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4A13 Final Exam - Crib

Q3. Residual and EGR
(a) Constant volume combustion [25%]

AT — 1—ux,
Q  1+AFR

(b) [30%]

Iso-octane CgHig

CgHis + vO9 — 8CO5 + 9H50

Wi =8x 12+ 18 =114 g/mol
W, =29 g/mol

v=28+18/4=125

v W, 125 29

AFR, = —— -0 = =220
Ra=0a1w, = 021117

15.1

Q l—-=z  51x10°J/kg 1—-0.1
cy 1+ AFR 1500 J/kgK 1+ 15.1
This is an upper estimate, considering that (i) dissociation would lower the temperature,

and (ii) the ¢, of the burned gases is higher than that of the fresh mixture.
Assuming adiabatic compression:

ATy = = 1900K

Ty =~y = 994 x 300K = 722K

Ts = 2622 K



(c) [25%)] Case B:
The addition of EGR changes primarily the residual fraction in the mixture. Assuming
that no other factors are changed, we have :

ATp 1-a,5 1-03

= = =0.77
AT, 1-wp4 1-01
) mye _m 1—a
hmep = 5 myQ =0 QM = nQm s
a

Assuming that the thermal conversion efficiency, volumetric efficiency, initial density and
AFR are unaffected between cases A and B, we have:

imepg 1 —x,p -

imepp 11— Tr A

However, EGR can change volumetric efficiency, initial density and combustion timing,
which may have an effect on the overall work rate.

(d) [10%]The same power and imep can be restored by supercharging or turbocharging
the mixture.

(e) [10%] EGR lowers the peak temperature by virtue of mixture dilution, as well as the
higher specific heat capacity of the residual gases. This leads to a drastic reduction in nitric
oxides which are formed at high temperatures. EGR can also increase efficiency by aiding
load control without pumping losses, even if the indicated work may be lower due to the
lower specific heat ratio of the resulting burned mixture. Excessive EGR beyond 30% causes
misfires and higher carbon monoxide and hydrocarbon emissions.



(a)[20%]

The ideal cycle assumes adiabatic compression and expansion, instantaneous heat addition
at constant volume or pressure, and instantaneous lossless gas exchanges. The real cycle is
subject to heat losses, finite rate of heat release over a range of crankangles, pressures and
volumes, and finite time and lossy flow exchange processes.

P P \‘ Ideal cycle
\
. < Real cycle
4
\) iy, ©
< [ ]
4 ™
S

- 4

P - @ = ar®,
Vv

(b) [20%]
Solving for the cycle:
TQ = Tl’l"’y_1

Energy conservation constant volume 2-3a:

Q230 = Uzq — Uy = mey (T3, — Tt) = 5%

Tz, 1o Q

Ton e P

Energy conservation constant pressure 3a-3b:

Q230 = Usy — Uzq + Wagzy = mfc, (T3, — T34) + p3(Vap — V3a)]

= cp(Tsp — Tsa) = (1 — 5)%

Q

Ty — Tha) = (1 —

(T3 — T3a) = ( ﬁ)meTl
Taq Ty )= 1—5q
T "Tsa ol

T3a 1_5

r—1)=
Tl( ) Y



But

So that

Solving for «, we have:

_|1-p q 1
‘T [ v Bg+ri41r
Q.E.D.
(c)[20%]

Wy = §6W =~ 60 = Qu-sa + Quug + Qu = @+ mey(Ty ~ Th)

Find Tj:
Ty Ty T3, T3, V4 _(V_l)( )T3a
—=—— = — ar
Ty T3b1T3, Th v3p Ty
va _vaw _or 1
V3p N V1 Usp N ar - (0%
T,
- = a7 ar)(Bg +r77)
Ty
W, T,— T Ty
= —Cy————— = — — -1
mey T T 11
=q—a"r(Bg+r""1) +1
w=14q— pga’r — (ar)?
(d) [20%]

Real cycles:
e heat and dissipation losses during compression and expansion: polytropic compression

e rate of combustion governed by finite rate of mixing and heat release: autoignition,
followed by mixing controlled combustion — this means that the constant volume and
constant pressure are only approximations to the real rate of heat release

e intake/exhaust valve opening process and gas exchange is not instantaneous, and depend
on the pressure ratios between manifold and cylinder

e real gas effects: mixture properties are not constant, and depend on the amount of
residual, temperature, and equivalence ratio via the specific heats of the real species

The limits to compression ratio in compression-ignition engines are set by a combination
of noise and vibration, mechanical constraints, as well as achievable maximum efficiencies

relatively to emissions control: maximum pressures lead to higher temperatures and higher
NOx.



(e) [20%]

e Turbocharging is necessary in compression-ignition engines to control load, as the equiv-
alence ratio cannot go beyond about 0.7 without incurring unacceptably particulate
matter high emission. This is in contrast with spark-ignition engines, in which the load
control is typically provided by a throttle, which is not present in compression-ignition
engines.

e Intercooling increases the density of the incoming mixture downstream of the compres-
sor, allowing higher loads to be reached.

e Both turbocharging and intercooling can also be used in spark ignition engines, but the
additional cost and weight is not as favourable in lighter weight spark ignition engines,
which can have simple throttle load control.





