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 Concepts: Numerical Integration; Drag coefficient; Rolling resistance
Problem Motivation: The availability of energy has become an important part of our society. In this and related problems, we will discuss issues of energy consumption, energy reserves, and energy related emissions. Furthermore, we will analyze conventional and alternative energy systems. In this problem, we will investigate using transient driving schedules to estimate the power required to move a vehicle through the cycle and also estimate energy that needs to be stored in a battery in a hybrid system.
Problem Information

Example Problem Statement:  Consider the driving of a vehicle at different speeds. 
The following data is available:
· The vehicle has a mass of 3500 lbm and a frontal area A of 2 m2.

· The vehicle has a rolling resistance of Cr = 0.02 and a drag coefficient of Cd = 0.4

· The air density  is 1.186 kg/m3
· The force required to overcome the rolling resistance is given by the expression: Fr = Cr*Nf where Nf is the force of the vehicle, which is given by the mass multiplied by the gravitational acceleration constant

· The force required to overcome drag is give by the expression Fd = ½**A*Cd*v2, where v is the vehicle speed in m/s  
· The instantaneous power required is equal to product of the speed and the sum of the rolling and drag forces.
a) Determine the rolling resistance force in N and the power in W needed to overcome rolling resistance at 10, 20, and 55 miles per hour

b) Determine the drag force in N and the power needed to overcome drag at 10, 20, and 55 miles per hour

c) If you were to drive this car at 10 miles per hour for 10% of the time, at 20 miles per hour for 30% of the time, and at 55 miles per hour for the rest of the time, determine the total driving time in hr, energy usage in kW-hr, and average power requirements in kW for a vehicle range of 300 miles.
Example Problem Solution:

a. The rolling resistance force is calculated by the product of Cr with the mass and the force of gravity. The mass in kg is 3500 lbm / (2.2 lbm/kg) = 1591 kg. 

Thus, Fr = Crmg = (0.02)(1591 kg)(9.8 m/s2) = 312 N  
We need to convert speed from miles per hour to meters per second. Thus, at a speed of 10 mile per hour we have:
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Similarly, at 20 mi/hr the speed is 8.9 m/s and at 55 mi/hr the speed is 24.6 m/s. Multiplying these speeds by the force gives the total power requirements to overcome rolling resistance, as illustrated in the following table.
	Speed (m/s)
	Rolling Force (N)
	Rolling Power (kW)

	4.5
	312
	1.39

	8.9
	312
	2.79

	24.6
	312
	7.68


b. The drag resistance force is calculated by the product of Cd with the density of air, the frontal area, and one half multiplied by the velocity squared.  

Thus, Fd = ½ACdv2 = (½)(1.186 kg/m3)(2 m2)(0.4)(4.5 m/s)2 = 9.6 N  

The power required is P = Fdv = 9.6 N (4.5 m/s) = 43 W = 0.04 kW. The results are summarized in the table below.

	Speed (m/s)
	Drag Force (N)
	Drag Power (kW)

	4.5
	9.6
	0.04

	8.9
	38.4
	0.34

	24.6
	287.1
	7.06


c. The total power needed to move the vehicle is equal to the sum of the rolling and drag terms. Thus, we have:

	Speed (m/s)
	Total Power (kW)

	4.5
	1.43

	8.9
	3.13

	24.6
	14.74


To solve this problem we can choose a basis of 1 hour total driving, which correlates to 0.1 hr at 10 miles / hr, 0.3 hr at 20 miles / hr, and 0.6 hr at 55 miles / hr. The total distance is (0.1)(10) + (0.3)(20) + (0.6)(55) = 40 miles. 
To travel 300 miles would require 300/40 = 7.5 hours. 

The energy requirements are: 
(7.5 hr)(0.1)(1.43 kW) + (7.5 hr)(0.3)(3.13 kW) + (7.5 hr)(0.6)(14.74 kW) = 75 kW-hr. 

The average power requirement is: 75 kW-hr / 7.5 hr = 10 kW.
Home Problem Statement: During the EPA inspection and maintenance driving cycle, the following speed vs. time data is obtained.

	time (s)
	speed (mph)
	time (s)
	speed (mph)

	0
	0
	119
	17.2

	16
	22.5
	126
	22.5

	23
	14.9
	141
	24.7

	32
	22.9
	158
	27.3

	38
	15.8
	168
	46.0

	46
	24.9
	180
	50.0

	57
	30.7
	189
	55.0

	69
	30.7
	201
	56.7

	81
	32.4
	207
	51.8

	93
	0
	217
	56.0

	97
	0
	227
	41.0

	107
	26.4
	233
	20.0

	113
	27.2
	240
	0


The following data is available:

· The vehicle has a mass of 3500 lbm and a frontal area A of 2 m2.

· The vehicle has a rolling resistance of Cr = 0.02 and a drag coefficient of Cd = 0.4

· The air density  is 1.186 kg/m3
· The force required to overcome the rolling resistance is given by the expression: Fr = Cd*Nf where Nf is the force of the vehicle, which is given by the mass multiplied by the gravitational acceleration constant

· The force required to overcome drag is give by the expression Fd = ½**A*Cd*v2, where v is the vehicle speed in m/s  
· The instantaneous power required is equal to product of the speed and the sum of the rolling and drag forces.
a) Determine the instantaneous power in kW required at each data point and graph it

b) Determine the total energy in kW-hr needed to complete the driving cycle

c) Determine the average power in kW and graph it on the same figure as that for part a – this average power could be supplied continuously by an internal combustion engine in a hybrid vehicle application
d) Determine the section of the driving cycle with the a large energy demand and estimate the energy above the average power level – this energy could be supplied in a transient manner when needed by a battery in a hybrid vehicle application
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