13-11

13-31 The partial pressures of a gas mixture are given. The mole fractions, the mass fractions, the mixture molar mass, the
apparent gas constant, the constant-volume specific heat, and the specific heat ratio are to be determined.

Properties The molar masses of CO,, O, and N, are 44.0, 32.0, and 28.0 kg/kmol, respectively (Table A-1). The constant-
volume specific heats of these gases at 300 K are 0.657, 0.658, and 0.743 kJ/kg-K, respectively (Table A-2a).

Analysis The total pressure is

The volume fractions are equal to the pressure fractions. Then, Partial
Peop 125 pressures
Yoo = 5 =100 =0.125 CO,, 12.5 kPa

F;"‘a' e 0,, 37.5 kPa

Yoo =092 _°""°_0.375 N,, 50 kPa
P'[otall 100
P

Yoo = —2 _ 30 o0
F)total 100

We consider 100 kmol of this mixture. Then the mass of each component are

Mco2 = NcoaM oz = (12.5 kmol)(44 kg/kmol) = 550 kg
Mgy = NgyM g, =(37.5 kmol)(32 kg/kmol) =1200 kg
My = N2 M 2 = (50 kmol)(28 kg/kmol) =1400 kg

The total mass is
My, =My, + Mgy + My, =550 +1200 +1400 = 3150 kg

Then the mass fractions are

m

Mfegp = — 92 _ 550kg _ 1746
m, 3150kg
m

mfo, = oz _ 1200K3 _ 5 509
m, 3150kg

mfNz = M2 :M:0_4444
m, 3150kg

The apparent molecular weight of the mixture is

M, = _ 3150K9 _ 59 56 g/kmol

™ N_ 100 kmol

m
The constant-volume specific heat of the mixture is determined from
Cy =MFfeorCycop + MFosCy on +MnaCy N2
=0.1746x0.657 +0.3810x 0.658 + 0.4444 x 0.743
=0.6956 kJ/kg -K

The apparent gas constant of the mixture is

R, _8.314kJ/kmol K

=0.2639 kJ/kg -K
M 31.50 kg/kmol

m
The constant-pressure specific heat of the mixture and the specific heat ratio are
Cp =C, +R=0.6956+0.2639 =0.9595kJ/kg-K

c .
(_Cp _09595kikg-K _, o0

c, 0.6956ki/kg-K
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13-13

13-34 The masses, temperatures, and pressures of two gases contained in two tanks connected to each other are given. The
valve connecting the tanks is opened and the final temperature is measured. The volume of each tank and the final pressure
are to be determined.

Assumptions Under specified conditions both N, and O, can be treated as ideal gases, and the mixture as an ideal gas
mixture

Properties The molar masses of N, and O, are 28.0 and 32.0 kg/kmol, respectively. The gas constants of N, and O, are
0.2968 and 0.2598 kPa-m3/kg:K, respectively (Table A-1).

Analysis The volumes of the tanks are

. 3 .
" :[mRT) _ (2kg)(02968 kPa - m?/kg - K)(298K) _ 1o N
U Py, 550 kPa g N & 400
mRT (4 kg)(0.2598 kPa - m3/kg - K)(298 K) 25°C 25°C
v :( j _ (4kg)(0. g —2.065 m® 550 kPa 150 kPa
U P, 150 kPa

Vo =W, + Vo, =0.322m® +2.065 m® = 2.386 m*

Also,
m
Ny —oNe __2K9 7143 kmol
Z My, 28kg/kmol
2
m
Ng =0 __ 4K8 105 mol
Z Mg, 32kg/kmol
2
N, =Ny, +Ng. =0.07143 kmol + 0.125 kmol = 0.1964 kmol
2 2
Thus,

Pm

3
_ ( NRUT] _ (0.1964 kmol)(8.314 kPa - m*/kmol - K)(298 K) _ 204 kPa
m

v 2.386 m®
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13-29
13-55 The volume fractions of components of a gas mixture are given. This mixture is expanded isentropically to a
specified pressure. The work produced per unit mass of the mixture is to be determined.
Assumptions All gases will be modeled as ideal gases with constant specific heats.

Properties The molar masses of H,, He, and N, are 2.0, 4.0, and 28.0 kg/kmol, respectively (Table A-1). The constant-
pressure specific heats of these gases at room temperature are 14.307, 5.1926, and 1.039 kJ/kg-K, respectively (Table A-
2a).

Analysis We consider 100 kmol of this mixture. Noting that volume fractions are equal to the mole fractions, mass of each
component are

My, = Ny M, = (30 kmol)(2 kg/kmol) = 60 kg
Mye = NpeM e = (40 kmol)(4 kg/kmol) =160 kg 30% H,
My, = N o M o = (30 kmol)(28 kg/kmol) = 840 kg 40% He
. 30% N,
The total mass is (by volume)
My = My +Mye + My, =60+160+840 =1060 kg 5 MPa, 600°C
Then the mass fractions are
mf,, =2 _ _80K9 _ heegg
m, 1060kg
My, = e 100KG _ 1509
m, 1060 kg
mf,, = e _ 840Kg _ 7005
m, 1060 kg
The apparent molecular weight of the mixture is
M, =M _ 1060K3 46 66 kgikmol
N, 100 kmol

The constant-pressure specific heat of the mixture is determined from
=0.05660x14.307 +0.1509x5.1926 + 0.7925x1.039
=2.417kJkg-K

The apparent gas constant of the mixture is

R,  8.314kJ/kmol-K

R = =
M 10.60 kg/kmol

=0.7843 kJ/kg-K

Then the constant-volume specific heat is
¢, =C¢, ~R=2417-0.7843=1.633kJ/kg-K

The specific heat ratio is

c
So (2817 4 450

c, 1.633

v

The temperature at the end of the expansion is

(k=1) /K 0.48/1.48

P

T,=T,| 2 - (873 K)(—ZOO kPa j ~307K
P, 5000 kPa

An energy balance on the adiabatic expansion process gives
Wy =€, (T; —T,) = (2.417 ki/kg - K)(873-307) K = 1368 kJ/kg
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13-30

13-56 The mass fractions of components of a gas mixture are given. This mixture is enclosed in a rigid, well-insulated
vessel, and a paddle wheel in the vessel is turned until specified amount of work have been done on the mixture. The
mixture’s final pressure and temperature are to be determined.

Assumptions All gases will be modeled as ideal gases with constant specific heats.

Properties The molar masses of N,, He, CH,4, and C,Hs are 28.0, 4.0, 16.0, and 30.0 kg/kmol, respectively (Table A-1). The
constant-pressure specific heats of these gases at room temperature are 1.039, 5.1926, 2.2537, and 1.7662 kJ/kg-K,
respectively (Table A-2a).

Analysis We consider 100 kg of this mixture. The mole numbers of each component are

Ny =2 ___15K8___ 4 5357 o
My  28kg/kmol
m 5k 15% N,
Npe =—oHe =29 _3 55 kmol 5% He
My 4kg/kmol 60% CH,4
m 60 k 20% C,Hs
Nepg = —= 9 _375kmol (by mass)
My, 16 kg/kmol e
Ncone = Meaws 20Ky _ 0.6667 kmol 200 kPa
Mo 30 kg/kmol 20°C

The mole number of the mixture is
N, =Ny, + Nge + Nepa + Neppg =0.5357 +1.25+ 3.75+ 0.6667 = 6.2024 kmol

The apparent molecular weight of the mixture is
m

M =M _ 100 kg
"N 6.2024 kmol

=16.12 kg/kmol

m
The constant-pressure specific heat of the mixture is determined from
Cp =MFroCpnz +MFeCp e +MFepaCpca + MFeansCp cone
=0.15%1.039+0.05%5.1926 + 0.60x 2.2537 + 0.20x1.7662
=2.121kJ/kg-K
The apparent gas constant of the mixture is

_ R, 8.134kJ/kmol-K
M 16.12 kg/kmol

=0.5158 ki/kg - K

m
Then the constant-volume specific heat is
¢, =€, ~R=2121-0.5158 =1.605kJ/kg-K

The mass in the container is

P,V 8
L (200 kPai(lOm ) _13.23kg
RT;  (0.5158 kPa-m*®/kg-K)(293K)
An energy balance on the system gives
W.. .
Wepin = M, (T, —Ty) ——> T, =Ty + —100 = (203K) + 100k) =297.7K

(13.23kg)(1.605 ki/kg - K)

m*v
Since the volume remains constant and this is an ideal gas,

T :
P, = P, —2 = (200 kPa)M =203.2kPa
T 293K

1
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13-68 A piston-cylinder device contains a gas mixture at a given state. Heat is transferred to the mixture. The amount of
heat transfer and the entropy change of the mixture are to be determined.

Assumptions 1 Under specified conditions both H, and N, can be treated as ideal gases, and the mixture as an ideal gas
mixture. 2 Kinetic and potential energy changes are negligible.

Properties The constant pressure specific heats of H, and N, at 450 K are 14.501 kJ/kg.K and 1.049 kJ/kg.K, respectively.
(Table A-2h).

Analysis (a) Noting that P, = P; and ¢4 =2/,

RV, R4 T, =2iT1 = 2T, =(2)(300 K) =600 K
T2 T “ 0.5 kg H,
From the closed system energy balance relation, 1.6 kg N,
En —Ey = AEsystem l?())gok:za\
Oin — Wb,out =AU - (O,=AH ~ Q

since W, and AU combine into AH for quasi-equilibrium constant pressure processes.
Qin =AH = AH H, +AH N, = |_mcp,avg (TZ _Tl )JH2 + I.me,an (TZ _Tl )JN2
= (0.5 kg)(14.501 k/kg - K Y600 —300)K + (1.6 kg }1.049 k/kg - K }600 —300)K
=2679kJ

(b) Noting that the total mixture pressure, and thus the partial pressure of each gas, remains constant, the entropy change of
the mixture during this process is

&0
T P. T
ASy, =[m(s, _Sl)]H2 =mH2[Cp |n_|_—2— RIn—2 ] =mHz(cp InT—ZJ
H2 HZ

1 Pl 1
600 K
=(0.5 kg |14.501 kJ/kg - K)In
(05 kg g-KinZo e
=5.026 kJ/K
T P, T
ASy, =[m(s; —s;)]y, =mN2[cplnf—Rln—1 =my, cplni
N, N,
600 K
=(1.6 kg )\1.049 kJ/kg - K)In
(1.6 kg g-KlinZ oo

=1.163 kJ/K

ASyp =ASyy +ASy =5.026 kJ/K +1.163 kI/K = 6.19 kJ/K
2 2
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