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We present the results of experimental investigation and engineering correlations for determining the 
thermophysical properties of ethylene glycol 

In designing and creating systems of cooling, thermal regulation, and thermal stabilization for various 

facilities operating under thermally stressed conditions, it is essential to calculate their heat-engineering charac- 

teristics to develop the most optimal designs of the above systems. In many cases, these problems can be solved 

successfully by using such effective heat-transfer devices as heat pipes (HP) and two-phase thermosiphons (TTS) 

operating on a closed evaporation-condensation cycle. Their calculation is based on the already available numerous 

and reliable data on the thermophysical, technological, and other properties both of the materials used for bodies 

and capillary-porous structures and of the heat carriers. 

Nevertheless, for operating temperatures exceeding 180°C, the number of liquid heat carriers is consider- 

ably limited because of the closeness of their thermophysical characteristics to critical ones and their capacity for 

thermal decomposition (acetone, Freons, ammonia), as well as the large magnitudes of saturated vapor (water) 

pressure that require an increase in the thicknesses of the walls of heat-transfer devices. 

At the same time, for some of the working fluids, for example, ethylene glycol, that show promise for 

elevated temperatures (t >_ 180°C) and have acceptable technological and operational characteristics, the data on 

the thermophysical properties are scanty and usually are determined in narrow temperature ranges, or sometimes 

are unknown. All of this considerably hinders the calculation of the heat-engineering characteristics of systems 

with ethylene glycol used as a heat carrier. 

The aim of the present work is to study the thermophysical properties of ethylene glycol, to compare the 

experimental data with the known results and calculating procedures, and to generalize them for obtaining relations 

and recommendations necessary in the determination of the basic thermophysical characteristics of ethylene glycol. 

We carried out investigations with pure ethylene glycol (State Standard GOST 10164-75) at atmospheric 

pressure in the temperature range 20-200°C.  The density of ethylene glycol was determined by a quartz 

pycnometer. The coefficients of dynamic viscosity were studied by means of a comparison method in an Ostwald 

viscosimeter. Distilled water was used as a standard liquid. The surface tension was determined according to the 

Rebinder method. 

Considering the sparse and fragmentary character of the data available for p' = f(t),/~ = [(t), and 6 = f(t), 
before beginning the experiments we carried out an analysis of the methods that allow one to calculate these 

characteristics. As follows from [1 ], the properties of organic polar liquids (to which ethylene glycol belongs) are 

determined most precisely by: 

(a) the Gunn-Yamada  method for determining density: 
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Fig. 1. Dependence of the density p ' ,  kg/m 3, dynamic viscosity p,  Pa-sec,  

and of the surface tension or, N / m ,  of e thylene glycol on tempera ture ,  
respectively: a) points: 1) [21, 2) 13], 3) [1 ]; curves: 1) experimental data 

of the present authors; 2) calculation by the G u n n - Y a m a d a  procedure [1 ]; 

3) generalization by Eq. (5); b) points: 1) [21, 2) [31, 3) [41, 4) [51; curves: 
1) of the present  authors;  2, 3) calculation by the M a k h i y a - S t e i r s  and 

Le tz -S tee l  procedures  [1 ], 4) general izat ion by Eq. (6); c) points: 1) 
experimental data of the present authors; 2) [61; curves: 1) calculation by 

the Brock -Byrd  equation [11; 2) generalization by Eq. (7). 

V ~0) (rr)  [1 - w r  (Tr) 1 
(1) 

where V~r0)(Tr), V~r0)(TRr ), r(rr) ,  rtT~r) are the functions of the reduced values for the current temperatures (0) 

and temperature at a certain reference point (R) [1 ]; 
(b) the Makhiya-S te i r s  method for determining the coefficients of dynamic viscosity: 

t 

log/~ = A  + B 293 < T < 373 K (2) 
T - T  

where A', B', T" are the coefficients of Eq. (2); and the Le tz -S tee l  correlation to obtain 

/ x ~ = ( p ~ ) ( ° ) + ~ o ( u ~ )  0) 0 . 7 6 <  T r < 0 . 9 8  (3) 

where ¢u~){0), ¢us~)o) are the functions of reduced temperatures [11, ~ = Tff6/M1/2PcZ'3 is the parameter  of Eq. (3); 

(c) the method based on the application of a principle of corresponding states (the equation of Brock and 
Byrd) for determining the surface tension: 

_2/3 1/3 Tr ) l l /9  = T c Q ( I -  (7 P c  (4) 

where Q = 0.120711 + Tbr In Pc/(1 - T b r ) ] -  0.281. 
The results of the present investigation, as well as the correlat ionsp '  = f(t) , /x = f( t) ,  and 6 = f(t) obtained 

according to the procedures of [1 ] and the data of [ 1-6 ], are given in Fig. 1. The experimental values obtained for 
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Fig. 2. Dependence of the change in the coefficients of thermal conductivity 
)t, W / ( m - K ) ,  and  specif ic  hea t  cp, k J / ( k g . K ) ,  of e t h y l e n e  glycol on 

tempera ture :  a) points: 1) [11, 2) [2], 3) [31, 4) [61, 5) 171; curve: 

generalization by Eq. (8); b) points: 1) 13 ], 2) [2 ], 3) [6 ]; curve: calculation 

by formula (9). 

p' and/~ agree satisfactorily with the known results of other authors and have small scatter (within the accuracy 

of the experiment and of the methods used for determining lhe thermophysical properties). At the same time, the 

comparison of these correlations with computational methods (1)-(4) shows that they satisfactorily describe 

experimental data for the density and coefficients of dynamic viscosity of ethylene glycol only at low temperatures 

(t < 100°C) in a narrow range, whereas at higher temperatures they have a large error or a discontinuity (for 

example, Fig. la and b). The experimental data on surface tension agree well with the results of [6 ], although this 

is the only experimental point. The methods for calculating a given in [1, 3 ] are unsuitable in view of their high 

error and uncertainty of the parameters involved. 

Taking into account the fact that there are no reliable procedures for engineering calculation of p', Ix, and 

o, we generalized all the available data and obtained the following empirical formulas: 

p' = 1108.2017 + 0.1325t - 0.0058t z (6 = _ 6 % ) ,  (5) 

tx =3 .245-10  -2 exp ( -  0.02703 0 (6 =__ 15 % ) ,  (6) 

a = (53.4723 - 0.11960-10 -3 (6 = ___ 3 % ) .  (7) 

The subsequent selection of procedures for calculating the thermophysical properties of ethylene glycol and 

their comparison with the experimental data of [1-3, 6, 7 ] (Fig. 2) showed that the thermal conductivity and specific 

heat could be calculated by using the equation suggested by the present authors and the recommendations of [3 ], 

respectively: 

2 = 0.2491 + 0.0002t (6 = __+ 4.5 % ) ,  (8) 

c o = 2 . 2 5 6  + 4 . 9 6 . 1 0 - 3 t  (6 =___2 % ) .  (9) 

It should be noted the literature virtually lacks experimental data on the latent heat of evaporation and 

density of the vapors of ethylene glycol. However, as the analysis carried out shows, these magnitudes can be 

determined by using the following methods [1 ]: 
(a) the correlations of Fish and Lilmesch for the latent heat of evaporation: 

r =  r b 
T r X + (X) °-3s29s 

Tbr 1 + (X) 013856 ' 
(lO) 
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Fig. 3. Dependence of the change in the latent heat of evaporation r, kJ/kg,  

and density of vaporsp °, kg/m 3, of ethylene glycol on temperature: a) 1) [ 1 ], 

2) [3 ], 3) [6 1; curve: calculation by the Fish-Li lmesch correlation [1 1; b) 

points, [6 ]; curve: calculation by the procedure of [I ]. 

where X -- (Tbr/Tr)(1 -- Tr)/(1 - Tbr) ; 

b) the diagrams Z - Tr - Pr [1 ] for the density of vapors. In this case the data on the pressure of the 

saturated vapors Pvp of ethylene glycol are determined by using the Antoine correlation: 

B 
In Pvp = A T + C ' 

where A, B, and C are the parameters of this correlation. 

Figure 3 presents the results of calculation by the proposed procedures and the data of [1, 3, 6 ]. From 

these graphs it follows that there is a satisfactory agreement between the calculated and experimental data. 

The analysis of the results obtained for the thermophysical properties of ethylene glycol showed that the 

character of all the correlations that describe the experimental data was in good agreement with the theory and 

physical concepts on the nature of variation of the thermophysical properties of substances with temperature. 

Considering this fact, it is possible to extend the temperature ranges of the equations and procedures indicated by 

the authors for determining the thermophysical properties of ethylene glycol. At the same time, comparison of the 

experimental results with the methods suggested in [1 ] for determining the thermophysical properties confirms 

that in many cases these methods are not always applicable to ethylene glycol, since they were obtained for different 

classes of compounds (for example, ethers, phenols, organic acids, etc.) and satisfactorily generalize the data on 

the thermophysical properties of only a narrow range of substances. It must also be taken into account that the 

values of the critical parameters and w of ethylene glycol can be determined only by computational methods because 
of its thermal decomposition at t >- 250°C. 

N O T A T I O N  

T, t, temperature; T c, Pc, critical temperature and pressure; T b, normal temperature of boiling; p ' ,  p", 

densities of liquid and vapor;/z, o, A, coefficients of dynamic viscosity, surface tension, and thermal conductivity, 

respectively; cp, r, specific heat and latent heat of evaporation; ~o, factor of Pitzer's acentricity; V - l / p ,  specific 

volume; M, molecular mass; T r = T / T c ,  Tbr = T b / T  o Pr = P /Pc ,  reduced temperalures and pressure; rt,, latent 

heat of evaporation at boiling temperature; Z, compressibility factor; 6, relative error. Subscripts: c, critical; b, 
boiling; r, reduced; vp, vapor. 
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