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Qu stion 1: A né?d taa( ¢ contains superheated steam at 1000 kPa and 240 °C. The tank is now cooled
unti “decreases to 140 °C. What is the pressure, quality and the enthalpy at the final
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Quesnog -m” rigl tank. 1mt1a]ly contained a saturated liquid-vapor mixture of water at 140 °C

is now heated until the mixture reaches the critical state.

a) Draw the process on a T-v diagram. Determine the total mass of water in the tank.

T 2 . A, = Nee =0, JD3IS'S'W\/,<_6,£

b) If instead of being heated at constant volume, it is heated at constant pressure. Can the water ever
reach the critical state? Why? (max 3 sentences, no math.) f " o

A
- %ﬁwww proc naver veoches the
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Question 3: g P,\V\—-‘-ﬁ .

A) Sketch the following:

An isobaric process on a T-v diagram. The initial 2 \
state is a compressed liquid and the final state is a ( ! ‘ \
mixture of liquid and vapour. Draw the vapour p \
dome as a dashed line. K v
A ey 1
al
s (D
An isochoric process on a T-v diagram. /%
( 0
i CAar
An isothermal process on a P-T diagram . Z @
l
—
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B) An extensive property is one which CL%—QAI\ CL/S ViRAY IAMASS

Ligends o the M’&\L@‘&(ﬁs

C) Asynonym for “closed system” is C’/K\/\A_r A8 l W S S ( D

. 0.
== (D)
D) At an altitude of 2000 m, water boils at a temperature of K. '
), the reduced pressure is Pr = 3 : (0 Xio e reduced temperature is

F) Thermodynamic equilibrium requires the system to be at CL’\LW \ (/&0 ‘e‘IW\L‘L

BONUS QUESTION) Given the temperature you found in part (D), which of the following teas cannot
be properly brewed:

e 29

[ 1 Pilgrim’s white tea (a very delicate and light tea)

[ ] Sencha Uchiyama (a japanese green tea) =
apsang Souchong (a chinese black tea) +‘ BWUS g
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Appendix C  Properties of the U.S. Standard Atmosphere

4 TABLE c.2  CANADAON -

Properties of the,U:Sétandard Atmosphere (SI Units)®

Dyns
Acceleration Visco
Altitude  Temperature of Gravity, Pressure, p Density, p I
(m) (°C) g (m/s?) [N/m?(abs)] (kg/m>) (N's/
- 1.000 21.50 S 9.810 1.iI39 E+ 5 1347 E+0 1.821
0 i5.00 - C 9807 013 E+5 1225 E+0 [.789
1,000 8.50 9.804 8988 E + 4 I.1I2 E+0 1.758
2.000 <200 9.801 7950 E + 4 1007 E +0 1.726 .
3.000 349 9.797 7012 E+4 9093 E~| 1694 |
4.000 - 10.98 9.794 6.i166 E + 4 8.194 E — | 1.661 |
5.000 - 1747 9.791 5405 E+4 7364 E - | 1.628 1
6.000 —23.96 9.788 4722 E+4 6601 E - | 1.595 1
7.000 —-30.45 9.785 4.1l E +4 5900 E — | 1.561 1
8.000 —-36.94 9.782 3565 E + 4 5258 E — | 1.527 |
9.000 —43.42 9.779 300 E + 4 4671 E - | 1493 f
10.000 -49.90 9776 2650 E+4 41435 E - | I.458 f
15.000 —56.50 9,761 I.211 E + 4 1948 E — | 1.422 F
20.000 —56.50 9.745 5529 E+3 84891 E -2 1422 F
25,000 -51.60 9.730 2549 E + 3 4008 E - 2 1448 F
30,000 —46.64 9.715 I.1Y7 E + 3 1841 E -2 1475 E
40.000 —22.80 9.684 2871 E + 2 399 E -3 I.601 E
50,000 -2.50 9.654 7978 E + | 1.027 E-3 1.704 E
60.000 —26.13 9.624 2196 E + 1 3097 E -4 1.584 E
70.000 -53.57 9.594 5221 E+ 0 8283 E-5 I.438 E
80.000 —-74.51 9.564 1052 E + 0 1846 E - 5 .32 E

*Duta ubridged from U.S. Sumdard Atmasphere. 1976, U.S. Guvernment Prinung Office. Washington, D.C,



2  APPENDIX

SATVRATED  WATER TABLE (TemperaTurs)

ILE A2  (Continued)

Specific Volume | Internal Energy Enthalpy Entropy

m/kg kJ/kg kJ/kg kJ/kg - K
mp. Press. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Temp.
'C bars Liquid | Vapour | Liquid | Vapour| Liquid | Evap. | Vapour | Liquid | Vapour °C
v x 10° vy ug 1, Iy Iy hg St Sg
50 L1235 1.0121 [12.032 = | 209.32( 24435 | 209.33]2382.7| 2592.1 | .7038 | 8.0763 | 50
55 1576 | 1.0146 | 9.568 230.211 2450.1 | 230.23|2370.7| 26009 | .7679 | 7.9913 | 55
60 L1994 1.0172 | 7.67i 251.11] 2456.6 | 251.1312358.5| 2609.6 | .8312( 7.9096 | 60
65 2503 1.0199 | 6.197 272,02 2463.1 | 272.06|2346.2} 2618.3 | .8935| 7.8310 | 65
70 . 3119 1.0228 | 5.042 292.95| 2469.6 | 292.98|2333.8| 2626.8 | .9549| 7.7553 | 70
15 3858 | 1.0259 | 4.13i 313.90| 24759 | 3i3.93{2321.4| 26353 | 1.0155| 7.6824 | 75
30 47391 1.029] 3407 334.86| 2482.2 | 33491 |2308.8] 2643.7 | 1.0733 | 7.6122 | 80
35 5783 1.0325 | 2.828 355.84| 2488.4 | 355.90)2296.01 2651.9 | [.1343 | 7.5445 [ 85
20 J0i4| 1.0360 | 2.361 376.85] 2494.5 | 376.92|2283.2| 2660.1 | 1.1925| 7.4791 | 90
5 84551 1.0397 1.982 397.881 2500.6 | 397.9612270.2| 2668.1 | 1.2500 | 7.4159 | 95
0 1.014 | 1.0435 1.673 41894 2506.5 | 419.042257.0| 2676.1 | 1.3069 | 7.3549 | 100
10 1.433 1.0516 i.210 460.14 | 2518.1 | 461.30(2230.21 2691.5 | 14185 7.2387 | 110
20 1.985 1.0603 | 0.8919 503.501 2529.3 | 503.71(2202.6( 2706.3 | 1.5276 | 7.1296 | 120
30 2.701 1.0697 | 0.6685 546.02| 2539.9 | 546.31{2174.2 2720.5 | 1.6344 | 7.0269 {130
10 3.6i3 | 1.0797 | 0.5089 588.74 | 2550.0 | 589.13|2144.7] 27339 | 1.7391 | 6.9299 | 140
30 4.758 | 1.0905 | 0.3928 631.68| 2559.5 | 632.20(2114.3| 2746.5 | 1.84i8 | 6.8379 | 150
0 6.i78 | 1.1020 | 0.307) 674.86 | 2568.4 | 675.55]2082.6| 2758.i | 1.9427 | 6.7502 | 160
10 7917 | 11143 | 0.2428 718.331 2576.5 1 719.2i | 2049.5] 2768.7 | 2.0419 | 6.6663 | 170
30 10.02 1.1274 | 0.194] 762.09| 2583.7 | 763.22|2015.0| 2778.2 | 2.1396 | 6.5857 | i40
)0 12.54 I.1414 | 0.1565 806.19 | 2590.0 | 807.62|1978.8| 2786.4 | 2.2359 | 6.5079 (190
0 i5.54 1.1565 | 0.1274 850.65| 2595.3 | 852.451940.7| 2793.2 | 2.3309 | 6.4323 {200
10 19.06 1.1726 | 0.1044 895.531 2599.5 | 897.76{ 1900.7 | 2798.5 | 2.4248 | 6.3585 | 210
0 23.18 1.1900 | 0.08619 | 940.87| 2602.4 | 943.62| I858.5| 2802.1 [ 2.5i78 | 6.2861 | 220
10 27.95 1.2088 | 0.07158 986.74 | 2603.9 | 990,12} i813.8| 2804.0 | 2.6099 | 6.2146 | 230
0 33.44 1.2291 | 0.05976 | 1033.2 | 2604.0 | 1037.3 | i766.5] 2803.8 | 2.7015 | 6.1437 | 240
i) 19.73 1.2502 | 0.05013 |i080.4 | 2602.4 | 085.4 |1716.2| 280i.5 | 2.7927 | 6.0730 | 250
) 46.88 1.2755 | 0.04221 | 1i28.4 | 2599.0 | 11344 | 1662.5] 2796.6 | 2.8838 | 6.0019 {260
'0 54.99 1.3023 | 0.03564 (11774 | 2593.7 | 1184.5 |i605.2| 2789.7 | 2.9751 | 5.9301 | 270
0 64.12 1.3321 | 0.03017 |1227.5 | 2586.1 | i236.0 | 1543.6! 2779.6 | 3.0668 | 5.8571 | 280
1) 74.36 1.3656 | 0.02557 |[1278.9 | 2576.0 | 1289.1 | 1477.1| 2766.2 | 3.1594 | 5.7821 |290
] 85.81 1.4036 | 0.02167 |1332.0 | 2563.0 | 1344.0 | 14049 2749.0 | 3.2534 | 57045 | 300
0 112.7 1.4988 | 0.01549 | 14446 | 2525.5 | 1461.5 | 1238.6| 2700.1 | 3.4480 | 5.5362 (320
0 i45.9 1.6379 | 0.01080 |i570.3 [ 2464.6 | 1594.2 | 1027.9| 2622.0 | 3.6594 | 5.3357 {340
0 i86.5 1.8925 | 0.006945|1725.2 | 2351.5 | 1760.5 | 720.5] 2481.0 | 3.9147 | 5.0526 | 360
‘4.14 12209 3.i55 0.00315512029.6 | 2029.6 |2099.3 0 | 2099.3 | 44298 | 44298 |374.14

e: Tables A-2 10 A-5 are adapted from K. Wark, Thermodviamns, $ih ed.. McGraw-Hial, New York, 1983, as exiracled from
Keenan, F. G. Keyes, P. G. Hill. and J. G. Moore. Stevmn Tables, Wiley, New York, 1969
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ATU WATEL TABE (’) o b
TABLE A-3 Pl'upcrlies%muruled \V:%mour)\:‘?’/reme TubEE e ( Q{’_SSL, Et‘)

Specitic Volume | Internal Energy Enthalpy Entropy

m'kg kJ/kg kJ/kg klkg - K
Press. | Temp. | Sat. Sat. Sat. Sat. Sat. Sat. Sat, Sat. Pre
bars °C Liquid | Vapour | Liquid | Vapour | Liquid | Evap. | Vapour | Liquid | Vapour |  ba

v x 10° vy ug uy Iy Iy, Iy, ¢ 8y
0.04 2896  1.0040 | 34.800 12045 24152 12146 | 24329 | 2554.4 | 04226 | 84746 0.(
0.06| 36.i6] 1.0064 |23.739 i151.53] 2425.0 | 150.53 | 2415.9 [ 25674 | 0.5210 | 8.3304.] . O
0.081 41.51 | 10084 | 18.103 173.87 | 24322 | 173.88 | 2403.1 | 2577.0 | 0.5926 | 8.2287 0.
0.10] 4581 10102 | 14.674 191.82] 2437.9 | 191.8312392.8 | 2584.7 | 0.6493 [ 8.1502 0.

0.20] 6006 10172 | 7.649 251.38 | 2436.7 | 251.40|2358.3 | 2609.7 | 0.8320 | 7.9085 0.

0.30| 6Y.10| 10223 | 5.229 289.20 | 2468.4 | 289.23 | 2336.1 | 2625.3 | 0.9439 | 7.7686 0..
0401 75.87| 10265 | 3.993 317.53 | 2477.0 | 317.58|2319.2| 2636.8 | 1.0259 | 7.6700 0.
0.50| 81.33 ) 1.0300 | 3.240 34044 | 24839 | 34049 | 23054 | 26459 | 1.0910 | 7.5939 0.
0.60| 8594 10331 2,732 359.79 | 2489.6 | 359.86|2293.6 | 2653.5 | 1.1453 | 7.5320 0.
0.70| 8995 1.0360 | 2.365 376.63 | 2494.5 | 376.70 | 2283.3 | 2660.0 | 1.1919 | 74797 0.

0.80 [ 93.50| 1.0380 | 2.087 391.58 | 2498.8 | 391.66|2274.1 | 2665.8 | 1.2329 | 7.4346

—
-

0,907 96.71 | LO4I0 | 1.869 405.06 | 2502.6 | 405.15[2265.7 | 26709 | 1.2695 | 7.3949 0.
(.00] 99.63 1 1.0432 1.694 417.36 | 2506.1 | 417.46|2258.0§ 2675.5 | 1.3026 | 7.3594 I
150 1114 i.0528 1159 466.94 | 2519.7 | 467.11|2226.5 | 2693.6 | 1.4336.| 7.2233 I
2.007120.2 1.0605 | 0.8857 504,49 2529.5 | 504.70 [ 2201.9 | 2706.7 | 1.5301 | 7.127i 2,
25071274 10672 | 0.7187 535.10| 2537.2 | 535.37 (21815 27169 | 1.6072 ] 7.0527 2.
3.00] 133.6 1.0732 | 0.6058 561.15] 2543.6 | 561.47[2163.8| 27253 | 1.6718 | 6.9919 3.
3.50] 1389 1.0786 | 0.5243 583.95) 25469 | 584.33 [ 2148.1 | 27324 | 1.7275 | 6.9405 3.
4.00 143.6 I.0836 | 0.4625 604.31 | 2553.6 | 604.74[2133.8 | 2738.6 | 1.7766 | 6.8959 4.
4.50| 1479 1.0882 | 04140 622.25| 2557.6 | 623.25{2120.7 | 27439 | 1.8207 | 6.8565 4.
5.00 1519 1.0926 | 0.3749 639.68 | 2561.2 | 640.23 [2108.5 [ 2748.7 | 1.8607 | 6.8212 5.
6.00] 158.9 i.1006 | 0.3i57 669.90 | 2567.4 | 670.56 { 2086.3 | 2756.8 | 1.9312| 6.7600 6.
7.001 165.0 11080 | 0.2729 696.44 | 25725 | 697.22 [ 2066.3 | 2763.5 | 1.9922 | 6.7080 7.
8.001 1704 LI48 | 0.2404 72022 2576.8 | 72111 1 2048.0 | 2769.1 | 2.0462 [ 6.6628 8
9.00] 175.4 1212 | 02150 741.83 | 2580.5 | 742.83 [ 2031.1 | 2773.9 | 2.0946 | 6.6226 9.
0.0 1799 11273 | 0.1944 761.68 | 2583.6 | 762.81 {2015.3 | 2778.1 | 2.1387 | 6.5863 | 10
150 | 198.3 i.1539 | 0.1318 843.16 | 2594.5 | 844.84 [ 1947.3 [ 2792.2 | 23150 | 64448 [ 5
20,0 2024 1.1767 | 0.09963 [ 906.44 | 2600.3 | 90K.79 | 1890.7 | 2799.5 | 24474 | 6.3409 | 20
25.0 | 2240 1973 | 0.07998 1 959.11 | 2603.1 | 962.11 [ 1841.0 ) 2803.1 | 2.5547 | 6.2575 | 25

30.0 | 2339 1.2165 | 0.06668 | 1004.8 | 2604.1 | 1008.4 | 1795.7 | 2804.2 | 2.6457 | 6.1869 | 30

35.0 [ 2426 1.2347 | 0.05707 | 10454 | 2603.7 | 1049.8 [ 1753.7 | 2803.4 | 2.7253 | 6.1253 | 35
40.0 | 2504 1.2522 | 0.04978 | 1082.3 | 2602.3 | 1087.3 | (7i4.1 ] 2801.4 [ 2.7964 | 6.0701 | 40
45.0 | 2575 1.2692 | 0.04406 | 11162 [ 2600.1 | 11219 | 1676.4 1 2798.3 { 2.8610 | 6.0199 | 45
50.0 | 264.0 1.2859 | 0.03944 | 1147.8 | 2597.1 | 11542 [ 1640.1 ] 2794.3 | 2.9202 | 59734 | 50
60.0 1275.6 L3187 | 0.03243 ] 12054 | 2589.7 | 12134 [ 1571.0] 2784.3 | 3.0267 | 5.8892 | 60

70.0 | 2859 i.3513 | 0.02737]1257.6 | 2580.5 | 1267.0 | 1505.1 | 2772.1 | 3.4211 | 5.8133 | 70

80.0 | 295.1 i.3842 | 0.02352]i305.6 | 2569.8 | 1316.6 | [441.3| 2758.0 | 3.2068 | 5.7432 | 8O
90.0 | 3034 i4178 | 0.02048 ] 13505 | 2557.8 | 1363.3 | 1378.9 | 2742.1 | 3.2858  5.6772 | 90
100. KN 4524 | 0.01803]1393.0 | 25444 | 1407.6 | 13171 | 27247 | 3.3596 | 5.6141 | 100

i 10, 3i8.2 i.4886 | 0.01599 | 1433.7 | 2529.8 | 1450.1 | 1255.5| 2705.6 | 3.4295 | 5.5527 | 10
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TABLE A-4  (Continued)

T v u h 5 v u h s

°C mikg kJkg klkg klkg- K mYkg kJkg klJkg kJkg-K

p = 5.0 bars = 0.50 MPa = 7.0 bars = 0.70 MPa

(T = 151.86°C) (Teae = 164.97°C)
Sat.  0.3749 | 2561.2 | 2748.7 6.82i3 0.2729 | 25725 | 2763.5 | 6.7080
i80  0.4045 | 2609.7 | 2812.0 6.9656 0.2847 | 2599.8 | 2799.1 | 6.7%80
200 04249 | 26429 | 2855.4 7.0592 0.2999 | 2634.8 | 28448 | 6.8865
240 04646 | 2707.6 | 2939.9 7.2307 0.3292 | 2701.8 | 29322 | 7.064i
280 05034 | 2771.2 | 30229 7.3865 0.3574 | 27669 | 3017.1 | 7.2233
320 05416 | 2834.7 | 3i05.6 7.5308 (0.3852 | 28313 | 31009 | 7.2697
360 0.5796 | 1898.7 | 31884 7.6660 04126 | 2895.8 | 3i84.7 | 7.5063
400  0.6173 | 2963.2 | 32719 7.7938 0.4397 | 2960.9 | 3268.7 | 7.6350
440 0.6548 | 3028.6 | 3356.0 79152 04667 | 3026.6 | 33533 | 7.7571
500 07109 | 31284 | 34839 8.0873 0.5070 | 3i26.8 | 3481.7 | 7.9299
600 0.8041 | 3299.6 | 3701.7 8.3522 0.5738 | 3298.5 | 3700.2 | 8.1956
700 0.8969 | 3477.5 | 39259 8.5952 0.6403 | 3476.6 | 39248 | 8.439i

p = 10.0 bars = 1.0 MPa p = 15.0 bars = 1.5 MPa

(Tou = 17991°0) (T.n = 198.32°C)
Sat. 01944 | 2583.6 | 2778.1 6.5865 01318 | 25945 | 2792.2 | 64448
200 0.2060 | 262i.9 | 28279 6.6940) 0.1325 | 2598.1 | 2796.8 | 6.4546
240 0.2275 | 26929 | 29204 6.8817 0.1483 | 26769 | 2899.3 | 6.6628
280 0.2480 | 2760.2 | 3008.2 7.0465 0.1627 | 2748.6 | 2992.7 | 6.838i
320 0.2678 | 2826.1 | 30939 7.1962 0.1765 | 2817.1 | 30819 | 69938
360 0.2873 | 2891.6 | 31789 7.3349 0.1899 | 28844 | 3169.2 | 7.1363
400 0.3066 | 2957.3 | 32639 7.4651 0.2030 | 2950.3 | 32558 | 7.26%
440 0.3257 | 30236 | 33493 7.5883 0.2160 | 3018.5 | 33425 | 7.3940
500 03541 § 31244 | 3478.5 7.7622 0.2352 } 3120.3 | 34731 | 75698
540 0.3729 | 3192.6 | 3365.6 7.8720 0.2478 | 3189.1 | 3560.9 | 7.6805
600 04001 | 3296.8 | 36u7.9 8.0290 0.2668 | 32939 [ 3694.0 | 7.8385
640 04198 | 3367.4 | 3787.2 8.1290 0.2793 | 3364.8 | 3783.8 | 7.939i

P = 20.0 bars = 2.0 MPa p = 30.0 bars = 3.0 MPa

(T = 212.42°C) (T = 233.90°C)
S 0.0996 | 2600.3 | 2799.5 6.3409 0.0667 | 2604.1 [ 23042 | 6.1869
240 01085 | 2659.6 | 2876.5 6.4952 0.0682 | 2619.7 | 28243 | 6.2265
280 001200 | 27364 | 2976.4 6.6828 00771 | 2709.9 | 2941.3 | 6.4462
320 01308 } 28079 | 3069.5 6.8452 00850 | 27884 | 3043.4 | 6.6245
360 004011 | 2877.0 | 3159.3 6.9917 0.0023 | 2861.7 | 31387 | 67800
400 00512 ) 29452 § 3247.6 7.1271 0.0994 [ 29328 | 32309 | 69212
440 0061t | 30134 | 33355 7.2540 0.1062 | 30029 | 33215 | 7.0520
500 0.1757 | 31i6.2 | 3467.6 74317 0.1162 | 3108.0 | 34565 | 7.2338
540 0.1853 | 3I85.6 | 3556.0 7.5434 0.1227 | 31784 | 3546.6 | 7.3474
600 0.1996 | 32909 | 3690.i 7.7024 0.1324 | 3285.0 | 3682.3 [ 7.5085
640 0.2091 | 33622 | 37804 7.8035 0.1388 | 3357.0 | 3773.5 | 7.6106
700 0.2232 | 34709 | 39i7.4 7.9487 0.1484 | 3466.5 | 39107 | 7.7571




