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Chapter 2, Solution 28E.

The engine of a car develops 450 hp at 3000 rpm. The torque transmitted through the shaft is to be determined. 

Analysis The torque is determined from
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Chapter 2, Solution 32.

A car is to climb a hill in 10 s. The power needed is to be determined for three different cases.

Assumptions  Air drag, friction, and rolling resistance are negligible.

[image: image26.wmf]Analysis The total power required for each case is the sum of the rates of changes in potential and kinetic energies. That is,
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 since the velocity is constant. Also, the vertical rise is h = (100 m)(sin 30() = 50 m. Thus,
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(b)  The power needed to accelerate is
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(c)  The power needed to decelerate is 
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  (breaking power)

Chapter 2, Solution 37.

Water is heated in a pan on top of a range while being stirred. The energy of the water at the end of the process is to be determined.

Assumptions  The pan is stationary and thus the changes in kinetic and potential energies are negligible.

Analysis We take the water in the pan as our system. This is a closed system since no mass enters or leaves. Applying the energy balance on this system gives



[image: image10.wmf]kJ

  

35.5

=

-

=

-

+

-

=

D

=

-

+

D

=

-

2

2

1

2

out

in

sh,

in

energies

 

etc.

 

al,

   potenti

 kinetic,

internal,

 

in

 

Change

system

mass

and 

 

 work,

 heat,

by

 transfer

energy

 

Net

    

out

in

 kJ

10

 kJ

5

 kJ

5

.

0

 kJ

30

U

U

U

U

U

Q

W

Q

E

E

E

4

3

4

2

1

4

3

4

2

1


Therefore, the final internal energy of the system is 35.5 kJ.

Chapter 2, Solution 39.

A classroom  is to be air-conditioned using window air-conditioning units. The cooling load is due to people, lights, and heat transfer through the walls and the windows. The number of 5-kW window air conditioning units required is to be determined.

Assumptions There are no heat dissipating equipment (such as computers, TVs, or ranges) in the room.
Analysis The total cooling load of the room is determined from
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where






Substituting,





Thus the number of air-conditioning units required is
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Chapter 2, Solution 57.

A worn out standard motor is replaced by a high efficiency one. The reduction in the internal heat gain due to the higher efficiency under full load conditions is to be determined.

Assumptions 1 The motor and the equipment driven by the motor are in the same room. 2 The motor operates at full load so that fload = 1.

[image: image28.bmp]Analysis The heat generated by a motor is due to its inefficiency, and the difference between the heat generated by two motors that deliver the same shaft power is simply the difference between the electric power drawn by the motors,
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Then the reduction in heat generation becomes 
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Chapter 2, Solution 74.

Water is pumped from a lower reservoir to a higher reservoir at a specified rate. For a specified shaft power input, the power that is converted to thermal energy is to be determined.

[image: image29.wmf]Assumptions 1 The pump operates steadily. 2 The elevations of the reservoirs remain constant. 3 The changes in kinetic energy are negligible.  
Properties  We take the density of water to be ( = 1000 kg/m3.

Analysis The elevation of water and thus its potential energy changes during pumping, but it experiences no changes in its velocity and pressure. Therefore, the change in the total mechanical energy of water is equal to the change in its potential energy, which is gz per unit mass, and 
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 for a given mass flow rate. That is,  
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Then the mechanical power lost because of frictional effects becomes 
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Discussion The 6.8 kW of power is used to overcome the friction in the piping system. The effect of frictional losses in a pump is always to convert mechanical energy to an equivalent amount of thermal energy, which results in a slight rise in fluid temperature. Note that this pumping process could be accomplished by a 13.2 kW pump (rather than 20 kW) if there were no frictional losses in the system. In this ideal case, the pump would function as a turbine when the water is allowed to flow from the upper reservoir to the lower reservoir and extract 13.2 kW of power from the water. 
Chapter 2, Solution 78E.

Water is pumped from a lake to a nearby pool by a pump with specified power and efficiency. The mechanical power used to overcome frictional effects is to be determined. 

Assumptions 1 The flow is steady and incompressible. 2 The elevation difference between the lake and the free surface of the pool is constant.  3 The average flow velocity is constant since pipe diameter is constant.

Properties We take the density of water to be ( = 62.4 lbm/ft3.

Analysis  The useful mechanical pumping power delivered to water is 
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The elevation of water and thus its potential energy changes during pumping, but it experiences no changes in its velocity and pressure. Therefore, the change in the total mechanical energy of water is equal to the change in its potential energy, which is gz per unit mass, and 
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 for a given mass flow rate. That is,  
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Substituting, the rate of change of mechanical energy of water becomes
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Then the mechanical power lost in piping because of frictional effects becomes 
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Discussion Note that the pump must supply to the water an additional useful mechanical power of 4.0 hp to overcome the frictional losses in pipes. 

Chapter 2, Solution 88.

A household has 2 cars, a natural gas furnace for heating, and uses electricity for other energy needs. The annual amount of NOx emission to the atmosphere this household is responsible for is to be determined.   
Properties The amount of NOx  produced is 7.1 g per kWh, 4.3 g per therm of natural gas, and 11 kg per car  (given).
Analysis Noting that this household has 2 cars, consumes 1200 therms of natural gas, and 9,000 kWh of electricity per year, the amount of NOx production this household is responsible for is 
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Discussion Any measure that saves energy will also reduce the amount of pollution emitted to the atmosphere.

Chapter 2, Solution 109.

A hollow spherical iron container is filled with iced water at 0°C.  The rate of heat loss from the sphere and the rate at which ice melts in the container are to be determined.

Assumptions 1 Steady operating conditions exist since the surface temperatures of the wall remain constant at the specified values. 2 Heat transfer through the shell is one-dimensional. 3 Thermal properties of the iron shell are constant. 4 The inner surface of the shell is at the same temperature as the iced water, 0°C.

Properties The thermal conductivity of iron is k = 80.2 W/m(SYMBOL 176 \f "Symbol"C (Table 2-3). The heat of fusion of water is at 1 atm is 333.7 kJ/kg.

Analysis This spherical shell can be approximated as a plate of thickness 0.4 cm and surface area


A = (D² = 3.14×(0.2 m)² = 0.126 m²

Then the rate of heat transfer through the shell by conduction is
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Considering that it takes 333.7 kJ of energy to melt 1 kg of ice at 0°C, the rate at which ice melts in the container can be determined from
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Discussion We should point out that this result is slightly in error for approximating a curved wall as a plain wall. The error in this case is very small because of the  large diameter to thickness ratio. For better accuracy, we could use the inner surface area (D = 19.2 cm) or the mean surface area (D = 19.6 cm) in the calculations.
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