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A Four-Parameter Corresponding-States Method for 
Prediction of Newtonian, Pure-Component Viscosity 
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The extended Lee Kesler (ELK) method, introduced for calculating 
thermodynamic properties of polar as well as nonpolar fluids and their 
mixtures, has been adapted to the calculation of Newtonian, pure-fluid viscosity. 
The method is a four-parameter, corresponding-states technique requiring as 
input the critical temperature, critical pressure, a size/shape parameter c~, and a 
polar interaction parameter/~. Because c~ and/3 have been previously tabulated 
for many fluids (for calculation of thermodynamic properties) and may also be 
obtained directly from the radius of gyration and a single liquid density, 
respectively, the method contains no adjustable parameters and is predictive in 
nature. ELK viscosity predictions were compared to experimental data for non- 
polar and polar fluids. For 36 different nonpolar fluids and a total of 5748 
different points, the comparison yielded an absolute average deviation (AAD) 
of 7.88% with a bias of -4 .45%. Similarly, the AAD was 10.62% with a 
bias of -5 .34% for a comparison of 15 different polar fluids involving 1500 
different points. With this method, viscosities can be calculated within the range 
0.55 <~ T~ ~< 2.00 and 0 < Pr ~< 10. 

KEY WORDS: corresponding states; Lee-Kesler method; polar fluids; 
viscosity. 
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produce a liquid property in a region where the vapor pressure equation 
indicates a gas phase should be present. A consistent method that can be 
used to calculate all the desired thermophysical properties from one set of 
fundamental constants would be convenient. The Lee-Kesler (LK) 
corresponding-states technique for prediction of thermodynamic properties 
of nonpolar fluids has found widespread use in property simulators since its 
introduction by Lee and Kesler [ 1] and is a probable candidate for such 
a generalized method. Wilding and Rowley [2] extended the LK method 
to pure-component polar fluids, and Wilding et al. [-3] used this so-called 
extended Lee-Kesler (ELK) method to calculate vapor pressures. Recently, 
mixing rules have been developed for ELK which permit prediction of 
vapor-liquid equilibria in highly nonideal binary [4] and ternary [-5] 
mixtures. 

Corresponding-states techniques have been among the most fruitful 
methods for predicting transport properties. Of these, TRAPP [6] is 
perhaps the most widely used for nonpolar fluids. A variation of TRAPP 
for viscosity predictions of polar fluids was recently introduced by Hwang 
and Whiting [7]. Unfortunately, a viscosity acentric factor, different in 
value from the acentric factor used to calculate thermodynamic properties, 
is required in the latter method. A purely predictive method for polar-fluid 
transport properties which uses the same fundamental constants required 
for thermodynamic property calculation is certainly desirable. 

In this study, ELK was chosen as the basis for a viscosity computa- 
tional method because of its separation, at least in theory, of purely 
size/shape effects from polar effects. It was hoped that this separation 
would enable calculation of fluid viscosities over a wide range of conditions 
using the same constants and procedures as are currently used to predict 
equilibrium properties within the framework of the Lee-Kesler method. 

2. ELK 

2.1. Previous Development for Equilibrium Properties 

In LK calculations, deviations from simple two-parameter corre- 
sponding states are attributed to acentric molecular interactions. In ELK, 
the molecular size/shape effects of nonpolar fluids are distinguished from 
effects due to oriented interactions, including dipole and weak associations. 
Thus, ELK can be viewed as a perturbation about a spherically symmetric 
reference fluid in terms of size/shape, e, and polar, /~, parameters. At a 
given reduced temperature and pressure, any dimensionless configurational 
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property of the fluid, J, may be expressed as a Taylor's series expansion 
about the simple fluid, which when truncated to linear terms is 

() ~ J  (0{ -- 0{0) @ (/~ --  j~O) -~ (~(@2, 1~2, 0{1~) (1)  J=Jo+ -~ rr, e~,~ ~ rr,Pr,~ 

The derivatives in Eq. (1) are evaluated using linear difference expressions 
in terms of known properties of reference fluids. As in the LK method, 
methane is used as the simple, spherical reference fluid (denoted as 
reference fluid 0 in the above expansion) and n-octane is used as reference 
fluid 1 to quantify deviations from the spherical case. In ELK, water is used 
as reference fluid 2 to account for polar effects upon properties. Reasonably 
accurate equations of state are used to calculate the properties of each real 
reference fluid at the desired reduced conditions, and the contributions are 
summed to provide a value for the unknown fluid at these conditions. 
Thus, 

J=J~176176176 ~ / \ ~1 ,I3) (2, 

or, more simply, 

j =  or(o) + ~tjO) + fl j(2) (3) 

where superscript (i) indicates the deviation of J for reference fluid i (scaled 
by the difference in either ~ or fl) from J for the simple reference fluid, Jo, 
at the same reduced conditions. The simple reference fluid is assumed to 
obey two-parameter corresponding states. The deviation terms are 
computed from equations for the reference fluids in accordance with 
Eq. (2). 

Values for c~ have been correlated in terms of the radius of gyration 
[2] to avoid inclusion of polar contributions and retain the integrity of the 
expansion shown in Eq. (1). Values for fl were calculated from a single 
liquid density using J= Z in the above equations. Here Z is the com- 
pressibility factor. Values for c~ and fl have been compiled [3] for many 
components. 

2.2. Extension to Viscosity 

Use of Eq. (3) to calculate shear viscosity, ~/, requires (1) a choice for 
the dimensionless property J, (2) equations for the reference fluid 
viscosities valid over a wide range of Tr and Pr, and (3) values of ~ and 
ft. The reduced viscosity is commonly defined as 

qr = r/{ (4) 
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where 
[RTcN~] 1/6 

r = L J (5) 

A polynomial form for the real reference fluids' viscosity, shown in 
Table I, was obtained from Haar et al. [8]. The constants for water were 
obtained from the same source [8], while those for methane were regressed 
from experimental data obtained from the literature [9-14]. Due to the 
paucity of experimental data for n-octane, low-density Chapman-Enskog 
values and dense-gas values above Tr = 1, estimated from the method of 
Jossi et al. [15], were used to supplement experimental viscosities [10, 
16-19]. The resulting equation is valid in the range 0<Pr~< 10 and 
0.55 ~< Tr ~< 2, the intersection of the domains over which values were used 
to regress constants for the equations of the three reference fluids. The 
reference fluid equations represent available data quite well over the 
indicated domain except for the near-critical region. No critical enhance- 
ment was included. Graphical comparisons of experimental data and the 
equations in Table I over the applicability domain are available [20] and 
are not included here. 

Although adjusting c~ and fl to values unique for viscosity calculations 
would provide more flexibility and probably better agreement with 
experimental data, consistency of these parameters with equilibrium 
property calculations was considered essential. Unfortunately, water 
associates obscuring the appropriate value of c~ for use in viscosity calcula- 
tions. In order to maintain the same set of c~ and/? values for viscosity that 
are used in equilibrium property calculations, a value of -0.38 was 
required for c~ 2. The choice of water for the polar reference fluid was 
necessitated by the paucity of viscosity data for all other polar fluids over 
the desired T r and Pr range. 

Computation of viscosity for a test fluid from Eq. (3) is conveniently 
performed with a computer program containing the reference fluid 
equations of state. Required input includes To, Pc, radius of gyration (or, 
equivalently, ~), and a liquid density (or, equivalently, fl). The reference 
fluid equations are in terms of Tr and p~ rather than Tr and P~. Thus, the 
reference-fluid equations of state are first solved for densities at the input 
T and P conditions. The results presented in this paper were obtained from 
the computer implementation of Eq. (3). However, one can also make 
quick hand calculations with ELK using Tables II-VII, which contain 
reduced simple-fluid, size/shape deviation, and polar deviation terms as a 
function temperature and pressure. The saturation line separating liquid- 
and vapor-phase values was drawn at the same locations as in previous LK 
tables for consistency. However, when using Tables II-VII, one must exer- 
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Table I. Real-Fluid Viscosity Reference Equations 

123 

I. Equation 

l m ['T* 
q(P, T ) = q ~  j~o b,) ~ - ~ - -  1 ) i ( p ~ -  1)J 1 

/ r \1/2F " L oa ( ;l 
II. Critical Constants 

Methane n-Octane Water 

T* 190.7 K 568.8 K 6647.27 K 
p* 0.16205 g .cm -3 0.23217 g .cm -3 0.317763 g -cm 3 

III. Coefficients a k 

k Methane n-Octane Water 

0 0.00643022 0.00642742 0.0181583 
1 0.00960573 0.00309416 0.0177624 
2 -0.00353855 0.00045200 0.0105287 
3 0.00081493 - 0.00013078 - 0.0036744 

IV. Coefficients b~ 

i \ j  0 1 2 3 4 

(A) Methane 

0 0.638016 0.029595 0.146250 0.511526 -0.3972737 
1 0.799681 -3.989641 0.301287 5.569193 -2.5482398 
2 14.746602 -21.865741 14.117418 23.074331 -5.1006388 
3 55.551431 -35.267714 46.449877 37.476870 7.3272599 
4 55.721564 -12.576820 -37.083285 22.909872 -3.7505328 

(B)n-Octane 

0 0.966135 -0.131849 0.039584 0.256352 -0.1221866 
1 1.579156 -1.461535 -1.396700 2.060335 -0.4747973 
2 10.175758 -7.421997 --10.647996 10.366272 -2.4223190 
3 28.516915 -13.452535 -21.467961 17.041952 -3.1071504 
4 25.579042 -8.380997 -13.578572 7.785231 1.0881270 

(C) Water 

0 0.501938 0.235622 -0.274637 0.145831 -0.0270448 
I 0.162888 0.789393 -0.743539 0.263129 -0.0253093 
2 --0.130356 0.673665 -0.959456 0.347247 -0.0267758 
3 0.907919 1.207552 -0.687343 0.213486 -0.0822904 
4 -0.551119 0.0670665 -0.497089 0.100754 0.0602253 
5 0.146543 -0.084337 0.195286 -0.032932 -0.0202595 
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Table V. Auxiliary Simple Fluid Values for (q~)(~ 10 -3 

Pr 

T~ 0.01 0.05 0.10 0.20 0.40 0.60 0.80 

0.55 11379 [ 384 740 
0.60 9151 I 385 486 
0.65 7325 7402 [ 440 849 
0.70 5748 6016 6055 572 5118 
0.75 4186 4846 4965 512 1225 

0.80 2883 3681 3972 4141 730 2179 
0.85 2448 2446 2902 3262 613 989 
0.90 1051 1592 1817 2249 2685 I 730 1177 
0.93 653 1190 1377 1634 2095 2399 I 945 
0.95 842 1089 1309 1655 1995 I 850 

0.97 748 965 1239 1501 1850 
0.98 759 1014 1236 1548 
0.99 725 904 1164 

Table VI. Auxiliary Size/Shape Deviation Values for (qr x 10 -3 

Pr 

T r 0.01 0.05 0.10 0.20 0.40 0.60 0.80 

0.55 33814 - 3 8  - 3 6 9  
0.60 23989 - 4 6  - 1 4 3  
0.65 18174 18012 ] - 7 7  - 5 7 7  
0.70 14442 13851 13794 ] - 1 8 5  -6339  
0.75 12069 10824 10579 [ - 7 1  - 8 3 7  

0.80 9288 8747 8226 7918 [ - 1 7 6  --1334 
0~85 4232 7097 6616 6076 I - 1 1  - 147 
0.90 2440 4164 4888 4776 4288 ] 77 326 
0.93 856 2301 3105 3751 3659 3355 [ 318 
0.95 1381 1951 2671 3139 3000 [ 303 

0.97 960 1519 2202 2524 2421 
0.98 944 1565 2038 2243 
0.99 807 1281 1765 
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Table VII. Auxiliary Polar Deviation Values for (q~)(z) x 10 -3 

Pr 

0.20 0.40 0.60 0.80 T r 0.01 0.05 0.10 

~55 12963 -43 -574 
0.60 8099 4 -163 
0.65 5786 5657 ] -32 -673 

1 

0.70 4719 4256 4205 -179 -7048 
0.75 4474 3459 3262 -16 -1033 

0.80 3833 3195 2760 2502 I -231 -1952 
m 

0.85 1247 3144 2666 2189 I 5 -360 
0.90 878 1968 2380 2156 1688 I 5 
0.93 426 968 1510 1893 1694 1400 
0.95 604 868 1341 1599 1421 

0.97 471 696 1126 1327 
0.98 473 753 1067 
0.99 443 643 

-1  
95 

134 

1201 
1196 
950 

cise care near the saturation line to ensure that the viscosity 1S indeed 
calculated for the desired fluid phase regardless of the actual phases of the 
individual reference fluids. Because the three reference fluids do not obey 
two-parameter corresponding states, the actual saturation curve for the 
references may not exactly correspond to the lines drawn. Likewise, the 
possibility exists that the phase of the test fluid may not correspond to 
the phase shown in Tables II-IV. To accommondate this possibility, 
Tables V-VII  provide auxiliary values for the region where this may occur. 
These values are for the opposite phase of those given Tables II-IV. With 
the full computer program, ELK determines the appropriate phase at the 
input conditions and finds the correct roots. In the hand implementation of 
the method, one must know the phase at the desired conditions and choose 
the auxiliary tables if the phase is opposite that shown in the primary 
tables. 

3. RESULTS OF TESTS 

3.1. Nonpolar Fluids 

The prediction method has been tested for 36 different nonpolar fluids, 
a total of 5748 different points, as shown in Table VIII. In this and subse- 
quent tables, N represents the number of experimental points compared, 
AAD is an absolute average percentage deviation of calculated and 
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Table VIII. Comparison of Results for Nonpolar Fluids 

Fluid 
Ref. 

No(s). N Tr e~ 

ELK TRAPP 

AAD Bias AAD Bias 

Methane 9-14 742 
Ethane 23-25 370 
Propane 13, 26 118 
n-Butane 27, 28 190 
Isobutane 29 46 
n-Pentane 30, 31 318 
Isopentane 32 289 
Neopentane 33 33 
n-Hexane 34 204 
n-Heptane 16 234 
n-Octane 10, 16-19 192 
Isooctane 32 172 
n-Nonane 35 14 
n-Decane 35-37 68 
n-Undecane 32 62 
n-Dodecane 32 55 
n-Tetradecane 35 8 
Ethylene 10 50 
Propylene 10 68 
1-Hexene 32 127 
1-Heptene 32 120 
1-Octene 32 98 
Benzene 14 299 
Toluene 32 212 
Ethylbenzene 32 148 
Cyclohexane 32 233 
Methylcyclohexane 32 198 
Ethylcyclohexane 32 88 
Neon " 38, 39 54 
Argon 11, 40, 41 132 
Krypton 42 71 
Xenon 32 84 
Nitrogen 32 228 
Oxygen 32 225 
Fluorine 43 149 
Carbon dioxide 44 49 

Overall 5748 

0.55-2.00 0.01-8.81 4.10 1.59 3.61 2.19 
0.65-i.67 0.02-9.89 2 .91  --1.86 2.66 0.71 
0.58-1.29 0.02-8.11 4 . 3 6  -2,87 4.26 - 1.70 
0.65-1.20 0.03-9.31 4 . 5 0  --1,81 3.53 0,47 
0.76-1.09 0.19-9.44 12.15 --11,37 9.90 --8.30 
0.63-1.17 0.03-9.02 3 .94  -2,81 2.04 0.44 
0.61-1,15 0.03-8.85 6 ,69  --6,69 6.10 --4.84 
0.72-1.02 0.22-8.62 28.77 --28.77 28.98 --28.98 
0.59-1.08 0.03-8.42 4 .61  --3.11 3.20 -0.33 
0.55-1.01 0.04-9.24 2 .51  --0.27 5.40 4.02 
0.57-1.00 0.04-8.14 0.99 0,08 6.62 5.55 
0.55-0.99 0.04-9.73 13.56 -13.56 14.21-14.14 
0.56-0.78 0.04-8.56 2 . 7 6  -2.76 2.13 1.56 
0.56-0.78 0.05-9.75 4 . 4 9  -4.41 1.53 0.83 
0.56-0.81 0.05-7.61 3 . 5 6  -2.59 3.16 3.16 
0.56-0.79 0.05-8.24 4 . 4 7  -4.20 3.04 3.04 
0.57-0.76 0.07-6.81 12.61 -12.61 1.44 -0.91 
1.05-1.50 0.02-8.04 3 . 6 0  --2.54 2.70 --0.86 
0.80-1.43 0.02-8.81 7 .99  -7.84 7.36 -6.13 
0.56-0.74 0.03-9.46 20.30 2 0 . 3 0  20 .23  20.23 
0.564).91 0.04-8.83 10.60 10.47 21 .03  21.03 
0.564).86 0.04-9.54 7.10 3.01 9.10 7.22 
0.58-1.25 0.02-8.18 5 .89  -5.69 5.35 -4.69 
0564).93 0.02-9.76 5.08 4.96 5.11 5.11 
055-0.91 0.03-8.33 2.81 - 1.17 1.62 0.25 
0.56-0.94 0.02-9.83 41.54 -41.54 43.69 -43.69 
0.56-0.93 0.29-8.65 26.38 -26.38 28.99-28.99 
0.564).85 0.33-8.33 13.81 -13.81 23.04 -23.04 
0.6t-1.80 0.04-3.99 16.17 --15.79 19.62 -18.52 
0.71-1.98 0.06-9.69 5 .49  -5.36 6.69 -4.45 
1.42-1.66 0.13-8.96 2 .97  -2.88 3.23 -0.30 
1.04-1.21 0.02-1.71 5.54 -5.29 3.88 -1.17 
0.55-l.98 0.03-8.85 5 .90  -4.25 6.00 -2.73 
0.58-1.94 0.02-8.93 3 .54  -2.86 3.54 --2.60 
0.62-l.87 0.07-4.23 5 .98  -0.29 6.07 2.80 
1.03-l.14 0.15-9.35 4.24 1.80 6.66 6.66 

0.55-2.00 0.01-9.89 7 . 8 8  -4.45 8.32 -2.77 

840/12/1-9 
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experimental viscosities, bias is a percentage bias from the mean, and REF 
indicates the references from which the experimental data were obtained. 
Also shown in Table VIII are the results from TRAPP. The intent of the 
comparison is not to establish the superiority of one method over the 
other. Rather, the intent is to show that for nonpolar fluids ELK predic- 
tions are comparable to TRAPP's in accuracy. The predicted values are 
quite good for most systems, although, as is well known, cycloalkanes and 
some highly branched aliphatic alkanes do not obey corresponding states 
very well as indicated by the large biases. It should be emphasized that 
these results cover a large T r - P  r range including both liquid and vapor" 
phases. 

Illustration of the agreement with experiment over a wide range of 
temperatures and densities is shown in Figs. 1 and 2. Figure 1 shows very 
good agreement between predicted and experimental viscosities for liquid 
n-dodecane and illustrates the importance of the size/shape addition to two- 
parameter corresponding states. A substantial portion of the total viscosity 
is contributed by the ~(r/~) (1) term as seen by the difference between the 
simple fluid results (dashed line) and the ELK predictions (solid line). In 
Fig. 2 for gas-phase n-pentane, the agreement is quite good at lower 
densities but deteriorates at higher gas densities. Although not shown on 

aaoQi  Tr 
nn um um mn m Tr 
+ + + + +  Tr 
A~,AAA Tr 
* * * * *  Tr 

0 
0 . 5 5  

= 0 . 5 6  
= 0 . 6 1  
= 0 . 6 7  
= 0 . 7 3  
= 0 . 7 9  �9 

/ / 

0 . 5 0  0 . 6 5  0 . 7 0  0 . 7 5  
- 3  /9, g . c m  

Fig. 1. Comparison of n-dodecane liquid 
viscosities predicted by ELK (solid line) with 
experimental data at various reduced 
temperatures. The dashed line represents the 
contribution from two-parameter corresponding 
states. 
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- 1 0  

�9 

- 2 0  

- 3 0  
0 .0  

�9 . .  �9 : 
�9 ,'~ 

o 

0.2 0.4 0.6 

p, g . c m  

Fig. 2. Percentage deviation between calcu- 
lated and experimental viscosities of gas-phase 
n-pentane. 

this figure, at higher (liquid) densities agreement is again good. The size/ 
shape term affects liquid values much more than vapor, but it is 
nevertheless essential for calculations ,of either phase if accuracy is desired. 
The overall predictions are reasonably good for a general corresponding- 
states predictive method that is valid for any fluid phase over most of the 
experimentally accessible Pr-Tr domain. As mentioned, the advantage of 
ELK is that the same ~ and/~ used for thermodynamic property prediction 
are used for the viscosity calculations, making the method self-consistent. 

3.2. Polar Fluids 

ELK was also tested on 15 different polar fluids, a total of 1500 
different points over a wide range of Tr-P,: as shown in Table IX. The 
results are quite good for many systems, but some show a significant bias. 
The same values of/3 used for thermodynamic calculations are also used 
for these predictions. The agreement with experimental data for n-butyl 
acetate and dimethyl ether are shown in Figs. 3 and 4, respectively. As can 
be deduced from Tables II VII, the polar contribution, / ~ ( / ~ ) ( 2 )  is quite 
small in the gas phase except at higher densities. The polar contribution for 
liquids is more substantial but still not as large as the size/shape contribu- 
tion except at low temperatures, as illustrated for chlorodifluoromethane in 
Fig. 5. The relative importance of these effects has been noted before [21]. 
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Table IX. Comparison of Results for Polar Fluids 

Res 
Fluid No. N T, 

ELK TRAPP  

Pr AAD Bias AAD Bias 

Dimethyl ether 10 87 0.93-1.34 
Diethyl ether 10 61 0.87-1.12 
Acetone 10 36 0.94-1.06 
Ammonia  45 82 0.77-1.18 
n-Propylacetate 32 118 0.58~).91 
n-Butyl acetate 32 108 0.55~).83 
Carbon monoxide 46 12 1.68-1.87 
Dichlorodi fluoro- 

methane 32 160 0.65-1.12 
Chlorodi fluoro- 

methane 14, 32 271 0.68 1.28 
1,1,2-Trichloro- 1,2,2- 

trifluoroethane 32 184 0.55~3.99 
Methanol 10 61 0.83-1.06 
Ethanol 10 94 0.55-1.05 
n-Propanol 32 150 0.60-1.02 
Isopropanol 10 48 0.84-1.05 
Isobutanol 10 28 0.90-1.00 

Overall 1500 0.55-1.87 

0.02-9.42 3.58 3.0t 9.03 8.22 
0.03-8.13 7.85 7.85 14.54 14.31 
0.02-8.40 11.42 - 7.60 5.74 - 5.74 
0.01-2.96 8.73 5.77 11.30 1.72 
0.03-8.77 8.67 7.32 13.50 12.99 
0.03 9.31 3.51 - 3 . 4 2  7.22 7.22 
0.36-2.82 1.56 -1 .55  2.77 2.77 

0.97-9.41 7.11 - 7 . 1 0  4.65 --3.33 

0.04-7.84 5.75 - 1 . 3 6  4.71 2.10 

0.03-8.57 33.41 -33.41 33.40 -33 .40  
0.01-8.77 7.20 - 6 . 2 7  10.57 1.16 
0.02-9.64 11.68 - 4 . 3 6  18.41 -5 .61  
0.02-9.42 10.99 - 5 . 1 4  21.40 -3 .71  
0.02-8.29 8.84 - 5 . 1 7  8.62 - 0 . 8 4  
0.02 9.18 4.20 1.14 13.34 8.75 

0.01-9.64 10.62 --5.34 13.01 - 2 . 8 0  

1 0  

@ 5 . ,....~ 

. ,...~ 

0 
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Qo eq 
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- 1 0  
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Fig. 3. Percentage deviation between calcu- 
lated and experimental viscosities of liquid-phase 
n-butyl acetate. 
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temperatures .  The dashed  line represents  the 

ca lcula ted  viscosity wi thou t  the po la r  correct ion 
term. 
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3.3. Associating Fluids 

E L K  predictions for small-chain alcohols are inadequate if c~ and fl 
values for the monomers  are input. A chemical theory was therefore used 
for alcohols of four carbons or fewer. It is assumed that in the liquid phase, 
equilibrium is established between the monomer ic  and the dimeric forms 
with the equilibrium constant,  K, given by 

K =  XD/X 2 (6) 

where XD is the mole fraction of dimer and x M is the mole fraction of 
monomer .  The equilibrium constant  is calculated from 

A 1 
(7) 

where bo th  the heat of dimerization, AH, and the equilibrium constant  at 
the reference temperature To were obtained from Stathis and Tassios [22] .  
For  completeness, these values are tabulated in Table X. Values for ~ and 
fi for the assumed mixture of  m o n o m e r  and dimer were then calculated 
from a mole fraction average of the pure values; i.e., 

~ = XM~M -[- XD~ D a n d  fl = XM tiM -"~- XDflD (8) 

where the mole fractions are obtained from the solution of Eq. (7) subject 
to the constraint  on the sum of mole fractions. Because no values of c~ D and 
riD were available for dimerized species, these values were obtained by 
regression from experimental data and are also included in Table X. 
Results for fluids assumed to associate are included in Table IX. 

Table X. Parameter Values Used for Dimerizing Liquids 

Component o:D fl• Ko AH 
(kJ .mol 1) 

Methanol 0.46 - 0.46 450 - 29.29 
Ethanol 1.22 0.00 190 - 29.29 
n-Propanol 1.24 - 0.26 90 - 29.29 
Isopropanol 1.10 - 1.28 60 - 29.29 
Isobutanol 1.38 - 0.78 45 - 29.29 
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4. C O N C L U S I O N S  

The ex tended  L e e - K e s l e r  me thod  has been adap ted  to the ca lcula t ion  
of p u r e - c o m p o n e n t  viscosity of po l a r  and  n o n p o l a r  fluids. The result  is a 
fou r -pa rame te r  cor responding-s ta tes  me thod  requir ing the cri t ical  
t empera ture ,  the cri t ical  pressure,  a s ize/shape pa rame te r  ~, and  a po la r  
in te rac t ion  p a r a m e t e r  /~. However ,  the values of ~ and fl are those 
previous ly  cor re la ted  and  t abu la t ed  for ca lcula t ion  of equi l ibr ium 
t h e r m o d y n a m i c  propert ies .  Thus,  the m e t h o d  conta ins  no ad jus tab le  
pa rame te r s  and  is predict ive in nature.  Wi th  the method ,  viscosities can be 
ca lcula ted  within the range 0.55 ~< Try<2.00 and  0 < P r ~  10. Agreement  
between pred ic ted  and  exper imenta l  viscosities is general ly  quite good,  but  
there are no tab le  exceptions.  Olefins and  highly b ranched  and  cyclic 
a lkanes  do  not  obey the cor responding-s ta tes  m e t h o d o l o g y  used ei ther  here 
or  in T R A P P  very well. F o r  shor t -cha in  alcohols,  an associa t ion  mode l  is 
required which uses empir ica l  values for ~D and t ip.  These values are also 
t abu la t ed  in this paper .  The me thod  is in tended to extend the general ized 
L K  technique to viscosity pred ic t ions  using only the same fundamenta l  
cons tants  cur rent ly  used for equi l ib r ium propert ies .  
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