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3(a) IC-engined vehicles:-

(i)

(ii)
(iii)
(iv)
(v)
(vi)

(vii)

(viii)

Engine downsizing — smaller engines, less friction, less throttling (gasoline)
Turbocharging — even smaller engines

Start-stop — especially beneficial for city driving

Reduced drag coefficient — especially beneficial for motorway driving

Maximum speed limit reduction — drag goes as VA2

Mechanical CVT — better matching of engine to power requirement — essentially
down-speeding

Electrical CVT “Hybrid” — ditto reasons as (vi), Start-stop easy to include. Series
hybrid gives best flexibility, but biggest cost. Parallel (“mild”) hybrid more cost-
effective, but less potential economy benefit. Prius “power-split” hybrid offers
“most of both worlds”, at intermediate cost

Plug-in hybrid permits possibility of most (short, city) journeys to be all-electric, but
with a an IC engine “range-extender” to allow journeys outside the AER (all electric
range). CO2 benefits depend on “Well-to-tank” CO2

(b) Other prime movers

(i)

(ii)

(iii)

All electric “BEV”. CO2 benefits depend on “Well-to-tank” CO2. Cabin heating/air-
con/terrain (hills) big issues affecting range. Battery embodied CO2 relevant

Fuel cell. SOFCs can use natural gas (purity issues?), PEMs use hydrogen. CO2
emissions used in H2 production non-negligible (!)

Tram, trolley bus. Infrastructure cost for new installation high. CO2 lies mainly with
production mix.



4(a) Air standard cycles offer a simple way of understanding the importance of compression ratio
and throttling on engine indicated efficiency, but that is about all — burn duration, knock and heat
transfer cannot be modelled.

(b) (i) At intermediate rpm, scavenging of exhaust gases during the valve over-lap period is
effective, but pressure losses through the intake system are modest. At high rpm,
scavenging is still effective, but pressure losses mean that the cylinder charge is of
diminished density, and hence less work per-cycle is delivered.

Power = torque*angular velocity
At the max power condition T = 61000/(275500/60) = 105 9Nm

At the max torque condition P =128(2x3250/60) = 43.6kW
(i)

The fuel flow rate will be given by riz4,,, = 43600/44E£6/0.4 = 0.00248kg /5. The isfc will be given
by isfc = 3.6E6* 0.00248 /43.6E3 = 0.205kg / kWh

At the higher engine speed, and with increased losses associated with the higher gas
velocities, it would be expected that the isfc would be higher at the maximum power
condition.

(iii)

The air flow rate is m,;, =0.00248 * 14.6 = 0.036kg /s, thus the engine displacement rate must

be = —ar__ 0036 le3 - 0.0338m°3 /5.
PintetMvot 09 287* (20 + 273)

If the bore (and stroke) is &, then the displacement rate is

2
- 4ﬂb.60.ﬂ. Equating, this gives p = 73 5mm,and an engine displacement of 1.25 litres.
4 2

{iv) Reducing the number of cylinders from 4 to 3 raises complex issues. On the +ve side
a. Cheaper, lighter
b. Potentially higher efficiency —due to lower friction, lower heat transfer

On the —ve side

a. Extra balancing shaft may be required
Higher efficiency may be compromised by reduced compression ratio





