	

	College of Engineering and Computer Science

Mechanical Engineering Department
Mechanical Engineering 694C

Seminar in Energy Resources and Technology

	
	Fall 2002  Ticket: 57564  Instructor: Larry Caretto


October 23 Homework Solutions

8.6
The engine power and size of a light-duty vehicle is related to the vehicle mass.  For the vehicles of Table 8.2, calculate the average values of power/displacement, power/mass, and displacement per cylinder.  Using these values, calculate the typical engine power, displacement, and number of cylinders for a 2-ton vehicle.

The relevant data from Table 8.2 and the resulting averages are shown in the table below.

	Vehicle
	Displace​ment (L)
	Cylinders
	Maximum Power (kW)
	Vehicle mass (t)
	Power to displace​ment ratio
	Power to mass ratio
	Displace​ment per cylinder

	Honda Civic
	1.6
	4
	94.7
	1.14
	59.2
	83.1
	0.400

	Acura Integra
	1.8
	4
	126.8
	1.23
	70.4
	103.1
	0.450

	Volvo S40
	1.9
	4
	119.3
	1.36
	62.8
	87.7
	0.475

	Honda Accord
	2.3
	4
	111.9
	1.37
	48.7
	81.7
	0.575

	Mercedes E320
	3.2
	6
	165
	1.57
	51.6
	105.1
	0.533

	Chrysler LHS
	3.5
	6
	188.7
	1.61
	53.9
	117.2
	0.583

	Mercedes S340
	4.27
	8
	205
	1.88
	48.0
	109.0
	0.534

	Honda Odyssey
	3.5
	6
	156.7
	1.93
	44.8
	81.2
	0.583

	Honda Passport
	3.2
	6
	153
	1.75
	47.8
	87.4
	0.533

	Ford Explorer
	4
	6
	119.4
	2.04
	29.9
	58.5
	0.667

	Lexus LX470
	4.7
	8
	171.6
	2.45
	36.5
	70.0
	0.588

	Ford F-150
	5.4
	8
	201.3
	2.36
	37.3
	85.3
	0.675

	Totals/Averages
	39.37
	70
	1813.4
	20.69
	46.1
	87.6
	0.562

	
	
	Ratio of Totals(
	49.2
	89.1
	0.550


There are two ways to take the averages of ratios.  The first is to compute the ratio for each data entry (for each vehicle in this example) then to take the average of the ratios.  The second is to take the totals for the numerator and denominator data in the ratio and then to take the ratio of the totals.  Both these approaches are shown in the table and the differences between the two approaches generally agree to within 2 to 6%.  The ratio of totals will be used in subsequent calculations.

There is no specific definition of “t” as the mass measurement in the table or as the required mass of the vehicle as a “2-ton” in the problem statement.  Let’s assume that both are the same.  For unit consistency, the expected value is metric tons on tonnes since SI units are used for the other quantities in the table.

For the 2-ton vehicle then the expected maximum power is (2 t)(89.1 kW/t) = 178.2 kW.

The expected displacement is (178.2 kW)  / (49.2 kW/L) = 3.62 L

The number of cylinders is (3.62 L) / (0.550 L/cylinder) = 6.58  (use 6 cylinders with 0.63 L each)

Using the averages of the ratios, we would compute a maximum power of 175.2 kW with a displacement of 3.8 L in 6.77 cylinders.  This would require a 6-cylinder engine with 0.634 liters per cylinder or an 8-cylinder engine with 0.458 liters per cylinder.

8.7
A passenger vehicle diesel engine has a minimum brake specific fuel consumption of 0.22 kg/kWh.  Calculate its maximum thermal efficiency.

The relationship between the brake specific fuel consumption (bsfc) and the thermal efficiency () is given by the following equation, where Qc is the heat of combustion of the fuel.
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For the heat of combustion of diesel fuel, we can use the value of 41.18 MJ/kg in the second line of page 199 of the text.  This gives the following result for the efficiency.
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 = 39.7% (based on LHV)

8.10
A 1.5-ton vehicle has a frontal area of 2 m2, a rolling resistance coefficient of 0.01 (changed from value in text to be more realistic), and a drag coefficient of 0.2.  Calculate the mechanical power delivered to the wheels at a steady speed of 50 and 100 km/h, if the atmospheric density is 1.2 kg/m3.

The wheel power requirement for a vehicle operating at a steady speed is given by the following equation.
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In this equation, m is the vehicle mass, g is the acceleration of gravity, f is the rolling friction coefficient, V is the vehicle speed,air is the air density, CD is the drag coefficient and AF is the frontal area of the vehicle.  Substituting the given data, using g = 9.81 m/s2, and making the appropriate unit conversions gives the desired power as follows
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For the rolling friction coefficient of 0.1 given in the original problem statement, the power required at the wheels is 21.4 kW at 50 km/hr and 48.6 kW at 100 km/hr.

8.4*
A new sports utility vehicle averages 22 miles per gallon.  It is expected to travel an average of 12,000 miles per year during a lifetime of 14 years.  If fuel sells for $1.50 a gallon, calculate the lifetime expenditure on fuel.  Modify the problem as follows: if the new vehicle costs $30,000 and you have a trade-in value of $8,000 seven years from now, how much extra would you be willing to pay if you got 25 mpg instead of 22?  Assume an effective interest rate of 8%.

The extra amount we are willing to pay depends on the present value of the fuel savings.  The annual fuel savings is the difference between the annual cost at 25 miles per gallon, C25 and the annual cost at 22 miles per gallon, C22.  These fuel costs are found as follows.
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The savings is $818.18 - $720 = $98.18 per year.  Over seven years, the savings is $687.27 if we do not account for the time value of money.

We can account for the time value of money by using the capital recovery factor, A/P.  This gives us the present worth, P, of an annual series of payments of A dollars per year.  Using the standard equation for this factor with an interest rate of 8% and a lifetime of 7 years gives the following result.
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Thus, the present worth of a savings of $98.18 per year is $98.18 / 0.19207 = $511.17.  We should be willing to pay $30,511 instead of $30,000 for the new SUV.  Note that the present worth of the fuel savings increases as our effective interest rate decreases.  At an effective interest rate of 3%, the present worth of the fuel savings is $611.70.  The total savings of $687.27 becomes the present worth if we assume an interest rate of zero.

The trade-in value has no effect on the result.
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