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3.(a)

| Gasoline Engine Performance Characteristics
|
constant power

Most efficient
curves

| operating point maximum torque
| | “wide open throttle”

Constant specific
fuel consumption
curves (kg/kWhr)

\' Torque /

reserve

torque

Top gear
torque “road
load”

1000 2000 3000 4000 5000

Engine speed

Maximum torque characteristic. At low engine speeds scavenging is less effective as
during valve overlap there is relatively little momentum in the exhaust gases. At high
engine speed, pressure losses through the pipework and valves leads to a reduced
charge pressure, and hence less oxygen. Thus in the mid engine speed range, the
optimum bmep/torque is developed. Variable valve timing helps to mitigate these issues
to some extent.

(b) The maximum torque is limited by breathing, as above, and by knocking combustion. If
the compression ratio is too high, then optimum spark timing cannot be used, because
damaging auto-ignition takes place in the end gas regions. This leads to excessive heat
transfer and engine damage

(c) The top gear road load characteristic is dominantly parabolic, as the vehicle drag
increases as the square of the speed. Due to tyre rolling resistance, engine auxiliaries
(water pump, oil pump, etc) it does not pass through zero.

(d) The dominant effects on sfc are throttling losses and engine friction torque. The latter
increases significantly with engine speed so the friction power increases very rapidly

with engine speed. Throttling losses increase as one drops below the maximum torque
curve.

(e)
(i) Downsizing +turbochargers
(ii) Start-stop — especially beneficial for city driving
(iii) Mechanical CVT — better matching of engine to power requirement —
essentially down-speeding
(iv) Electro/mechanical Hybrid (Prius etc)
(v) Light weighting

(f) All of the above can in principle apply to Diesel engines. On a like-for-like basis however,
the diesel engine is significantly more expensive that a gasoline engine, so (iii) and (iv)
are not popular.
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4 (a) Isentropic compression, pV’=const, so we have pV’ = p\V/' =p,V,’ =k
2 2 k k

The work done is given by W12=fpdV=f—dV=—[V2("“1)—Vl(‘“l)]
1 1 4 =y

So

y-1
1 - 17\ _ PV PVa | PV 1ZA R4
W12=—(P2V2VV2 y—P1VlVVl V)= Ll B DR B

1-y y=1\ pYi) v-1 P
v v Y vV v\
(b) Wy, = Pitm || In , W34=_p3 =|1-1==
)/—l Vc )/—1 Vm
v 4 v -1
(c) For the constant volume combustion, Po_ _Ps ,and p,=p; | 2| T,=T,| % therefore
T, T,+AT, v, v,

p, =0510)'* =12.56 bar, T, =288x10°* =7234 K

(723.4 +1300) x 12.56

3=
P 7234

=35.13 bar

W, = %(1 —(10)0'4)=- 189V, Wi = é’—zﬁ(l - (1/10)0'4)=5.286 v,

(526-1.89)V,

ross imep is = ™ —3.78 bar
g P (Vm ~ Vc)

. . V.
(d) The pumping work is equal to W, = (pi=p.)(V, —Vc)=p,.Vm( —&)(I—V—‘)

m

V.
W= pe(V6_V8)=peVm(Vc —(Pi/Pe)”y) We=0

V.
Wo= pi(Vl _V7)=pivm(1_ VL )

m

Using the data given
Wig = %Vm[l—(l.OS/O.S)O'MA] ——0295V, W= 1.05vm(%-(0.5/1 05)""* == 0513,

W, =05V, (1-i)=0.45vm
10

So the net pumping work is W ., =

V,,(~0.295-0.513+0.45)=- 0358V,

11



Therefore the pmep is = %b 0398 bar

m c

Net imep is =3.78 — 0.398 = 3.382 bar

(e) Un-throttled cycle producing the same work:-

3

Pe —

Pi

i

Ve

The key thing to note here is that the area of the new, unthrottled cycle has to be the same as the
net area of the throttled one — so the inlet valve closure needs to happen after “8” in order to get
less mixture in the cylinder.

12



Examiners’ comments

Q1 Premixed flame and equilibrium composition

A straightforward question and good answers were found for parts (a) and (c). Many students showed
trouble in rearranging the algebraic relation to get the required quadratic equation in part (c) and this
could perhaps be because of examination pressure. Part (b) was not answered well, in general, as it
required some extended thinking conceptually, although a similar question was there in the example
paper of this module.

Q2 Flame blow-off and NOx emission

No major issues in answering this question

Q3 Engine map characteristics for gasoline and diesel engines

This was the most popular and no major issues in answering this question.

Q4 Theoretical analysis of 4-stroke engine cycle

This was a popular question and there were some good answers. Most of the students were able to
apply the isentropic relations to deduce the work done during the compression and expansion strokes,
but had algebraic error while doing the calculations for part (c¢). The answers to parts (c) and (d) are

mostly incomplete and the common mistake was ignoring the path 1-8 while calculating the pumping
work.



