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1 (a) We treat air as an ideal gas with constant specific heats.

Process 1-2: isentropic compression.

k-1
T, = TI(V—I] = (290K )(9.5)" = 713.7K
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Process 3-4: isentropic expansion.

j(l 00kPa) = 2338kPa
P
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T, =T, (2—4} = (800K )(9.5)"* =1969K
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Process 2-3: v = constant heat addition.

Py, P T
Vs B p By | 999K ossgipa) = 64d0kpa
T, T, T, 713.7K
PV, 100kPa)(0.0006m°
b  m=-l1_ (100kPa)0.0006m" ) =721x10 kg

RT, (0.287kPa-m’ / kg - K (290K)
Oy _W237|0 = m(”s _”2)—) 0, =0y = m(us _”2): mCV(Ts _Tz)

or,
0, =(7.21x10 kg )0.718kJ / kg - K 1969 — 713.7)K = 0.650kJ

(c) Process 4-1: v = constant heat rejection.

Ou _W417|0 =m(u1 _”4)—> Oy =m(“1 _”4):mCV(T1 _T4)

or,

0, =—04 =—(121x10 kg )0.718kJ / kg - K {290 — 800)K = 0.264kJ

Wt = Oin — Qe = 0.650—0.264 = 0386 kJ

Ty = Wor _ 0.386 kJ _ 50.4%
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%
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MEp= e ST KPa-m” ) _ 719kpa
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2 (a) Air at specified conditions can be treated as an ideal gas. Assuming constant specific heats,



p (k=1)/k 1 0.4/1.4 T
T, =T, =+ :(IIOOK)(—j =607.2K 1100 K+
P, 8
c,(r,-T T,-T, 2-
7y =1-Tow — 1 ALT) | LT 60722290 4
. c,(r,-1,) T,-T, 1100-525.3 200K |

W, =1,0, =(0.448)50,000k% )= 22,400kW
(b) Assuming variable specific heats,
h, =290.16kJ / kg

h=20K = p 12311

2P =(8)1.2311)=9.8488 —> h, =526.11kJ / kg

o
Il
|

hy =1161.07kJ / kg

T3 21100]<—)Pr3 2167.1

P
P = ?413’3 = (%)(167.1) =20.89 —> h, = 651.37kJ / kg
3

hy—h _ | 651.37-290.16 _ .
4, hy —h, 1161.07 -526.11

W, =n,0, =(0.431)50,000k% )= 22,550kW

net

_ qout — 1 _

Ny =1

3 (a) Air at specified conditions can be treated as an ideal gas with variable specific heats. The work inputs to
each stage of compressor are identical, so are the work outputs of each stage of the turbine.

hy, =300.19k] / kg T

L=300K == 356

1 1200 K+
P2

P,=—2F = (3)(1.386)=4.158 —— h, = h, =411.26kJ / kg

Ty

T, =1200K ——>

P =238 300K

P
P = F"’P,S = GJ(BS) =79.33 —— hy =hy =946.36k] / kg
5

We = 2(hy —h,)=2(411.26-300.19) = 222.14kJ / kg
Wi o = 2(hs —hg)=2(1277.79-946.36) = 662.86kJ / kg

Wen _ 22214k kg _ o o,
= = . (1]

Thus, 7, = =
Wr o 66286 k] / kg




q,, = (hs—h,)+ (b, —h )= (1277.79 = 411.26) + (1277.79 —946.36) = 1197.96kJ / kg
Wi = Wy o — Wy = 662.86—222.14 = 440.72kJ | kg
w

— _ 440.72kJ | kg _ 36.8%
q. 1197, 96kJ | kg

(b) When a regenerator is used, ry,, remains the same. The thermal efficiency in this case becomes

Gregen = €1 —1,) = (0.75)(946.36 — 411.26) = 401.33k] / kg
Qi = Dinota — regen = 1197.96—401.33 = 796.63kJ / kg

Woe _ 440. T72kJ | kg _ 5539
q. ©796.63kJ / kg

4 Air at specified conditions can be treated as an ideal gas with constant specific heats. The work inputs to each
stage of compressor are identical, so are the work outputs of each stage of the turbine.

Ny =

(k=1)/k
T, =T, = Tl(—] = (300K )(3.5)"*""* =429.1K
~h  C, (T, -T
e :}ZS :l = Cp((;b Tl)) >»1,=1,=T, +( )/770 T
R A =300+(429.1—300)/(0
=565.5K

T
Nr=——" = >T9=T7=T6_77T(T6_T7s)
=1200—(0.86)1200—838.9)
= 889.5K

—n, C,(T,-T
L 5 T2) > T, =T, +&(T, -T,)

hy kg C, (1, -T,) — 465.5+(0.72)(889.5—465.5)
=1770.8K
We o =2(hy —h)=2C (T, -T;)=2(1.005k] / kg - K )(465.5-300)K =332.7kJ / kg

=2(hs —h,)=2C, (T, - T, )=2(1.005kJ / kg - K }1200—889.5)K = 624.1kJ / kg

w,
C,in 3327k]/kg -53. 30/
Wr oo 6241kJ kg

qin :(he _h5)+(h8 _h7):Cp[(T6 _T5)+(T8 _T7)]
=(1.005kJ / kg - K )|(1200 - 770.8) + (1200 — 889.5)|K = 743.4kJ / kg

Thus, 7,

w =

Wi = Wrou = We s = 624.1-332.7=291.4kJ / kg

net

2901.4
0 = W,  291.4kJ ] kg _39.2%
q;, 743, 4kJ | kg




