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(3) T3=2000°C

- P=P5

(1) T,=20°C

Part i)

For an isentropic process

>(k—1)/k)

T2 1 (k—1) T4 U3 (k—1) P4
— = | — and — = | — = | —
T V2 T3 V4 P3
Therefore
0.\ (=1
T, =T, (—1> =293 K (10)**"! = 735.98 K
V2
and

(k—1) —(k—1)
v v
Vg U3

But we know for an IC engine,

Uy . U1
U3 N ()
Therefore
v —(k—1) V1 —(k—1)
T4 — T3 I — T3 I
U3 V2
and

T, = (2000 + 273) K x (10)~4") = 904.9 K
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The net work output from the Otto cycle is
Whetotto = Cp(Ts — Ty) — cp(To — T1)
— 1.005 kJ/(kg - K)(2273 — 904.9 — 735.98 + 293) K
= 929.75 kJ/kg

We have and isentropic process between 3 and 5, and we can write

T P\ k= D/k
Ts \Ps

Since the air behaves as and ideal gas, and we know that P; = Ps = Py, we can write
P3 = R-. T3/’U3
P1 :P5 = R-Tl/'vl
Therefore

T5 B <P5>(k—l)/k

R-T, s (k—1)/k
T \ P,

U1 .R°T3

But for an Otto cycle we have constant volume heat addition between 2 and 3 and vy = wv3

T5 (R . T1 () > (k—1)/k

- (%] .R'T3

T1 Vs (k—1)/k
T

- (E vy
Therefore

(20 +273) K 1
(2000 + 273) K 10

0.4/1.4
Ty = (2000 + 273) K ( ) — 655.7 K

The work output of the turbine is
Wiurbine — (h4 - h'5) = cp(T4 - TS)
= 1.005 kJ/(kg - K)(904.9 — 655.7) K

= 250.4 kJ/kg <



Part ii)
The thermal efficiency of the compound engine is given by

Wnet,otto + Wiurbine
dn

MNtn =

where
qgn — (wnet’otto)/notto = 929.75 (kJ/kg)/O.G = 1549.58 kJ/kg
Therefore

Nen = (929.75 kJ /kg + 250.4 kJ/kg)/1549.58 kJ/kg = 0.762 <
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