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1- The cylinder shown in Fig. 1.. contains 1 kg of saturated (liquid + vapor)
waler at 30°C. The piston has a cross-sectional area of 0.065 m?, a mag
of 40 kg, and is resting on the stops as shown. The volume at this point js
100 L, atmospheric pressure outside is 94 kPa, and the local gravitationa|
acccleration is 9.75 m/s?. Heat is now transferred (o the system until the
cylinder contains saturated vapor,
(1) What is the temperature of the water when the piston first rises from
the stops? ¥ o (20)
(b) Calculate the work done by the water during the overall process, 1 374
(€) Show Fhe T- v d:'agrqm < %
* TABLE A.1.2
Saturated Steam: Pressure Table — Srony
ific Yolume Internal Energy “nthalpy
Spemmc’/kg kJ/kg ® kJ/kg kJ/kg K
. Sat. Sat. . Sat. Sat. Sat. Sat. Sat.
I;:lis . T?’:‘w- L?q':id Yapor Liquid Evap. Vapor Liquid Evap, Vapor Liquid  Evap.  Vapor
r T v, r, u, u u, h, h,, h, Ly Stq 5,
06113 001 0001000 206.14 D0 237153 237153 01 2501.3 25014 0000 9.1562 9.1562
1.0 698 0.001000 129.21 29.30 23857 23850 2930 24849  2514.2 1059 8.8697 8.9756
1.5 13.03  0.001 001 87.98 5471 23386 23933 5471 24706 25253 1957 8.6322  8.8279
20 17.50  0.001 001 67.00 7348 23260 23995 7348 24600 2533.5 2607  8.4629  8.7237
25 21.08  0.001 002 54.25 88.48 23159 24044 8849 24516 25400 3120 83311 8.6432
30 24.08 0.001 003 45.67 101.04 23075  2408.5 101.05 24445 25455 3545 8.2231  8.5776
4.0 2896  0.001 004 34.80 12145 22937 24152 12146 24329 25544 4226 8.0520 8.4746
5.0 © 3288  0.001 005 28.19 137.81 22827 24205 137.82 24237 25615 4764 79187  8.3951
7.5 40.29  0.001 008 19.24 168.78  2261.7 24305 168.79 24060 2574.8 5764 7.6750  8.2515
- 10 4581 0.001010 14,67 191.82  2246.1 243719 191.83 23928 2584.7 6493  7.5009  8.1502
1S 5397 0.001014 10.02 22592 22228  2448.7 22594 23731 2599.1. 7549 7.2536  8.0085
20 60.06  0.001017 7.649 251.38 22054  2456.7 25140 23583  2609.7 8320 7.0766 7.9085
25 64.97  0.001020 6.204 27190 2191.2  2463.1 27193 23463  2618.2 8931 69383 7.8314
30 69.10  0.001 022 5.229 289.20  2179.2  2468.4 289.23  2336.1 2625.3 9439  6.8247  1.7686
40 75.87  0.001027 3993 31753 2159.5 24770 317.58 23192 26368 1.0259 6.6441  7.6700
50 81.33  0.001030 3.240 34044 21434 24839 34049 23054 26459  1.0910 6.5029  7.5939
75 9178 0.001037 2.217 384.31 21124 24967 38439 22786 26630 1.2130 6.2434  7.4564
oo 6.0568 7.3594
.1 . . 1.6940 41736  2088.7  2506.1 41746 22580 26755 1.3026 . .
g.l (2)(5) lgggg ggg: gj; 1.?749 444.19  2069.3  2513.5 44432 2241.0 26854 13740 59104 7.2844
0.150 11137 0.001053 1.1593 466.94 20527  2519.7 467.11 22265 2693.6 14336 57897 7.2233
0.175 116.06  0.001 057 1.0036 486.80  2038.1 25249 486.99  2213.6 27006 1.4849 56868 7.1717
0.200 12023 0.001 061 0.8857 50449 20250 25295 504.70  2201.9  2706.7 1.5301 55970 7.1271
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2.
A cylinder fitted with a piston contains argon gas at 140 kPa, 10°C, at which
point the volume is 200 L. The gas is now compressed in a polytropic pro-
cess to 700 kPa, 180°C. Calculate the heat transfer during the process.
o
(Cv) = 0.3/22 ke /4%
Ar 4 K
3.
¢QA? Why can the relation AU = mc, AT be used to calculate change in internal .
r energy for an ideal gas in a constant-pressure process? / OA
(b) Why are the terms subcooled liquid and compressed liquid Synonymoug) é %

FEH)
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1.

celg?:?t\;egn:ug-dwergmg no;zle is used to accelerate a fluid from subsonic
yelocly 1o lﬁﬁrsomc velocity. The nozzle is adiabatic , and hydrogen enters
ompetating ofel 2:1(;)ozﬂe ;\1: tl]:)‘:v vel?city. with a pressure of 300 kPa and a
hydrogen are 130 kPa and 900 nK?ize:p:::itvt:l?prcssure an temperature of the
(1) Draw P-v and T-s diagram, (5%) '

2) Wnte the energy equation for the system, (5%)

3 F!nd the actual exit velocity of the hydrogen. (5%)

(4) Find the adiabatic-nozzle efficiency. (5%) .

(5) Find the irreversibilit i ’
brocess. (107 y per unit mass of hydrogen associated with the

Assume that To=20 °C and tl
ot 3 s K B hat the flow through the nozzle is steady.

A simple heat engine uses an ideal gas with constant specific heats as the

working fluid in a frictionless piston-cylinder assembly. The gas is first
heated at constant pressure from state 1 to state 2; then it is cooled at constant
volume to state 3, where T3=T1. The gas is then compressed at constant

temperature, thereby returning to state 1.

(1) Draw P-v and T-s diagram of the three processes. (5%)

(2) Find the work and the heat transfer for each of the three processes. (5%)
(3) Find the thermal efficiency of the heat engine. (5%)

* (4) Find the thermal efficiency of a totally reversible heat engine operating

between the maximum and minimum temperatures of this cycle. (5%)

Express all answers in terms of variables from the following list: m, Cv, Cp,
R, T1, T2, T3, P1, P2, Pa. .
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