Exercice 1

Addendum



Power to move a car

* Energy to accelerate = energy put in braking
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« A=2m2 c,= 0.3, m, = 1630kg, p=1.29 > d = 2.1 km

e city-driving (d btw stops < 2 km): brake-dominant
—>save energy by lower m_,,, lower v, regenerative braking

* long-distance driving (d>> 2 km): drag-dominant

—>save energy by lower ¢, lower A_,,, lower v

 Power of engine: e P A
—£=25% P 2d * 9)
— V= 30 m/S (108 km/h) € transmission

> P =84 kW



Rolling resistance e EERE

car rubber tyre on road 0.010
bike tyre on road 0.005
steel on rail (train) 0.002

* = mcar " CroII

» forc,=0.01, F=100 N for m_,, = 1000 kg
* = |ike pushing the car up a slope of 1/100
o forv=230m/s (108 km/h), P =F*v =3 kW

e with € = 25%, this becomes 12 kW



Energy consumption (kWh /100 km)

Car vs bike vs train

Car
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£=0.25
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Train (8 wagons)
M=400000 kg
£=09
cA=11m?

¢, = 0.002
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80 -
petrol car (33 mpg)

B atte ry Ca rS miles per gallon

m=740 kg, without batteries e

Elecinc,

(with 50% regenerative braking) 30

¢ = 0.85 (charging / dischargin energy density
ch=O.8(m2 ™ e § 50 i
¢, = 0.01 =
v=15 m/s (50 km/h) = 40
d=500m ¥
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<2000 kg

Allow for 500 kg battery: - Bbetric
difficult with Pb-acid (40 Whikg) NEFE energy dersly
- range < 200 km S & = i
possible with Li-ion (120 Whikg) 10 % A
—> range > 500 km t b
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