1313 A gas mixture consists of 5 kg of Oy, 8§ kg of N,
and 10 kg of CO,. Determine (a) the mass fraction of each
component, () the mole fraction of each component, and
(c) the average medar mass and pas constant of the mixtwre.

13-13 The masses of the constituents of a gas muxture are grven. The mass fractions, the mole fractons, the
average molar mass, and gas constant are to be determmed.

Prepernes The molar mazses of Oy, No, and CO, are 32.0, 28.0 and 44.0 kg'kmol, respectively (Table A-1)
Analysis (a) The total mass of the maxiure 15

my =mg tmy tmeg =5kgtike+10kg=23kg

Then the mass frachon of each component becomes

m ikg 0,
mfy =2z = X2 417 BkgN,
Fom, 23k 10 kg CO,

mey =N _Ske a4

¥, 23ke
f Ll 10kg 0432
B0 T T, 13kg ;

Ng =—2=__"*8  —(156kmol
Mg 32kg/kmol
m
Ny =X o 8k8 986 kmal
My 28kzlkmol
m 10k
Nep, =——2 = E o 0.227kmol
Men,  44kzkmol
Thus,
N, =Ng, + Ny, +Ngg, =0.156 kmol +0.286 kmol +0.227 kmol = 0.663 kmol
and

No, _ 0.156kmol _

= = 0.233
N, 0699 kmol

Yo

Neo, 0227 kmol

= o =10.339
7 N,  0.669kmol

Yo

() The average molar mass and gas constant of the mixture are determimed from their definifions:

213k
My =mm 77 34 4kekmol
N,  0.669 kmol

z <M =3'3“H'ml'K=uwa-kg.K
"M 34 4 kg/kmol e



EXAMPLE 13-3 Mixing Two Ideal Gazes in a Tank

An insulated rigid tank is divided into two compartments by a partition, as
shown in Fig. 13-14. One compariment contains ¥ kg of oaygen gas at 40°C
and 100 kPa, and the other compartment contains 4 kg of nitrogen gas at
20°C and 150 kPa. Mow the partition is removed, and the two gases are
allowed to mix. Determine (a) the mixture temperature and (b} the mixture
pressure after equilibrivm has been established.

Solution A rigid tank contains two gases separated by a partition. The pres-
sure and temperature of the mixture are to be determined after the partition
i= remowved.

Assumptions 1 We assume both gases to be ideal gases, and their mixture
to be an idealgas mixture. This assumplion is reasonable since both the
oxygen and nitrogen are well abowe their critical temperatures and weall balow
their critical pressures. 2 The tank is insulated and thus there is no heat
transfer. 3 There are no other forms of work invaheed.

Properties The constant-wolume specific heats of Nz and 05 at room temiper-
ature are Gy = 0.743 klkg - K and c,p = 0.658 klkg - K (Table A-Za).
Analysis We take the entire contents ﬁ the tank (both compartments} as
the system. This is a closed system since no mass crosses the boundary dur-
ing the process. We note that the wolume of a rigid tank is constant and thus
there is no boundary work done.

{2} Noting that there is no enengy transfer to or from the tank, the enengy
balance for the systemn can be expressed as

Ei — Eq = AEpinm
0= AU = Al + Al
[me T, — T}, + [m(Te — Ti)]o, = 0

By wsing c, values at room temperature, the final temperature of the mixture
is debermined fo be

(4 kg)(0.743 K /kg - K)(T,, — 20°C) + (7 kg)(0.638 Kl /kg- K)(T,, — 40°C) = 0
T, = 32.2°C
(h) The final pressure of the mixture is determined from the ideal-gas relation
PV, = N_R,T,
where

100 EPa 150 kPa
Fartition

FIGURE 13-14
Schematic for Example 13-3.



and

NR.T, (0.219 kmol ) (5314 kPa - m’femol - K) (313 K)

Vy, ( = )n: i 570 m*
NR_T, (0,143 kmol ) (2314 kPa - m*,kmol - K (293 K)

Wy = ') - -132m

" ( P, Ju 150 kPa
Vo=V + Vi = 570423 - 802 0
Thus,
N_R,T. (0362 kmol)(8.314 kPa - m’/kmol- K) (3052 K)
Po=—0 T 1145 kPa

Discussior We could also determine the midure pressure by using Py =
Mgy T where Ry is the apparent gas constant of the mixture. This
would require a knowledge of mixture composition in terms of mass or maole
fractions.



iy ooy
59 iy b
200 kPa 0 EPa

FIGURE 13-15
Schematic for Example 13-4,

EXAMPLE 13-4 Exergy Destruction during Mixing of ldeal Gases

An insulated rigid tank is divided into two compartments by a partition, as
shown in Fig. 13-15. One compartment contains 3 kmaol of O, and the
other compartment contains 5 kmol of ;. Both gases are initially at 25°C
and 200 kPa. Now the partition is remowed, and the two gases are allowed
to mix. Assuming the swmroundings are at 25°C and both gases behawe as
ideal gases, determine the entropy change and exergy destruction associated
with this process.

Solution A rigid tank contains two gases separated by a partition. The
entropy change and exergy destroyed after the partition is removed are to be
determined.

Assuymptiors Both gases and their mixture are ideal gases.

Analysis We take the entire confents of the tank (both compartments) as
the system. This is a closed systemn since no mass crosses the boundary dur-
ing the process. We note that the wolume of a rigid tank & constant, and
there is no energy transfer as heat or work. Also, both gases are initially at
the same temperature and pressure.

When two ideal gases initially at the same temperature and pressure are
mixed by removing a partition between them, the mixture will also be at the
same temperature and pressure. (Can you prove it? 'Will this be true for non-
ideal gases?) Therefore, the temperature and pressure in the tank will still be
25°C and 200 kPa, respectively, after the mixing. The entropy change of
each component gas can be determined from Egs. 13-18 and 13-25:

:r-'J"D F,
A5, =T AS; = SN, AT, - EN,-(EH-lnT—d— R,ln;)
] L
- -R, ¥ N; Iu% - —R, ¥ N Iny;

1]

since Ppy = F; = 200 kPa. It is obvicus that the entropy change is inda-
pendent of the compesition of the mixture in this case and depends on only

the maole fraction of the gases in the midure. What is not so obvious is that
if the same gas in two different chambers is mixed at constant temperature
and pressure, the entropy change is zero.

Substituting the known values, the entropy change becomes

Ne = No, + Neo, = (3 + 5) kmol = 8 kmol

No, 3 kmal
¥, — N ~3 = 0375
Noo, 5 kmal
'Fm—N——E—II—m

A5, = —R,(Ng Inyg, + Neg, In ¥ )
= — (8314 kJ/kmol - K)[ {3 kmol ) (In 0.375) + (5 kmol ) (In 0625) ]
= 440Kk]K
;I'hﬂ exergy destruction associated with this mixing process is determined
Tom
Kimtrogt = TS = o AS
= (298 K) {440 KI/K)
= 131 M]

Discussion  This large walue of exerngy destruction shows that mixing pro-
cesses are highly imeversible.



EXAMPLE 13-2 P-y-T Behavior of Nonideal Gas Mixtures

A rigid tank contains 2 kmol of N, and & kmal of OOy gases at 300 K and
15 MPa (Fig. 13-10). Estimate the wolume of the tank on the basis of
{2} the ideal-gas equation of state, (b) Kay's rule, (c) compressibility factors
and Amagat's law, and {d') compressibility factors and Dalton’s law.

Solution The composition of a misture in a rigid tank is given. The volume
of the tank is to be determined using fouwr different approaches.

Assemptions Stated in each section.

Aralysis  (3) When the mixture is assumed to behave as an ideal gas, the
wolume of the mixture is easily determined from the ideal-gas relation for the
mixture:

_ N.RT,  (8kmol)(8314 kPa- m’/kmol - K) (300 K)
P 15,000 kPa

v - L33 m*

since

No = My, + N, = 2 + 6 = 8 kmiol
(5) To use Kay's rule, we need to determine the pseudocritical temperature
and pseudocritical pressure of the mixture by wsing the critical-point proper-
ties of M, and CO.; from Table A-1. However, first we need to determine the
maole fraction of each component:

T, — % ¥ = ¥Tan, + Foo.Tapo,

= (0351262 K) + (075){AM2K) = 2507 K
Pln = B ¥iPo; = ¥ Fan, + Yoo Papo,

= (0.25)(3.39 MPa) + (0.75)(7.39 MPa) = .39 MPa

Then,
= 0K
=== LI&
TP EIEEE Z_ =049 (Fig. A-15h)
Py - AT 2.35
Thus,
Z-H-HIT-

2 kmal Ny
& kmol £y
0 K
15 MPs
w-1

FIGURE 13-10
Schematic for Example 13-2.



{c) When Amagat’s law is used in conjunction with compressibility factors, 2,
is determined from Egq. 13-10. But first we need to determine the Z of each
compaonent on the basis of Amagat's law:

. 30K
N Tew =g =g~ ®
;"= ey Zy = 102  (Fig. A-15h)
Fav = B ~730Mmm ~ 4
300 K
€O Tem, =7 -~ 33K ~
Zpn, = 030 (Fig. A-15h)
o P I5MPa_ .
R T E T I Mpa

Mixture:  Zo = ¥ wZ = w2y, + yon, Zo,
= [D25){1.02) + (0.75)(0.30) — 048
Thss,
I N.R.T,
v = Lmtemlela
'm —F_
The compressibility factor in this case tumed out fo be almost the same as
the one determined by using Kay's rule.
{d} When Dalton's law is used in conjunction with compressibility factors, 2,
is again determined from Eq. 13-10. However, this time the Z of each com-
panent is to be determined at the mixture temperature and volume, which is
nat known. Therefore, an iterative solution is required. We start the calcula-
tions by assuming that the wolume of the gas mixture is 1.330 m?, the valus
determined by assuming ideal-gas behavior.
The Tg walues in this case are identical to those obtained in part (c) and
remain constant. The pseudoreduced volume is determined from its defini-
tion in Chap. 3:

- F My = (0481330 m*) = 0.638 m’

Vi Vo /Ny,
R Y %
_ {1.33 m' )/ (2 kmol) _
{8.314 kPa- m’/kmal - K) {126.2 K)/ (3390 kPa)

215

Similarly,
{1.33 m)/ (6 kmol)
VREo, = 15314 kPa - mrykmol - K) (3042 K)/ (7390 kPa)
From Fig. A-15, we read Z, = 0.90 and £, = (.56. Thus,
Z, = ¥, + Yoo Zon, — (0.25)(0099) + (0.75)(0.56) = 057

= 648

and

En N Rl
W b bl )
= P

- Z My = (06T)(1.330 m') = 0LE91 m*

This is 33 percent lower than the assumed walue. Therefore, we should
regeat the calculations, using the new value of V. When the calculations
are repeated we obtain 0.738 m? after the sacond iteration, 0.678 m after
the third iteration, and 0.548 m? after the fourth iteration. This value doss

not change with more iterations. Therefora,
W, = 0648 m*

Dis cwssion  Motice that the results obtained in parts (B, ic), and (d') are
very close. But they are wery different from the ideal-gas walues. Therefore,

treating a mixture of gases as an ideal gas may yield unaccepiable errors at

high pressures.



