Compressibility of Methane at 273 K
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Solution of Problem 4

10.213

The best way to approach this problem is 1o create a table of Z at different values of P and V, from which you can
plot the required diagram. You can convert the virial equation constants given to the volume-explicit onas
uging S4+VN p. 1. Then, you can use the volume-explicit equation to make a table of Z va. P.

Another way is to use the equation given to calculata Z as a function ol V. Then calculate F from the definition
of Z. You should start from a low volume that gives a pressure higher than 150 bar.
Both methods are shown using a spreadsheet program o create the table and plot the chart.

The 2nd method is better because it avoids the use of the equations in page 61. These equations
hold exactly only for the two virial expansions as infinite series. For the truncated forms of the virial equations,
these relations are only approximate. This is the reason for the diferences In the results,

Assuming 3% erroris a

ideal gas good

up 1o 12 bar

2 terms good

Up lo 140 bar

B, em’/mol| C, em®mol | D, em*mel® T, K R, em® bar mol” K™
-23.4 2620 5000 273 83.14
Method 1  using the relations of S+WVN p. 61
B'= -0.00235271 C'= -44949E-07 D'= 1.0278E-08
Z (4 terms) eodiff ideal 2odiff 2 term
P,bar V-explicit  Z=1+BP/RT from 4 term frnn: 4 term
0 1.00 1.00 0.0% 0.0%
5 0.88 038 -1.2% 0.0% good approximation
10 0.28 0498 -2. 4% 0.0%
12 0.97 097 -2.9% 0.0%
13 0.96 096 =3.7% 0.0%
20 0.95 0.95 -4,9% 0.0%
25 0.94 0.94 -6.3% 0.0%
30 0.93 093 -7.6% 0.0%:
35 0.a2 0.9 -0.0% 0.0%
40 0.91 Q.91 -10.4%: 0.0%
45 0.89 0.89 -11.8% 0.0%
50 0.88 0.88 -13.3% 0.0%
55 0.87 087 -14 8% 0.0%
&0 0.86 0.B& -16.4% -0.1%
69 0.85 0.85 17.9% =0.1%
70 0.84 0.84 =18.9% -0.2%
75 0.83 0.82 =21.2% -0.2%
a0 0.81 081 =22 B3 -0.3%
85 0.80 0.80 -24.5%: =0.4%
a0 0.79 0.79 -26.2% -0.5%
95 0.78 0.78 -26.0% -0.6%
100 0.77 0.786 -29.8% -0.8%
110 0.75 0.74 -33.4% -1.1%
120 0.73 072 -37.2% -1.5%
130 0.7 0.69 -41.0%¢ -2.1%
140 0.69 0.867 -44.9% -2.8%
180 0.67 085 -48.9% -3.7%
Method 2




Z (4 lerms) P, bar % diff. Ideal % diff 2 term
v, em’/mol P-explicit = ZATIV Z=1+BP/RT rom 4 tarm I'rum_4 term
100 073 166.37 0.61 56.4% 17.0%
110 073 151.62 .84 -36.1% 12.5%
120 074 139,84 0.87 =35.2% 9.3%
130 0,75 130,34 059 -34.0% 7%
140 0.75 122.25 .71 -32.6% 5.5%
150 0.76 115.29 0.73 -31.2% 4.4%,
160 Q.77 109.20 0.74 -29.9% 3.5% 2 terms good up
170 0.78 103,81 0.76 -28.6% 2.8% o 104 bar
180 078 9599 077 27 4% 2.3%
180 0758 94.64 .78 -26.2% 1.8%
200 0.80 90.69 0.79 25 1% 1.68%
280 0.83 7523 g.82 -20.7% 0.7%
300 0.85 64.41 0.85 -17.5% 0.3%
350 0.87 58.35 0.87 -15.1% 0.2%
400 0.88 50.10 0.68 -13.3% 0.1%
450 0.89 4511 0.89 -11.8% 0.1%
500 0.90 41.02 0.90 “A10.7% 0.0%
500 092 3474 Q.92 -B.9% 0.0%
700 0,93 3012 093 =7.6% 0.0%
BOC 0.94 26.50 084 -B.7% 0.0%
900 0.94 23.80 .94 -5.9% 0.0%
1000 0.95 2154 0.85 -5.3% 0.0%
1500 0.97 1461 0.ar7 -5.6% 0.0% ideal gas law is
2000 0.97 11.05 0.ar -2.7% 0.0% a gaod approx. to
2500 098 B.E9 098 -2 1% 0.0% 11.1 bar
3000 0.98 743 0.98 -1.8% 0.0%
3500 0.98 6.39 0.88 -1.5% 0.0%%:
4000 0.93 5.60 0.59 -1.3% 0.0%
000 0.93 4.45 0.99 -1.1% 0.0%
10000 0.93 226 0.99 -0.5% 0.0%
300600 1.00 0.75 1.00 -0.2% 0.0%
100000 1.00 023 1.00 =0.1% 0.0%




