Solution for Problem 4.32 10.21
3

Calculate the volume occupied by 50 kg of propane at 35 bar and 50 C, using the following:
(a) The ideal gas model
M
PV =NRT = uw RT (1 point for correct equation)

_ MRT
P(MW)

(50 10° £)(0.083 14%)(3231{)
_ molK

V=

(35bar)(44.10—8)
mol

(1 point)
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(b) The Redlich-Kwong equation of state

RT a

“v-b _Tl/zv(v+b)

_ O.42748R2T62'5 _ 0.08664RT,
a= — > and b= —p

c c

Where

From Appendix A,
P. =42.44 bar, T.=370.0K

Calculating

2
0.42748(0.08314 22972 (370 0K > hark”
a= molK =183.34————

42 44bar mol*

0.08664(0.08314 2% 1(370.0K) .

b= molK =0.0628 ——
42 .44bar mol

Substitute values into RK EOS,

_ RT a
v=b T"v(v+b)

35har = (0.08314bar)(323K) 183

v —0.0628L (323K)"*v(v +0.0628 L)
l mol

mo

Solving for v numerically,

v 20.1093L

mol
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3
y = 200008 1003 L
44.10- 8- mol
mol

(2 points)
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The Peng-Robinson equation of state

p= RT aa(T)
v—=b v(v+b)+b(v—>)

22 RT
Where a=0.45724 R TC , b =0.07780 <
aT)=[+Kk(1-T)OP, K =0.37464+1.542260-0.26992¢

From Appendix A,
P, = 42.44 bar, T, = 370.0K, w=0.152
Calculating

0.08314 L2 2370 0K
a=0.45724 molK =10.195

42 44bar

0083142297 370.0K)

b =0.07780 molK =0.0564
42 44bar

K =0.37464 +1.54226(0.152) - 0.26992(0.152)* = 0.603

323K
T)=[1+(0.603)(1—,[———)]* =1.081
a(T)=[1+( X 37OK)]

Substitute values into PR EOS,

p= RT aa(T)
v—=b v(v+b)+b(v—>)

(0.08314 L24"
35bar = molk

)(323K) ) (10.195)(1.081)

10.21

L
mol

y=0.0564- L b(v+0.0564—5 ) +0.0564—E (v=0.0564—L)
mol mol mol
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Solving for v numerically,

V= 0.0942i
mol
V= M %
MW

V= M0_0942L

44.10 8- mol
mol

(2 points)
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10.21

(c¢) The compressibility charts

»=—=——=0.825
P 42.44bar

=T 3BK 803
T. 370.0K

Using Tables C.1 and C.2 (by interpolation)

79 =0.1349

7" =-0.0520

— (0 1
z=7"+aw"

z=0.1349 + 0.152(-0.0520)

z=0.127
M _ zRT

V=ny=(—=)(—

( MW)( > )

Lbar
50000 0.127(0.08314 — )(323K)
V= ) 35
44.10-5- ar

mol

(1 point)
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(1 poiny
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The textbook software, ThermoSolver: www.wiley.com/college/koretsky
Using Peng-Robinson Equation of State,
V= 0.0942L
mol
y = 200008 5040 L
44.10- 8- mol
mol
(1 point)

Using Compressibility Chart,

V= 0.0971L

mol

M0_0971L

44.10 8- mol
mol

(1 point)

V=


http://www.wiley.com/college/koretsky

