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Chapter 5, Solution 109.

A computer is cooled by a fan blowing air through the case of the computer. The required flow rate of the air and the fraction of the temperature rise of air that is due to heat generated by the fan are to be determined. 

Assumptions 1 Steady flow conditions exist. 2 Air is an ideal gas with constant specific heats. 3 The pressure of air is 1 atm. 4 Kinetic and potential energy changes are negligible

Properties   The specific heat of air at room temperature is cp = 1.005 kJ/kg.(C (Table A-2). 

Analysis   (a) We take the air space in the computer 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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Noting that the fan power is 25 W and the 8 PCBs transfer a total of 80 W of heat to air, the mass flow rate of air is determined to be
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(b) The fraction of temperature rise of air that is due to the heat generated by the fan and its motor can be determined from
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Chapter 5, Solution 114.

A hair dryer consumes 1200 W of electric power when running. The inlet volume flow rate and the exit velocity of air are to be determined. 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with constant specific heats at room temperature. 3 Kinetic and potential energy changes are negligible. 4 The power consumed by the fan and the heat losses are negligible.
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The constant pressure specific heat of air at room temperature is cp = 1.005 kJ/kg·K (Table A-2)

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

   
[image: image5.wmf])

(

)

(

0)

pe

ke

  

(since

   

0

1

2

1

2

in

e,

out

2

1

in

e,

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

T

T

c

m

h

h

m

W

Q

h

m

h

m

W

E

E

E

E

E

p

-

=

-

=

@

D

@

D

@

=

+

=

=

D

=

-

&

&

&

&

&

&

&

&

&

4

4

3

4

4

2

1

&

4

3

4

2

1

&

&

ä


Substituting, the mass and volume flow rates of air are determined to be
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(b) The exit velocity of air is determined from the mass balance 
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Chapter 5, Solution 127.

A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line, and air is allowed to enter the tank until mechanical equilibrium is established. The mass of air that entered and the amount of heat transfer are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with variable specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The direction of heat transfer is to the tank (will be verified).
Properties The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1). The properties of air are (Table A-17)
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Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively, the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:        
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	Energy balance:
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The initial and the final masses in the tank are
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Then from the mass balance,
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(b) The heat transfer during this process is determined from
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Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we reversed the direction.

Chapter 5, Solution 137.

A pressure cooker is initially half-filled with liquid water. If the pressure cooker is not to run out of liquid water for 1 h, the highest rate of heat transfer allowed is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it can be analyzed as a uniform-flow process since the state of fluid leaving the device remains constant.  2 Kinetic and potential energies are negligible. 3 There are no work interactions involved.  
Properties The properties of water are (Tables A-4 through A-6)
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Analysis We take the cooker as the system, which is a control volume since mass crosses the boundary. Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively, the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:        
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	Energy balance:
	
[image: image18.wmf])

0

  

(since

  

1

1

2

2

in

energies

 

etc.

 

potential,

   

kinetic,

 

internal,

in 

 

Change

system

mass

 

and

 

 work,

heat,

by 

 

nsfer

energy tra

Net 

     

out

in

@

@

@

-

=

-

D

=

-

pe

ke

W

u

m

u

m

h

m

Q

E

E

E

e

e

4

3

4

2

1

4

3

4

2

1




The initial mass, initial internal energy, and final mass in the tank are



[image: image19.wmf](

)

(

)

(

)

(

)

kg

 

0.004

/kg

m

 

1.0037

m

 

0.004

kJ

 

926.6

2524.5

0.002

486.82

1.893

kg

 

1.895

0.002

1.893

/kg

m

 

1.0036

m

 

0.002

/kg

m

 

0.001057

m

 

0.002

3

3

2

2

1

1

1

3

3

3

3

1

=

=

=

=

+

=

+

=

=

=

+

=

+

=

+

=

+

=

v

V

v

V

v

V

m

u

m

u

m

u

m

U

m

m

m

g

g

f

f

g

g

f

f

g

f


Then from the mass and energy balances,
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Thus,
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Chapter 5, Solution 150.

A long roll of large 1-Mn manganese steel plate is to be quenched in an oil bath at a specified rate. The  mass flow rate of the plate is to be determined. 

Assumptions The plate moves through the bath steadily.

Properties The density of steel plate is given to be         ( = 7854 kg/m3. 

Analysis The mass flow rate of the sheet metal through the oil bath is
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Therefore, steel plate can be treated conveniently as a “flowing fluid” in calculations.  






























































































































































































































































































Steel plate


10 m/min





Pressure


Cooker


4 L


175 kPa





� EMBED Equation  ���





·





Q





V1 = 2 m3


P1 = 100 kPa


T1 = 22(C





Pi = 600 kPa


Ti = 22(C





·





We = 1200 W





P1 = 100 kPa


T1 = 22(C





T2 = 47(C


A2 = 60 cm2
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