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Chapter 7, Solution 90.

Liquid water is pumped reversibly  to a specified pressure at a specified rate. The power input to the pump is to be determined.

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic and potential energy changes are negligible. 3 The process is reversible. 

Properties The specific volume of saturated liquid water at 20 kPa is  v1 = vf @ 20 kPa = 0.001017 m3/kg (Table A-5).

Analysis The power input to the pump can be determined directly from the steady-flow work relation for a liquid,
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Chapter 7, Solution 92E.

Saturated refrigerant-134a vapor is to be compressed reversibly  to a specified pressure. The power input to the compressor is to be determined, and it is also to be compared to the work input for the liquid case.

Assumptions 1 Liquid refrigerant is an incompressible substance. 2 Kinetic and potential energy changes are negligible. 3 The process is reversible. 4 The compressor is adiabatic.

Analysis The compression process is reversible and adiabatic, and thus isentropic, s1 = s2.  Then the properties of the refrigerant are (Tables A-11E through A-13E)
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The work input to this isentropic compressor is determined from the steady-flow energy balance to be
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Thus,
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If the refrigerant were first condensed at constant pressure before it was compressed, we would use a pump to compress the liquid. In this case, the pump work input could be determined from the steady-flow work relation to be
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where v3 = vf @ 15 psia = 0.01165 ft3/lbm.  Substituting,
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Chapter 7, Solution 96E.

Helium gas is compressed from a specified state to a specified pressure at a specified rate. The power input to the compressor is to be determined for the cases of isentropic, polytropic, isothermal, and two-stage compression.

Assumptions 1 Helium is an ideal gas with constant specific heats. 2 The process is reversible. 3 Kinetic and potential energy changes are negligible. 

Properties The gas constant of helium is R = 2.6805 psia.ft3/lbm.R = 0.4961 Btu/lbm.R. The specific heat ratio of helium is k = 1.667 (Table A-2E).

Analysis  The mass flow rate of helium is
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(a)  Isentropic compression with k = 1.667:
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(b)  Polytropic compression with n = 1.2:
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(c)  Isothermal compression:
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(d) Ideal two-stage compression with intercooling (n = 1.2):  In this case, the pressure ratio across each stage is the same, and its value is determined from
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The compressor work across each stage is also the same, thus total compressor work is twice the compression work for a single stage:
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Chapter 7, Solution 98.

Nitrogen gas is compressed by a 10-kW compressor from a specified state to a specified pressure. The mass flow rate of nitrogen through the compressor is to be determined for the cases of isentropic, polytropic, isothermal, and two-stage compression.

Assumptions 1 Nitrogen is an ideal gas with constant specific heats. 2 The process is reversible. 3 Kinetic and potential energy changes are negligible. 

Properties The gas constant of nitrogen is R = 0.297 kJ/kg.K (Table A-1). The specific heat ratio of nitrogen is k = 1.4 (Table A-2).

Analysis  (a)  Isentropic compression:

or,     
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It yields
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(b)  Polytropic compression with n = 1.3:

or,
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It yields
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(c)  Isothermal compression:
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It yields
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(d)  Ideal two-stage compression with intercooling (n = 1.3):  In this case, the pressure ratio across each stage is the same, and its value is determined to be
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The compressor work across each stage is also the same, thus total compressor work is twice the compression work for a single stage:

or,
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Chapter 7, Solution 106.

Steam enters an adiabatic turbine at a specified state, and leaves at a specified state. The mass flow rate of the steam and the isentropic efficiency are to be determined. 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible.
Analysis (a)  From the steam tables (Tables A-4 and A-6),
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There is only one inlet and one exit, and thus 
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. We take the actual turbine as the system, which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form as



[image: image25.wmf]out

in

energies

 

etc.

 

potential,

         

kinetic,

 

internal,

in 

 

change

 

of

 

Rate

(steady)

  

0

system

mass

 

and

 

 work,

heat,

by 

 

nsfer

energy tra

net 

 

of

 

Rate

out

in

0

E

E

E

E

E

&

&

4

4

3

4

4

2

1

&

4

3

4

2

1

&

&

=

=

D

=

-

Ã


                      
[image: image26.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

+

-

-

=

@

D

@

+

=

+

2

0)

pe

  

(since

   

/2)

+

(

)

2

/

(

2

1

2

2

1

2

out

a,

2

1

2

out

a,

2

1

1

V

V

h

h

m

W

Q

V

h

m

W

V

h

m

&

&

&

&

&

&


Substituting, the mass flow rate of the steam is determined to be 
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(b)  The isentropic exit enthalpy of the steam and the power output of the isentropic turbine are
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and
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Then the isentropic efficiency of the turbine becomes
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Chapter 7, Solution 107.

Argon enters an adiabatic turbine at a specified state with a specified mass flow rate, and leaves at a specified pressure. The isentropic efficiency of the turbine is to be determined. 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 4 Argon is an ideal gas with constant specific heats.
Properties The specific heat ratio of argon is k = 1.667. The constant pressure specific heat of argon is cp = 0.5203 kJ/kg.K (Table A-2).

Analysis There is only one inlet and one exit, and thus 
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. We take the isentropic turbine as the system, which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form as
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From the isentropic relations,



[image: image33.wmf](

)

(

)

K

 

479

kPa

 

1500

kPa

 

200

K

 

1073

7

0.667/1.66

/

1

1

2

1

2

=

÷

÷

ø

ö

ç

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

-

k

k

s

s

P

P

T

T


Then the power output of the isentropic turbine becomes
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Then the isentropic efficiency of the turbine is determined from
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Chapter 7, Solution 114.

CO2 gas is compressed by an adiabatic compressor from a specified state to another specified state. The isentropic efficiency of the compressor is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 4 CO2 is an ideal gas with constant specific heats.
Properties At the average temperature of (300 + 450)/2 = 375 K, the constant pressure specific heat and the specific heat ratio of CO2 are k = 1.260 and cp = 0.917 kJ/kg.K (Table A-2).

Analysis The isentropic exit temperature T2s is 
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From the isentropic efficiency relation,

     
[image: image37.wmf](

)

(

)

89.5%

=

=

-

-

=

-

-

=

-

-

=

-

-

=

=

895

.

0

300

450

300

2

.

434

1

2

1

2

1

2

1

2

1

2

1

2

T

T

T

T

T

T

c

T

T

c

h

h

h

h

w

w

a

s

a

p

s

p

a

s

a

s

C

h


Chapter 7, Solution 117.

Hot combustion gases are accelerated in a 92% efficient adiabatic nozzle from low velocity to a specified velocity. The exit velocity and the exit temperature are to be determined. 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 4 Combustion gases can be treated as air that  is an ideal gas with variable specific heats.
Analysis  From the air table (Table A-17),
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From the isentropic relation ,
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There is only one inlet and one exit, and thus 
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. We take the nozzle as the system, which is a control volume since mass crosses the boundary. The energy balance for this steady-flow system for the isentropic process can be expressed as
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Then the isentropic exit velocity becomes
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Therefore,
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The exit temperature of air is determined from the steady-flow energy equation,


[image: image45.wmf](

)

(

)

kJ/kg

 

806.95

/s

m

 

1000

kJ/kg

 

1

2

m/s

 

80

m/s

 

728.2

kJ/kg

 

1068.89

2

2

2

2

2

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

a

h


From the air table we read 
         T2a  =  786.3 K

Chapter 7, Solution 123.

Steam is condensed by cooling water in the condenser of a power plant. The rate of condensation of steam and the rate of entropy generation are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The enthalpy and entropy of vaporization of water at 60(C are hfg =2358.0 kJ/kg and sfg = 7.0769 kJ/kg.K  (Table A-4). The specific heat of water at room temperature is  cp = 4.18 kJ/kg.(C (Table A-3).  

Analysis (a) We take the cold water tubes as the system, which is a control volume. The energy balance for this steady-flow system can be expressed in the rate form as
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Then  the heat transfer rate to the cooling water in the condenser becomes
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 The rate of condensation of steam is determined to be 
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 (b) The rate of entropy generation within the condenser during this process can be determined by applying the rate form of the entropy balance on the entire condenser. Noting that the condenser is well-insulated and thus heat transfer is negligible, the entropy balance for this steady-flow system can be expressed as 



[image: image49.wmf]{

)

(

)

(

 

0

)

0

 

(since

   

0

3

4

steam

1

2

water

gen

gen

4

steam

2

water

3

steam

1

water

gen

4

4

2

2

3

3

1

1

entropy

 

of

   

change

 

of

 

Rate

(steady)

 

0

system

generation

    

entropy

 

of

 

Rate

gen

mass

 

and

heat 

by 

      

ansfer

entropy tr

net 

 

of

 

Rate

out

in

s

s

m

s

s

m

S

S

s

m

s

m

s

m

s

m

Q

S

s

m

s

m

s

m

s

m

S

S

S

S

-

+

-

=

=

+

-

-

+

=

=

+

-

-

+

D

=

+

-

&

&

&

&

&

&

&

&

&

&

&

&

&

4

4

3

4

4

2

1

&

&

4

3

4

2

1

&

&

Ã


Noting that water is an incompressible substance and steam changes from saturated vapor to saturated liquid, the rate of entropy generation is determined to be
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Chapter 7, Solution 150.

The total installed power of compressed air systems in the US is estimated to be about 20 million horsepower.  The amount of energy and money that will be saved per year if the energy consumed by compressors is reduced by 5 percent is to be determined. 

Assumptions 1 The compressors operate at full load during one-third of the time on average, and are shut down the rest of the time. 2 The average motor efficiency is 85 percent.  
Analysis The electrical energy consumed by compressors per year is

    Energy consumed = (Power rating)(Load factor)(Annual Operating Hours)/Motor efficiency



     = (20(106 hp)(0.746 kW/hp)(1/3)(365(24 hours/year)/0.85



     = 5.125(1010 kWh/year

Then the energy and cost savings corresponding to a 5% reduction in energy use for compressed air become


Energy Savings  = (Energy consumed)(Fraction saved)




= (5.125(1010 kWh)(0.05)




= 2.563(109 kWh/year


     Cost Savings = (Energy savings)(Unit cost of energy)




= (2.563(109 kWh/year)($0.07/kWh)




= $0.179(109 /year

Therefore, reducing the energy usage of compressors by 5% will save $179 million a year.

Chapter 7, Solution 173.

Air is compressed in a two-stage ideal compressor with intercooling. For a specified mass flow rate of air, the power input to the compressor is to be determined, and it is to be compared to the power input to a single-stage compressor.

Assumptions 1 The compressor operates steadily. 2 Kinetic and potential energies are negligible. 3 The compression process is reversible adiabatic, and thus isentropic. 4 Air is an ideal gas with constant specific heats at room temperature.
Properties The gas constant of air is R = 0.287 kPa.m3/kg.K (Table A-1). The specific heat ratio of air is k = 1.4  (Table A-2).

Analysis The intermediate pressure between the two stages is
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The compressor work across each stage is the same, thus total compressor work is twice the compression work for a single stage:
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and
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The work input to a single-stage compressor operating between the same pressure limits would be
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and
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Discussion Note that the power consumption of the compressor decreases significantly by using 2-stage compression with intercooling.
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