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Fig 1 Internal Combustion Engine (ICE) Brake Specific Fuel Consumption (BSFC)


A vehicle has the following characteristics.
Mass 1500kg
Frontal area 3m^2
Coefficient of drag (CD) 0.5
Density of air = 1.2 kg/m^3
Density of Gasoline = 0.755 kg/litre
The rolling (force) resistance of a tyre on asphalt RF(newtons) = 0.013N per applied N of vertical force.
The powertrain drives through a constant velocity transmission (CVT) with an efficiency of 80%.

	

	1. a



	
Assume the vehicle is being driven at a constant speed of 70 Kph along a level road. What is the tractive power required to maintain this speed?        	

70 kph = 19.4 m/s
Aero= 0.5 x 1.2 x 0.5 x 3 x 19.4 x 19.4  = 341N
Rolling resistance = 1500 x 9.81 x 0.013 = 191   Total = 532N
Power = Force x Vel =532N x 19.4 m/s = 10.34 kW
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	1.b
	
The above vehicle slows to a new speed, at this new speed 5kw of tractive power is required to maintain the vehicle speed. From the above BSFC graph it can be seen that the fuel consumption will be 700 g/kWh.  Allowing for transmission losses, what volume of fuel will be used?					

5kw x 80% efficiency = 6.25 kw from the ICE
6.25 Kw for 1 hr = 6.25 x 700 g/kWh = 4.375 Kg
4.375kg / 0.755 kg/l = 5.8 litres
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	To improve the fuel usage of the vehicle it has been fitted with an additional flywheel. 
The flywheel has a capacity of 1.2 Mjoules.
The flywheel is charged and discharged with an efficiency of 90% in each direction.
The flywheel drives the vehicle through the CVT
In this hybrid power mode the internal combustion engine will operate at its most efficient operating point, producing 55Kw with a fuel consumption of 255 g/kWh. See figure below.
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	1.c
	
How much power is used to charge the flywheel?

55kw from ICE – 6.25kw to drive the vehicle = 48.75kw to charge flywheel
48.75kw x 90% efficiency means that 43.875kw is charging the flywheel.
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	1.d
	How many seconds will it take to charge the flywheel (first phase)?

Power = joules/sec  secs = 1.2MJ/43.875kw = 27.35 secs
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	1.e
	
How many seconds will the vehicle run on flywheel power (second phase)?
(3 marks)
Energy from flywheel = 1.2Mj x 90% = 1,080,000j
Energy to wheels = 1,080,000 x 80% efficiency = 864,000 joules
864,000j / 5kw = 172.8 secs
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	1.f
	
How many whole cycles (first and second phases) are completed in one hour?

Charge time 27.35 secs + discharge time 172.8 secs = 200secs
1hr = 3600secs/200secs = 18 cycles.
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	1.g
	
What volume of fuel will be used per hour in the flywheel hybrid mode?
(Assume the ICE uses 1 gram of fuel to restart)		
18 cycles x 27.35 secs = 492.3 secs of ICE run time
492.3/60/60 = 0.13675 hrs
55kw (ICE output) x 0.13675 hrs = 7.5kWh
7.5kWh x 255g/kWh = 1918 gms
1918gms + 18gms (for 18 ICE starts) = 1.936kgs
1.936kgs/0.755 kgs/l = 2.564 litres.
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	1.f
	
Discuss the driver experience of using such a system.  (2marks)

Acoustically. The ICE will be switching on and off.
ICE operational speed is independent of vehicle performance
ICE on time will vary, dependent of road load requirements
At higher kw road load ICE will take longer to charge the flywheel and the flywheel will discharge more quickly.
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	2
	
Alternative energy storage technologies have the following characteristics:

	Technology
	Energy Density
wh/kg
	Power Density
w/kg

	Lithium based batteries
	130
	1000

	High speed flywheel
	60
	3000



Calculate the required storage mass for each technology for:


	











	
2a
	
24hr endurance racing 60kw and 400 kj Kinetic Energy Recovery System

1 wh = 1 x 60 x 60 = 3600 joules.  400000joules = 400000/3600 = 111wh

Lion`	111wh / 130 wh/kg = 0.85kg
Lion 	60000w / 1000 w/kg = 60kg
Flywheel 	111wh / 60 wh/kg = 1.85kg
Flywheel	60000w / 3000w/kg = 20kg
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	2b
	
Electric road car 125kw max power and 19kwh storage capacity


Lion`	19000wh / 130 wh/kg = 146kg
Lion 	125000w / 1000 w/kg = 125kg
Flywheel 	19000wh / 60 wh/kg = 316kg
Flywheel	125000w / 3000w/kg = 42kg
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	2c
	
Select a suitable energy storage solution for the endurance racing car and the electric road car. You have calculated the basic storage mass. Now analyse additional features and characteristics of the selected technologies that should be considered for a realistic installation.
										
The student should discuss:

24hr KERS the flywheel has the advantage due to its high specific power – but.
· Mass should also be considered for failure containment system.
· Vehicle slowing as flywheel speed increasing causes a gearing problem. Either use an electric gearbox or toroidal IVT/CVT or inefficient slipping clutches on fixed ratios.
· Package location could be an issue – discuss alternatives inc need to keep mass low and central. 
· Possible effect of gyroscope forces. Therefore should consider orientation of even counter-rotating flywheel pairs.
· No problem with number of cycles
· Consider vacuum to minimise losses.
· Intermittent use.





	Electric road car- the Lion pack has the advantage due to high specific energy capacity.
· Need to have more battery capacity and hence mass due to depth of discharge requirement eg +25% (as a minimum)
· Battery condition/ temp management required.
· Some freedom to distribute batteries for volume utilisation and mass distribution.
· Limited life and possible storage capacity reduction with usage.
· Potential recycling of batt packs, consider ease of replacement.
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	3
	
The City and County of Swansea have a fleet of flatbed van used by the parks department. The vans are kept overnight in a secure location and then used in the day to transport lawn mowers etc to the various parks within the City and County of Swansea. They will remain within a 10 mile radius of Swansea. They hope to gain the following improvements:
Reduced fuel consumption
Lower emissions
Lower running costs
A greener image
Use diagrams, graphs and basic calculations to support your answers. State any assumptions made where information is missing.
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	3.a
	
Analyse alternative electric, hybrid and fuel cell vehicle architectures

The student should explain and contrast:
series hybrid systems (including electric drive with range extender)


[image: ]

And parallel hybrid

[image: ]
The student should also consider electric only drive.
Electric motor direct drive, in hub motors or upstream of a gearbox.

Fuel cell system is similar to series hybrid system with the fuel cell replacing the Ice and generator elements.

[image: drawing of how both phosphoric acid and PEM fuel cells operate]

Proton Exchange Membrane (PEM) fuel cells work with a polymer electrolyte in the form of a thin, permeable sheet. Efficiency is about 40 to 50 percent, and operating temperature is about 80 degrees C (about 175 degrees F). Cell outputs generally range from 50 to 250 kW. The solid, flexible electrolyte will not leak or crack and these cells operate at a low enough temperature to make them suitable for homes and cars. But their fuels must be purified, and a platinum catalyst is used on both sides of the membrane, raising costs
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	3.b
	
Investigate and contrast alternative technologies for

1Energy storage
	Battery technologies
		LiON, NiMHyd, Pb acid, hot Zebra
	Super Caps
	Possible flywheel
Student should discuss, energy density, power density, number of cycles, acceptable SOC’s, any memory effects


2. Refueling
Traditional hyderocarbon fuels have a high energy density
Tanks are filled with high power
Electrical recharging is limited by
a) Supply . Domestic 240v AC	13 amp socket. (3.1 kw)
10kw dedicated wiring charger
b) Power input density of battery chemistry
Fuel cell hydrogen must be very pure, no infrastructure is in place, so only for base to base operation.

3 Electrical machine ideally placed upstream of gearbox to ensure operation over a wide speed range and gain torque multiplication benefits
Typically AC or BLDC technologies.
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	3.c
	
evelop a brief typical drive cycle
(3marks)

[image: ]
The student should note
· Variable speeds, low speed accel and low speed running
· Frequent stop – start function, urban driving
· Low average power requirement
· High peak power demand under accel and gradability
· Once at the ‘job’ the vehicle does not move.
· Base to base operation. Short distance to and from the ‘job’.
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	3.d
	
Recommend a flatbed van elec / hybrid solution  and demonstrate how it may meet the requirements

Students should (hopefully) use information above.

Series hybrid a good option. (but not the only solution,)
Essentially a full elec vehicle with range extender ICE (ICE primarily to reduce range angst)
Low power ICE with optimised single point operation
Or completely electrical as distance requirement is small.
KERS can be used to charge storage but modest decal rates so not much available – pointless.
Batt must be sized to take rate of charge provided by ICE
Low speed operation, therefore motors and final drive ratio require careful selection.
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