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Abstract 
In a study of a complex thermal system where fluids are used as werking media, it is 

always necessary to calculate thermo-physical properties of the fluids involved. When such 

a study is conducted by computer simulation , tabulated data of fluid properties are in­

convenient to use, especially if variations of the fluid properties are encomlCred. A 

betterapproach is to make use of mathematical models representing the fluid in the 

form of mathematical equations. This paper will outline the prodecure which may be 

used to obtain such equations. A particular case of Refrigerant 12 is presented to 

illustrate the modelling approach. Some important equations for determining R12 properties 
are also presented. These equations are highly accurate as compared with the data pub­

lished by ASHRAE and HR. 
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1. Introduction 
As part of the heat pump research conducted at the University of Melbourne, 

Australia, mathematical models for predicting the thermodynamic and physical properties 

of Refrigerant 12 were required. Refrigerant 12 (Dichlorodifluorom et han e) was Tabulated 

data of these properties are available in the literature but they are not suitable for use 

in a computer simulation. The most common approach in dealing with this situation is 
to obtain equations describing the fluid properties of interest by either referring to the 
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empirical equations available or curve-fitting of the generally accepted published data. Curve­

fitting technique in generally good for a narrow range of independent variables whereas 

empirical equations generally cover a wider rangs of data. III this paper both approaches 

were adopted to model the properties of R12. 

2. Thermodynamic Properties of Refrigerant 12 at Saturation 
Tbe most commonly used data of R12 include pressure, temperature, and en­

thalpies of vapour and liquid. Tbe following equations represent these properties respec­

tively. 

P 

T 

-7747.90 + 102.36693T - 462.6415x10·¥ + 717.0089xlO¥; 1,1 <0.16% 

103.1045 + 49.408151 10g(P) - 6.98746[log(p)f + 0.618201[log(p)]3 ; 

I e I <O'(X)5% 

bv 198.0127 + 6.660140T - 3.43036xlO-2T 2 + 8.576819x10-5~ - 8.165573x10·s..r4 

1'1 < 0.0007% 

-90.25694 + 1.562328T 3.199744xlO-¥ + 5.0167x10-6.y3 lei <0.008% 

wbere P absolute pressure at satuaration (kPa) 
T absolute temperature at satuaration (K) 

hv entbalpy of vapour refriderant at saturation (kJ /kg) 

hi = enthalpy of liquid refrigerant at saturation (kJ /kg) 

e percentage error 

(1) 

(2) 

(3) 

(4) 

These equations were curve-fitted by tbe author using tbe data of ASHRAE for tbe 

range of saturation tamperatures of -20°C to 600 e This range of temperature was 

selected because in usual operations a refrigerating machine or a heat pump using R12 

operates within these limits. 

It should be noted that in Eq.(l) - Eq.(4) represents the maximun discrepancy of 

predicted data from theoriginal tabulated data of ASHRAE. Evidently these four equa­

tionsare very accurate. Better results may be obtained by curve-fitting the data for a 

shorter range of saturation temperatures, but the benefit to be gained sbould be weighed 

against tbe increasing number of equations required to cover the range of interest. It 

should also be noted that at saturation P and T are dependent; Eg.(l) and Eq.(2) are 

therefore an alternative form of each other. 

3. Thermodynamic Properties of Superheated Refrigerant 12 
At some stages in the operation of a beat pump, the refrigerant is . uperheated. 

Two independen t refrigenant are pressure, temperature, specific volume and enthalpy. The 
first three properties are related by the equation of state which may be written as, 

p -EL 
(v-L) 

+ AtBI+Ce-KT 

(v_L)2 
+ D+ET+Fe-KT + 

(v-L)3 
+ HT + Ie-KT (5) 
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where R, A, B, C, D, E, F, G, H, I, K and L are constants, v is 
and, P and T have the same meanings as befo re. The enthalpy of 
hv, may be represented as, 

the specific volume, 
superheated vapour, 

hv = aT + br + cT3 + dTl + ePv + I_f_ +--L- + _h_1 
voL (v_L)2 (v_L)3 

+ (I + iT)e·KTI-L. + _ k_ + _1 _ + x (6) 
voL (v-L)2 (v_L)4 

where a, b, c, d, e, f, g, h, I, j, k, I and x are constants. Eq.(5) and Eq.(6) were obtained 
from those given by Downing (1974). The equations have been greatly simplified by deleting 
irrelevant terms and combining constants. The constants of the original equation, quoted 
in the British system of units, are also given by Downing. These original constants were 
converted by the author to give new constants in S.I. units, as tabulated in Table 1 and 

Table 2, for use with Eq.(5) and Eq.(6), respectively. Eq.(5) and Eq.(6) are highly ac­
curate, giving predictions in excellent agreement with the published data of the Interna­

tional Institute of Refrigeration (IIR) (1981) . For enthalpy prediction in the range of 
saturation temperatures of interest, _ZOoC to 6Ooe:; with levels of superheat ranging from 
OOC to 20oe:; Eq.(6) gives identical results with those of HR. For given values of pres­
sures and temperatures within the same range, Eq.(6) predicts the spel:ific volumes with 
deviations of less than 0.025% from those given by HR. 

In most cases, the use of Eq.(5) and Eq.(6) requires iteration. The Newton-Raphson 
method of solving implicit equations has been found to be very effective for the pur­
pose. 

4. Physical Properties of Refrigerant 12 
Besides the thermodynamic properties, physical and thermal properties are generally 

needed for computer simulation. For the sake of completeness of this paper in describ­
ing the most commonly used properties of Refrigerant 12, the following equations repre­
senting some common thermal and physical properties of Refrigerant 12 are given. 

R 
C 
F 

I 

Table 1 • • Constants for use with Eq. (5) 

= = 

-0.0687481266 A -0.0916214328 B .000077113996 
-1.5254249926 D 1.0105029xl0-4 E 5.6754304xl(r7 

2.1998419xl0-3 G -5.746455xl0-8 H ~ 4.0819805xlO·14 

= -1.6630913xl0·10 J -1.42220352xlO·2 K 4.063681x10-4 
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Table 2 • . Constants for use with Eq.(6) 

a 0.03389 b = 0.0012535 c = -L091502xl0-6 

d = 4.10434xl0-IO e = 1.000017 f -9.1623022xl0-2 

g 5.0526023xlO-5 h -1.9155xl0-8 1,42220352xlO-2 

) -1.525276385 k 1.099940048xlO-3 -4.1578004xl0-11 

x = 255.9458 

================-==-~============================= 

PI = 1397.30329 - 3.260Tf - 8.758xlO·"r2 

pv = P/[Rv(273.17 + T)] 

Rv 6.26376xlO·2 - 1.3412xl04 T - 9.5059xl04 T2 

Cpl = 0.93078 + 1.344lxlO-"r + 1.0299x1O-5T2 + 2.60882xlO-7~ 

Cpv 

= 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

kv 8.3365xlO·5 + 5.14867xl0-il-r + 8.8162xlO-II-r' (13) 

fll 2.6657xlO-5 - 2,456xlO-6.r + 2.1088xlO~2 - 1.2629xlO-10T3 (14) 

flv = 1.1855xlO-5 + 4.0627xlO'il-r - 3.4042xl0,1¥ + 8.5054xlO,I2-r3 (15) 

where T = refrigerant temperature at saturation CC) 
PI = liquid density (kglm3) 
pv = vapour density (kglm3) 

Rv pararmeter given by Eq.(9) 

Cpl liquid specific heat (kJlkg/'C) 
Cpv = vapour specific heat (kJlkg/'C) 
kl liquid thermal conductivity (kWlmf'C) 
kv vapour thermal conductivity (kW Imf'C) 
ml liquid dynamic viscosity (Pas) 

mv vapour dynamic viscosity (Pas) 

There physical and thermal properties of R12 have been curve-fitted by Flemming 
(1988) using IIR (1981) data over the range of -30DC to 50De 

Although the physical property equations were originally curve-fitted for the tempera, 
ture range of -30De to 50De, they can be used for gre.ater temperature of up to 60°C 
with deviations of less than 0.2% from the data given by IlR. 
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5. Prollerties of subcooled liquid 
The properties of subcooled liquids are not usually published for refrigerants. How­

ever, as discussed by Martin (1959), at temperatures well below the critical value, proper­

ties of common use such as specific volume and enthalpy of subcooled liquid may be 
taken to be the same as those of saturated liquid at the same temperature. This is 

because pressure has little effect on these properties of liquid refrigerants. 

Physical properties such as viscosity, thermal conductivity and specific heat depend 
principally on temperature. These properties for both subcooled liquids and superheated 
vapours may be taken to be those of saturated values of the respective phases at th e 
same temperature. 

6. Discussion and Conclusion 
Techniques commonly used in mathematical modelling of fluid prop~rties have been 

outline with particular emp hasi s on Refrigerant 12. Equations representing a range of 
common properties of Refrigerant 12 have also been presented. These equations are 

highly accurate and very suitable for use in computer modelling and simulation. The 
techniques may also be used in modelling properties of other fluids provided that data 
or equationsare available. Curve-fitting of the available data in a simple mathe matical 

functional fromsuch as a polynomial is very useful when a small range of data are re­
quired. The use of a complex equation such as Eq.(5) and Eq.(6) normally requires 

iteration which may result in excessive computer time. The decision to adopt a more 
simple or complex equation depends on the accuracy required and whether the additional 
accuracy is justified by using a more complex form of equation. 
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