Solutions to Chesnical and Engineering Thermodynamics, Je

5.13 (Also available asaMathcad worksheet. The Mathcad solution includes graphs.)

(@) Usethe Clausius-Clapeyron equation

DH'® _ In(A/P)
R YL- 9T,

1
Plotting In P vs. T and graphically taking slope, | find DH"* ~ 42700 J/mol .
(b) The vapor pressureislow enough that the ideal gas approximation should be valid—thus

dinP'® _DInpP'® _ DH'®
dT DT RT?

either graphically or analytically, we find
DH"* ~ 313,600 J/mol
5.14 (a) Start with Eqgn. (5.4-6)
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(c) vdWeo.s.
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(d) Peng-Robinson equation of state. Start with

v v
yox yex LV V-b V(I +b)+b(V - b)
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V-b 2«/7; +(1-2p
:RTInzZB 2«/_19{ ET«/\/_;))ZI

[See solution to Problem 4.2 for integral]. Therefore
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515 (a) f,L'jS—fHZS, Y® = P(f/P), where the fugacity coefficient, (/P will be gotten from
corresponding states.

20
Tows=3732K b T =220 2815_ ggq0p
Ho 3732

Zcu,s = 0284, whichis reasonably closeto 0.27
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From Fig. 5.4-1, % =0765, fy,s =20" Q765=153bar .
(b) For aliquid, from Egn. (5.4-18)

f= P"ap(%jsalexp{ '[f %dP}

PV®

Since P'® =6455" 10° Pa at the temperature of interest, we will assume that (f/P),

Also, we will consider the liquid to beincompressible. Thus

[ Lap=L [ar- (P P“ap)
o RT T RT
and
v(p- P 0.018(P - 6455)
= P**®exp = = 6455exp{ ' }Pa
Jas p[ RT 8314 10° 310.6
so that
Pressure, Pa s Pa Reported
P=10" 10’ 6,921 6,925
50" 10 9,146 9,175
10”108 12,960 12,967

5.16 (also available asaMathcad worksheet)
(@) Thereare (at least) two ways to solve this problem. One way isto start from

1 ”( RT
= Pexpl— (|- 2= lap
= ool p)
or

P
RT
RTInL:J(V- —)dP
P P
RT _8314" 10° MPaxm®/mol K * (27315+ 400)K _ 0310748 g
P P(MPa) " 1801 g/mol ~ 10°% kg/g P

~1.
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From Steam Tables 7'=400°C

PMPa v m*/kg V- RT|P
0.01 31.063 -0.0118
0.05 6.029 ~0.00596
0.10 3.103 -0.00448
0.2 1.5493 -0.00444
03 1.0315 -0.00433
0.4 0.7726 -0.00427
05 0.6173 -0.00420
0.6 05137 -0.00421
0.8 0.3843 -0.00413
1.0 0.3066 -0.00415
1.2 0.2548 ~0.00416
1.4 0.2178 -0.00416
16 0.19005 ~0.00417
1.8 0.16847 -0.00417
2.0 0.15120 -0.00417

By numerical integration of this datawe find that

RTW% ~ -00084 MPaxm?/kg

_ 3
b . - 00084 MPaxm 3/|<g 0027032
P 0310748 MPaxm®/kg

so f/P=097333 and f =1947 MPa. A second way to use the steam tables is to assume that
steam at 400°C and 0.(31 MPaisanideal g?s. From the steam tables, at these conditions, we have
H =32796 kJ/kg; §=96077 kJ/kg K
P G=H- TS = 32796- 67315 96077 = - 31878 kJ/kg
= - 574127 kJ/kmol = G(400° C, 0.01 MPa) = G'®(400° C, 0.01 MPa)

Also
2MPa
G'®(T=400°C, 2MPa) - G'(T = 400°C, 0.01 MPa) = jK'GdP
P=001MPa
2MPa RT
G'(T'=400°C, 2 MPa) = -574127 kJ/kmol + [ =—aP
001

=-574127+83141n200 = - 277603 kJ/ kmol

Also, from steam tables

G(T = 400°C, 2 MPa) = (32476- 67315" 71271)" 1801
= - 2791563 kJ/kmol
f G- G'° p( 2791563+ 27760.3)
—zexpg =—— |=ex -
P RT 8314 67315
= 09726
£ =09726" 2 MPa=1945MPa
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(b) Corresponding states (7. = 647.3K, P, = 22048 MPa, w = 0344)

2200428315 _ 404 p=—2_~ 00907
647.3 22048

From corresponding states chart (actually from Table in Hougen, Watson and Rogatz, Vol. Il, p.
601) we have

=0983b f =1966 MPa

~ |~

(¢) Using the program PR1 we find

£ =19.40 bar =1940 MPa

Comment: The steam table results are probably the most accurate, and the corresponding states
results the least accurate. Note that with the availability of the computer program PR1, the P-R
€.0.s. is the easiest to use. The results would be even more accurate if the PRSV equation was
used.





