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Abstract 

The charts for reduced compressibility coefficients published in [1] have been completed 
by a table referring to a fluid of critical compressibility coefficient 0.302. The new table has been 
constructed using the data of helium. The isotherms have been divided into pressure intervals 
within which they have been described by maximum fourth order functions. The compressibility 
coefficients along the isobars have been then interpolated by quadratic functions of temperature. 
An additional requirement for the interpolation formulae was to yield a smooth inversion 
curve. The formulae can be used also for the calculation of fugacity coefficients and molar 
enthalpies. Two computer programs have been elaborated for these calculations. 

Introduction 

Although computerizable equations of state have been published for 
many fluids such equations are not available for the majority of substances. 
In these cases the rule of corresponding states is a useful tool which allows 
one to calculate the pressure, the volume and the temperature of fluids. This 
method applies charts or diagrams containing common compressibi1ity 
coefficients for different substances as a function of the reduced pressure Pr' 
the reduced temperature ~ and the critical compressibi1ity coefficient ZC' 
Obviously, this approximative method has an inherent inaccuracy, and in 
order not to increase it one has to perform the threefold interpolation (by Pp 
~ and Zc) precisely. The compressibility coefficient charts published in a 
former paper [lJ have been computed using thermodynamic data of NH3 , 

C 2H4 and air. In the present work new interpolation formulae have been 
developed and employed completing at the same time the above charts by 
new data. 

The reduced compressibility chart of helium 

In constructing the chart the data of International Thermodynamic 
Tables of the Fluid State, Vol. 4 [2J were used. The chart containing the 
reduced compressibility coefficients of helium extends to much wider pressure 
and temperature range than the charts relating to ammonia (Table 1), ethylene 



Table I 

Chart of generalized reduced compressibility function IV 
-I:.. 

Zc=O.302 (Helium) 00 

p, 
0.0\ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.05 1.1 1.15 

T, 

0.5 0.003 (l.O29 0.058 o.mn 0.115 0.143 0.171 0.200 0.228 0.256 0.283 0.297 0.311 0.324 
0.6 0.989 0.887 0.049 0.074 (l.O99 0.123 0.146 0.171 0.194 0.218 0.241 0.253 0.264 0.276 
0.7 0.992 0.922 0.828 0'()67 0.089 0.110 0.131 0.152 0.173 0.194 0.214 0.225 0.235 0.245 
0.8 0.995 0.944 0.881 0.806 0.730 0.103 0.123 0.142 0.161 0.179 0.198 0.207 0.216 0.225 
0.9 0.996 0.957 0.912 0.862 0.804 0.739 0.669 0.142 0.161 0.178 0.195 0.203 0.210 0.218 

0.92 0.996 0.960 0.916 0.869 0.816 0.757 0.691 0.620 0.164 0.181 0.197 0.204 0.211 0.218 
0.94 0.996 0.962 0.921 0.876 0.828 0.773 0.711 0.644 0.167 0.185 0.199 0.206 0.213 0.220 
0.96 0.996 0.963 0.925 0.883 0.838 0.787 0.730 0.667 0.604 0.190 0.202 0.209 0.216 0.222 
0.98 0.997 0.965 0.928 0.889 0.847 0.800 0.746 0.692 0.636 0.555 0.225 0.220 0.220 0.225 
1.00 0.997 0.967 0.932 0.895 0.856 0.812 0.762 0.712 0.660 0.584 0.302 0.259 0.225 0.229 

1.01 0.997 0.968 0.934 0.898 0.859 0.817 0.770 0.721 0.670 0.597 0.478 0.408 0.329 0.304 c;) 

1.02 0.997 0.968 0.935 0.900 0.863 0.822 0.777 0.730 0.680 0.610 0.503 0.437 0.361 0.328 :-< 

1.03 0.997 0.969 0.937 0.903 0.866 0.827 0.784 0.738 0.691 0.623 0.526 0.466 0.397 0.357 
.., 
:... 

0.997 0.938 0.905 0.870 0.832 0.791 0.746 0.701 0.636 0.549 0.494 0.436 0.393 '" 1.04 0.970 '" :.... 
1.05 0.997 0.970 0.940 0.907 0.873 0.837 0.797 0.754 0.709 0.649 0.571 0.521 0.471 0.424 <: 

::: 
1.06 0.997 0.971 0.941 0.909 0.876 0.841 0.803 0.761 0.717 0.661 0.592 0.546 0.498 0.451 
1.07 0.997 0.972 0.942 0.912 0.879 0.845 0.809 0.768 0.725 0.672 0.612 0.569 0.523 0.475 
1.08 0.997 0.972 0.944 0.914 0.882 0.849 0.814 0.775 0.733 0.683 0.628 0.588 0.545 0.499 
1'()9 0.997 0.973 0.945 0.916 0.885 0.853 0.819 0.781 0.740 0.693 0.642 0.606 0.566 0.523 
1.10 0.997 0.974 0.946 0.918 0.888 0.857 0.824 0.787 0.748 0.703 0.655 0.623 0.587 0.548 

1.12 0.998 0.975 0.948 0.921 0.893 0.863 0.832 0.798 0.762 0.723 0.678 0.654 0.627 0.596 
1.14 0.998 0.976 0.951 0.925 0.898 0.869 0.840 0.808 0.775 0.739 0.699 0.678 0.655 0.630 
1.16 0.998 0.977 0.953 0.928 0.902 0.875 0.848 0.818 0.787 0.754 0.719 0.700 0.680 0.659 
1.18 0.998 0.978 0.955 0.931 0.906 0.881 0.855 0.827 0.798 0.767 0.735 0.718 0.701 0.682 
1.20 0.998 0.979 0.956 0.934 0.910 0.886 0.861 0.835 0.808 0.779 0.749 0.734 0.718 0.701 

1.3 0.998 0.982 0.964 0.946 0.927 0.908 0.888 0.868 0.847 0.826 0.803 0.792 0.780 0.769 
1.4 0.999 0.985 0.970 0.955 0.940 0.924 0.908 0.892 0.876 0.859 0.841 0.833 0.824 0.815 
1.5 0.999 0.988 0.975 0.962 0.950 0.937 0.924 0.911 0.897 0.883 0.870 0.863 0.856 0.849 
1.6 0.999 0.990 0.979 0.968 0.958 0.947 0.936 0.925 0.914 0.903 0.891 0.886 0.880 0.874 
1.7 0.999 0.991 0.982 0.973 0.964 0.955 0.946 0.936 0.927 0.918 0.908 0.904 0.899 0.894 
1.8 0.999 0.992 0.985 0.977 0.969 0.961 0.954 0.946 0.938 0.930 0.922 0.918 0.914 0.910 
1.9 0.999 0.993 0.987 0.980 0.973 0.967 0.960 0.953 0.947 0.940 0.933 0.930 0.927 0.923 



+> 
p, 

1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.6 1.7 1.8 1.9 2.0 2.2 2.4 
't1 T, 
" :1. 
0 0.5 0.338 0.351 0.365 0.378 0.392 0.405 0.419 0.446 0.472 0.499 0.525 0.551 0.604 0.656 e: n 

0.6 0.287 0.299 0.310 0.322 0.333 0.344 0.356 0.378 0.401 0.423 0.445 0.467 0.511 0.555 po 

't1 
0.7 0.255 0.265 0.275 0.285 0.295 0.305 0.315 0.334 0.354 0.373 0.393 0.412 0.450 0.488 0 

.z 
0.8 0.234 0.243 0.252 0.261 0.270 0.279 0.288 0.305 0.323 0.340 0.358 0.375 0.409 0.442 1i 

::r 0.9 0.225 0.233 0.241 0.249 0.257 0.265 0.274 0.290 0.305 0.321 0.337 0.352 0.383 0.413 ::> o· t1 

'" 0.92 0.225 0.232 0.240 0.247 0.255 0.264 0.272 0.288 0.303 0.319 0.334 0.349 0.379 0.409 '" n 
0.94 0.227 0.234 0.240 0.248 0.256 0.264 0.272 0.287 0.302 0.317 0.332 0.347 0.377 0.405 

;;j 
p- '" w 0.96 0.229 0.237 0.244 0.251 0.259 0.266 0.273 0.288 0.302 0.317 0.331 0.346 0.374 0.402 

;::: 
w ~ (;:; 

0.98 0.232 0.241 0.249 0.256 0.262 0.269 0.276 0.290 0.303 0.317 0.331 0.345 0.372 0.400 
,.. 

1- :::! 
1.00 0.236 0.246 0.254 0.260 0.267 0.275 0.280 0.292 0.304 0.316 0.330 0.344 0.371 0.398 0 

'" 1.01 0.285 0.271 0.262 0.263 0.269 0.275 0.282 0.294 0.305 0.316 0.330 0.344 0.371 0.397 0 
." 

1.02 0.302 0.282 0.268 0.267 0.272 0.277 0.285 0.296 0.306 0.317 0.331 0.344 0.371 0.397 :;j 
1.03 0.323 0.296 0.276 0.272 0.275 0.280 0.288 0.298 0.308 0.318 0.332 0.345 0.371 0.396 '" '" 1.04 0.351 0.315 0.288 0.278 O.27S 0.283 0.291 0.300 0.310 0.320 0.333 0.346 0.371 0.396 '=: 

0 

1.05 0.379 0.337 0.302 0.284 0.281 0.286 0.295 0.303 0.313 0.323 0.335 0.347 0.372 0.396 t1 ..., 

'" 1.06 0.404 0.361 0.320 0.297 0.291 0.295 0.301 0.308 0.317 0.327 0.338 0.349 0.373 0.397 
,.. 
'=: 

1.07 0.429 0.384 0.341 0.318 0.309 0.310 0.313 0.317 0.323 0.331 0.341 0.351 0.374 0.397 i') 

1.08 0.454 0.410 0.367 0.343 0.332 0.330 0.328 0.329 0.331 0.336 0.344 0.353 0.375 0.398 '" '" 1.09 0.479 0.437 0.396 0.371 0.358 0.350 0.344 0.341 0.339 0.341 0.347 0.356 0.376 0.398 
0 

'" '" 1.10 0.504 0.466 0.428 0.402 0.385 0.376 0.369 0.355 0.348 0.346 0.351 0.358 0.378 0.399 '" :::! 
1.12 0.560 0.523 0.491 0.466 0.'145 0.427 0.412 0.386 0.369 0.360 0.361 0.365 0.382 0.401 8i 
1.14 0.603 0.574 0.546 0.523 0.498 0.'175 0.453 0.418 0.391 0.377 0.374 0.376 0.388 0.'106 0 

." 

1.16 0.638 0.615 0.592 0.568 0.541 0.515 0.490 0.450 0.418 0.399 0.392 0.390 0.398 0.412 ~ 
1.18 0.664 0.644 0.623 0.601 0.576 0.549 0.524 0.483 0.450 0.428 0.416 0.411 0.411 0.420 ~ 
1.20 0.684 0.666 0.647 0.627 0.604 0.580 0.558 0.519 0.486 0.461 0.445 0.435 0.426 0.430 '-'1 

1.3 0.757 0.744 0.732 0.720 0.707 0.694 0.681 0.655 0.629 0.603 0.578 0.559 0.527 0.508 
1.4 0.806 0.797 0.788 0.778 0.769 0.760 0.750 0.731 0.712 0.694 0.676 0.658 0.627 0.602 
1.5 0.842 0.834 0.827 0.820 0.813 0.80S 0.798 0.784 0.769 0.755 0.741 0.726 0.700 0.677 
1.6 0.868 0.863 0.857 0.851 0.845 0.839 0.834 0.822 0.810 0.799 0.787 0.776 0.755 0.735 
1.7 0.889 0.885 0.880 0.875 0.870 0.866 0.861 O.S51 0.842 0.832 0.823 0.814 0.796 0.779 
1.8 0.906 0.902 0.89H 0.894 0.890 0.886 0.882 0.874 0.866 0.859 0.851 0.843 0.828 0.814 
1.9 0.920 0.916 0.913 0.910 0.906 0.903 0.900 0.893 0.886 0.880 0.873 0.867 0.854 0.842 'v +> 

\0 



Table 1. (Contd) 

Chart of generalized reduced compressibility function N 

Zc = 0.302 (Helium) 
v-
0 

p, 
2.6 2.8 3.0 3.5 4.0 4.5 5 6 7 8 9 10 15 20 

'1', 

0.5 0.707 0.758 0.809 0.935 1.059 1.181 1.302 1.539 1.771 1.999 2.223 2.443 3.497 4.487 
0.6 0.598 0.641 0.684 0.789 0.892 0.995 1.095 1.293 1.487 1.677 1.863 2.047 2.927 3.757 
0.7 0.525 0.563 0.599 0.691 0.780 0.868 0.955 1.126 1.293 1.456 1.617 1.775 2.534 3.247 
0.8 0.476 0.509 0.541 0.622 0.701 0.779 0.855 1.006 1.153 1.296 1.437 1.576 2.242 2.870 
0.9 0.443 0.472 0.502 0.574 0.645 0.715 0.783 0.918 1.049 1.177 1.303 1.427 2.021 2.582 

0.92 0.438 0.467 0.496 0.567 0.636 0.704 0.772 0.903 1.032 1.157 1.281 1.402 1.983 2.532 
0.94 0.434 0.463 0.491 0.560 0.628 0.695 0.761 0.889 1.015 1.138 1.259 1.378 1.947 2.485 
0.96 0.430 0.458 0.486 0.554 0.620 0.686 0.750 0.876 1.000 1.120 1.239 1.355 1.913 2.439 
0.98 0.427 0.454 0.481 0.548 0.613 0.677 0.740 0.864 0.985 1.103 1.219 1.333 1.879 2.396 
1.00 0.425 0.451 0.478 0.543 0.606 0.669 0.731 0.852 0.971 1.087 1.20t l.3t3 1.848 2.354 

1.01 0.424 0.450 0.476 0.540 0.603 0.665 0.727 0.847 0.964 1.079 1.192 l.302 1.833 2.334 c;) 

1.02 0.423 0.449 0.474 0.538 0.600 0.662 0.723 0.841 0.958 1.071 1.183 1.292 1.818 2.314 :-< 

1.03 0.422 0.448 0.473 0.536 0.598 0.658 0.718 0.836 0.951 1.064 1.174 1.283 1.803 2.295 ;;;: 

1.04 0.422 0.447 0.472 0.534 0.595 0.655 0.714 0.831 0.945 1.056 1.166 1.274 1.789 2.276 
:. 
'" 

1.05 0.421 0.446 0.471 0.532 0.592 0.652 0.711 0.826 0.939 1.049 1.158 1.264 1.775 2.258 ~' 
::: 

1.06 0.421 0.445 0.470 0.530 0.590 0.649 0.707 0.821 0.933 1.042 1.150 1.255 1.761 2.239 
1.07 0.421 0.445 0.469 0.528 0.587 0.646 0.703 0.816 0.927 1.035 1.142 1.246 1.748 1.221 
1.08 0.421 0.444 0.468 0.527 0.585 0.643 0.700 0.812 0.921 1.029 1.134 1.238 1.734 2.204 
1.09 0.421 0.444 0.467 0.525 0.583 0.640 0.696 0.807 0.916 1.022 1.127 1.229 1.722 2.187 
1.10 0.421 0.444 0.467 0.524 0.581 0.637 0.693 0.803 0.911 1.016 1.119 1.221 1.709 2.170 

1.12 0.422 0.444 0.466 0.522 0.577 0.632 0.687 0.795 0.900 1.004 1.105 1.205 1.684 2.137 
1.14 0.425 0.445 0.466 0.520 0.574 0.628 0.681 0.787 0.890 0.992 1.092 1.190 1.661 2.106 
1.16 0.429 0.448 0.467 0.519 0.571 0.624 0.676 0.779 0.881 0.981 1.079 1.175 1.638 2.075 
LIS 0.434 0.451 0.469 0.518 0.569 0.620 0.671 0.773 0.872 0.970 1.067 1.161 1.616 2.046 
1.20 0.440 0.455 0.472 0.518 0.567 0.617 0.667 0.766 0.864 0.960 1.055 1.148 1.595 2.018 

1.3 0.499 0.498 0.503 0.531 0.568 0.610 0.653 0.741 0.829 0.917 i.004 1.089 1.501 1.891 
1.4 0.583 0.570 0.563 0.565 0.585 0.616 0.650 0.727 0.805 0.885 0.964 1.043 1.423 1.785 
1.5 0.659 0.643 0.631 0.616 0.619 0.636 0.660 0.723 0.790 0.862 0.934 1.006 1.358 1.695 
1.6 0.717 0.702 0.690 0.672 0.664 0.663 0.682 0.729 0.784 0.847 0.912 0.977 l.303 1.617 
1.7 0.764 0.750 0.738 0.718 0.709 0.706 0.712 0.743 0.785 0.840 0.897 0.956 1.257 1.551 
Ul 0.801 0.789 0.778 0.758 0.747 0.743 0.746 0.764 0.794 0.839 0.889 0.942 1.219 1.494 
1.9 0.831 0.820 0.810 0.791 0.780 0.775 0.775 0.786 0.809 0.846 0.887 0.935 1.187 1.445 



.j>. 
p, 

25 30 35 40 45 50 60 70 80 90 lOO 150 200 250 300 
" T, 

0.6 4.551 5.313 
0.7 3.931 4.588 5.227 5.842 
0.8 3.471 4.050 4.610 5.154 
0.9 3.118 3.635 4.136 4.622 5.097 5.561 6.462 

0.92 3.057 3.563 4.054 4.530 4.995 5.450 6.332 
<:> 

0.94 2.999 3.496 3.975 4.442 4.897 5.343 6.207 ." 

0.96 2.943 3.429 3.899 4.357 4.803 5.240 6.087 
t;l 
>0 

0.98 2.889 3.365 3.827 4.275 4.714 5.141 5.971 :t: 
s: 

1.00 2.838 3.305 3.757 4.197 4.626 5'()46 5.861 :... 
::! 

1.01 2.814 3.276 3.724 4.159 4.584 5.001 5.807 <:> 
'<: 

1.02 2.789 3.247 3.691 4.122 4.543 4.956 5.755 <:> .,., 
un 2.766 3.219 3.659 4.086 4.503 4.911 5.703 ~ 
1.04 2.742 3.192 3.627 4.050 4.464 4.868 5.653 ." 

>0 

1.05 2.719 3.164 3.596 4.015 4.425 4.825 5.603 :t: 
<:> 

1.06 2.697 3.138 3.565 3.981 4.386 4.782 5.553 6.296 7.017 
<:> 

~ 
1.07 2.675 3.111 3.535 3.947 4.348 4.741 5.503 6.241 6.956 :... 

:t: 
1.08 2.653 3.086 3.505 3.913 4.312 4.701 5.456 6.188 6.896 ;::; 
1.09 2.632 3.061 3.476 3.881 4.276 4.661 5.410 6.135 6.838 ." 

>0 

1.10 2.611 3.036 3.448 3.849 4.240 4.623 5.364 6.083 6.780 <:> 
." 

1.12 2.571 2.988 3.393 3.787 4.171 4.547 5.276 5.983 6.667 ~ 
::! 

1.14 2.532 2.942 3.340 3.727 4.IOS 4.474 5.191 5.886 6.558 1:l 
1.16 2.494 2.897 3.289 3.669 4.041 4.404 5.108 5.791 6.451 7.093 7.722 <:> .,., 
1.18 2.458 2.854 3.239 3.613 3.979 4.336 5.029 5.700 6.349 6.981 7.598 ~ 
1.20 2.423 2.813 3.191 3.559 3.919 4.270 4.952 5.612 6.251 6.873 7.481 '" is 

'" 1.3 2.265 2.626 2.975 3.316 3.648 3.972 4.602 5.213 5.804 6.380 6.942 
1.4 2.132 2.467 2.791 3.107 3.416 3.718 4.303 4.871 5.420 5.956 6.478 
1.5 2.018 2.330 2.633 2.928 3.216 3.498 4.045 4.575 5.088 5.589 6.077 
1.6 1.920 2.212 2.496 2.773 3.043 3.307 3.820 4.317 4.798 5.267 5.725 7.887 
1.7 1.835 2.110 2.376 2.636 2.890 3.139 3.622 4.090 4.543 4.985 5.416 7.451 
1.8 1.761 2.019 2.271 2.516 2.756 2.991 3.447 3.889 4.317 4.734 5.142 7.061 8.844 
1.9 1.696 1.940 2.178 2.410 2.637 2.859 3.291 3.710 4.115 4.510 4.897 6.718 8.405 

IV 
VI -



1'1.b~c ll. (Cr.mM.) h) 
v, 
t~> 

0.302 (Helium) 
-------.------"-----~--------,------.----------------.--

p, 
O.O! O.l 0.2 0.3 0.4 0.5 0.6 0,7 O.B 0,9 1.0 !.05 Ll 1.15 

'1', 
------------- -------<---------------.,,_._- .. --.---------------.------.--.------~---------.. -.-.---------------.. ----~-

2-0 0.999 0.994 0.989 O.'l}U O.'lTl 0,971 0.%6 0.960 0.954 0.94g 0.942 0.940 0.937 0.934 
2,5 1.000 0.997 O,99i; 0.991 0.9gg O.9B6 o.'m.) 0.9HO 0.977 0,974 0.971 0.970 0.96H 0.967 
3,0 LOOn 0.999 0.997 0.9<)6 0.994 0.993 0.991 0.990 0.988 0.987 0.986 0.985 O.9B4 0.983 
4 1.000 1.000 l.OO() 0.999 0.999 0.999 0,999 0.999 0.998 0.99B 0,998 0,998 0.998 0.998 
5 1,000 1.000 l.OOI 1.001 LOO I l.OOI l.OOI I.O{)2 1.002 l.002 1.003 1.(}03 I.om l.O03 
6 t.(lOO l.OOO l.OOt LOO I I.O{)2 1,002 1.003 1.003 l.00·1 1.004 1.004 I.OOS 1.005 1.005 
g 1.000 1.001 1.001 l.OO2 I.O{)2 1.003 1.003 l.004 1.004 1.005 1.005 1.006 1.006 1.006 

10 1.000 1.001 l.OOI 1.002 1.002 1.00] 1.003 1.004 1.004 1.005 1.005 1.005 1.006 1.006 
-------~----

-----_._-

15 1.000 LOOO LOOI LOOI L002 LOO2 L002 1.003 I.OC» 1.004 L004 LOO4 1.004 I.OOS 
20 1.000 LOOO LOO I LOO I LOO I 1.002 1.()O2 1.002 1.003 LOO3 L003 1.003 1.004 1.004 
25 I.()OO LOOO LOOI LOO I LOO I LOOI 1,002 1.002 L002 l.002 l.O03 1.003 1.003 L003 

Cl ..., 
30 l.OOO 1.000 1.000 l.OOI l.001 LOOI LOOI LOO2 l.OO2 L002 1.002 1.002 1.002 1.003 : 
35 l.OO() 1.000 1.000 LOO I l.(Xll LOO I l.OOI LOO I L002 L002 1.002 l.(X)2 L002 1.002 '" v, 

40 !.OOO 1.000 l.OOO l.OOI 1.001 l.OO I l.OOI l.OOI l.OOI l.001 1.002 L002 1.002 1.002 
"'-. 
~ 

45 1.000 1.000 Loon l.Oon 1.001 l.001 l.OOI 1.001 l.OOI 1.001 1.001 l.(Xll 1.002 1.002 " 
50 l.OOO 1.000 1.000 1.000 LOOI 1.001 1.001 1.001 1.001 1.001 l.001 J.(Xll 1.001 1.002 

60 1.000 J.(X)O 1.000 LOO() J.(X)() 1.001 1.001 1.001 l.(Xll 1.001 l.OOI 1.001 I.(Xll l.OOI 
70 1.000 1.000 1,000 1.000 1.000 1.000 1.001 1.001 LOOI 1.001 l.OOI 1.001 l.OOI l.001 
gO 1.000 l.OOO LOOO I.(XlO l.OOO 1.000 l.000 l.OOI UXll l.OOI 1.001 l.001 l.001 1.001 
90 I.(X)O I.(X)() 1.000 LOOO LOOO l.000 1.000 l.OOI 1.001 1.001 1.001 1.001 1.001 I.(XlI 

lOO 1.000 Loon 1.000 1.000 I.O()O l.(X)O Loon 1.000 1.000 1.001 1.001 1.001 1.001 l.OOI 
---,-- -----.-----------------~ 

120 1.000 1.000 l.OO() 1.000 1.000 1.000 1.0UO I.(X)O 1.000 1.000 1.000 1.000 l.OOI 1.001 
140 1.000 1.000 LOOO LOOO 1.000 1.000 I.(X)O !.OOO 1.000 1.(X)O 1.000 I.(X}() 1.000 1.000 
160 l.OOO 1.000 l.OOO 1.000 1.000 1.000 l.(X)O 1.000 1.000 1.000 I.(X)O 1.000 1.000 j .000 
ISO 1.000 1.000 1.000 I.O{)O 1.000 1.000 I ,(lOO 1.000 1.000 1.000 1.000 1.000 I.()OO 1.000 
200 I'(}()O 1.000 l.OOO l.oon 1.000 1.000 l.OOO 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
220 1.000 l.(X)O LOO() 1.000 I.oon 1.000 LOOO LOOO 1.000 1.000 LOOO L()(Xl LOOO 1.000 
240 l.O()O 1.000 !.OOO I.O()O 1.000 I.OO() 1,000 1.000 1.000 LOO() 1.000 1.000 1.0()O Loon 
260 1.000 1.000 1.000 1.000 1.000 LOOO 1.000 1.000 1.(X)() 1.000 1.000 1.000 LO()() 1.000 



p, 
1.2 1.25 I.:l 1.35 1.4 1.45 1.5 1.6 1.7 1.8 1.9 2.0 2.2 2.4 T, 

2.0 0.931 0.928 0.925 0.922 0.919 0.917 0.914 0.908 0.902 (Um 0.891 0.886 0.875 0.865 
2.5 0.965 0.964 0.961 0.961 0.960 0.958 0.957 O.9S4 O.9S1 0.949 0.946 0.943 0.938 0.933 
3.0 0.983 0.982 0.981 0.981 0.980 0.979 0.979 0.977 0.976 0.974 0.973 0.972 0.969 0.967 
4 0.998 0.998 0.998 0.998 0.997 0.997 0.997 0.997 0.997 0.997 0.997 0.997 0.996 0.996 
5 1.003 1.003 1.003 1.004 1.004 1.004 1.004 1.004 LOOS I.OOS 1.00S 1.005 1.006 1.006 
6 LOOS LOOS 1.006 1.006 1.006 1.006 1.007 1.007 1.007 l.008 1.008 1.009 1.010 1.011 " '" 8 1.006 1.007 1.007 1.007 1.007 1.008 I.OOS 1.008 I.OO'! 1.010 1.010 1.011 1.012 1.013 t;l 

:., 
10 1.006 1.006 1.007 1.007 1.007 1.008 LOOS 1.009 1.009 l.()l 0 1.010 1.010 l.011 1.012 ~ 

~ 
15 1.005 LOOS LOOS I.OOS 1.006 1.006 1.006 1.006 1.007 1.007 1.OOS I.OOS 1.009 1.010 ,., 

::l 
20 1.004 1.004 1.004 1.004 1.004 I.OOS I.OOS LOOS I.OOS 1.006 1.006 1.006 1.007 1.008 (;) 

2S 1.003 1.003 I.O()J 1.004 1.004 1.004 1.004 1.004 1.005 LOOS 1.006 
:;,.0: 

1.004 1.005 U)06 (;) 

30 1.003 1.0OJ I.OOJ 1.003 1.003 1.003 1.003 1.004 1.004 1.004 1.004 1.004 I.OOS I.OOS .." 

:i! 35 l.()02 1.002 1.002 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.004 1.004 1.004 1.004 '" 40 l.OO2 1.002 1.002 1.002 l.O02 1.002 1.002 1.003 1.003 1.003 1.003 1.()()3 l.OO4 1.004 '" ~ 45 l.OO2 1.002 1.002 1.002 1.002 l.OO2 l.002 1.002 1.002 l.O03 1.003 1.003 1.003 l.O03 " 50 1.002 1.002 1.002 1.002 1.002 1.002 1.002 1.002 1.002 1.002 1.002 1.003 1.()03 1.003 
-.: 
:;>: ,., 

60 l.OOI l.OOI 1.001 1.001 l.001 l.OO2 1.002 l.002 1.002 l.OO2 1.002 l.OO2 l.OO2 1.002 " i'; 
70 1.001 1.001 l.OOI 1.001 1.001 1.001 1.001 1.001 1.001 l.OO2 l.OO2 l.002 l.O02 1.002 "" 
80 l.OO I 1.001 LOO! l.001 1.001 1.001 1.001 1.001 1.001 l.OOI 1.001 1.002 1.002 1.002 

:., 
a 
"" 90 l.OOl LOO I 1.001 l.OOI l.OOI 1.001 l.OOI 1.001 1.001 1.001 l.OOI 1.001 l.001 l.OO2 '" '" lOO l.OOI l.OO! l.OOI LOO! l.OOI l.001 1.001 1.001 1.001 LOO I 1.001 1.001 1.001 l.OOI ::l 
'" '" 120 l.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 l.OOI 1.001 1.001 l.OOI LOO I 1.001 (;) 

140 1.000 1.000 l.OOO 1.001 1.001 1.001 1.001 1.001 1.001 1.001 l.OOI 1.001 l.OOI 
.." 

l.001 ;::; 
160 l.OOO l.OOO 1.000 l.OOI 1.001 l.001 l.001 1.001 l.OOI 1.001 1.001 1.001 1.001 1.001 ~ 

is 180 1.000 l.OOO 1.000 I.O()O l.O()O l.OOO l.OOO l.OOI l.OOI 1.001 1.001 l.OOI 1.001 l.OOI ", 
200 1.000 1.000 1.000 J.()()O l.000 1.000 l.OOO 1.000 1.001 1.001 l.OOI l.OOI 1.001 1.00 I 
220 1.000 1.000 l.OO() 1.00() 1.000 1.000 I.O()O 1.000 1.000 1.000 l.OOO l.OOO l.OOI l.OOI 
240 1.000 1.000 1.00() 1.000 1.000 1.000 l.OOO 1.000 1.000 l.000 l.OOO l.000 1.000 l.OOO 
260 1.00() 1.000 1.000 !.OOO l.OOO 1.000 l.OOO l.OO() 1.000 !.OOO 1.000 1.000 l.OOO 1.000 

IV 
v. 

'" 



Table I (Coutd.) N 
V> 
.j>. 

Zc = 0.302 (Helium) 

p, 2.6 2.8 3.0 3.5 4.0 4.5 5.0 6 7 8 9 10 15 20 
T, 

2.0 0.855 0.846 0.837 0.S20 0.808 0.802 0.801 0.808 O.S26 0.855 0.890 0.930 1.162 1.402 
2.5 0.928 0.923 0.919 0.909 0.901 0.896 0.893 0.893 0.900 0.914 0.932 0.952 1.094 1.264 
3.0 0.964 0.962 0.960 0.955 0.951 0.948 0.946 0.945 0.948 0.956 0.966 0.979 1.075 1.198 
4 0.996 0.996 0.996 0.995 0.995 0.996 0.997 0.999 1.002 1.008 1.014 1.022 1.077 1.150 
5 1.007 1.008 1.008 1.010 1.012 1.014 1.015 1.020 1.024 1.030 1.036 1.042 1.083 1.136 
6 1.012 1.012 1.013 1.016 1.018 1.020 1.023 1.028 1.033 1.039 1.045 1.051 1.086 1.128 
8 1.014 1.015 1.016 1.018 1.021 1.024 1.026 1.032 1.037 1.043 1.048 1.054 1.084 1.116 

10 1.013 1.014 1.015 1.018 1.020 1.023 1.025 1.030 1.035 1.040 1.046 1.051 1.077 1.104 

15 1.010 1.011 1.012 1.014 1.016 1.018 1.020 1.024 1.028 1.032 1.036 1.040 1.060 1.080 
20 1.008 1.009 1.010 1.011 1.013 1.014 1.016 1.019 1.022 1.025 1.028 1.032 1.047 1.063 

G'l 
25 1.007 1.007 1.008 1.009 1.010 1.012 1.013 1.016 1.0lS 1.021 1.023 1.026 1.039 1.051 :-: 
30 1.006 1.006 1.006 LOOS 1.009 1.010 1.011 1.013 1.015 1.017 1.019 1.022 1.032 1.043 " "'-
35 1.005 1.005 1.006 1'()06 1.007 LOOS 1.009 1.011 1.013 1.015 1.017 1.018 1.028 1.037 '" '" "'-. 
40 1.004 1.005 1.005 1.006 1.007 1.007 1.008 1.010 1.011 1.013 1.015 1.016 1.024 1.032 '<: 

45 1.004 1.004 1.004 1.005 1.006 1.006 1.007 1.009 1.010 1.011 1.013 1.014 1.021 1.028 :::: 

50 1.003 1.004 1.004 1.004 1.005 1.006 1.007 1.008 1.009 1.010 1.012 1.013 1.019 1.025 

60 1.003 1.003 1.003 1.004 1.004 1.005 1.005 1.006 1.007 1.008 1.009 1.010 1.016 1.021 
70 1.002 1.002 1.003 1.003 1.003 1.004 1.004 1.005 1.006 1.007 LOOS 1.009 1.013 1.017 
80 1.002 1.002 1.002 1.003 1.003 1.003 1.004 1.005 1.005 1.006 1.007 1.008 1.011 1.015 
90 1.002 1.002 1.002 1.002 1.003 1.003 1.003 1.004 1.005 1.005 1.006 1.007 1.010 1.013 

lOO 1.001 1.002 1.002 1.002 1.002 1.003 1.003 1.004 1.004 1.005 1.005 1.006 1.009 1.011 

120 1.001 1.001 1.001 1.002 1.002 1.002 1.002 1.003 1.003 1.004 1.004 1.005 1.007 1.009 
140 1.001 1.001 1.001 1.001 1.002 1.002 1.002 1.002 1.003 1.003 1.003 1.004 1.006 1.008 
160 1.001 1.001 1.001 1.001 1.001 1.001 1.002 1.002 1.002 1.003 1.003 1.003 1.005 1.006 
ISO 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.002 1.002 1.002 1.003 1.003 1.004 1.006 
200 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.002 1.002 1.002 1.003 1.004 1.005 
220 1.001 1.001 1.001 LOO I 1.001 1.001 1.001 1.001 1.002 1.002 1.002 1.002 1.003 1.004 
240 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.002 1.002 1.003 1.004 
260 1.000 1.000 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.002 1.002 1.003 1.003 



p, 25 30 35 40 45 50 60 70 80 90 100 150 200 250 300 T, 

2.0 1.639 1.870 2.096 2.316 2.531 2.742 3.152 3.550 3.935 4.311 4.677 6.408 8.011 
2.5 1.441 1.619 1.795 1.968 2.138 2.306 2.632 2.950 3.258 3.559 3.853 5.241 6.528 7.741 8.898 
3.0 1.332 1.471 1.611 1.751 1.889 2.026 2.295 2.558 2.814 3.065 3.310 4.470 5.548 6.565 7.538 
4 1.235 1.325 1.419 1.515 1.612 1.709 1.902 2.094 2.282 2.468 2.650 3.520 4.334 5.104 5.840 
5 1.196 1.261 1.329 1.400 1.472 1.544 1.691 1.838 1.984 2.129 2.273 2.964 3.616 4.236 4.829 
6 1.175 1.226 1.280 1.335 1.391 1.448 1.565 1.682 1.800 1.917 2.034 2.603 3.145 3.663 4.160 '" '" 8 1.150 1.186 1.224 1.263 1.302 1.342 1.424 1.507 1.591 1.674 1.758 2.171 2.571 2.958 3.331 ;;J 

;., 
10 1.132 1.161 1.191 1.221 1.252 1.283 1.347 1.411 1.476 1.541 1.605 1.927 2.241 2.546 2.844 " ::< 
15 1.100 1.120 1.140 1.161 LUll 1.202 1.244 1.286 1.328 1.370 1.412 1.619 1.822 2.020 2.213 ,.. 

:::i 
20 1.078 1.094 1.110 1.125 1.141 1.157 1.188 1.219 1.251 1.282 1.314 1.468 1.619 1.765 1.907 Cl 

<: 
25 1.064 1.077 1.089 1.102 1.115 1.127 1.152 1.178 1.203 1.228 1.253 1.376 1.496 1.612 1.725 Cl 

30 1.054 1.064 1.075 1.085 1.096 1.106 1.127 1.148 1.169 1.190 1.211 1.313 1.413 1.510 1.604 ." 

~ 35 1.046 1.055 1.064 1.073 1.082 1.091 1.109 1.127 1.145 1.162 1.180 1.267 1.352 1.435 1.515 '" 40 1.040 1.048 1.056 1.064 1.072 1.079 1.095 1.110 1.126 1.141 1.157 1.232 1.306 1.378 1.448 
;., 

" 45 1.035 1.042 1.049 1.056 1.063 1.070 1.084 1.097 1.111 1.125 1.138 1.205 1.270 1.333 1.395 Cl 

'" 50 1.032 1.038 1.044 1.050 1.056 1.063 1.075 1.087 1.099 I.J 11 1.123 1.183 1.241 1.297 1.353 
-.: 
<: ,.. 

60 1.026 1.031 1.036 1.041 1.046 1.051 1.061 1.071 1.081 1.091 1.101 1.149 1.197 1.243 1.288 " n 
70 1.022 1.026 1.030 1.035 1.039 1.043 1.051 1.060 1.068 1.076 1.085 1.125 1.165 1.204 1.242 ." 

80 1.019 1.022 1.026 1.030 1.033 1.037 1.044 1.051 1.059 1.066 1.073 1.142 
;., 

1.107 1.175 1.207 Cl 
." 

90 1.016 1.020 1.023 1.026 1.029 1.032 1.039 1.045 1.051 1.057 1.063 '" ;., 

100 1.014 1.017 1.019 1.023 1.026 1.028 1.034 1.040 1.045 1.051 1.056 :::i 
Cl 

120 1.012 1.014 1.016 1.018 1.021 1.023 1.027 1.032 1.036 1.041 1.045 Cl 

140 1.010 1.011 1.015 1.019 1.026 
." 

1.0\3 1.017 1.023 1.030 1.034 1.037 ;:; 
160 1.008 1.010 1.011 1.013 1.014 1.016 1.019 1.022 1.025 1.028 1.031 ~ 

180 1.007 1.008 1.010 1.011 1.012 1.014 1.016 1.019 1.022 1.024 1.027 6 
'" 200 1.006 1.007 1.008 1.010 1.011 1.012 1.014 1.017 1.019 1.021 1.024 

220 1.005 1.006 1.007 1.009 1.010 1.011 1.013 1.015 1.017 1.019 1.021 
240 1.005 1.006 1.007 1.008 1.008 1.009 1.011 1.0\3 1.015 1.017 1.018 
260 1.004 1.005 1.006 1.007 1.008 1.008 1.010 1.012 1.013 1.015 1.017 

IV 
V> 
V> 
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and air. Because of the extremely low critical pressure and temperature of 
helium its reduced coefficients can be on the other hand very high. The 
complete inversion curve of helium could also be drawn. 

Interpolation formulae to calculate compressibility coefficients 

The isotherms have been produced as a power series of Pr' Maximum 
fourth order polynomials have been employed. As, however, a complete 
isotherm cannot be described accurately by a fourth order polynomial the 
isotherms have been divided into pressure intervals. Taken into consideration 
the isotherm patterns the following Pr values were taken for constant limits of 
the intervals: 0.5, 1, 1.25, 1.5,2, 3, 6, 15 and 50. For each interval the following 
power series have been defined by least square fitting 

(1) 

Between the isotherms one has then to interpolate for the required 
temperature. For this interpolation quadratic functions have been applied. 
In the chosen pressure and temperature interval the following interpolation 



DETERMINATION OF THERMODYNAMIC PROPERTIES OF FLUIDS 257 

formula has been used 
q=p+r'Fr+sT~ (2) 

From the difference of power series belonging to the first and the last 
isotherm of the temperature interval a new power series LlZ holding to the 
whole temperature interval has been obtained 

(3) 

where Ad=Ar-Ao, Bd=Br-Bo' etc. (Ar, Br, etc. are coefficients of the power 
series relating to the end of the temperature interval.) From these, for any 
pressure and temperature 

(4) 

In a pressure interval, however, q also varies with the pressure so that P, r 
and s have to be produced in the function of pressure. These power series of 
fourth power at maximum are 

P = Ap + EpPr + epp~ + Dpp~ + Epp~ 
r= Ar+BrPr+ erP; + DrP; + ErP; 

s=As+BsPr+ esp; +Dsp~ +Esp~ 

(5) 

(6) 

(7) 

By chance P and r depend on s so that only s had to be produced by 
the least square method. 

Let us define a relative temperature: 9= ~- 1'.0' According to Eq. (4) 
at the beginning of the interval q equals to 0 while at the end it is equal to 1. 
Introducing this relative temperature 

Substituting 9 into Eq. (8) 

q = pT;- pT;o + uT; - 2u~~o + uT;o = ~o(u'Fro - p) + 

+ (p - 2uT;0)T; + uT; 

Comparing to Eq. (2) 
P = 40(u'Fro - p) 

r = p - 2u'Fro 

s=u 

Writing Eq. (8) for the whole interval 

q = P(4r - 'Fro) + S(4f - 40)2 = 1 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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Hence 
1 

p= - -sL1T. (14) L1T,. r 

where L1 T,. is the whole temperature interval. Substituting Eq. (14) into Eq. 
(l0) and (11) 

p = T,.o ( s T,.r L/T,. ) (15) 

1 
r= L1T. -s(T,.o+ T,.r) 

r 

(16) 

The coefficients of power series (5) and (6), respectively, are equal to 

Ap = 7;.0 ( As Trf - }T,.} Bp = T,.o TrfBs; Cp = T,.o T,.rCs ; etc. (17) 

1 
Ar= L1T. -As(T,.o+ T.-r); Br= -Bs(T,.o+ T,.r); etc. (18) 

r 

The inversion temperature 

The Joule-Thomson coefficient is defined as 

RT,.T( az) 
f1JT= -C "T. . 

mp 0 r Pr 

(19) 

Differentiating Eq. (4) and substituting it into Eq. (19) 

RT,.T dq 
f1JT= -C dT. L1Z. (20) 

mp r 

At the inversion temperature the Joule-Thomson coefficient is 0 what is 
fulfilled when dq/d T,. = O. After differentiating the condition of limiting value, 
according to Eq. (2) 

(21) 

Substituting Eq. (16) into Eq. (21) 

T..= (T;f-T;o)s-l 
rt 2sL1 T,. 

(22) 

that is 

(23) 
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It means that if there are inversion temperatures in a given pressure and 
temperature interval s cannot be chosen arbitrarily but according to Eq. (23) 

1 

The choice of temperature intervals and the diminishing 
of the pressure intervals 

(24) 

The temperature intervals have been chosen to obtain the compressibility 
coefficients, applying Eq. (2), whith a maximum error of 2%°' In the sense 
of the same requirement the pressure intervals had also to be diminished even 
inside the pressure limits given earlier, particularly near to the critical pressure 
(Pr= 1) or in the region of the isotherm minima. The reproduction of the 
inversion temperatures, however, laid also further requirements. As p and r 
depend on s the temperature change of the compressibility coefficients along 
an isobar had to be characterized only by s. Applying the least square method 
to Eq. (8) 

d 02 ? -L(q-p9-st7' )-=0 
dp 

(25) 

(26) 

T r Ze = 0.278 

1.5 V 

l/ 
/ 

/1/ 
* I-- vi I h -

V 
U' r V 

1,.-::7' 
8 

1. 

o. 

o 5 10 -15 20 Pr 
Fig. 2 
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Table 2 

A B C D E 

0.029 0.146672 -4.0364,10- 3 1.79'10--> - 3.418' 10- 6 

0.1721 -0.044301 3.5077 . 10 - 3 -1.8094' 10--> 3.534, 10- 6 

p 1206623.889 689441.2444 -147735.1882 14070.Qj 792 -502.50064 
2229181.799 -1273713.485 272934.5002 - 25993.76192 928.34864 

-1022557.91 584272.241 -125199.312 11923.744 -425.848 

For p,=6 5 equals to -470 and 9i=0.0959. As 7;= 1 in this interval, 7;i will be 1.00959. 

Hence 

2: 9- 2:9
2 

q LlT 
r (27) 

The s parameters determined for different isobars could be constructed as a 
power series of Pr (see Eq. (7)). 

The intervals had to be diminished not only because of the not satisfying 
accuracy of power series (1), (2) and (7) but also in order to describe precisely 
the inversion curve. Eq. (2) is a quadratic function which equals to 0 at the 
beginning and to 1 at the end of the interval so that a minimum can occur 
only in the first half and a maximum only in the second half of the interval. 
In addition, in the given pressure interval the inversion temperature cannot 
pass through the middle of the temperature interval changing the pressure 
because at this point 9i = Ll'Ir/2 and according to Eq. (24) s = x jumping 
from + CIJ into - 'X) or reversely by changing pressure. Obviously this cannot 
be described by a quartic function. Fig. 2 shows the intervals chosen according 
to such principles for fluids characterized by Zc = 0.278. The inversion 
curve is also drawn in the figure. Table 2 gives the coefficients of power series 
(1), (3), (5), (6) and (7) for the striped field in the figure as an example. 

Calculation of fugacity 

The logarithm of the fugacity coefficient 
Pr 

f 2-1 
In<p= --dpr 

Pr 
o 

(28) 

One can analytically integrate along an isotherm in every pressure interval. 
Replacing 2 by Eq. (4), applying Eqs (1H7) and denoting the beginnings of 
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the pressure intervals by Pro 

in ({J = I In cp + a In Jl. + b(Pr - Pro) + c(p; - p;o) + d(p; - p;o) + 
Pr < Pro Pro 

I (4 4) + "(P5 5 ) + (6 6) + J (P7 7 ' T e Pr - Pro J r - Pro 9 Pr - Pro I r - Pro) + 

...L l'(pS...L S) 
I r I Pro (29) 

where the sum adds the integrals calculated for the intervals belonging to 
lower pressures than the given one, The coefficients are 

a = Ao -1 + Ad(Ap + Ar 7;. + As T;) (30a) 

c= ; [Co+Ad(Cp+Cr7;.+CsT;)+Bd(Bp+Br7;.+BJ;)+ 

+ Cd(Ap + Ar 1. + As T;)] 

d l [Do+ Ad(Dp +Dr 7;.+DJ;)+Bd(Cp + CrI;. + CsT;)+ 

+ Cd(Bp + Br 7;. + BsT;) + Dd(Ap + ArI;. + AJ;)] 

1 2 ' 
e = 4" [Eo + Ad(Ep + Er 7;. + EJr) + Bd(Dp + DrI;. + DJ:) + 

+ Cd(Cp + Cr 7;.+ CJ;)+Dd(Bp + Br7;.+BJ;)+ 

+ Ed(Ap + Ar I;. -1- As T;)] 

+ Dd(Cp + Cr7;.+ Cs T;) + Ed(Bp + Br 7;. + BsI?)] 

1 
g= 6 [Cd(Ep+Er7;.+EsT;)+Dd(Dp+Dr7;.+DsT;)+ 

+ Ed(Cp + Cr 7;+ CsT;)] 

1 
h= 7 [Dd(Ep + Er I;. + EsT;) + Ed(Dp + Dr7;.+ DsT;)] 

i=!/;,(F ...L/;'~l +/;'T2) 
~ 8 Ld ~p I Lr r LS - r 

(30b) 

(30c) 

(30d) 

(30e) 

(30f) 

(30g) 

(30h) 

(30i) 
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In the first pressure interval one has to integrate from O. In Eq. (29) the 
coefficient of the inintegratable logarithmic term is a. Of, however, the lower 
limit of the pressure interval is 0 then Ao equals to 1 and Ad to 0 so that a = O. 

Calculation of pressure dependence of enthalpy 

The pressure dependence of the enthalpy for gases and fluids is given 
by the expression 

Pr 

H;~H =T; f (~~)prdlnPr (31) 

o 

where HO stands for the molar enthalpy of the perfect gas at the given 
temperature. By taken into consideration Eq. (4) 

pr 

HD_H 2 f (Oq) 
RT = Tr ".T LlZ dIn Pr 

c \ C r Pr 
(32) 

o 
Applying formulae (lH7) 

HD_H [ HD_H 
---=T2 L + RT" r Pr<Pro RT" 

, 1 Pr b'(p ) -L '( 2 2 ) a n - + r - Pro I C Pr - Pro + 
Pro 

+ d'( 3 3) + '(p4 4) f'( 5 5 ) \Pr - Pro e r - Pro. + Pr + Pro + 

'(p6 6 ) + h'(p7 7) I i'(pB B) ] + 9 r - Pro r - Pro T. r - Pro (33) 

The coefficients are the following 

a' = Ad(Ar + 2A.1~) (34a) 

b' = Ad(Br + 2Bs~) + Bd(Ar + 2AJ~) (34b) 

C'= ~ [Ad(Cr+2Cs~)+Bd(Br+2Bs~)+Cd(Ar+2As~)] (34c) 

d'= ~ [Ad(Dr+2Ds~)+Bd(Cr+2Cs~)+Cd(Br+2Bs~)+ 
+Dd(Ar+2As~)] (34d) 

e'= ! [Ad(Er+2Es~)+Bd(Dr+2Ds~)+Cd(Cr+2Cs~)+ 
(34e) 
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l' = ~ [Bd(Er + 2EsT,.) + Cd(Dr+ 2DsYr) +DiCr + 2C;r..) + 

+ Ed(Br + 2Bs Yr)] (35f) 

g' = ~ [CiEr+2EsYr)+Dd(D r+2DsYr) + Ed(Cr+2CsYr)] (34g) 

hi = ~ [DiEr+ 2EsYr) + Ed(Dr + 2DsYr)] (34h) 

i' = ~ Ed(Er + 2Es Yr) (34i) 

Computer program for calculation of Z, cp and H 

Two programs have been constructed, one for calculation of Z and 
another for cp and H. The selection of the programs was straightforward 
because when cp and H are calculated one has to omit the ranges in which 
the substance is liquid. Input data for the first program are: Pc' T,.., Zc' T, S 
(if T< T,..), u and or P or V. For liquids S = 1, for gases it is 2. If P is an input 
parameter u = 1 whereas when V is an input datum u = 2. In the latter case 
the program searches the point of intersection between the isotherm and the 
straight line Z =ZcPr~/Yr by successive approximation. Formulae (1)-{7) have 
been calculated for four fluids of different critical compressibility coefficients 
namely for Z c = 0.244, 0.278, 0.290 and 0.302. In the latest case compressibility 
coefficients of helium have been used. The program (if it finds enough data) 
calculates the compressibility coefficients for all four types (Z l' Z 2' Z 3 and 
Z4)' If, however, Zc < 0.278 Z4 is not calculated but the program interpolates 
between the first three types. For this interpolation again a quadratic function 
has been applied. In lack of many data, however, the coefficients have not 
been determined by the least square method but the quadratic function has 
been laid on three fix points 

k=m(Zc-Zc1)+n(Zc-Zc1)2 (35) 

where k = (Z - Z 1)/(Z 3 - Z 1)' It follows from this definition that 

m(Zc3 - Zc1) + n(Zc3 - Zc1)2 = 1. 
Hence 

m 
1 

- -nLlZ LlZ c 
c 

(36) 
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Substituting into Eq. (35) 

k = (+ n(Ze - Ze1)(Ze - Ze1 - Ze3 + Zed (37) 

where (=(Ze-Ze1)/L1Ze. Substituting into Eq. (37) Z2 calculated for a fluid 
of critical compressibility coefficient Ze2 n can be expressed 

(2- k2 n = ___ ---=--..:::-.---
(Zc2 - Zed (Ze3 - Zd 

(38) 

It follows from the nature of the compressibility isotherms that at higher 
pressures the ratio of the compressibility coefficients of fluids with different 
Zc values depends no more on pressure. This has allowed the extrapolation 
of Eq. (38) for higher pressures also in the lack of data for Z2' Obviously the 
ratio of compressibiiity coefficients determined for identical reduced pressure 
and temperature varies with the temperature. This change can be described 
by a linear function. Thus, for these regions n has been obtained as a linear 
function of the temperature. As an example the interpolation formula relating 
to the field marked by an asterisk in Fig. 2 is given 

Z =Z 1 + [181.9 -192.47; + (14257;-1362)Ze + 

+(2526 - 26107;)Z;) (Z4 - Z 1) (39) 

The second program calculates cp and H. Its input data are: Pe'T", Ze' p, T 
and u. If we are interested only in the fugacity coefficient u = 1, if only in the 
enthalpy u = 2 and if both are interesting u = 3. The program calculates 
formulae (29H30) or (33H34) for the four types of fluids. The interpolation 
between these relies on the same ground, evidently the coefficients in the 
formulae are different (like in the first program, the coefficients depend on 
the value of u (1 or 2)). 
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