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Chapter 13, Solution 11.

The molar fractions of the constituents of a gas mixture are given. The gravimetric analysis of the mixture, its molar mass, and gas constant are to be determined.  

Properties The molar masses of N2, and CO2 are 28.0 and 44.0 kg/kmol, respectively (Table A-1)

Analysis Consider 100 kmol of mixture.  Then the mass of each component and the total mass are
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Then the mass fraction of each component (gravimetric analysis) becomes

The molar mass and the gas constant of the mixture are determined from their definitions,

and
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Chapter 13, Solution 33.

A tank contains a mixture of two gases of known masses at a specified pressure and temperature. The mixture is now heated to a specified temperature. The volume of the tank and the final pressure of the mixture are to be determined.

Assumptions Under specified conditions both Ar and N2 can be treated as ideal gases, and the mixture as an ideal gas mixture.

Analysis The total number of moles is

And     
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Also,
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Chapter 13, Solution 34.

The masses of the constituents of a gas mixture at a specified pressure and temperature are given. The partial pressure of each gas and the apparent molar mass of the gas mixture are to be determined.
Assumptions Under specified conditions both CO2 and CH4 can be treated as ideal gases, and the mixture as an ideal gas mixture.

Properties The molar masses of CO2 and CH4 are 44.0 and 16.0 kg/kmol, respectively (Table A-1)

Analysis The mole numbers of the constituents are
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Then the partial pressures become
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The apparent molar mass of the mixture is
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Chapter 13, Solution 37.

The volumetric fractions of the constituents of a gas mixture at a specified pressure and temperature are given. The mass fraction and partial pressure of each gas are to be determined. 

Assumptions Under specified conditions all N2, O2 and CO2 can be treated as ideal gases, and the mixture as an ideal gas mixture.

Properties The molar masses of N2, O2 and CO2 are 28.0, 32.0, and 44.0 kg/kmol, respectively (Table A-1)

Analysis For convenience, consider 100 kmol of mixture. Then the mass of each component and the total mass are
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Then the mass fraction of each component (gravimetric analysis) becomes
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For ideal gases, the partial pressure is proportional to the mole fraction, and is determined from
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Chapter 13, Solution 38.

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 N2 and O2 can be treated as ideal gases, and the mixture as an ideal gas mixture
Properties The molar masses of N2 and O2 are 28.0 and 32.0 kg/kmol, respectively (Table A-1)

Analysis The volumes of the tanks are
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Also,
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Thus,
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Chapter 13, Solution 39.

The volumes, temperatures, and pressures of two gases forming a mixture are given. The volume of the mixture is to be determined using three methods.

Analysis (a) Under specified conditions both O2 and N2 will considerably deviate from the ideal gas behavior. Treating the mixture as an ideal gas,
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(b)  To use Kay's rule, we need to determine the pseudo-critical temperature and pseudo-critical pressure of the mixture using the critical point properties of O2 and N2 from Table A-1.  But we first need to determine the Z and the mole numbers of each component at the mixture temperature and pressure (Fig. A-15),

   O2:

[image: image22.wmf]77

.

0

575

.

1

MPa

 

5.08

MPa

 

8

292

.

1

K

 

154.8

K

 

200

2

2

2

2

2

O

O

cr,

O

,

O

cr,

O

,

=

ï

ï

þ

ï

ï

ý

ü

=

=

=

=

=

=

Z

P

P

P

T

T

T

m

R

m

R


   N2:
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The mole fractions are
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Then,
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(Fig. A-15)

Thus,
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(c)  To use the Amagat’s law for this real gas mixture, we first need the Z of each component at the mixture temperature and pressure, which are determined in part (b).  Then,
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Thus, 
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Chapter 13, Solution 55.

The temperatures and pressures of two gases forming a mixture in a mixing chamber are given. The mixture temperature and the rate of entropy generation are to be determined.

Assumptions 1 Under specified conditions both C2H6 and CH4 can be treated as ideal gases, and the mixture as an ideal gas mixture. 2 The mixing chamber is insulated and thus there is no heat transfer. 3 There are no other forms of work involved. 3 This is a steady-flow process. 4 The kinetic and potential energy changes are negligible.  

Properties The specific heats of C2H6 and CH4 are 1.7662 kJ/kg.(C and 2.2537 kJ/kg.(C, respectively. (Table A-2b). 

Analysis (a) The enthalpy of ideal gases is independent of pressure, and thus the two gases can be treated independently even after mixing. Noting that 
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Using cp values at room temperature and substituting, the exit temperature of the mixture becomes
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(b)  The rate of entropy change associated with this process is determined from an entropy balance on the mixing chamber,
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The molar flow rate of the two gases in the mixture is
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Then the mole fraction of each gas becomes
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Thus,
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Noting that  
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Chapter 13, Solution 63.

Heat is transferred to a gas mixture contained in a piston cylinder device. The initial state and the final temperature are given. The heat transfer is to be determined for the ideal gas and non-ideal gas cases.

Properties The molar masses of H2 and N2 are 2.0, and 28.0 kg/kmol. (Table A-1). 

Analysis  From the energy balance relation,
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since Wb and (U combine into (H for quasi-equilibrium constant pressure processes
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(a)  Assuming ideal gas behavior, the inlet and exit enthalpies of H2 and N2 are determined from the ideal gas tables to be
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Thus, 
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(b)  Using Amagat's law and the generalized enthalpy departure chart, the enthalpy change of each gas is determined to be
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(Fig. A-29)

Thus H2 can be treated as an ideal gas during this process.

N2:
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(Fig. A-29)

Therefore,
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Substituting,    
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Chapter 13, Solution 65.

Air is compressed isothermally in a steady-flow device. The power input to the compressor and the rate of heat rejection are to be determined for ideal  and non-ideal gas cases. 

Assumptions 1 This is a steady-flow process. 2 The kinetic and potential energy changes are negligible.  

Properties The molar mass of air is 29.0 kg/kmol. (Table A-1). 

Analysis The mass flow rate of air can be expressed in terms of the mole numbers as
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(a)  Assuming ideal gas behavior, the (h and (s of air during this process is


[image: image49.wmf](

)

(

)

K

kJ/kmol

 

5.763

MPa

 

4

MPa

 

8

ln

 

K

kJ/kg

 

8.314

ln

ln

ln

process

 

isothermal

0

1

2

1

2

0

1

2

×

-

=

×

-

=

-

=

-

=

D

=

D

P

P

R

P

P

R

T

T

c

s

h

u

u

p

Ã


Disregarding any changes in kinetic and potential energies, the steady-flow energy balance equation for the isothermal process of an ideal gas reduces to
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Also for an isothermal, internally reversible process the heat transfer is related to the entropy change by
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(b) Using Amagat's law and the generalized charts, the enthalpy and entropy changes of each gas are determined from
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where

N2:
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(Tables A-29 and A-30)

O2:
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(Tables A-29 and A-30)

Then,



[image: image57.wmf]K

kJ/kmol

7.18

)

763

.

5

(

)

5

.

0

25

.

0

)(

314

.

8

)(

21

.

0

(

)

35

.

0

2

.

0

)(

314

.

8

)(

79

.

0

(

)

(

)

(

kJ/kmol

494

0

)

0

.

1

4

.

0

)(

8

.

154

)(

314

.

8

)(

21

.

0

(

)

8

.

0

4

.

0

)(

2

.

126

)(

314

.

8

)(

79

.

0

(

)

(

)

(

2

2

2

2

2

2

2

2

O

1

2

O

N

1

2

N

1

2

O

1

2

O

N

1

2

N

1

2

×

-

=

-

+

-

+

-

=

-

+

-

=

D

=

-

-

=

+

-

+

-

=

-

+

-

=

D

=

-

s

s

y

s

s

y

s

y

s

s

h

h

y

h

h

y

h

y

h

h

i

i

i

i


Thus,
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