seme temperature,

_ The relsiion between vapor phmse coumcentration ¥ and
liquid phase concentration x of compoment A is expressed by
following equation:

=y BRI
Taking it into eq. (10), then
[ - . [T -y ?
p=p' vy .&xP[E?Ll—y )]
[ .. . (] -, 2 R
+pa-(l—)'}'bXP[i7:0’) } (a2
Using eq. (10) ead eq. (12}, bulb point lioe and dew point

line of mizture can be calculated respectively( As shown in
Figure 1.).

4. THE COMPARISON BETWEEN THE RESULTS CALCULATED BY
THE REGRESSED RELATIONS AND THE EXPERIMENTAL DATA

In this paper, gaturated precsure of several opure
refrigerante is ¢aleculated by ueing the four order polynomial.
Unknown coefficients a, ==~=- ts can be regrecsed from the data

in reference [3]. The regressed values are shown in Table 1.

[ H a3 it
n =u“+al-["+uz'T’+a"f’+a‘-["

The comparison between caleulated values of satursted
pressure by regressed relstionship For several kinds of pure
refrigerants aed those in reference (3] is shown in Table 2.

In this paper, the data of eaturated pressure and saturated
tewperature are mesgured with various coacentration of solution
With these data, the undetermined coeffieciente in eq. (10}, eq
(11) have been regressed in polynomial expression as below

wmatheT+er T wds T +es T
mwd+BoT+Co T

The regresed values of constants in the function of W, are
ghown in Table 2.

Taking the regressed values into eq (11), the dew peint
line of R116/R12 miztare can Dhe caleulated The range of
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temperature changes from 269. 15K to 318. 15K and mole
concentration from 0.0 to 1. 0. Cowpering the 356 column of valtes
iz caleulation with thet in experiment, oge can find that the
average deviatiog is 0.21% and maximum deviation is 2. 656%
Figure 2. shows the caleulated resulis and the experimental data
when the temperature heing 318. (K. It reveals that ome is iz
concord with the other.

Baged on the experimental dats in reference [ 41,  the
expression used to calculate both the dew point line and bulb
point line of R32/RI14 mixture, has been obtained by regression
The calculated results and the experimenial data are compared
in Table 4. The aversge devimtion ic 0.007% and the maximum

-deviation is 1,78% The agreement of them is very satisfied

5. CONCLUSION

This paper have deduced the mathematical model of vapor-
liquid equilibrium of Dinary mixture with statistical theory
1ad uncovered the thermodynamic essence of activity- coefficient.
By regressing the constants in mathematical model with the
experimental dets, the tempermture- pressure- concentration
equation of saturated mixture hug been obtained, The caleulated
values and the experimental date are well fitted

The phase- graph of binary mixture refrigerant may be
conveniently calculated by using this kind of expression. It
provided en effective method for researching the charsetoristics
of vapor-liquid equilibrium of binary mizture.
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Table 1. The Regressed Values of wa~ 2y
Constants for Several Pure Refrigerants

Regressed R116 R12 R22 Ril4
Coefficients
%o 0. 1317 -1, 626 -2.00 -0. 8069
1, -3, 677 6. 878 7. 196 1. 823
8 18. 61 -3.944 ] 1,034 7. 041
13 -36. 77 -16.98 | -28.48 -24.98
" 23. 74 18. T4 27.117 20.12
Tempersture 233,16~ 331. 16
Range (K)

Table 2. The Comparisen between the Caleulated
Values of Saturated Preseure for Seversal kind
of Pure Refrigerants and the Values in Reference

Temperature (k}

233. 15

333. 15

Working Media

K12 R22 R12 R22

Pressure Value in
reference (3] BPa)

0. 06416 0. 10627 1. 6212 2. 4279

Pressure of
calculation (MPa)

0. 06416 0. 10630 1. 6211 2. 4278

Brror %

0. 016 0. 030 -0. 003 -0. 006
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Table 3. The Regressed Values of R116/R12
Mixture in the Function o

Coefficients Regressed Value
[ 0.2134298% 107
b -0. 2896143X% 10°
] 0. 14T1703X 10*
d -0, 3320767
e 0. 2806883 10°?

Table 4. Comparizg Beiwesn the Caleulated Values
of Dew Point and Experimental date for R32/R114

Temperature R32 Mole Pregsure in Celculated Error
& Concentration | referemce[4] Pressure %
(MPa) (MPa)

0. 3829 0. 068 0. 068 1. 41
263. 16

0. 3556 0.2183 0.2179 0.63

0. 5098 0. 3341 0. 3308 0. 88
293. 16

0. 8650 0. 6611 0. 6570 -0. %0

0. 2360 0.7323 0. 7314 0.11
333.15

0. 95676 2. 226 3. 2640 -1. 78
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Pressure (Pa)

T=constant

dew point line

bulb point line

Mole concentration

Figure 1. Phase-graph of non-azeotrope dinary mixture

Pressurs (MPe)
P
T=318.15K
1.4 |
1.3
1.2 (=) Test value
——— (alculated value
1.1
0.3 0.
1.0 d "

R116 mole concentration in vaper

Figure 2. Comparison of the yalues of RI16/R12 dew
point line in ealeulation and experiment
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