The maximum pressure in the cycle (in kPa) is:

1200
1300
1400

1500

1. Solution
P, =100 kPa, T, = 25 °C,
V,=0.01 m?,

The process 12 is an
isothermal process.

PV

constant

T3;= T, (Isotherm)
4
PV=

constant

T,=T,; (Isotherm)

T,=T,=25°C
V,=0.002 m®
PV, PV
T, T,
o P,V; _ 100 x0.01
27y, T 0.002
= 500 kPa

The process 2—3 is a polytropic process.



V1 =0.001 m3

P3V3n = PZVZn (n = k)

k

p P (Vz) 500 (0.002>1-4 1319 kP
= —— — s | —0 —
RN 7 0.001 a

Answer: B

The maximum temperature in the cycle (in K) Is:

390

490

590

690

2. Solution

P,V, _ P3V;
T, Ts

T. = (P3> ( Vs ) ~298.15x 1319 x 0.001
3T\P\v, ) 2T 500 x 0.002

T; =393.25K

Answer: A



The volume after completion of the isothermal expansion process (in m?) is:

0.002

0.003

0.004

0.005

3. Solution

During the isothermal expansion process,

P3V; P,V,
= ; P, =263.8 kP
T; T, * 4
P,V, 1319 x 0.001 ;
v, = — — 0.005m

P, 263.8

Answer: D



The magnitude of work done during the isothermal compression (in k) is:

1.6

2.6

3.6

During the process 1—2,

PV =P,V,=100%x0.01m3 =1

V3
W vV,
1W2 = V_nV1
V1
w, =1 0.00z _ 1.609 k
W2 =M% — T J

Magnitude of work = | ;W,| = 1.609 kJ

Answer: A



The magnitude of work of compression in the polytropic process (in KJ) is:

0.6

0.7

0.8

0.9

5. Solution

For the polytropic compression process (PV*= constant),

V3
P3V3 — P,V,

W, = PdV =
2W3 j 1—k

V3
W — 1319 x 0.001 — 500 x 0.002
273 1-1.4
= —0.797 kJ

Magnitude of work = | ,W3| =0.797 kJ

Answer: C



The work during the isothermal expansion process (in kJ) is:

During the isothermal process 3—4,

PV =C=P3V; =1319 x 0.001 = 1.319

Vy

w —f1'319dv—13191 Va
V3
.005
W, =1.3191n = 2.12kJ

0.001
Answer: B



The work done during the polytropic expansion process (in kl) is:

0.5

0.6

0.7

0.8

7. Solution
V1
W= j Pdv
Vs
For the polytropic process PV*= C,

PV, —P,V,
W, =
4v% 1 1—k

P, = 263.8 kPa

V, = 0.005m3
100 x0.01—-0.005x%x263.8
4W1 =
1-1.4
=0.797 kJ

Answer: D



The net work of the cycle (in kJ) is:

0.4
0.5
0.6

)

8. Solution
Woet = sWy+ JW, — | 1W2| - | 2W3|
W, = 2.12 + 0.797 — 1.609 — 0.797

W,,.; =0.511kJ

Answer: B



The heat input during the isothermal expansion process (in kJ) is:

A. 2.1

B. 3.1

cC. 41

D. 5.1

9. Solution

Heat input (Process 3—4)
First law: System

3Q4 = Uy —Us + 3W,
=mCy(Ty —T3) + 3W,
Since T4_ B T3,

3Q4 = W, =2.12 k]
Answer: A



The heat input during the polytropic expansion process (in k1) is:

10. Solution
Polytropic expansion process 4—1,
4Q1=Us-U + W,

=mC,o(T1 —Ty) + W,
T, =298.15K; T, = T5 = 393.15 K

_ Py 100x0.01
" RT,; 0.287 x298.15

W, =0.797 kJ

=0.011686 kg

4Q,=0.011686 x 0.717(298.15 — 393.15) + 0.797
4Q1=-0.796 + 0.797 = 0.001 kJ
Answer: A



The heat rejected during the polytropic compression process (in kJ) is:

11. Solution

Process 3—4 (Polytropic Compression)
2Q3 =U3 = Uz + ;W3

2Q3 =mCy(T3 —Tz) + ;W3

W3 = —0.797 kJ

,Q; = 0.01168 x 0.717(393.25 — 298.15) — 0.797
,Q3 = 0.796 — 0.797 = —0.001 kJ

Answer: D



The cycle efficiency (in %) is:

14
24
34
44

12. Solution

Wy 0.511
Qy 2.12

Also try

Nep = = 0.24 (24%)

T
ng,=1- ﬁ (for Carnot Cycle)

1 298.15
393.15

= 0.241 (24%)

Nep = =1-0.758

Answer: B



The mean effective pressure (in kPa) is:

. 57

. 67

. 77

. 87

13. Solution

Woee 0.511
(V{—V3) (0.01—0.001)

= 56.77 kPa

mep =

Answer: A



