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TAB. 1

DIME/TEC PROPRIETA’ TERMODINAMICHE DEI GAS PERFETTI
Dati fondamentali - (T=300K, p=1bar)
massa molecolare R; Cy Cp Press. crit. Temp. crit.

[kg/kmol] [VkgK] [IkgK] [VkgK] [bar] [K]

Azoto 28.01 296.8 743 1039 33.9 126

Idrogeno 2,018 4124 10183 14307 129 33.2

co 28.01 296.8 744 1040 35 133

Ossigeno 32.00 259.8 658 018 50.5 154

Aria 28.97 287 718 1005 37.7 133

Co, 44.01 188.9 657 846 73.9 304

Vapor acqueo 18.02 461.8 1440 1900 220.9 647

(P=Psat)
Energia interna gas perfetti u [kd/kg]

TIK] Azoto Idrogeno CcO Ossigeno Aria CO,
260 193.0 2611.8 193.0 169.3 185.5 1315
300 2227 30125 2227 1955 2145 156.9
400 296.9 4052.0 298.4 2623 287.0 2279
500 3719 51015 3735 3320 361.0 307.1
600 446.8 6150.5 449.9 405.3 436.3 392.9
700 526.4 7200.0 530.9 480.2 513.1 484.3
800 608.9 82715 614.8 558.8 592.8 580.6
900 692.8 9343.5 698.6 638.8 675.3 680.7
1000 780.4 10433.0 787.2 7214 759.4 7835
1200 958.1 12659.0 968.5 890.7 936.1 997.9
1400 11425 14967.5 1157.3 1063.8 11158 1219.9
1600 1332.8 17361.0 1349.2 1240.7 1298.0 14477
1800 1526.2 19857.0 1544.1 1421.7 1489.4 1679.2
2000 17224 224185 17433 1604.0 1679.2 1914.1
2200 19203 25039.5 1945.7 1788.7 18733 21525
2400 21211 277255 2147.9 1977.7 2068.7 2392.0
2600 23233 30474.0 23503 2169.0 2265.9 2634.8
2800 2527.1 332875 25525 2363.0 2496.0 2877.7
3000 2732.4 36139.0 2761.0 2558.1 2668.6 3122.9

Entalpia gas perfetti h [kJ/kg]

TIK] Azoto Idrogeno Cco Ossigeno Aria Co,
260 270.2 3684.0 270.2 236.9 260.1 180.6
300 31138 4259.6 3118 2734 3006 2136
400 415.7 5714.8 471 366.2 401.8 303.5
500 5204 7180.0 522.0 461.9 504.5 401.6
600 625.0 8644.7 628.0 561.2 608.5 506.2
700 7343 10109.9 7387 662.0 714.0 616.6
800 846.4 11597.1 852.3 766.7 8224 7318
900 960.0 13084.4 965.9 8726 9335 850.8
1000 1077.3 14590.0 1084.1 981.3 1046.4 9725
1200 13145 17647.4 1324.8 1202.5 12805 1224.7
1400 1558.2 20787.3 1573.0 14275 1517.6 1484.4
1600 1807.8 24012.2 1824.3 1656.4 1757.1 1750.0
1800 2060.7 27339.6 20785 1889.4 2006.0 2019.3
2000 23163 307325 2337.1 21236 2253.2 2292.0
2200 2573.6 34184.9 2598.9 2360.3 2504.7 2568.2
2400 2833.7 37702.3 2860.5 2601.2 27575 2845.4
2600 3095.3 41282.2 31223 28445 3012.1 3126.1
2800 3358.5 44927.1 3383.9 3090.4 3299.6 3406.8
3000 3623.2 48610.0 3651.8 33375 3529.5 3689.8

Entropia gas perfetti alla pressione di 1 bar s; [kJ/kg K]

TIK] Azoto Idrogeno Cco Ossigeno Aria CO,
260 6.7036 65.4000 6.3214 6.2906 6.7276 4.7477
300 6.8536 65.4500 7.0714 6.4219 6.8726 4.8659
400 7.1536 69.6500 7.3714 6.6906 7.1626 5.1227
500 7.3893 72.9000 7.6071 6.9031 7.3904 5.3409
600 7.5857 75.6500 7.7964 7.0844 7.5803 5.5318
700 7.7500 77.8500 7.9714 7.2313 7.7459 5.7045
800 7.8929 79.8500 8.1214 7.3781 7.8909 5.8591
900 8.0321 81.5500 8.2571 7.5031 8.0221 5.9977
1000 8.1536 83.1500 8.3821 7.6188 8.1395 6.1273
1200 8.3714 85.9500 8.6036 7.8188 8.3500 6.3568
1400 8.5571 88.3500 8.7929 7.9938 8.5330 6.5568
1600 8.7250 90.5500 8.9607 8.1469 8.6952 6.7341
1800 8.8714 92.5000 9.1107 8.2313 8.8402 6.8932
2000 9.0071 94.2500 9.2464 8.4063 8.9713 7.0364
2200 9.1321 95.9000 9.3714 8.5188 9.0922 7.1682
2400 9.2429 97.4500 9.4857 8.6219 9.2026 7.2886
2600 9.3664 98.9000 9.5893 8.7219 9.3027 7.4000
2800 9.4464 100.2500 9.6857 8.8125 9.3959 7.5045
3000 9.5393 101.5000 9.7786 8.8969 9.4891 7.6023

Dai valori dell’entropia di riferimento si deducono quelli per p qualunque aggiungendo -R1 logn(p), p espressa in bar

s =5,-R1 logn(p)
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DIME/TEC PROPRIETA’ TERMODINAMICHE DELL’ACQUA (liquido e vapore) ALLA SATURAZIONE TAB. 2A
T p volume specifico m*/kg Entalpia kJ/kg Entropia Klkg K t
°C bar \] (Vy-Vvy) Vy h, r hy S| T s, °C
0 0.006 017 | 0.001 000 2 206.298 206.299 -0.0 2501.6 2501.6 -0.0 9.1578 9.1578 0
0.01 0.006 112 | 0.001 000 2 206.162 206.163 +0.0 2501.6 2501.6 0 9.1575 9.1575 0.01
2 0.007 055 | 0.001 000 1 179.922 179.923 8.4 2496.8 2505.2 0.0306 9.0741 9.1047 2
4 0.008 129 | 0.001 000 O 157.271 157.272 16.8 2492.1 2508.9 0.0611 8.9915 9.0526 4
6 0.009 345 | 0.001 000 0 137.779 137.780 252 2487.4 2512.6 0.0913 8.9102 9.0015 6
8 0.010 720 | 0.001 000 1 120.965 120.966 33.6 2482.6 2516.2 0.1213 8.8300 8.9513 8
10 0.012 270 | 0.001 000 3 106.429 106.430 42,0 2477.9 2519.9 0.1510 8.7510 8.9020 10
12 0.014 014 | 0.001 000 4 93.834 93.835 50.4 2473.2 2523.6 0.1805 8.6731 8.8536 12
14 0.015973 | 0.001 000 7 82.899 82.900 58.8 2468.5 2527.2 0.2098 8.5963 8.8060 14
15 0.017 139 | 0.001 000 8 77.977 77.978 62.9 2466.1 2529.1 0.2243 8.5582 8.7826 15
16 0.018 168 | 0.001 0010 73.383 73.384 67.1 2463.8 2530.9 0.2388 8.5205 8.7593 16
18 0.020 624 | 0.001 001 3 65.086 65.087 755 2459.0 2534.5 0.2677 8.4458 8.7135 18
20 0.023 366 | 0.001 0017 57.837 57.838 83.9 2454.3 2538.2 0.2963 8.3721 8.6684 20
25 0.031 660 | 0.001 0029 43.401 43.402 104.8 24425 2547.3 0.3670 8.1922 8.5592 25
30 0.042 415 | 0.001 004 3 32.928 32.929 125.7 2430.7 2556.4 0.4365 8.0181 8.4546 30
35 0.056 216 | 0.001 006 O 25.244 25.245 146.6 2418.8 2565.4 0.5049 7.8495 8.3543 35
40 0.073 750 | 0.001 007 8 19.545 19.546 167.5 2406.9 2574.4 0.5721 7.6861 8.2583 40
45 0.095 820 | 0.001 009 9 15.275 15.276 188.4 2394.9 2583.3 0.6383 7.5277 8.1661 45
50 0.12335 | 0.001 0120 12.045 12.046 209.3 2382.9 2592.2 0.7035 7.3741 8.0776 50
55 0.157 41 | 0.001 0145 9.5779 9.578 9 230.2 2370.8 2601.0 0.7677 7.2248 7.9925 55
60 0.19920 | 0.0010171 7.6775 7.6785 251.1 2358.6 2609.7 0.8310 7.0798 7.9108 60
65 0.25009 | 0.0010199 6.2013 6.202 3 272.0 2346.3 2618.4 0.8933 6.9388 7.8321 65
70 0.31162 | 0.001 0228 5.0453 5.046 3 293.0 2334.0 2626.9 0.9548 6.8017 7.7565 70
75 0.38549 | 0.001 0259 41331 41341 3139 23215 2635.4 1.0154 6.6681 7.6835 75
80 0.47360 | 0.001 029 2 3.408 1 3.409 1 344.9 2308.8 2643.8 1.0753 6.5380 7.6133 80
85 0.578 03 | 0.001 0326 2.8278 2.828 8 355.9 2296.1 2652.0 1.1343 6.4111 7.5454 85
90 0.701 09 | 0.001 036 1 2.360 3 2.3613 376.9 2283.2 2660.1 1.1925 6.2873 7.4798 90
95 0.84526 | 0.001 0399 1.9812 1.9822 398.0 2270.2 2668.1 1.2501 6.1665 7.4166 95
100 1.01325 | 0.001 0437 1.6720 1.6730 419.1 2256.9 2676.0 1.3069 6.0485 7.3554 100
105 1.2080 | 0.001 0477 14183 14193 440.2 2243.6 2683.7 1.3630 5.9331 7.2962 105
110 1.4327| 0.0010519 1.208 9 1.209 9 461.3 2230.0 2691.3 1.4185 5.8203 7.2388 110
115 1.6906 | 0.001 0562 1.0353 1.036 3 482.5 2216.2 2698.7 1.4733 5.7099 7.1832 115
120 1.9854 | 0.001 060 6 0.890 46 0.891 52 503.7 2202.2 2706.0 1.5276 5.6017 7.1293 120
125 2.3210 | 0.001 065 2 0.769 17 0.770 23 525.0 2188.0 2713.0 1.5813 5.4957 7.0769 125
130 2.7013| 0.0010700 0.667 07 0.668 14 546.3 2173.6 2719.9 1.6344 5.3917 7.0261 130
135 3.1308 | 0.0010750 0.580 74 0.581 81 567.7 2158.9 2726.6 1.6869 5.2897 6.9766 135
140 3.6138 | 0.0010801 0.507 41 0.508 49 589.1 2144.0 2733.1 1.7390 5.1894 6.9284 140
145 4.1552 | 0.001 0853 0.444 89 0.445 97 610.6 2128.7 2739.3 1.7906 5.0910 6.8815 145
150 4.7600 | 0.001 0908 0.391 36 0.392 45 632.1 2113.2 2745.4 1.8416 4.9941 6.8358 150
155 5.4333 | 0.001 096 4 0.345 55 0.346 44 653.8 2097.4 2751.2 1.8923 4.8989 6.7911 155
160 6.1806 | 0.001 1022 0.305 66 0.306 76 675.5 2081.3 2756.7 1.9425 4.8050 6.7473 160
165 7.007 7| 0.0011082 0.271 29 0.272 40 697.3 2064.8 2762.0 1.9923 4.7126 6.7048 165
170 7.9202 | 0.0011145 0.241 44 0.242 55 719.1 2047.9 2767.1 2.0416 4.6214 6.6630 170
175 8.9244 | 0.0011209 0.215 42 0.216 54 741.1 2030.7 2771.8 2.0906 4.5314 6.6221 175
180 10.027 | 0.001 127 5 0.192 67 0.193 80 763.1 2013.2 2776.3 2.1393 4.4426 6.5819 180
185 11.233 | 0.0011344 0.172 63 0.173 86 785.3 1995.2 2780.4 2.1876 4.3548 6.5424 185
190 12.551 | 0.001 1415 0.155 18 0.156 32 807.5 1976.7 2784.3 2.2356 4.2680 6.5036 190
195 13.987 | 0.001 1489 0.139 69 0.140 84 829.9 1957.9 2787.8 2.2833 4.1821 6.4654 195
200 15549 | 0.001 156 5 0.126 01 0.127 16 852.4 1938.6 2790.9 2.3307 4.0971 6.4278 200
205 17.243 | 0.001 164 4 0.113 87 0.11503 875.0 1918.8 2793.8 2.3778 4.0128 6.3906 205
210 19.077 | 0.001 1726 0.103 07 0.104 24 897.7 1898.5 2796.2 2.4247 3.9293 6.3539 210
215 21.060 | 0.0011811 0.093 45 0.094 625 920.6 1877.6 2798.3 24713 3.8463 6.3176 215
220 23.198 | 0.0011900 0.084 85 0.086 038 943.7 1856.2 2799.9 2.5178 3.7639 6.2817 220
225 25.501 | 0.0011992 0.071 15 0.078 349 966.9 1834.3 2801.2 2.5641 3.6820 6.2461 225
230 27.976 | 0.001208 7 0.070 24 0.071 450 990.3 1811.7 2802.0 2.6102 3.6006 6.2107 230
235 30.632 | 0.0012187 0.064 03 0.064 245 1013.8 1788.5 2802.3 2.6561 3.5194 6.1756 235
240 33.478 | 0.0012291 0.058 42 0.059 645 1037.6 1764.6 2802.2 2.7020 3.4386 6.1406 240
245 36.523 | 0.0012399 0.051 37 0.054 606 1061.6 1740.0 2801.6 2.7478 3.3579 6.1057 245
250 39.776 | 0.001 2513 0.048 79 0.050 037 1085.8 1714.7 2800.4 2.7935 3.2773 6.0708 250
255 43.246 | 0.001 263 2 0.048 79 0.045 896 1110.2 1688.5 2798.7 2.8392 3.1968 6.0359 255
260 46.943 | 0.0012756 0.040 86 0.042 130 1134.9 1661.5 2796.4 2.8848 3.1161 6.0010 260
265 50.877 | 0.001 288 7 0.037 43 0.038 710 1159.9 1633.5 27935 2.9306 3.0353 5.9658 265
270 55.058 | 0.001 3025 0.03429 0.035 588 1185.2 1604.6 2789.9 2.9763 2.9541 5.9304 270
275 59.496 | 0.0013170 0.031 42 0.032 736 1210.9 1574.7 2785.5 3.0222 2.8725 5.8947 275
280 64.202 | 0.0013324 0.028 80 0.030 126 1236.8 1543.6 2780.4 3.0683 2.7903 5.8586 280
285 69.186 | 0.001 3487 0.026 38 0.027 733 1263.2 1511.3 27745 3.1146 2.7074 5.8220 285
290 74.461 | 0.001 3659 0.024 17 0.025 535 1290.0 1477.6 2767.6 3.1611 2.6237 5.7848 290
295 80.037 | 0.0013844 0.022 13 0.023 513 1317.3 1442.6 2759.8 3.2079 2.5389 5.7469 295
300 85.927 | 0.0014041 0.020 25 0.021 649 1345.1 1406.0 2751.0 3.2552 2.4529 5.7081 300
305 92.144 | 0.001 4252 0.018 41 0.019 927 1373.4 1367.7 2741.1 3.3029 2.3656 5.6685 305
310 98.700 | 0.001 4430 0.016 88 0.018 334 1402.4 1327.6 2730.0 3.3512 2.2766 5.6278 310
315 105.61 | 0.0014726 0.015 09 0.016 856 1432.1 1285.5 2717.6 3.4002 2.1856 5.5858 315
320 112.89 | 0.001 499 5 0.013 98 0.015 480 1462.6 1241.1 2703.7 3.4500 2.0923 5.5423 320
325 120.56 | 0.001 5289 0.012 67 0.014 195 1494.0 1194.0 2688.0 3.5008 1.9961 5.4969 325
330 128.63 | 0.001 5615 0.011 43 0.012 989 1526.5 1143.6 2670.2 3.5528 1.8962 5.4490 330
335 137.12 | 0.0015978 0.010 26 0.011 854 1560.3 1089.5 2649.7 3.6063 1.7916 5.3979 335
340 146.05 | 0.001 6387 0.009 14 0.010 780 1595.5 1030.7 2626.2 3.6616 1.6811 5.3427 340
345 155.45 | 0.001 685 8 0.008 07 0.009 763 1632.5 966.4 2598.9 3.7193 1.5636 5.2828 345
350 165.35 | 0.0017411 0.007 06 0.008 799 1671.9 895.7 2567.7 3.7800 1.4376 5.2177 350
355 175.77 | 0.001 808 5 0.006 05 0.007 859 1716.6 8138 2530.4 3.8489 1.2953 5.1442 355
360 186.75 | 0.001 8959 0.005 04 0.006 939 1764.2 7213 2485.4 3.9210 1.1390 5.060 360
365 198.33 | 0.002 0160 0.003 99 0.006 011 1818.0 610.0 2428.0 4.0021 0.9558 4.9579 365
370 210.54 | 0.002 2136 0.002 76 0.004 972 1890.2 452.6 2342.8 4.1108 0.7036 4.8144 370
374 220.81 | 0.0028427 0.000 63 0.003 465 2046.7 109.5 2156.2 4.3493 0.1692 4.5185 374
374.15 221.20 0.003 17 0 0.003 17 2107.4 0 2107.4 4.4429 0 4.4429 374.15




DIME/TEC PROPRIETA’ TERMODINAMICHE DELL’ACQUA (liquido e vapore) ALLA SATURAZIONE TAB. 2B
p T Volume specifico m*/kg Entalpia ki/kg Energia interna kJ/kg Entropia ki/kg K p
bar °C Vi Vy h | T | hy U | Uy ) | /T | Sy bar
0.006 02 0 0.001 000 2 206.298 7 -0.0 25016 2501.6 -0.0 2375.6 -0.0 91578  9.1578 | 0.006 02
0.006 11 0.01 0.001 000 2 206.162 9 +0.0 2501.6 2501.6 0 2375.6 0 91575 9.1575| 0.00611
0.010 6.98 0.001 000 1 129.2107 293 24850 2514.4 29.3 2385.2| 0.1060 8.8706  8.9767 0.010
0.020 17.51 0.001 001 2 67.011 6 735 2460.2 2533.6 735 2399.6 0.2606 8.4640 8.7246 0.020
0.030 24.10 0.001 002 7 45,6700 101.0 24446 25456 101.0 2408.6 | 0.3543 82242 85785 0.030
0.040 28.98 0.001 004 0 34.8033 1214 24331 25545 121.4 24153 | 0.4225 80530  8.4755 0.040
0.050 32.90 0.001 005 2 28.1945 1378 24238  2561.6 137.8 24206 | 04763  7.9197  8.3960 0.050
0.060 36.18 0.001 006 4 23.740 6 1515  2416.0 2567.5 1515 2425.1| 05209 7.8103 8.3312 0.060
0.070 39.03 0.001 007 4 20.530 4 163.4 2409.2 2572.6 163.4 2428.9 0.5591 7.7176 8.2767 0.070
0.080 4154 0.001 008 4 18.103 8 1739 24032 25771 173.9 24323 | 05926  7.6370  8.2295 0.080
0.090 43.79 0.001 009 4 16.203 4 1833 23979 25811 183.3 24353 | 0.6224 7.5657 8.1881 0.090
0.10 45.83 0.001 0102 14,6737 1918 23929  2584.8 191.8 2438.1| 0.6493 75018 8.1511 0.10
0.15 54.00 0.001 0140 10.022 1 226.0 23732  2599.2 226.0 24489 | 0.7549  7.2544  8.0093 0.15
0.20 60.09 0.001 017 2 7.649 2 2515 2358.4 2609.9 2515 2456.9 0.8321 7.0773 7.9094 0.20
0.25 64.99 0.0010199 6.204 0 2720 23464 26183 2720 2463.2 | 0.8933 69390  7.8323 0.25
0.30 69.13 0.001 022 3 52290 2893  2336.1 26254 289.6 24682 | 0.9441 6.8254  7.7695 0.30
0.35 72.71 0.001 0245 45255 3043 23272 26315 304.3 2473.1| 0.9878 6.7288  7.7166 0.35
0.40 75.89 0.001 026 5 3.993 2 317.7 2319.2 2636.9 317.7 2477.2 1.0261 6.6448 7.6709 0.40
0.45 78.74 0.001 028 4 3.576 1 3296 23120 26417 329.6 2480.8 | 1.0603 6.5703  7.6306 0.45
0.50 81.35 0.001 0301 3.2401 3406 23054  2646.0 3405 2484.0 | 1.0912 65035  7.5947 0.50
0.60 85.95 0.001 0333 27317 359.9 22936  2653.6 359.8 2489.7 | 11455 6.3872  7.5327 0.60
0.70 89.96 0.001 036 1 2.364 7 376.8 22833  2660.1 376.3 24946 | 11921 6.2883  7.4804 0.70
0.80 93.51 0.001 038 7 2.086 9 391.7 2274.0 2665.8 391.6 2498.8 1.2330 6.2022 7.4352 0.80
0.90 96.71 0.001 0412 1.869 1 4052 22656  2670.9 405.1 2502.7 | 1.2696 6.1258  7.3954 0.90
1.00 99.63 0.001 043 4 1.6937 4175 22579 26754 4174 2506.0 | 1.3027 6.0571  7.3598 1.00
1.013 25 100.00 0.001 0437 1.6730 4191 22569  2676.0 419.0 2506.5| 1.3069 6.0485  7.3554 | 1.01325
1.20 104.81 0.001 047 6 1.428 1 4394 22441 26834 439.3 25120 | 1.3609 5.9375 7.2984 1.20
1.40 109.32 0.001 051 3 1.2363 458.4 2231.9 2690.3 458.3 2517.2 1.4109 5.8356 7.2465 1.40
1.60 113.32 0.001 054 7 1.0911 475.4 2220.9 2696.2 475.2 2521.6 1.4550 5.7467 7.2017 1.60
1.80 116.93 0.001 057 9 0.977 18 490.7 22108 27015 490.5 25256 | 14944 56677 7.1622 1.80
2.00 120.23 0.001 060 8 0.885 40 504.7 22016  2706.3 504.5 2529.2| 15301 55967  7.1268 2.00
2.50 127.43 0.001 067 6 0.718 40 5354  2181.0 2716.4 535.1 2536.8 | 1.6072 5.4448  7.0520 2.50
3.00 133.54 0.001 0735 0.605 53 561.4 2163.2 2724.7 561.1 2543.0 1.6717 5.3192 6.9909 3.00
3.50 138.88 0.001 0789 0.523 97 5843 21473 27316 583.9 2548.2 | 17273 52118  6.9392 3.50
4.00 143.63 0.001 0839 0.462 20 604.7 21329 27376 604.3 2552.7 | 17764 51179  6.8943 4.00
4.50 147.92 0.001 0885 0.41373 623.2  2119.7 27429 622.7 2556.7 | 1.8204 5.0342  6.8547 4.50
5.00 151.85 0.001 092 8 0.374 66 640.1 21074 27475 639.6 2560.2 | 1.8604 4.9588  6.8192 5.00
6.00 158.84 0.001 100 9 0.315 46 670.4 2085.0 2755.5 669.7 2566.2 1.9308 4.8267 6.7575 6.00
7.00 164.96 0.001 108 2 027268 | 697.1 20649  2762.0 696.3 2571.1| 19918 47134  6.7052 7.00
8.00 170.41 0.0011150 0.240 26 7209 20465 27675 720.0 25753 | 2.0457 4.6139  6.6596 8.00
9.00 175.36 0.0011213 0.214 82 7426 20295 2772.1 741.6 2578.8 | 2.0941 45251  6.6192 9.00
10.00 179.88 0.001127 4 0.194 30 762.6  2013.6  2776.2 761.5 2581.9 | 21382 4.4447  6.5828 10.00
11.00 184.06 0.001 1331 0.177 39 781.1 1991.6 2779.7 779.9 2584.6 2.1786 4.3712 6.5498 11.00
12.00 187.96 0.001 138 6 0.163 21 7984 19843 27827 797.0 2586.8 | 2.2160 4.3034 65194 12.00
13.00 191.60 0.001 1438 0.151 14 814.7 19707 27854 813.2 25889 | 22509  4.2404  6.4913 13.00
14.00 195.04 0.001 1489 0.140 73 830.1 1957.7  2787.8 828.5 2590.8 | 2.2836  4.1815  6.4651 14.00
15.00 198.28 0.001 153 8 0.131 67 844.6 19453  2789.9 842.7 25924 | 23144 41262  6.4406 15.00
16.00 201.37 0.001 158 6 0.123 70 858.5 1933.2 2791.7 856.6 2593.8 2.3436 4.0740 6.4176 16.00
17.00 204.30 0.001 163 3 0.116 64 8718 19216 27934 869.8 2595.1 | 23712 4.0246  6.3958 17.00
18.00 207.11 0.001 167 8 0.11033 8845 19103 2794.8 882.4 2596.2 | 23976 39776  6.3751 18.00
19.00 209.79 0.0011723 0.104 67 896.8  1899.3  2796.1 894.6 2597.2 | 24227 39327  6.3555 19.00
20.00 212.37 0.001176 6 0.099 549 908.6  1888.7  2797.2 906.2 2598.1 | 24468 3.8899  6.3367 20.00
25.00 223.94 0.001 197 2 0.079 915 961.9 1839.0 2800.9 958.9 2601.1 2.5542 3.6994 6.2537 25.00
30.00 233.84 0.001 216 3 0.066 632 | 1008.3 17940  2802.3 1004.7 26024 | 2.6455 35383  6.1838 30.00
35.00 242.54 0.0012345 0.057028 | 1049.7 17522  2802.0 1045.4 26024 | 27252 33976  6.1229 35.00
40.00 250.33 0.001 252 1 0.049 749 | 1087.4 17129  2800.3 1082.4 2601.3 | 2.7965 3.2720  6.0685 40.00
45.00 257.41 0.001 269 1 0.044 035 1122.1 1675.6 2797.7 1116.4 2599.5 2.8612 3.1579 6.0191 45.00
50.00 263.92 0.001 285 8 0.039 425 1154.5 1639.7 2794.2 1148.1 2597.1 2.9207 3.0528 5.9735 50.00
55.00 269.94 0.001 302 3 0.035624 | 11849 16050  2789.9 1177.7 2594.0 | 29758 29551  5.9309 55.00
60.00 275.56 0.001 3187 0.032433 | 12137 15713 27850 1205.8 25904 | 3.0274 2.8633  5.8907 60.00
65.00 280.83 0.0013350 0.029 714 | 12412 15383  2779.5 1232.5 2586.4 | 3.0760 2.7766  5.8526 65.00
70.00 285.80 0.001 351 4 0.027 368 1267.5 1506.0 2773.4 1258.0 2581.8 3.1220 2.6941 5.8161 70.00
75.00 290.51 0.001 367 8 0.025 323 1292.7 1474.1 2766.9 1282.4 2577.0 3.1658 2.6152 5.7810 75.00
80.00 294.98 0.001 384 3 0.023521 | 1317.2 14427  2759.9 1306.1 2571.7 | 3.2077 25393  5.7470 80.00
85.00 299.24 0.001 4010 0.021923 | 1340.8 14116 27524 1328.9 2566.1 | 3.2480 24661 5.7141 85.00
90.00 303.31 0.0014179 0.020493 | 1363.8 1380.8 2744.6 1351.0 2560.2 | 3.2867 2.3952  5.6820 90.00
95.00 307.22 0.0014351 0.019 206 1386.2 1350.2 2736.3 1372.6 2553.8 3.3242 2.3264 5.6506 95.00
100.00 310.96 0.001 452 6 0.018 041 1408.1 1319.7 2727.7 1393.6 2547.3 3.3606 2.2592 5.6198 100.00
110.00 318.04 0.001 488 7 0.016 007 | 1450.6  1258.8  2709.3 1434.2 2533.2 | 3.4304 21292 55596 110.00
120.00 324.64 0.001526 7 0014285 14917 11975  2689.2 1473.4 2517.8 | 34971  2.0032  5.5003 120.00
130.00 330.81 0.001567 1 0.012800 | 1531.9 11351  2667.0 1511.5 2500.6 | 3.5614  1.8795  5.4409 130.00
140.00 336.63 0.001 610 5 0.011 498 15715 1070.9 2642.4 1549.0 2481.4 3.6241 1.7564 5.3804 140.00
150.00 342.12 0.001 657 8 0.010 343 1610.9 1004.2 2615.1 1586.0 2460.0 3.6857 1.6323 5.3180 150.00
160.00 347.32 0.001 7102 0.0093099 | 1650.4 9345  2584.9 1623.0 24359 | 3.7470 15063  5.2533 160.00
170.00 352.26 0.001 769 5 0.0083721 | 1691.6 860.0 2551.6 1661.5 2409.3 | 3.8106 1.3749  5.1856 170.00
180.00 356.96 0.001 8399 0.007 4973 | 1734.8 779.0 25139 1701.7 23789 | 3.8766 1.2362  5.1127 180.00
190.00 361.44 0.001 926 2 0.006 6759 1778.7 691.8 2470.5 1742.1 2343.7 3.9430 1.0900 5.0330 190.00
200.00 365.71 0.002 037 4 0.005 874 5 1826.6 591.6 2418.2 1785.9 2300.7 4.0151 0.9259 4.9410 200.00
210.00 369.79 0.002 201 8 0.005 022 5 1886.3 461.2 23475 1840.1 2242.0 4.1040 0.7172 4.8222 210.00
220.00 373.78 0.002 667 5 0.0037347  2010.3 186.3  2196.6 1951.6 21444 42934 0.2881 4.5814 220.00
221.20 374.15 0.0031700 0.0031700 | 2107.4 0 21074 2037.1 2037.3 | 4.4429 0 4.4429 [ 221.20




DIME/TEC PROPRIETA’ TERMODINAMICHE DELL’ACQUA - VAPORE SURRISCALDATO TAB. 3A
Volume specifico v, m¥kg; Entalpia h, ki/kg; Entropia s, ki/kg K
Pressione bar
(temp. sat.'C) 50 100 150 200 250 300 350 400 500 600 700 800
v 74524| 86.080| 97.628| 109.171| 120711| 132251 143790 155.329| 178.405| 201.482| 224.558| 247.634
0.02 h 2594.4 2688.5 2783.7 2880.0 2977.7 3076.8 3177.7 3279.7 3489.2 3705.6 3928.8 4158.7
(17.5) S 8.9226 9.1934 9.4327 9.6479 9.8441 10.0251 10.1934 10.3512 10.6413 10.9044 11.1464| 11.3712
v 37.240| 43027| 48806| 54580 60351 66122 71892 77.662| 89.201| 100740 112.278| 123.816
0.04 h 25939| 2688.3| 27835| 2879.9| 29776 3076.8 3177.4| 3279.7| 3489.2| 3705.6| 3928.8| 41587
(29.0) s 8.6016| 88730| 9.1125| 9.3279| 95241 97051| 9.8735| 10.0313| 10.3214| 105845 10.8265| 11.0513
v 24812| 28676| 32532| 37.383| 40232 44079 47927 51.773| 59467 67.159| 74.852| 82544
0.06 h 25935| 2688.0| 27834| 28798 29776 30767 3177.4| 3279.6| 3489.2| 3705.6| 3928.8| 41587
(36.2) s 8.4135| 8.6854| 89251 9.1406| 93369 95179 9.6863| 9.8441| 10.1342| 10.3973| 10.6394| 10.8642
\ 18.598 21.501 24.395 27.284 30.172 33.058 35.944 38.829 44599 50.369 56.138 61.908
0.08 h 25931| 2687.8| 27832| 2879.7| 29775 30767 3177.3| 3279.6| 3489.1| 37055| 39288 41587
(41.5) S 8.2797 8.5521 8.7921 9.0077 9.2041 9.3851 9.5535 9.7113 10.0014 10.2646 10.5066 | 10.7314
\ 14.869 17.195 19.512 21.825 24.136 26.445 28.754 31.062 35.679 40.295 44.910 49.526
0.10 h 25027| 2687.5| 27831| 2879.6| 29774 30766 31773 3279.6| 3489.1| 37055| 39288 41587
(45.8) S 8.1757 8.4486 8.6888 8.9045 9.1010 9.2820 9.4504 9.6083 9.8984 10.1616 10.4036( 10.6284
v | 0.001012] 34181| 38893| 4.3560| 4.8205| 52839 57467| 6.2091| 7.1335| 8.0574| 8.9810| 9.0044
050 h 209.29] 26826 2780.1| 2877.7| 29761 30757 31766 3279.0| 3488.7| 3705.2| 39286| 41585
(®13) | s | o0703a9] 76953| 7.0406| 8.1587| 83564 85380| 8.7068| 8.8649| 9.1552| 9.4185| 9.6606| 9.8855
\Y% 0.001012 1.6955 1.9363 2.1723 2.4061 2.6387 2.8708 3.1025 3.5653 4.0277 4.4898 4.9517
1.00 h 209.33| 2676.2| 2776.1| 28754| 29745 30745 31756 32782| 3488.1| 37048| 39282 41583
(99.6) s | 070347| 73618 7.6137| 7.8349| 80342| 82166| 83858 85442 88348 9.0982| 9.3405| 9.5654
v | 0001012 0.001044] 095954| 1.0804| 11989 13162 14328 15492| 17812 20129 22442 24754
2.00 h 209.42 419.14 2768.5 2870.5 2971.2 3072.1 3173.8 3276.7 3487.0 3704.0 3927.6 4157.8
(1202) | s | 070342 130679 7.2794| 75072 7.7096| 7.8937| 80638 8.2226| 85139 87776 9.0201| 9.2452
v | 0.001012| 0.001044] 063374| 071635 079644 087529 095352 1.0314| 11865 13412 14957 1.6499
3.00 h 209.5 419.21 2760.4 2865.5 2967.9 3069.7 3171.9 3275.2 3486.0 3703.2 3927.0 4157.3
@335 | s | 070338| 130671 7.0771| 73119 75176| 7.7034| 7.8744| 8.0338| 83257 85898 8.8325| 9.0577
v | 0.001012| 0.001044] 0.47066| 053426 059519 065485 0.71385| 0.77250| 088919 10054| 11214 1.2372
4.00 h 20959| 41929] 27520| 2860.4| 29645 30672 31700 32736| 3484.9| 3702.3| 3926.4| 4156.9
(143.6) S 0.70333| 1.30664 6.9285 7.1708 7.3800 7.5675 7.7395 7.8994 8.1919 8.4563 8.6992 8.9246
v | 0001012 0.001044| 0.001091] 0.42496| 0.47443| 052258| 057005| 061716 0.71078| 0.80395| 0.89685| 0.989 56
5.00 h 20968| 41936| 632.16| 2655.| 29611 30648 31681 32721 34838| 37015| 3925.8| 4156.4
(151.8) S 0.70328| 1.30656| 1.84161 7.0592 7.2721 7.4614 7.6343 7.7948 8.0879 8.3626 8.5957 8.8213
v | 0.001012| 0.001043| 0.001091| 0.35204| 0.39391| 043439 047419| 051361| 059184 0.66963| 0.74714| 0.82447
6.00 h 209.76| 419.44| 63223| 2849.7| 29516 30623 31662 3270.6| 3482.7| 37007 3925.1| 4155.9
(1588) | s | 0.70324| 130648 1.8415| 6.9662| 7.829| 7.3740| 7.5479| 7.7090| 8.0027| 82678 85111| 8.7368
v | 0001012 0.001043| 0.001091] 0.29992| 0.33637| 0.37139| 040571 043964 050689| 057368 0.64021| 0.70655
7.00 h 209.85| 41951 63220| 28442| 29540 3050.8 31643 3269.0| 34816 3699.9| 39245| 41555
(1650) | s | 070319 1.3064| 1.84139] 6.8859| 7.1066| 7.2997| 7.4745| 7.6332| 7.9305| 8.1959| 8.4395| 8.6653
v | 0.001012| 0.001043| 0.002091| 0.26079| 029321 032414 035434| 038416| 044317| 050172| 056001| 061811
8.00 h 209.93 419.59 632.35 2838.6 2950.4 3057.3 3162.4 3267.5 3480.5 3699.1 3923.9 4155.0
@704) | s | 070314| 130632 184128] 6.8148| 7.0397| 7.2348| 7.4107| 75729 7.8678| 81336 83773| 8.6033
v | 0.001012| 0.001043| 0.002091] 023032| 025963 027839 031440| 034101| 039361 0.44576| 0.49763| 054933
9.00 h 210.02 419.66 632.41 2832.7 2946.8 3054.7 3160.5 3266.0 3479.4 3698.2 3923.3 4154.5
@4 | s 07031| 130624| 1.84116] 6.7508| 6.9800 7.1771| 7.3540| 7.5169| 7.8124| 80785 83225 8.5486
v | 0.001012| 0.002043| 0.00109] 020592 023275 025798 0.28243| 0.30649| 035396 0.40098| 0.44773| 0.49430
10.00 h 210.11 419.74 632.47 2826.8 2943.0 3052.1 3158.5 3264.4 3478.3 3697.4 3922.7 4154.1
@79.9) | s | 070305 130616 1.84105] 6.6922| 6.9259| 7.1251| 7.3031| 7.4665| 7.7627| 8.0292| 82734| 8.4997
v | 0.001011| 0.001043| 0.001090] 0.13238| 015199 016970 0.18653| 0.20292| 0.23503| 0.26666| 0.29803| 0.32921
15.00 h 210.54 420.11 632.78 2794.7 29235 3038.9 3148.7 3256.6 3472.8 3693.3 3919.6 4151.7
(1983) | s | 070282 1.30577| 18405 6.4508| 6.7099|  6.9207| 7.1044| 7.2709| 7.5703| 7.8385| 8.0838| 8.3108
\ 0.001011| 0.001043| 0.001090| 0.001156] 0.11145( 0.12550( 0.13866| 0.15113| 0.17555| 0.19950( 0.22317| 0.246 66
20.00 h 21097| 42049| 63300 85255| 29024 30250 31386 3248.7| 3467.3| 3689.2| 39165| 41494
(212.4) S 0.70258| 1.30538| 1.83994( 2.32995 6.5454 6.7696 6.9596 7.1296 7.4323 7.7022 7.9485 8.1763
\ 0.001011| 0.001043| 0.001089| 0.001156] 0.086 985 0.098 925 0.109 75| 0.12004( 0.13987| 0.15921| 0.17826( 0.197 14
25.00 h 2114 42086 6334| 85276] 2879.5| 30104| 31282 32407 3461.7| 36851| 39134| 4147.0
(223.9) S 0.70235| 1.30499| 1.83939( 2.32916 6.4077 6.6470 6.8442 7.0178 7.3240 7.5956 7.8431 8.0716
\ 0.001011| 0.001042| 0.001089| 0.001155] 0.070551| 0.081 159 0.090 526 0.099 310 0.116 08| 0.13234| 0.14832| 0.164 12
30.00 h 211.83| 42124| 63371 85296| 28548 2995.1| 31175 32325| 34565\ 36810 39103 41447
(233.8) S 0.70212 1.3046| 1.83883( 2.32838 6.2857 6.5422 6.7471 6.9246 7.2345 7.5079 7.7564 7.9857
v | 0.001011| 0.001042| 0.001089| 0.001155| 0.058 693| 0.068 424| 0.076 776 0.084 494| 0.099088| 0.11315| 0.126 94| 0.14054
35.00 h 21226| 42162| 63403| 853.17| 28281 29790 31065 3224.2| 34506 3676.9| 39072 41424
(242.5) S 0.70188| 1.30421| 1.83828( 2.32759 6.1732 6.4491 6.6626 6.8443 7.1580 7.4332 7.6828 7.9128
v | 000101| 0.001042| 0.001088| 0.001154| 0.001251| 0.058 833| 0.066 446 0.073376| 0.086341| 0.098 763| 0.11090| 0.12285
40.00 h 212.69 421.99 634.34 853.37 1085.78 2962.0 3095.1 3215.7 3445.0 3672.8 3904.1 4140.0
(2503) | s | 0.70165| 1.30382| 1.83773| 2.32681| 279343| 6.3642| 6.5870| 6.7733|  7.0009| 7.3680|  7.6187| 7.8495
v | 000101| 0.001041| 0.001088| 0.001154| 0.00125| 0.051336| 0.058 696 0.064 721| 0.076 427| 0.087 570| 0.098 425 0.109 10
45.00 h 213.12 422.37 634.65 853.58 1085.77 2944.2 3083.3 3207.1 3439.3 3668.6 3901.0 4137.7
(574) | s | 070142| 130343 183718| 2.32603| 279221] 6.2852| 6.5182| 6.7093|  7.0311|  7.3100|  7.5619| 7.7934




PROPRIETA TERMODINAMICHE DELL’ACQUA - VAPORE

DIME/TEC - 3 h . TAB. 3B
Volume specifico v, m°/kg; Entalpia h, kJ/kg; Entropia s, ki/kg K
Pressione bar
(temp. Sat.'C) 50 100 150 200 250 300 350 400 500 600 700 800
v | 0.00101| 0.001041| 0.001088| 0.001153| 0.001249] 0.045301| 0.051941| 0057791 0.068494| 0.078616| 0.088446| 0.098093
50.00 h 213.55 422.74 634.96 853.79| 1085.76 29255 3071.2 3198.3 3433.7 3664.5 3897.9 4135.3
(263.9) s | 070119 1.30304| 183663 2.32525| 2.791] 6.2105| 6.4545 6.6508 6.9770 7.2578 7.5108 7.7431
v | 0.002009| 0.001041| 0.001087| 0.001152| 0.001248| 0.036 145| 0.042222( 0047379 0.056592| 0.065184| 0.073478| 0.081587
60.00 h 214.41 423.49 635.58 854.21| 1085.75 2885.0 3045.8 3180.1 3422.2 3656.2 3891.7 4130.7
(275.6) s | 070072| 1.30227| 183554 23237| 278859] 6.0692|  6.3386 6.5462 6.8818 7.1664 7.4217 7.6550
v | 0.002009| 0.00104 0.001086| 0.001151| 0.001246] 0.029457| 0.035233 0039922 0.048086| 0.055590| 0.062787| 0.069 798
70.00 h 215.26 424.25 636.21 854.63| 1085.75 2839.4 3018.7 3161.2 3410.6 3647.9 3885.4 4126.0
(285.8) s | 070026 1.30149| 183445 2.32217| 278621| 59327 6.2333 6.4536 6.7993 7.0880 7.3456 7.5808
v | 0.001009| 0.00104| 0.001086| 0.00115| 0.001244] 0.024 264| 0.029948| 0034310 0.041704| 0.048394| 0.054770| 0.060 956
80.00 h 216.12 425| 636.84| 855.06| 1085.77] 2786.8  2989.9 31416 3398.8 3639.5 3879.2 41215
(295.0) s | 069979 1.30072| 183337| 2.32064| 2.78386] 5.7942|  6.1349 6.3694 6.7262 7.0191 7.2790 7.5158
Y 0.001008| 0.001039| 0.001085( 0.001149| 0.001245| 0.001402| 0.025 792 0.029 29 0.036 737 0.042 798 0.048 534 0.054 080
90.00 h 21698| 42575 637.47| 855.49| 108579 134455]  2959.0 31212 3386.8 3631.1 3873.0 41167
(303.3) S 0.69933| 1.29995( 1.83229( 2.31912| 2.78153 3.25329 6.0408 6.2915 6.6600 6.9574 7.2196 7.4579
Y 0.001008| 0.001039| 0.001084( 0.001148| 0.001241| 0.001398| 0.022 421 0.026 408 0.032 760 0.038 320 0.043 546 0.048 580
100.00 h 217.84| 4265 6381| 85592 108583 1343.36] 29258 3099.9 3374.6 3622.7 3866.8 41120
(311.0) S 0.69887| 1.29919( 1.83121| 2.31761| 2.77923 3.24878 5.9489 6.2182 6.5994 6.9013 7.1660 7.4058
Y 0.001007| 0.001037| 0.001083( 0.001146| 0.001236| 0.001388| 0.016 122 0.020 010 0.025 590 0.030 259 0.034 510 0.038 682
125.00 h 219.99| 42839| 639.67| 857.02| 108596 134065 2828.0 3042.9 33433 3601.4 3851.1 41003
(327.8) S 0.69771| 1.29728| 1.82854| 2.31387| 2.77357 3.23797 5.7155 6.0481 6.4654 6.7796 7.0504 7.2942
v | 0.001006| 0.001036 0.001081 | 0.001143| 0.001232| 0.001378| 0.011462| 0.015661| 0.020795| 0.024884| 0028587 0.032086
150.00 h 22213| 43027| 64126 858.14| 1086.16| 1338.25] 2694.8 2979.1 3310.6 3579.8 3835.4 4088.6
(342.1) s | 069656 1.20638| 1.8259| 2.31018| 2.76804| 3.22776|  5.4467 5.8876 6.3487 6.6764 6.9536 7.2013
v | 0.001005| 0.001036| 0.00108| 0.001141| 0.001229| 0.001369| 0.001716] 0012460 0.017359| 0.021043| 0.024314| 0027376
175.00 h 224.27 432.16 642.85 859.27 1096.41 1336.14 1663.62 2906.3 3276.5 3557.8 3819.7 4077.0
(354.6) s | 069541| 120351 1.82328| 2.30655| 2.76265| 3.21808 3.764 5.7274 6.2432 6.5858 6.8698 7.1215
v | 0.001003| 0.001034 | 0.001078| 0.001139| 0.001225| 0.001361| 0.001666] 0.0099470[ 0.014771| 0018161| 0.021111| 0.023845
200.00 h 226.41 434.05 644.45 860.43| 1086.72 1334.26 1647.18 2820.5 3241.1 3535.5 3803.8 4065.3
(365.7) s | 069427| 1.20614| 182068| 2.30296| 2.75737| 3.20885| 3.73084 55585 6.1456 6.5043 6.7953 7.0511
v | 0.000999| 0.001029| 0.001072| 0.00113| 0.001211| 0.001322| 0.001554| 0.0028306( 0.0086808| 0.011436| 0.013647| 0.015619
300.00 h 234.95| 44162 6509| 8652| 1088.42| 1328.69| 1610.04 2161.8 3085.0 3443.0 3739.7 40185
s | 068971| 1.2843| 181053| 2.28007| 273735 3.17565| 3.64552 4.4896 5.7972 6.2340 6.5560 6.8288
v | 0.000995| 0.001024 | 0.001066| 0.001122| 0.001198| 0.001308| 0.00149| 0.001909 1| 0.0056156 | 0.008 088 4| 0.0099302| 0.011521
400.00 h 243.46| 449.22| 657.44| 870.2| 1090.76| 1325.39| 1589.69 1934.1 2906.8 3346.4 3674.8 3971.7
s | 068519 1.27714| 180072| 2.27584| 2.71879| 3.14688| 3.58848 41190 5.4762 6.0135 6.3701 6.6606
v | 0.000991| 0.00102| 0.001061| 0.001114| 0.001187| 0.001287| 0.001444| 0.001729 1| 0.003882 2| 0.006 111 3| 0.007 719 7| 0.009 075 9
500.00 h 251.94| 456.83| 664.06| 8654| 1093.61| 1323.69| 1576.39 1877.7 2723.0 3248.3 3610.2 3925.3
s | 068069 1.27014| 1.79123| 2.26319| 270145 3.12127| 3.54361 4.0083 5.1782 5.8207 6.2138 6.5222
Y 0.000988| 0.001016( 0.001055( 0.001107| 0.001176 0.00127| 0.001408| 0.0016324| 0.0029155| 0.004 8350 0.006 269 0| 0.007 460 3
600.00 h 260.39| 464.46| 670.74| 880.76| 1096.88| 1323.17| 1567.15 1847.3 2570.6 31516 3547.0 3879.6
S 0.67622| 1.26331| 1.78203| 2.25105| 2.68513 3.09806 3.5059 3.9383 4.9374 5.6477 6.0775 6.4031
Y 0.000984| 0.001012| 0.00105( 0.001101| 0.001166| 0.001254| 0.001379| 0.001567 1| 0.002 466 8| 0.003 971 9| 0.005 256 6| 0.006 320 8
700.00 h 268.81|  472.1| 677.48| 886.27| 110051 132357| 156058 1827.8 2467.1 3060.4 3486.3 3835.3
S 0.67177| 1.25662| 1.76308( 2.23937| 2.66967 3.07674 3.473 3.8855 4.7688 5.4931 5.9562 6.2979
Y 0.000980| 0.001008( 0.001045( 0.001094| 0.001157 0.00124| 0.001355| 0.0015180| 0.002 188 1| 0.003 379 2| 0.004 519 3| 0.005480 5
800.00 h 2172| 47975| 68428 891.92| 110443 13247| 1555.92 1814.2 2397.4 2980.3 3428.7 3792.8
S 0.66733| 1.25006| 1.76438( 2.22811| 2.65497 3.05696 3.4436 3.8425 4.6488 5.3595 5.8470 6.2034
v | 0.000977| 0.001004| 0.001041| 0.001088| 0.001149| 0.001227| 0.001334| 0.001 478 8| 0.0020129| 0.002 966 8| 0.003 964 2| 0.004 840 7
900.00 h 28555|  487.4| 691.12| 897.87| 1108.62| 1326.43| 15527 1804.6 2349.9 29135 3374.6 3752.4
s 0.6629| 1.24363| 1.75591| 2.21721| 2.64093| 3.03845| 3.41686 3.8059 45602 5.2468 5.7479 6.1179
v | 0.000973|  0.001| 0.001036( 0.001082| 0.001141| 0.001216| 0.001315| 0.001446 4| 0.0018934| 0.002 668 1| 0.003 535 6| 0.004 341 1
1000.00 h 293.87|  495.07 698| 90353| 1113.02| 1328.65| 1550.6 1797.6 2316.1 2857.5 3324.4 37143
s | 0.65848| 1.23732| 1.74764| 2.20666| 2.62748| 3.02102| 3.39225 3.7738 44913 5.1505 5.6579 6.0397




DIME/TEC

PROPRIETA TERMODINAMICHE DEL REFRIGERANTE R134A ALLA SATURAZIONE

TAB. 4A

Volume Specifico Energia interna Entalpia Entropia
Temp. Press. m3/kg ki/kg kd/kg kd/kg K Temp.
°C bar liquido saturo vapore liquido vapore liquido vap. vapore liquido vapore °C
saturo saturo saturo saturo saturo saturo saturo
v, x 10° v, u u, hy Ahy, hy 5, s,

-40 0.5164 0.7055 0.3569 49.94 254.43 49.98 222.88 272.86 0.8030 1.759 -40
-36 0.6332 0.7113 0.2947 54.66 256.71 54.71 220.67 275.38 0.8231 1.7536 -36
-32 0.7704 0.7172 0.2451 59.45 258.99 59.50 218.37 277.88 0.8431 1.7486 -32
-28 0.9305 0.7233 0.2052 64.29 261.27 64.35 216.01 280.36 0.8630 1.7441 -28
-26 1.0199 0.7265 0.1882 66.73 262.41 66.80 214.80 281.60 0.8729 1.7420 -26
-24 1.1160 0.7296 0.1728 69.19 263.55 69.27 213.57 282.83 0.8828 1.7400 -24
-22 1.2192 0.7328 0.1590 71.66 264.68 71.75 212.32 284.06 0.8927 1.7381 -22
-20 1.3299 0.7361 0.1464 74.15 265.82 74.24 211.05 285.29 0.9026 1.7362 -20
-18 1.4483 0.7395 0.1350 76.65 266.95 76.75 209.76 286.51 0.9124 1.7345 -18
-16 1.5748 0.7428 0.1247 79.16 268.08 79.28 208.45 287.72 0.9222 1.7328 -16
-12 1.8540 0.7498 0.1068 84.23 270.34 84.37 205.77 290.13 0.9418 1.7297 -12
-8 2.1704 0.7569 0.0919 89.36 272.58 89.52 203.00 292.52 0.9613 1.7269 -8
-4 2.5274 0.7644 0.0794 94.54 274.82 94.73 200.15 294.88 0.9807 1.7243 -4

0 2.9282 0.7210 0.0689 99.77 277.04 100.00 197.21 297.21 1.0000 1.7220 0

4 3.3765 0.7801 0.0600 105.06 279.25 105.33 194.19 299.51 1.0192 1.7199 4

8 3.8756 0.7884 0.0525 110.41 281.44 110.71 191.07 301.78 1.0384 1.7180 8
12 4.4294 0.7971 0.0460 115.81 283.61 116.16 187.85 304.01 1.0575 1.7162 12
16 5.0416 0.8062 0.0405 121.27 285.76 121.67 184.52 306.20 1.0765 1.7146 16
20 5.7160 0.8157 0.0358 126.78 287.89 127.24 181.09 308.34 1.0954 1.7132 20
24 6.4566 0.8257 0.0317 132.35 289.99 132.88 177.55 310.43 1.1143 1.7119 24
26 6.8530 0.8309 0.0298 135.16 291.03 135.73 175.73 311.46 1.1238 1.7112 26
28 7.2675 0.8362 0.0281 137.98 292.06 138.59 173.89 312.48 1.1332 1.7106 28
30 7.7006 0.8417 0.0265 140.82 293.08 141.47 172.00 313.48 1.1426 1.7100 30
32 8.1528 0.8473 0.0250 143.68 294.10 144.37 170.09 314.46 1.1520 1.7094 32
34 8.6247 0.8530 0.0236 146.56 295.10 147.29 168.14 315.43 1.1614 1.7088 34
36 9.1168 0.8590 0.0223 149.45 296.09 150.23 166.15 316.38 1.1708 1.7083 36
38 9.6298 0.8651 0.0210 152.36 297.07 153.19 164.12 317.31 1.1802 1.7077 38
40 10.164 0.8714 0.0199 155.28 298.04 156.17 162.05 318.22 1.1896 1.7071 40
42 10.720 0.8780 0.0188 158.23 299.00 159.17 159.94 319.12 1.1990 1.7065 42
44 11.299 0.8847 0.0177 161.20 299.94 162.20 157.79 319.99 1.2084 1.7060 44
48 12.526 0.8989 0.0159 167.20 301.77 168.33 153.33 321.66 1.2273 1.7047 48
52 13.851 0.9142 0.0142 173.29 303.53 174.56 148.66 323.22 1.2462 1.7034 52
56 15.278 0.9308 0.0127 179.49 305.21 180.91 143.75 324.66 1.2652 1.7020 56
60 16.813 0.9488 0.0114 185.80 306.79 187.40 138.57 325.97 1.2844 1.7003 60
70 21.162 1.0027 0.0086 206.20 310.13 204.32 124.08 328.41 1.3332 1.6948 70
80 26.324 1.0766 0.0064 219.86 312.12 222.69 106.41 329.10 1.3844 1.6857 80
90 32.435 1.1949 0.0046 239.8 311.32 243.67 82.63 326.30 1.4410 1.6685 90
100 39.742 1.5443 0.0027 268.58 298.47 274.72 34.40 309.11 1.5226 1.6147 100
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DIME/TEC

PROPRIETA TERMODINAMICHE DEL REFRIGERANTE R134A ALLA SATURAZIONE

TAB. 4B

Volume Specifico Energia interna Entalpia Entropia
Press. Temp. m/kg kd/kg kd/kg kdlkg K Press.
bar °C liquido vapore liquido vapore liquido vap. vapore liquido vapore bar
saturo saturo saturo saturo saturo saturo saturo saturo
v, x 10° v, u, u, h Ahy, h, s s,
0.6 -37.07 0.7097 0.3100 53.39 256.10 53.44 221.27 274.70 0.8177 1.755 0.6
0.8 -31.21 0.7184 0.2366 60.39 259.44 60.45 217.92 278.37 0.8470 1.7477 0.8
1.0 -26.43 0.7258 0.1917 66.20 262.16 66.27 215.06 281.33 0.8708 1.7425 1.0
1.2 -22.36 0.7323 0.1614 7121 264.48 71.30 212.54 283.84 0.8909 1.7384 1.2
14 -18.80 0.7381 0.1395 75.64 266.50 75.75 210.27 286.02 0.9085 1.7352 1.4
1.6 -15.62 0.7435 0.1229 79.64 268.30 79.76 208.19 287.95 0.9241 1.7325 1.6
1.8 -12.73 0.7485 0.1098 83.29 269.92 83.43 206.26 289.69 0.9382 1.7303 1.8
2.0 -10.09 0.7532 0.0993 86.67 271.41 86.82 204.46 291.28 0.9511 1.7283 2.0
2.4 -5.37 0.7618 0.0834 92.75 274.05 92.93 201.14 294.07 0.9740 1.7252 2.4
2.8 -1.23 0.7697 0.0719 98.16 276.36 98.37 198.13 296.5 0.9941 1.7227 2.8
3.2 2.48 0.7770 0.0632 103.04 278.41 103.29 195.35 298.64 1.0119 1.7207 3.2
3.6 5.84 0.7839 0.0564 107.52 280.26 107.80 192.76 300.56 1.0281 1.7190 3.6
4.0 8.93 0.7904 0.0509 111.67 281.95 111.98 190.32 302.30 1.0429 1.7175 4.0
5.0 15.74 0.8056 0.0409 120.91 285.62 121.31 184.74 306.05 1.0753 1.7147 5.0
6.0 21.58 0.8196 0.0341 128.97 288.72 129.46 179.71 309.17 1.1029 1.7127 6.0
7.0 26.72 0.8328 0.0292 136.17 291.4 136.76 175.07 311.83 1.1272 1.7110 7.0
8.0 31.33 0.8454 0.0255 142.73 293.76 143.40 170.73 314.13 1.1489 1.7096 8.0
9.0 35.53 0.8576 0.0226 148.77 295.86 149.54 166.62 316.16 1.1686 1.7084 9.0
10.0 39.39 0.8695 0.0202 154.4 297.75 155.27 162.68 317.95 1.1868 1.7073 | 10.0
12.0 46.32 0.8928 0.0166 164.67 301.01 165.21 155.23 320.97 1.2194 1.7053 | 12.0
14.0 52.43 0.9159 0.0140 173.96 303.72 175.24 148.14 323.38 1.2483 1.7033 | 14.0
16.0 57.92 0.9392 0.0121 182.5 305.98 184.00 141.31 325.31 1.2744 1.7012 | 16.0
18.0 62.91 0.9631 0.0105 190.47 307.86 192.20 134.60 326.81 1.2984 1.6989 [ 18.0
20.0 67.49 0.9878 0.0093 198 309.39 199.97 127.95 327.92 1.3208 1.6964 | 20.0
25.0 77.59 1.0562 0.0069 215.46 311.82 218.10 111.06 329.15 1.3717 1.6884 [ 25.0
30.0 86.22 1.1416 0.0053 231.86 312.14 235.28 92.71 327.99 1.4186 1.6765 [ 30.0
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DIAGR.5

DIAGRAMMA PRESSIONE - ENTALPIA PER IL REFRIGERANTE R134A

DIME/TEC
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DIAGR. 6A

DIAGRAMMA DI MOODY

DIME/TEC
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DIME/TEC PROPRIETA’ COMBUSTIBILI TAB. 7

Proprieta di alcuni combustibili gassosi in condizioni normali (p = 1,01325 bar; r = 0°C)

Ppa PCS PCT V¥V

MIm'  MIm*

[drogeno 0,0696 ; 10,2 2,38
Metano 0,554 37.7 33.9 9,52
Propano commerciale l,52 039 R6.4 237
Butano commerciale 1,94 118 109 20,9
Simboli:
Pa densita dell'aria (1,29 ke/m?)
PCS potere calorifico superiore
Py potere calorifico inferiore
Va'V volume d'aria necessario per la completa combustione di un volume unitario del gas combustibile
Nel caso di combustibili costituiti da miscele di diverse sostanze pure i valori esposti sono solo indicativi e possono subire varia-

zioni secondo la composizione della miscela.

Proprieta di alcuni combustibili liquidi in condizioni ordinarie.
PCS

p

ke/m’ MIkg

Propano commerciale 505
Butano commerciale 575
Benzina 733
Kerosene T80
Olio combustibile 340

Simboli:

PCS
POt

Per questi liquidi, che sono costituiti da miscele di diverse sostanze, 1 valori esposti sono solo indicativi.

potere calorifico superiore

potere calorifico inferiore

50,0
403
-'I-I"l,'wl
46,5
454

Py

MI/kg

14

46.3
45,8
43,4
42,4




DIME/TEC

EQUIVALENZE TRA UNITA’ DI MISURA

Equivalenze tra unitd di misura della pressione

Pa bar
1 Pa 1 1073
| bar 10° |
1 kegent 98 066.5 0,980 663

133,322
980665
101325

1,33322%10°
0.807x107°
101325

I mmHg
I mmH,O
1 atm

kgyem”

1,01972%107°

1,01972
|
3595%107°
o

1,033 227

mmHg mmH,0 atm
750064107 0,101972 9,8602x10°°
750,062 101972 0.98692
735,561 Lot 0,967 841
1 13,595 10 1.315789%10°7
0,0735556 1 9.67841x107°
760 10332.27 |

EQUIVALENZE TRA UNITA DI MISURA

Si danno qui le equivalenze delle pitt comuni unita di misura del sistema tecnico, del sistema inglese e di
altre unita a quelle del sistema SI. Le equivalenze sono date in generale con cinque cifre significative: i

valori esatti sono segnalati con un asterisco.

Accelerazione
lem/s? =1 x 1072 m/s? (%)
1 ft/s” = 3,048 x 107 m/s” (¥)

Area

fi* = 1 sq.ft = 9.2903 x 107 m*

in® =1 sq.in =6.4516 x 10 m® (*)
yd® = 1 sq.yd =8.3613x 10" m?
a=1x 1'1[]"2 m? (*)

ca=1m" (%)

ha=1x 10% (%)

acre = 4.0469 x 10° m°

mi® = 2,5900 x 10° m?

—

Calore specifico
1 cal/g °C = 4,1868 x 107 I/kgK
1 Btu/Ib°F = 4,1868 x 10° I’/kg K

Conduttivita termica
1 kcal/lhm=C = 1.1630 W/Cm
1 Btu/h ft°F = 1,7308 W/°Cm

Densita di massa

1 g/em® =1 % 10* kg/m?* (*)
1 Ib/ft = 1,6018 x 10 kg/m®
1 kg/ft' = 3.5315 x 10 kg/m’

Energia, lavoro, calore, entalpia...
1 cal =4,1868 1

1 keal =4,1868 x 107 )

1 Frig =4.1868 x 107 ]

1 Btu = 1,0551 x 107 J
lerg=1x107"1 (¥)

1 CVh=2,6477x10°]

1 HP h = 2.6845 % 10° ]
1kWh=3.6x10°] (¥)

1 fipdl =4.2139 % 1077

1 ftlby= 13558 ]

Energia specifica, efc.

1 cal/g = 4.1868 x 10 I/kg

1 Btu/lb = 2,3260 x 10° Jkg

15

Flusso luminoso
1 candela media sferica = 12,566 Im
1 Btwh ft* = 3,1547 W/m®

Flusso termico specifico
I kecal/hm® = 1.1630 W/m®
I Btwhft" = 3,1547 W/m~

Forza

I kgy=9,8067 N
ldyn=1x10°N (¥)

1 pdl (poundal) = 1.3825 x 10°' N
I 1by=4.4482 N

Hiuminamento
1 footcandle = 1 fc = 10,764 1x
1 phot =1 x 10" Ix

Luminanza

I stilb =1 x 10* cd/m® (*)

1 lambert (')=3,1831 x 10° cd/m’
1 footlambert = 1 fL. = 3,426 cd/m’

Lunghezza

1 ft (piede) = 3,048 x 107" m (*)

1 A (Angstrom) = 1x 107" m (¥)
1 in (pollice) = 2.54 x 107 m (*)
1 yd (iarda) = 9,144 x 107" m (*)
1 mi (miglio) = 1.6093 x 10° m

Massa

1 Ib (libbra) = 4.5359 x 10" kg
I ton = 1,0160 x 107 kg

1 0z (oncia) = 2,8350 x 10~ kg
1 gr (grano) = 6.4800 x 107 kg

Portata di massa
1 kg/h=2.7778 x 10 kg/s
1 Ib/s = 4,5349 % 10" kg/s

1 - o . . .
3 11 simbolo del lambert, unita estranea al sistema SI1, &
uguale al simbolo L del litro.

TAB. 8




DIAGR. 9A

DIAGRAMMA PSICROMETRICO A QUOTA 0 M (P RIF 101.325 KPA)
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DIAGR. 9B

DIAGRAMMA PSICROMETRICO A QUOTA 2000 M

(2.) asmiesadway qing Aug

og 05 oF oF ot L1 1 0z gl 1] g [1] G- (] G- oz gZ-
0 | | | | | | | | | | |
! ] _ ﬁ 5 ] ﬁ
] 1 ]
ﬂ ] | q I
~] ] == |~ e
5 ] E ] I Rt I ey g -
] =" e B sl il Vol ¥ s
! ] [~ ] Sl g v
N S | S R . S Pl e
=] ] | e R b= P
r | S =1 S VA (s Grerd
1 ] 7 I A 7 T
i R ™ A D AAd g
0] ] 7 A
S A R S SRS N WS
; [ P A R B Vi A 4
N L T N A AT
[~ (A 1 7 U717 7V
VA 7 A7
[ 7 7 A7 7 AFETY
P " R S i VA VA
7] A R R e AV
8 S S s A W A ¥

82

S P AR WAV
| A VA A A VA A
A A VAN S e
Wi | /[ = LA
oe I/ T S AV
P |/ VR VA
i i i A A A S

]
! /] PSSy VAW oLL
ot Sl 71 F ey Jf
gt S AN Ey A A .Hlﬁ - -_______ ny anee

(B3/6) Kypiwny Mnjosdy . Ao

DIME/TEC

17




DIME/TEC PROPRIETA TERMOFISICHE DELL’ARIA (p = 1 bar) TAB. 10
T Temperatura B Coefficiente volumetrico di dilatazione termica, p=(1/v) (8v/3T),
p Densita k Conducibilita termica
cp Calore specifico a p=cost p Viscosita dinamica
v Viscosita cinematica
a Diffusivita termica
Pr Numero di Prandtl
T P [ B x10° k x 10° ux 10° vx 10 ax 10’ Pr
°c kg/m® kilkg K UK W/mK kg/sm m?/s m?/s
-200 5.106 1.186 17.24 6.886 4.997 9.786 11.37 0.8606
-180 3.851 1.071 11.83 8.775 6.623 17.20 21.27 0.8086
-160 3.126 1.036 9.293 10.64 7.994 25.58 32.86 0.7784
-140 2.639 1.010 7.726 12.47 9.294 35.22 46.77 0.7530
-120 2.287 1.014 6.657 14.26 10.55 46.14 61.50 0.7502
-100 2.019 1.011 5.852 16.02 11.77 58.29 78.51 0.7423
-80 1.807 1.009 5.227 17.74 12.94 71.59 97.30 0.7357
-60 1.636 1.007 4.725 19.41 14.07 85.98 117.8 0.7301
-40 1.495 1.007 4.313 21.04 15.16 101.4 139.7 0.7258
-30 1.433 1.007 4.133 21.84 15.70 109.5 151.3 0.7236
-20 1.377 1.007 3.968 22.63 16.22 117.8 163.3 0.7215
-10 1.324 1.006 3.815 2341 16.74 126.4 175.7 0.7196
0 1.275 1.006 3.674 24.18 17.24 135.2 188.3 0.7179
10 1.230 1.007 3.543 24.94 17.74 144.2 201.4 0.7163
20 1.188 1.007 3421 25.69 18.24 153.5 2147 0.7148
30 1.149 1.007 3.307 26.43 18.72 163.0 228.4 0.7134
40 1.112 1.007 3.200 27.16 19.20 172.6 2424 0.7122
60 1.045 1.009 3.007 28.60 20.14 192.7 2713 0.7100
80 0.9859 1.010 2.836 30.01 21.05 2135 301.4 0.7083
100 0.9329 1.012 2.683 31.39 21.94 235.1 332.6 0.7070
120 0.8854 1.014 2.546 32.75 22.80 2575 364.8 0.7060
140 0.8425 1.016 2.422 34.08 23.65 280.7 398.0 0.7054
160 0.8036 1.019 2.310 35.39 24.48 304.6 4321 0.7050
180 0.7681 1.022 2.208 36.68 25.29 3293 467.1 0.7049
200 0.7356 1.026 2.115 37.95 26.09 354.7 503.0 0.7051
250 0.6653 1.035 1.912 41.06 28.02 4211 596.2 0.7063
300 0.6072 1.046 1.745 44.09 29.86 491.8 694.3 0.7083
350 0.5585 1.057 1.605 47.05 31.64 566.5 796.8 0.7109
400 0.5170 1.069 1.486 49.96 33.35 645.1 903.8 0.7137
450 0.4813 1.081 1.383 52.82 35.01 7274 1015 0.7166
500 0.4502 1.093 1.293 55.64 36.62 8035 1131 0.7194
550 0.4228 1.105 1.215 58.41 38.19 903.1 1251 0.7221
600 0.3986 1.116 1.145 61.14 39.71 996.3 1375 0.7247
650 0.3770 1.126 1.083 63.83 41.20 1093 1503 0.7271
700 0.3576 1.137 1.027 66.46 42.66 1193 1635 0.7295
750 0.3402 1.146 0.9772 69.03 44.08 1296 1771 0.7318
800 0.3243 1.155 0.9317 71.54 45.48 1402 1910 0.7342
850 0.3099 1.163 0.8902 73.98 46.85 1512 2052 0.7368
900 0.2967 1171 0.8523 76.33 48.19 1624 2197 0.7395
1000 0.2734 1.185 0.7853 80.77 50.82 1859 2492 0.7458
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DIME/TEC PROPRIETA TERMOFISICHE DELL’ACQUA ALLA SATURAZIONE TAB. 11
T Temperatura a Diffusivita termica PEDICI:
¢ Calore specifico a p=cost Pr Numero di Prandtl | liquido saturo
B Coefficiente volumetrico di dilatazione termica o Tensione superficiale V vapore saturo secco
k Conducibilita termica
p Viscosita dinamica
v Viscosita cinematica
T [ Cov B By Kk ky W Ly v Vv a a, Pr, Pr, c
°C kilkgK 10% 1K 10° W/mK 10 kg/m's 10° m¥s 10° m?s 10°
N/m
0.01( 4.229 | 1.868 | -0.08044 (3.672 | 561.0 | 17.07 | 1792 |9.216 | 1.792 |1898 |[0.1327 |1883 1351 1.008| 7565
10.00 | 4.188 | 1.874 | 0.08720 | 3.548 | 580.0 | 17.62 [ 1306 |9.461 | 1.307 |1006 |0.1385 |999.8 9434 | 1.006| 7422
20.00 | 4.183 | 1.882 0.2089 | 3.435 | 598.4 | 18.23 | 1002 |9.727 [1.004 |[562.0 |0.1433 |[559.6 7.005 | 1.004| 7274
30.00 | 4.183 | 1.892 0.3050 | 3.332 | 615.4 | 18.89 | 797.7 [ 10.01 [ 0.8012 | 329.3 |0.1478 |[328.3 5422 | 1.003| 7120
40.00 | 4.182 | 1.904 0.3859 | 3.240 | 630.5 | 19.60 | 653.2 | 10.31 | 0.6584 | 201.3 |0.1519 | 200.9 4333 | 1.002| 6960
50.00 | 4.182 | 1.919 0.4572 | 3.156 | 643.5 | 20.36 | 547.1 | 10.62 | 0.5537 | 127.8 |0.1558 |127.7 3555 | 1.001| 6795
60.00 | 4.183 | 1.937 0.5222 | 3.083 | 654.3 | 21.18 | 466.6 | 10.93  0.4746 [ 83.91 |[0.1591 |83.92 2.983 | 1.000| 6624
70.00 | 4.187 | 1.958 0.5827 | 3.018 | 666.3 | 22.07 | 404.1 | 11.26 | 0.4132 [ 56.80 |[0.1620 | 56.85 2551 [0.9992| 6449
80.00 | 4.194 | 1.983 0.6403 | 2.964 | 670.0 | 23.01 | 354.5 [ 11.59 [ 0.3648 [ 39.51 |[0.1644 |39.56 2.219 |0.9989| 6268
90.00 | 4.204 | 2.011 0.6958 | 2.919 | 675.3 | 24.02 | 314.5 [ 11.93 [ 0.3258 | 28.17 |0.1664 | 28.20 1.958 |0.9989| 6082
100.00 | 4.217 | 2.044 0.7501 | 2.884 | 679.1 | 25.09 | 281.9 | 12.27 [ 0.2941 | 20.53 |[0.1680 | 20.55 1.750 |0.9904 | 5892
110.00 | 4.232 | 2.082 0.8038 | 2.860 | 681.7 | 26.24 | 254.8 | 12.61 [ 0.2680 | 15.27 |[0.1694 | 15.26 1582 | 1.001| 5697
120.00 | 4.249 | 2.126 0.8576 | 2.846 | 683.2 | 27.46 | 232.2 [ 12.96 | 0.2462 [ 11.56 |[0.1705 |[11.53 1444 | 1.003| 5497
130.00 | 4.267 | 2.176 0.9123 | 2.844 | 683.7 | 28.76 | 213.0 [ 13.30 | 0.2278 | 8.894 |0.1714 |8.840 1329 | 1.006| 5294
140.00 | 4.288 | 2.233 0.9683 | 2.855 | 683.3 | 30.14 | 196.6 | 13.65 [ 0.2123 [ 6.946 |[0.1720 | 6.869 1234 | 1.011| 5086
150.00 | 4.312 | 2.299 1.026 | 2.878 | 682.1  31.59 | 182.5 [ 13.99 | 0.1991 | 5.496 |0.1725 |5.399 1154 | 1.018| 4875
160.00 | 4.339 | 2.374 1.087 1 2.916 | 680.0 | 33.12 [ 170.3 | 14.34 | 0.1877 | 4402 |0.1727 |4.285 1.087 | 1.027| 4660
170.00 | 4.369 | 2.460 1.15212.969 | 677.1 | 34.74 [ 159.6 | 14.68 | 0.1779 | 3.565 |0.1727 |3.430 1.030 | 1.039| 4441
180.00 | 4.403 | 2.558 1.221]3.039 | 673.4 | 36.44 [ 150.2 | 15.02 | 0.1693 | 2.915 |0.1724 | 2.764 09822 | 1.055| 4220
190.00 | 4.443 | 2.670 1.296 | 3.128 | 668.8 | 38.23 [ 141.8 | 15.37 | 0.1619 | 2.405 |0.1718 |2.241 09423 | 1.073| 3995
200.00 | 4.489 | 2.797 1.37713.238 | 663.4 | 40.10 | 134.4 | 15.71 | 0.1554 | 2.001 |0.1709 |1.825 0.9093 | 1.006| 3768
210.00 | 4.542 | 2.943 1.467|3.372 | 657.1 | 42.07 [ 127.7 | 16.06 | 0.1497 | 1.676 |0.1696 | 1.492 0.8825| 1.123| 3939
220.00 | 4.604 | 3.109 1.567 | 3.534 | 649.8 | 44.15 [ 121.6 | 16.41 | 0.1447 | 1.414 |0.1680 |1.224 0.8614 | 1.155| 3308
230.00 | 4.675 | 3.299 1.680|3.729 | 641.4 | 46.35 [ 116.0 | 16.76 | 0.1403 | 1.199 |0.1659 | 1.005 0.8456 | 1.103| 3075
240.00 | 4.759 | 3.519 1.808 | 3.963 | 632.0| 48.70 | 110.9 | 17.12 | 0.1363 | 1.023 [0.1633 |0.8268 |[0.8351| 1.237| 2840
250.00 | 4.857 | 3.772 1.955 | 4.245 | 621.4 | 51.23 | 106.2 | 17.49 | 0.1320 | 0.8766 [ 0.1601 | 0.6804 [0.8209| 1.288| 2605
260.00 | 4.973 | 4.068 2.127 | 4.586 | 609.4 | 53.98 | 101.7 | 17.88 | 0.1298 | 0.7542 | 0.1564 | 05598 |[0.8302| 1.347| 2370
270.00 | 5.111 | 4.418 2.331(5.002 | 596.1| 57.04 | 97.56 | 18.27 | 0.1271 | 0.6512 [ 0.1519 | 0.4602 [0.8365| 1.415| 2135
280.00 | 5.279 | 4.836 2.578 | 5.519 | 581.4 | 60.52 | 93.57 | 18.70 | 0.1247 | 0.5640 [ 0.1467 | 03775 |0.8496 | 1.494| 1900
290.00 | 5.485| 5.345 2.884 | 6.170 | 565.2 | 64.59 | 89.72 | 19.15 | 0.1225 | 0.4896 | 0.1407 |0.3089 |0.8708| 1.585| 1668
300.00 | 5.746 | 5.981 3.273|7.010 | 547.7| 69.49 | 85.96 | 19.65 | 0.1207 | 0.4257 | 0.1338  |0.2517 |0.9018| 1.601| 1437
310.00 | 6.084 | 6.799 3.785|8.127 | 520.0 | 75.61 [ 82.22 | 20.20 | 0.1190 | 0.3706 | 0.1258 |0.2040 |0.9457 | 1.817| 1210
320.00 | 6.542 | 7.898 4.491|9.674 | 509.4 | 8350 | 78.46 | 20.84 | 0.1176 | 0.3226 | 0.1167 |0.1638 |1.008 | 1.969| 9875
330.00 | 7.201 | 9.458 5530|11.94 | 489.2 | 94.48 [ 7458 | 21.60 | 0.1163 | 0.2805 | 0.1060 |0.1297 |1.008 | 2.163| 7713
340.00 | 8.238 | 11.87 7.210 (1555 | 468.6 | 110.2 | 70.45 | 22.55 | 0.1153 | 0.2433 [ 0.09313 |0.1002 [1.230 | 2.428| 5636
350.00 | 10.13 | 16.11 10.37|22.12 | 447.6 | 134.6 | 65.88 | 23.81 | 0.1146 | 0.2098 | 0.07692 |0.07365 [1.490 | 2.849| 3675
360.00 | 14.69 | 25.80 18.30 | 37.71 | 427.2| 178.0 | 60.39 | 25.71 | 0.1144 | 0.1790 | 0.05507 |0.04804 |2.077 | 3.726| 1.886
370.00 | 41.96 | 78.75 68.20 [ 126.7 | 428.0| 299.4 | 52.26 | 20.57 | 0.1153 | 0.1477 | 0.02251 |0.01898 [5.122 | 7.780|0-3948
37300 © | = w o | 1419 1419 | 43.16 | 43.16 | 0.1341 | 0.1341 | 0.00000 |0.00000 | w | o |0-0000
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DIME/TEC

CORPO NERO: FRAZIONE EMESSA NELL’ INTERVALLO (0-AT)

TAB. 12

AT (pm-K) Ey(0— AT (pm-K) EL 0 — AT (pm-K) Ey(0—

NI)/oT* ND)/oT* N\I)/oT?
555.6 1.70E-08 4000.0 0.48085 7444 4 0.831660
666.7 7.56E-07 4111.1 0.50066 7555.6 0.83698
777.8 1.06E-05 42222 0.51974 7666.7 0.84209
888.9 7.38E-05 43333 0.53809 7777.8 0.84699
1000.0 3.21E-04 4444 .4 0.55573 7888.9 0.85171
1111.1 0.00101 4555.6 0.57207 8000.0 0.85624
1222.2 0.00252 4666.7 0.58891 8111.1 0.86059
1333.3 0.00531 4777.8 0.60449 82222 0.86477
1444.4 0.00983 4888.9 0.61941 8333.3 0.86880
1555.6 0.01643 5000.0 0.63371 8888.9 0.88677
1666.7 0.02537 5111.1 0.64740 9444 4 0.90168
1777.8 0.03677 5222.2 0.66051 10000.0 091414
1888.9 0.05059 53333 0.67305 10555.6 0.92462
2000.0 0.06672 5444 .4 0.68506 I1111.1 0.93349
2111.1 0.08496 5555.6 0.69655 11666.7 0.94104
22222 0.10503 5666.7 0.70754 122222 0.94751
2333.3 0.12665 5777.8 0.71806 12777.8 0.95307
2444 4 0.14953 5888.9 0.72813 13333.3 0.95788
2555.5 0.17337 6000.0 0.73777 13888.9 0.96207
2666.7 0.19789 6111.1 0.74700 14444 4 0.96572
2777.8 0.22285 6222.1 0.75583 15000.0 0.96892
2888.9 0.24803 6333.3 0.76429 15555.6 097174
3000.0 0.27322 6444 .4 0.77238 16111.1 0.97423
3111.1 0.29825 6555.6 0.78014 16666.7 0.97644
32222 0.32300 6666.7 0.78757 222222 0.98915
3333.3 0.34734 6777.8 0.79469 22777.8 0.99414
34444 0.37118 6888.9 0.80152 33333.3 0.99649
3555.6 0.39445 7000.0 0.80806 33888.9 0.99773
3666.7 0.41708 7111.1 0.81433 444444 0.99845
3777.8 0.43905 7222.2 0.82035 50000.0 0.99889
3888.9 0.46031 7333.3 0.82612 55555.6 0.99918
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DIME/TEC

RADIAZIONE SOLARE: FRAZIONE IRRADIATA A TERRA (AM=1.5) NELL’INTERVALLO (0-AT)

TAB. 13

rWavclength E.. Wavelength B Wavelength F_,
L pm A pm A pm
0.3050 0.0001 0.7400 0.5198 1.5200 0.8952
0.3100 0.0002 0.7525 0.5348 1.5390 0.9003
0.3150 0.0006 0.7575 0.5407 1.5580 0.9056
0.3200 0.0013 0.7625 0.5453 1.5780 0.9108
0.3250 0.0024 0.7675 0.5495 1.5920 0.9142
0.3300 0.0040 0.7800 0.5630 1.6100 0.9185
0.3350 0.0059 0.8000 0.5851 1.6300 (0.9232
0.3400 0.0080 0.8160 0.6006 1.6460 0.9270
0.345 0.0102 0.8237 0.6069 1.6780 0.9343
0.3500 0.0125 0.8315 0.6135 1.7400 0.9465
0.3600 0.0175 0.8400 0.6215 1.8000 0.9525
0.3700 0.0234 0.8600 0.6409 1.8600 0.9535
0.3800 0.0303 0.8800 0.6600 1.9200 0.9536
0.3900 0.0575 0.9050 0.6810 1.9600 0.9541
0.4000 0.0462 0.9150 0.6881 1.9850 0.9555
0.4100 0.0570 0.9250 0.6949 2.0050 0.9567
0.4200 0.0687 0.9300 0.6976 2.0350 0.9586
0.4300 0.0800 0.9370 0.6999 2.0650 0.9609
0.4400 0.0919 0.9480 0.7031 2.1000 0.9636
0.4500 0.1060 0.9650 0.7102 2.1480 0.9677

- 0.4600 0.1217 0.9800 0.7190 2.1980 0.9715
0.4700 0.1376 0.9935 0.7284 2.2700 0.9766
0.4800 0.1536 1.0400 0.7618 2.3600 0.9826
0.4900 0.1694 1.0700 0.7817 2.4500 0.9863
0.5000 0.1849 1.1000 0.7975 2.4940 0.9872
0.5100 0.2006 1.1200 0.8027 2.5370 0.9877
0.5200 0.2159 1.1300 0.8042 2.9410 0.9892
0.5300 0.2312 1.1370 0.8053 2.9730 0.9894
0.5400 0.2468 1.1610 0.8110 3.0050 0.9896
0.5500 0.2624 1.1800 0.8186 3.0560 0.9899
0.5700 0.2930 1.2000 0.8274 3.1320 0.9902
0.5900 0.3220 1.2350 0.8432 31560 0.9905
0.6100 03508 1.2900 0.8678 3.2040 0.9910
0.6300 0.3800 1.3200 0.8777 3.2450 0.9911
0.6500 0.4085 1.3500 0.8820 3.3170 0.9917
0.6700 0.4366 1.3950 0.8828 3.3440 0.9919
0.6900 0.4619 1.4425 0.8841 34500 0.9928
0.7100 0.4863 1.4625 0.8857 3.5730 0.9943
0.7180 0.4956 1.4770 0.8872 3.7650 0.9964
0.7244 0.5022 1.4970 0.8901 4.045 0.9989
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APPENDICE 1

SUSTAINABLE ENERGY: SOLAR AND GEOTHERMAL

Definition in solar related topics

(most definitions are from the book* Solar energy engineering : processes and systems”, by Soteris
Kalogirou)

Absorber Component of a solar collector that collects and retains as much of the
radiation from the sun as possible. A heat transfer fluid flows through the absorber or
conduits attached to the absorber.

Absorptance The ratio of absorbed to incident solar radiation to that of incident
radiation. Absorptivity is the property of absorbing radiation, possessed by all materials
to varying extents.

Acceptance angle is the maximum angle at which incoming sunlight can be captured by
a solar concentrator. Its value depends on the concentration of the optic and the
refractive index in which the receiver is immersed.

Air mass The dimensionless length of the path though the earth’s atmosphere traversed
by direct solar radiation.

Aperture The opening through which radiation passes prior to absorption in a solar
collector.

Azimuth angle The angle between the north-south line at a given location and
the projection of the sun-earth line in the horizontal plane.

Beam radiation Radiation incident on a given plane and originating from small solid
angle centered on the sun’s disk.

Cell A photovoltaic cell is a solid state electrical device that converts the energy from th
sun into electricity by the photovoltaic effect.

Collector Any device that can be used to gather the sun’s radiation and convert it to a
useful form of energy.

Collector efficiency The ratio of the energy collected by a solar collector to the radiant
energy incident on the collector.

Collector efficiency factor The ratio of the energy delivered by a solar collector to the
energy that would be delivered if the entire absorber were at the average fluid
temperature in the collector.

Collector flow factor The ratio of the energy delivered by a solar collector to the energy
that would be delivered if the average fluid temperature in the collector were equal to
the fluid inlet temperature.

Collector tilt angle The angle at which the collector aperture plane is tilted from the
horizontal plane.

Concentration ratio In concentrating systems, is the ratio of aperture to receiver area
of a solar collector.

Concentrating collector A solar collector that uses reflectors or lenses to redirect and
concentrate the solar radiation passing through the aperture onto an absorber.
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Cover plate Transparent material used to cover a collector-absorber plate so that the
solar energy is trapped by the “greenhouse effect.”

CPC collector Compound parabolic concentrator, a non-imaging collector consisting of
two parabolas one facing the other.

Declination The angle subtended between the earth-sun line and the plane of the
equator (north positive).

Diffuse radiation Radiation from the sun scattered by the atmosphere that falls on a
plane of a given orientation.

Direct radiation Radiation from the sun received from a narrow solid angle measured
from a point on the earth’s surface. Also named Beam Radiation

Emittance The ratio of radiation emitted by a real surface to the radiation emitted by a
perfect radiator (blackbody) at the same temperature. The related property is called
Emissivity.

Evacuated tube collector A collector employing a glass tube with an evacuated space
between the tube and the absorber.

Evaporator A heat exchanger in which a fluid undergoes a liquid to vapour phase
change.

Extraterrestrial radiation Solar radiation received on a surface at the limit of the
earth’s atmosphere.

Flat-plate collector A stationary collector that can collect both direct and diffuse
radiation. The two basic designs of flat-plate collectors are the header and riser type
and the serpentine type.

Fresnel collector A concentrating collector that uses a Fresnel lens to focus solar
radiation onto a receiver.

Glazing Glass, plastic, or other transparent material covering the collector absorber
surface.

Global radiation Hemispherical solar radiation received by a horizontal plane, i.e., the
total of beam and diffuse radiation.

Greenhouse effect A heat-transfer effect where heat loss from the surfaces is
controlled by suppressing the convection loss, frequently incorrectly attributed to the
suppression of radiation from an enclosure.

Heat exchanger Device used to transfer heat between two fluid streams without mixing
them.

Heat pipe A passive heat exchanger employing the principles of evaporation and
condensation to transfer heat at high levels of effectiveness.

Heat pump A device that transfers heat from a relatively low-temperature reservoir to
one at a higher temperature by the input of shaft work (inverse cycle machine).

Heliostat A device (typically a mirror) to direct sunlight toward a fixed target.

Hole A vacant electron state in a valence band, behaves like a positively charged
electron.

Hour angle The angle between the sun projection on the equatorial plane at a given
time and the sun projection on the same plane at solar noon.

Incident angle The angle between the sun’s rays and a line normal to the irradiated
surface.
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Incident Angle Modifier, IAM It is defined as the ratio of heat flux collected at some
incident angle (surface zenith angle ) to heat flux collected at normal incidence. 1AM is
hence generally related to the variation of (ta) with the incidence angle, but is it also
function of absorber geometry.

Indirect system A solar heating system in which a heat transfer fluid other than the
water to be consumed is circulated through the collector and, with a heat exchanger,
transfers its heat to the water to be consumed.

Insolation A term applying specifically to solar energy irradiation (J/m?).

Irradiance (G) The rate at which radiant energy is incident on a surface per unit area of
that surface (W/m?).

Irradiation The incident energy per unit area on a surface found by integration of
irradiance over a specified time (usually, an hour or a day) (J/m?).

Inverter An inverter is an electrical device that converts direct current (DC) into
alternating current (AC); the converted AC can be at any required voltage and frequency
with the use of appropriate transformers, switching, and control circuits.

Latitude The angular distance north or south of the equator, measured in degrees.

Line focus collector A concentrating collector that concentrates solar radiation in one
plane, producing a linear focus. Local solar time System of astronomical time in which
the sun always crosses the true north-south meridian at 12 noon. This system of time
differs from local clock time according to the longitude, time zone, and equation of
time.

n-type Semiconductor doped with Phosphorus (donor dopant) so as to have free
electrons in the conduction band.

Module Device made by photovoltaic cells able to convert solar energy into electrical
energy

MPPT, Maximum power point tracking is a technique that inverters and similar devices
use to get the maximum possible power from one or more PV modules.

NOCT, Nominal Operating Cell Temperature is defined as the temperature reached by
open circuited cells in a module under the operating conditions, Irradiance 800 W/m?,
Air Temperature 20°C, Air Velocity 1 m/s

Non-imaging collector Concentrating collector that concentrates solar radiation onto a
relatively small receiver without creating an image of the sun on the receiver.
Nonimaging optics provide the widest possible acceptance angles

Open circuit voltage Photovoltaic voltage developed on an open circuit, which is the
maximum available at a given irradiance.

Optical efficiency The ratio of the energy absorbed by the receiver to the energy
incident on the concentrator’s aperture. It is the maximum efficiency a (glazed)
collector can have. It is related to the product (ta.).

p-type Semiconductor doped with Boron (acceptor dopant)so as to have vacancies
(holes) in the valence band.

Parabola Curve formed by the locus of a point moving in a plane so that its distances
from a fixed point (focus) and a fixed straight line (directrix) are equal.

Parabolic dish reflector Paraboloidal dish, dual axis tracking, solar thermal
concentrator that focuses radiant energy onto an attached point focus receiver or
engine-receiver unit.
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Parabolic trough collector A paraboloidal trough (line focus collector), single-axis
tracking, solar thermal concentrator that focuses radiant energy onto an attached linear
focus receiver.

Passive system System using the sun’s energy without mechanical systems support.

Payback period Length of time required to recover the investment in a project by
benefits accruing from the investment.

Photovoltaic effect The generation of an electromotive force when radiant energy falls
on the boundary between certain dissimilar substances in close contact.

p-n junction Junction of dissimilar semiconductor materials, where electrons move from
one type to another under specific conditions.

Point focus collector A concentrating collector that focuses solar radiation on a point.
Present value The value of a future cash flow discounted to the present.

Profile angle It is given by the intersection between the projection of the solar beam on
a plane perpendicular to the surface under consideration and the horizontal plane. The
profile angle is useful in calculating shading by overhangs and other obstacles.

Radiance It describes the amount of radiation (e.g. light or radiant heat) that is emitted
from a particular area, and falls within a given solid angle in a specified direction.

Radiation The emission or transfer of energy in the form of electromagnetic wave.

Radiosity The rate at which radiant energy leaves a surface per unit area by combined
emission, reflection, and transmission (W/m?).

Rankine cycle A closed-loop heat engine cycle using various components, including a
working fluid pumped under pressure to a boiler where heat is added, expanded in a
turbine where work is generated, and condensed in a condenser that rejects low-grade
heat to the environment.

Reflectance The ratio of radiation reflected from a surface to that incident on the
surface. Reflectivity is the property of reflecting radiation, pos-sessed by all materials
to varying extents, called the albedo in atmospheric references.

Selective surface A surface whose optical properties of reflectance, absorptance,
transmittance, and emittance are wavelength dependent.

Silicon cells Photovoltaic cells made principally of silicon, which is a semiconductor.

Solar altitude angle The angle between the line joining the center of the solar disc to
the point of observation at any given instant and the horizontal plane through that point
of observation.

Solar collector A device designed to absorb solar radiation and transfer the thermal
energy so produced to a fluid passing through it.

Solar constant The intensity of solar radiation outside the earth’s atmosphere, at the
average earth-sun distance, on a surface perpendicular to the sun’s rays. Its value is
about 1367 W/m?

Solar energy Energy, in the form of electromagnetic energy, emitted from the sun and
generated by means of a fusion reaction within the sun.

Solar fraction Energy supplied by the solar system divided by the total system load, i.e.,
the part of the load covered by the solar system.

Solar radiation Radiant energy received from the sun both directly as beam component
and diffusely by scattering from the sky and reflection from the ground.

Solar noon Local time of day when the sun crosses the observer’s meridian.
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Solar time Time based on the apparent angular motion of the sun across the sky.

Stagnation The status of a collector or system when no heat is being removed by a heat
transfer fluid. (Ref: Stagnation Temperature)

Sun path diagram Diagram of solar altitude versus solar azimuth, showing the position of
the sun as a function of time for various dates of the year. Also known as Sun Chart

Thermosiphon The convective circulation of fluid occurring in a closed system wherein
less dense, warm fluid rises, displaced by denser, cooler fluid in the same fluid loop.

Tracking system The motors, gears, actuators, and controls necessary to maintain a
device (usually a concentrator) orientated with respect to the sun.

Transmittance The ratio of the radiant energy transmitted by a given material to the
radiant energy incident on a surface of that material, depends on the angle of
incidence. It is related to the transmissivity coefficient of the material.

Unglazed collector A solar collector with no cover over the absorber.
Zenith angle Angular distance of the sun from the vertical.
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