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ca soxlra
Docs a portée de main

. 1
g 2) = 10° - kgf
Force _‘Z (ou kg m/s*) = 10° dyne 5.80665 g
Pression I bar = 10° N/m? (ou Pa) = 750 mm Hg
= 10,20 m H,0
Energie : H. k] = 10° Nm = d kcal
4,1868
Puissance : 1 kW= 1kJs = I kef m/s
. : & S 7980665 ©
10° 1
= 9.80665x 75 %' = 07457 ¥
Viscosité dynamique : 1kgms=1Nsm? =1P,s

Viscosité cinématique

Il

10 dyn s/cm? (ou poise)

1 m*/s = 10* cm?/s (ou stokes)

EAU ET VAPEUR D’EAU SATUREES

|u m Ye \, w@q F‘n F ¢ Ste Sg
oL bar mé/kg | Vil kJ/kg kJ/kg K
0-01 0-006112 206-1 o* 2500-8 2500-8 0t 9155 9155
1 0-006566 1926 42 2498-3 2502-5 0-015 9-113 9-128
2 0-007054 1799 84 24959 2504-3 0-031 9:071 9:102
3 0-007575 168-2 12:6 24936 2506-2 0-046  9-030 9-076
4 0-008129 157-3 16-8 2491-3 2508-1 0-061  8-989 9:050
5 0-008719 1471 21-0 2488-9 25099 0076  8-948 9-024
6 0:009346 137-8 25-2 24866 2511-8 0-001 8908 8-999
7 0-01001 129-1 29-4 24843 2513-7 0-106 8-868 8974
8 0-01072 121-0 336 24819 2515-5 0-121 8-828 8-949
9 0-01147 113-4 37-8 2479-6 2517-4 0-136 8-788 8-924
10 0-01227 106-4 42-0 2477-2 2519-2 0-151 8749 8-900
11 0-01312 99:90 46-2 24749 2521-1 0-166 8710 8-876
12 0-01401 93-83 50-4 2472:5 25229 0-180 8:671 8-851
13 0-01497 88-17 54-6 24702 2524-8 0-195 8-633 8-828
14 0-01597 82-89 588 2467-8 25266 0-210 8-594 8-804
15 0-01704 7797 62-9 24655 2528-4 0-224 8-556 8:780
16 0-01817 73-38 67-1 2463-1 2530-2 0-239 8-518 8757
17 0-01936 69-09 71-3 2460-8 25321 0-253 8-481 8:734
18 0-02063 65-08 755 24584 25339 0-268 8-444 8712
19 0-02196 61-34 797 2456-0 25357 0-282 8-407 8-689
20 0-02337 57-84 83-9 2453-7 2537-6 0-296 8-370 8666
21 0-02486 54-56 88-0 24514 25394 0-310 8334 8:644
22 0-02642 51-49 92-2 2449-0 2541-2 0-325 8-297 8:622
23 0-02808 48-62 96-4 24466 2543-0 0-339 8-261 8-600
24 0-02982 45-92 1006 2444-2 2544-8 0-353 8-226 8-579
25 0-03166 43:40 104-8 24418 25466 0-367 8-190 8-557
26 0-03360 41-03 108-9 2439-5 25484 0-381 8-155 8-536
27 0-03564 38-81 113-1 2437-2 2550-3 0-395 8-120 8-515
28 0-03778 36-73 117-3 2434-8 25521 0409  8-085 8-494
29 0-04004 3477 121-5 2432-4 25539 0:423 8-050 8473
30 0-04242 32-93 125-7 24300 25557 0-436 8-016 8:452
32 0:04754 29-57 134-0 2425-3 2559-3 0-464 7-948 8412
34 0-05318 26-60 142-4 2420-5 25629 0-491 7-881 8372
36 0-05940 23-97 150-7 2415-8 25665 0-518 7-814 8:332
38 0-06624 21-63 159-1 2411-0 2570-1 0:545 7-749 8-294
40 0-07375 19-55 167-5 2406-2 2573-7 0-572  7-684  8:256
42 0-08198 17-69 175-8 2401-4 2577-2 0-599  7-620 8-219
44 0-09100 16:03 184-2 23966 2580-8 0-625 7-557 8182
46 0-1009 14-56 192-5 2391-8 25843 0-651 7-494 8145
48 0-1116 13-23 200-9 2387-0 25879 0:678 7-433 8111
50 0-1233 1204 209-3 23821 2591-4 0-704 7-371 8-075
55 0:1574 9-578 230-2 23701 2600-3 0-768 7223 7-991
60 0-1992 7-678 2511 23579 2609-0 0-831 7-078 7-909
65 0-2501 6201 272-0 23457 2617-7 0-893 6937 7-830
70 0-3116 5-045 293-0 23333 2626-3 0-955 6800 7755
75 0-3855 4-133 3139 2320-8 26347 1-015 6-666 7+681
80 0-4736 3-408 3349 2308-3 2643-2 1-075 6-536  7-611
85 0-5780 2-828 355-9 22956 2651-5 1134 6410 7:544
90 0-7011 2.361 3769 2282-8 2659-7 1192 6-286  7-478
95 0-8453 1-082 398-0 2269-8 2667-8 1-250 6166 7416
100 1-01325 1-673 4191 22567 2675-8 1-307 6:048 7-355
Ow a choisi pour v et s du liquide saturé la valeur 2éro au point triple.

Aux alentours du point critique on ne peut utiliser 'interpoiation linéaire.




6 EAU ET VAPEUR D’EAU SATUREES
P & Yy 21 L \sa m«k \«m S Ste Se

0-006112 0-01 2061 0t 2375 o* 2501 2501 0t 9-155 9-155

. 70 129-2 29 2385 29 2485 2514 0-106 8-868 8974

mmwm 130 8798 55 2393 55 2470 2525 0-196 8-631 8-827

0-020 17-5 6701 7 2399 73 2460 2533 0-261 8-462 B8-723

0-025 211 5426 g8 2403 88 2451 2539 0-312 8-330 8-642

. 241 4567 | 101 2408 | 101 2444 2545 0:354 8:222 8-576

mwww 26-7 3948 | 112 2412 | 112 2438 2550 0:391 3130 8-521

0-040 29-0 34-80 | 121 2415 | 121 2433 2554 0-422 8-051 8:473

0-045 31-0 31-14 | 130 2418 | 130 2428 2558 0-451 7-980 8-431

0-050 329 28-20 | 138 2420 | 138 2423 2561 0-476 7-918 8-394

: 346 2577 | 145 2422 | 145 2419 2564 0-500 7-860 8-360

Mwww 36-2 23-74 | 152 2425 | 152 2415 2567 0-521 7-808  B8-329

0-065 377 22-02 | 158 2427 | 158 2412 2570 0-541 7760 8-301

0-070 39-0 20-53 | 163 2428 | 163 2409 2572 0-559 7715 8-274

0-075 40-3 19-24 | 169 2430 | 169 2405 2574 0-576 7674 8-250

-080 41-5 1810 | 174 2432 | 174 2402 2576 0:593 7-634 8-227

Wmmm 42-7 17-10 ;| 179 2434 179 4400 2579 0-608 7:598 8206

0-090 43-8 16207 | 183 2435 | 183 2397 2580 0-622 7-564 8-186

0-095 44-8 15-40 | 188 2436 | 188 2394 2582 0636 7-531 8-167

0:100 45.8 14-67 | 192 2437 | 192 2392 2584 0-649 7-500 8-149

. 49-4 12-36 | 207 2442 | 207 2383 2590 0696 7-389 8-085

m E: Www_. 4 52:6 1069 | 220 2446 | 220 2376 2596 0737 7-294 8-031
g. g 0-16 553 9432 | 232 2450 | 232 2369 2601 -y 0-772 7-213 7-985
ua« 0-18 57-8 8444 | 242 2453 | 242 2363 2605 0-804 7-140 7944
O‘Wm 0-20 60-1 7-648 | 251 2456 | 251 2358 2609 0-832 7-075 7-907

38

“ - . 62:2 6994 | 260 2459 | 260 2353 2613 0-858 7-016 7-874
mm 2 mwm 641 6-445 | 268 2461 | 268 2348 2616 0-882 6-962 7-844
= 0-26 659 5079 | 276 2464 | 276 2343 2619 0-904 6-913 7-817
_ﬂ 0-28 67-5 5.578 | 283 2466 | 283 2339 2622 0:925 6-866 7-791
0-30 69-1 5.228 | 289 2468 | 289 2336 2625 0944 6:823 7767

- 6 4.921 | 285 2470 | 295 2332 2627 0962 6783 7745

wwm wmo 4640 | 302 2472 | 302 2328 2630 0-980 6745 7725

0-36 734 4.407 | 307 2473 | 307 2325 2632 0996 6:709 7-705

0-38 747 4189 | 312 2475 | 312 2322 2634 1011 6675 7-686

0-40 759 3.902 | 318 2476 | 318 2318 2636 1:026 6643 7:669

) 77-1 3814 | 323 2478 | 323 2315 2638 1:040 6:612 q.mum

MMM 78-2 3-651 | 327 2479 | 327 2313 2640 1:054 6:582 7-636

046 79:3 3.502 | 332 2481 | 332 2310 2642 1067 6:554 7-621

048 80-3 3.366 | 336 2482 | 336 2308 2644 1079 6:528 7-607

0-50 -81-3 3239 | 340 2483 | 340 2305 2645 14091 6:502 7-593

- 37 2964 | 351 2486 | 351 2298 2649 1119 6442 7-561

mww Ma.o 24731 | 360 2489 | 360 2293 2653 1-145 6:386 7:531

0-65 88-0 2-535 1 369 2492 | 369 2288 2657 1169  6:335 7-504

0-70 90-0 ~2-364- 377 2494 | 377 2283 2660 | 1192 6:286 7-478

075 91-8 2417 | 384 2406 | 384 2278 2662 | 1:213 6:243 7456
. 93-5 2:087 | 392 2498 | 392 2273 2665 1-233 6:201 7434
WMM 95-2 1:972 | 309 2500 | 399 2269 2668 1252 6162 7:414
020 967 1-869 | 405 2502 | 405 2266 2671 1:270 6124 7:394
095 98-2 1777 | 411 2504 | 411 2262 2673 1-287 6-089 7:376
1.00 996 1694 | 417 2506 | 417 2258 2675 1303 6-056 1:359

’ On 2 choisi pour u et 8 du liquide saturé la valeur 2670 an point triple.
Aux alentours du point critique on ne peut utiliser Pinterpolaticn linéaire.

.

EAU ET VAPEUR D’EAU SATUREES

% “. Y, Uy :.. m¢ w«k kn S¢ mb. Mu
10 996 1-694 417 2506 417 2258 2675 1-303 6-056 7-359
1-1 102-3 1-549 429 2510 429 2251 2680 1-333 5.994 7-327
1-2 1048 1-428 - 439 2512 439 2244 2683 1:361 5-937 7:298
1-3 107-1 1-325 449 2515 449 2238 2687 1387 5-884 7:271
_1-4 1093 1-236 458 2517 458 2232 2690 1-411 5-835 7-246
1-5 1114 1-159 467 2519 467 2226 - 2693 1-434 5789  7-223
1-6 1133 1-091 475 2521 475 2221 2696 1455 5747 7-202
1-7 1152 1-031 483 2524 483 2216 2699 1-475 5-707 7-182
1-8 1169 09774 491 2526 491 2211 2702 1-494 5669  7-163
1-9 1186 0-9292 498 2528 498 2206 2704 1-513 5-632 7-145
2:0 1202 0-8856 505 2530 505 2202 2707 1-530 5-597 7127
2-1 1218 0-8461 511 2531 511 2198 2709 1-547 5-564  7-111
22 1233 0-8100° 518 2533 518 2193 2711 1-563 5-533 7-096
2.3 1247 0-7770 524 2534 524 2189 2713 1-578 5503 7-081
24 1261 0-7466 530 2536 530 2185 2715 1-593  5-474 7-067
25 1274 07186 535 2537 535 2182 2717 1-607 5446  7-053
- 2:6 1287 0-6927 541 2539 541 2178 2719 1-621 5419 7-040
2-7 130-0 0-6686 546 2540 546 2174 2720 1634  5:393 7-027
2-8 1312 0-6462 551 2541 551 2171 2722 1-647 5-368  7-015
29 1324 0-6253 556 2543 556 2168 2724 1:660 5:344  7-004
3.0 1335 0-6057 561 2544 561 2164 2725 1-672 5321 6993
3-5 1389 0-5241 584 2549 584 2148 2732 1-727 5:214  6-941
4-0 1436 0-4623 605 2554 605 2134 2739 1776 5:121 6-897
4.5 1479 (0-4139 623 2558 2121 2744 1-820 5:037 6-857
<50 151-8 0-3748 639 2562 640y 2109 12749 1-860  4-962 6-822
5:5 1555 0-3427 655 2565 656 2097 2753 1-897  4-893 6-790
6 1588 0-3156 669 2568 670 2087 2757 1:931 4830 6-761
7 165-0 0-2728 696 2573 697 2067 2764 1992 4717 6709
8 170-4 0-2403 720 2577 721 2048 2769 2:046 4617 6663
5 1754 0-2149 742 2581 743 2031 2774 2:094 4529  6-623
10 1799 01944 762 2584 763+ 2015 2778 2138 4448  6-586
11 1841 0-1774 780 2586 781 2000 2781 2:179 4375 6554
12 188-0 s 797 2588 798 1986 2784 2:216  4-307  6-523
i3 1916 813 2590 815 1972 2787 2:251 4244 6495
14 195-0 828 2593 830 1960 2790 2:284 4185 6-469
15 198-3 843 2595 845 1947 2792 2315 4130 6445
16 2014 0-1237 857 2596 859 1935 2794 2:344 4078 6-422
17 2043 0-1167 870 2597 872 1923 2795 2372 4028 6400
18 207-1  0-1104 883 2598 885 1912 2797 2-398 3981 6379
19 209-8 0-1047 ' 895 2599 897 1001 * 2798 2-423 3936 6359
20 212-4 0-0995% 907 2600 909 1890 2799 2-447 3-893  6:340
22 2172 0-09069 928 2601 931 1870 2801 2-492  3-813  6-305
24 221-8 0-08323 949 2602 952 1850 2802 2534 3738 6272
26 226-0 0-07689 969 2603 972 1831 2803 2574  3-668 6242
28 230-0 0-07142 088 2603 991 1812 2803 2:611 3602 6213
30 233-8 0-06665 | 1004 2603 1008 1795 2803 2:645  3-541  6-186
32 2374 0-06246| 1021 2603 1025 1778 2803 2679 3482 6-161
34 2409 0-05875| 1038 2603 1042 1761 2803 2710 3426 6-136
36 2442  0-05544 1054 2602 1058 17 2802 2-740 3-373 6-113
38 247-3 0-05246| 1068 2602 1073 1729 2802 2969  3-322 6-091
40 250-3 0-04977 | 1082 2602 1087 1714 2801 2-797 3273 6070




8 EAU ET VAPEUR D’EAU SATUREES

% P e L %, w&. F.- w,n Sy St S
40 250-3 0-04977| 1082 2602 1087 1714 2801 2:797  3-273 6:070
42 2532 004732 1097 2601 1102 1698 2800 2:823 3226 6049
44 256-0 004509 1109 2600 1115 1683 2798 2:849  3-180 6-029
46 258-8  0-04305| 1123 2599 1129 1668 2797 2:874 3136 6010
48 261-4 004117 | 1136 2598 1142 1654 2796 2-897  3-09%4 5-991
50 263-9 0-03044 | 1149 2597 1155 1639 2794 2.921 3052 5973
2699  0-03563{ 1178 2594 1185 1605 2976  2-955 5-931
2756 0-03244 ) 1206 2590 1214 1570 3-027 2-863 5-890
280-8 0-02972| 1232 2586 1241 1538 3076  2-775 5-851
285-8  0-02737[ 1258 2581 1267 1505 3122 2-692 5-814
290-5 (-02532| 1283 2576 1293 1473 3166 . 2-613 5.779
295-0 V10-023521 1306 2570'f 1317 1441 3-207 2-537 5-744
289-2 V)0-02192 | 1329 2365 1341 .- 1410 3-248 2463 5711
303-3 0-02048 7 1351 2559 1364 1379 3-286  2-393 5679
307-2 0-01919} 1372 2552 1386 1348 3-324  2-323 5-647
3110 0-01802} 1393 2545 1408 1317 3360  2-255 5-615
105 3146 0-01696 | 1414 2537 1429 1286 3-395 2189  5-584
110 318-0 0-01598 | 1434 2529 1450 1255 3-430 2-123 5-553
115 321:4 001508 | 1454 2522 1471 1224 2695 3463 2060  5-523
120 3246 0-01426 | 1473 2514 1491 1194 2685 3496  1.997 5-493
m 125 327-8 001349 ] 1492 2505 1511 1163 2674 3:.520 1934  5-463
ﬂ s 130 330-8 0-01278 | 1511 24956 1531 1131 2662 3-561 1872  5-433
'3 135 3338 001211 1530 2487 1551 1099 2650 3-592 1-811 5403
WW“ 140 3366 001149 | 1548 2477 1571 1067 2638 3623 1-750  5-373
¥ 1145 339-4 0:01090| 1567 2467 1591 1034 2625 3654 1689 5-343
“mu i 150 342-1  0-01035( 1585 24560| 1610 1001 2611 »| 3-685 1627 5-312
m 8 155 344-8 00982 | 1604 2445 /| 1630 967 2597 & 3-715 1-565 5-280
_n 160 3473 0-00932f 1623 2433 1650 932 2582 3-746 1-502 5248
165 349-8 0-00884 | 1641 2420 1670 895 2565 3777 1-437 5214
170 352-3  0-00838} 1660 2406 1690 858 2548 3-808 1-373 5-181
175 3546 0-00794 | 1679 2391 1711 819 2530 3-839 1-305 5-144
180 3570 000751 1699 2375 1732 778 2510 3872 1-236  5-108
185 3562 000709 | 1719 2358 1754 735 2489 3-905 1-163-  5-068
190 361-4 Q00668 1740 2339 1777 689 2466 3941 1-086  5-027
195 3636 000627 | 1762 2318 1801 639 2440 3977 1-004 4981
. 200" 3657 0-00585| 1786 2204 1827 584 2411 4014 0914 4928
202 3665 (00569 1796 2283 1838 560 2398 4031 0-875 4906
204 3674 000552} 1806 2271 1849 535 2384 4049 0:835 4-884
206 368-2 000534 | 1817 2256 1861 508 2369 4-067 0792  4-859
208 369-0 0-00517 | 1829 2245 1874 479 2353 4-087 0-745 4-832
210 369-8 000498 | 1842 2231 1889 447 2336 4108  0-695 4-803
212 3706 000479 | 1856 2214 1904 412 2316 4131 0640 - 4771
214 3714 000458 1871 2196 1921 373 2294 4157 0579 4736
216 3721 0-00436| 1888 72174 1940 328 2268 4186  0-508  4:694
2i8 3729 0-00409} 1911 2146 1965 270 2235 4224 0417 4641
220 3737 0-00368) 1949 2097 2008 170 2178 4.289  0-263  4-552
2212 37415 0-00317 | 2014 2014 2084 0 2084 4406 0000 4-406

VAPEUR D’EAU SURCHAUFFEE

B 9
% ) t 50 100 150 200 250 300 400 500
8
v
0 w=h—RT |wu 2446 2517 2580 2662 2737 2812 2969 3132
h 2505 2680 2784 2880 2078 3077 3280 3489
s
vg 2061 | v 2439 2817 3195 3573 3950 4328 5083 5838
0006112 | wg 2375 w 2446 2517 2580 2662 2737 2812 2969 3132
(0-01) | hg 2501 h 2595 2689 2784 2880 2078 3077 | 3280 3489
s 9155 |s 9468 9739 9978 10-193 10-390 10-571 10-897 11.187
ve 1292 |v 1491 1722 1953 2184 2414 2645 3107 3568
0-01 ug 2385 w 2446 2517 2580 2662 2737 2812 2969 3132
(7-0) hy 2514 h 2505 2680 2784 2880 2978 3077 | 3280 3480
s B974 |s 9241 0512 9751 9966 10-163 10-344 10670 10-960
vg 2820 |v 2978 3442 3904 4366 4828 52-90 6213 7136
0-05 wg 2420 w 2445 2516 2580 2662 2737 2812 2969 3132
(329) | kg 2561 h 2504 2688 2784 2880 2978 3077 3280 3480
s¢ 83% |s 8496 8768 9008 9223 0420 9601 9927 10-217
ve 1467 |o 1487 1720 19-51 21-83 24-14 2645 3106 3568
01 ue 2437 w 2443 2516 2588 2662 2736 2812 2969 3132
(458) | ke 2584 h 2502 2688 2783 2880 2077 3077 3280 3489
s¢ 8149 |s 8173 8447 8688 8903 0100 9281 9607 9-897
vg 3239 | 3420 3-890 4356 4-821 5284 6209 7134
05 we 2483 w | (, 2512 2585 2660 2735 2812 2969 3132
(813) | kg 2645 B - 2683 2780 2878 2076 3076 3279 3489
sg 7593 |s . 7694 7940 8158 8355 8537 8864 9154
o 2217 | N 22712588 2901 3211 3521 4138| 4755
0-75 ue 249 “ 2510 2585 2659 2734 2811 2969 3132
©18) | ke 2662 B . 2680 2779 2877 2075 3075 3279 3489
sg 7456 s ~°  7-500 7750 7969 8167 8340 8676 8967
v 1694 |v 1696 1.937 2173 2-406 2639 3103 3-565
1 ug 2506 u 2506 2583 2659 2734 2811 2968 3131
(©996) | hy 2675 b 2676 2777 2876 2975 3075 3278 3488
sg 7359 | 7-360 7614 7834 8033 8215 B8543 8834
vg 1673 | v 1912 2:145 2375 2604 3-062 3519
101325 | u; 2506 “ 2583 2650 2734 2811 2968 3131
(100:0) | hy 2676 h 2777 2876 2075 3075 3278 3488
sg 7355 | 7608 7-828 8027 8209 8537 8828
v 1159 |0 1286 1445 1601, 1757 2067 2:376
15 u; 2519 u 2580 2656 2733 2809 2967 3131
(111-4) | kg . 2693 h 2773 2873 2973 3073 3277 3488
s 1223 . |s O 7-420 7-643 7843 8027 B-355 8646
,‘ v 08856 | v 00602 1-081 /11991 1316 1549 1.781
Ty wg 2530 u 2578 2655 2731 280 2967 3131
[ 1202) | ke 2707 A 2770 2871 2071 \ 3072 3277 3487
[y g |- 7127 | s 7280 7-507 7708 | 7-892 8221 8513
| Y oo ek |
,_ I= ve 06057 | 06342 0:7166, 07965 |0-8754 1-031 1187
3 ug 2544 “ 2572 2651 | 2729 /2807 | 2966 3130
(133:5) | by 2725 A 2762 | 2866 2968 /3070 | 3275 3486
sg 6993 s 7078 | 7-312..7517 | 7702 | 8:032 8-324
B ) ]
vy 04623 | v 0-4710 0-5345 0-5053 0-6540 0-7725 0-8893
4 uy 2554 u 2565 2648 2727 2805 2965 3129
(1436) | kg 2739 h 2753 2862 2965 3067 3274 3485
¢ 6897 | s 6929 7-172 7379 7-566 7-898 8191




10

tra com

ca soxlra
Docs a portée de main

sFomesou

VAPEUR D’EAU SURCHAUFFEE

mu { 200 250 300 350 400 450 500 600
v 03748 | v 04252 0-4745 0-5226 0-5701 0-6172 06641 07108 0-8040

5 ug 2562 % 2644 2725 2804 2883 2963 3045 3129 3300
(151-8) hy 2749 h 2857 2962 3065 3168 3272 3377 3484 3702
sy 6822 s 7060 7271 7460 7633 ' 7-793 7944 8-087 8351
vy 03156 | v 03522 0-3940 0-4344 0-4743 0-5136 0-5528 0-5019 0-6697

6 #g 2568 u 2640 2722 2801 2881 2062 3044 3128 3299
(158-8) hg 2757 h 2851 2958 3062 3166 3270 3376 3483 3701
sg  6-761 s 6968 7-182 7-373 7546 77707 7-858 8001 8267

vg 0-2728 v 0-3001 0-3364 0-3714 0-4058 0-4397 0-4734 0-5069 0-5737

7 ug 2573 % 2636 2720 2800 2880 2961 3043 3127 3298
(165-0) he 2764 h 2846 2955 3060 3164 3269 3374 3482 3700
sg 6709 s 6888 7-106 7-208 7473 7634 7786 7929 8-195
vg 02403 v 02610 0:2933 0-3242 0-3544 0-3842 0-4138 0-4432 0-5018

8 wg 2577 % 2631 2716 2798 2878 2960 3042 3126 3208
(170-4) hg 2769 h 2840 2951 3057 3162 3267 3373 3481 3699
s5g 6663 s 6817 7040 7233 7409 7571 7723 7-866 8132
vy 02149 |9 02305 0-2507 0-2874 0-3144 0-3410 0-3674 0-3037 04458

9 ug 2581 % 2628 2714 2796 2877 2959 3041 3126 3298
(L754) hg 27714 h 2835 2948 3055 3160 3266 3372 3480 3699
s, 6623 |s 6753 6980 7176 7-352 7-515 7667 7811 8077
¥ vg 0-1944 v 0-2061 0-2328 0-2580 0-2825 0-3065 0-3303 0-3540 0-4010

10 ug 2584 % 2623 2711 2794 2875 2957 - 3040 3124 3297
(179-9) kg 27718 h 2829 2944 3052 3158 3264 3370 3478 3698
sg 6:586 s 6695 6926 7-124-7:301 7-464 7-617 7761 8028
/ vg 0-1317 v 01324 0-1520 /0:1697 o.u.mmw, 0:2029 0-2191 0-2351 0-2667
15 | w 2595 |w 2507 2697 | @784 |2868 2952 3035 3120 3204
(198-3 hg 2792 b 2796 - 2925~ 039 | 3148 3256 3364 3473 3694
sz 6445 $ 6452 - 6711 ,ﬁ.@ﬂmﬁ, 7102/ 7-268 7423 7-569 7-838

Ug - 0:0996 v 0-1115 0:1255 0-1386 0-1511 0-1634 0:1756 0-1995

20 wg 2600 #“ 2681 2774 2861 2946 3030 3116 3201
(212-3) hg 2799 A 2904 3025 . 3138 3248 3357 3467 3690
55 6340 | s 6547 6768 6957 7126 7283 7431 7-101

vz 0-0666 v 0-0706 0-0812 0-0905 0:0993 0-1078 0-1161 01324

30 ug 2603 “ 2646 2751 2845 2933 3020 3108 3285
(233-8) hg 2803 h 2858 2995 3117 3231 3343 3456 3682
sz 6:186 ] 6289 6-541 6744 6921 7082 7:233 7-507

vg 00498 | 00588 0-0664 0-07330-0800 0-0864 0-0988

40 uy 2602 | 2728 2828 2921 | 3010 13099 3279
(250-3) | hy 280L | A 2063 3004 3214 3330 3M5 3674
~ ss 6070 |a 6364 6584 6769 6935 7089 7-368

i\ A

v; 00394 |o 0-0453 0-0519 0-0578 00632 0-0685 0-0786

50 w; 2597 | % 2700 2810 2907 3000 3000 3273
(263-9) kg 2794 ] 2927 3070 3196 | 3316 3433 3666
sg 5973 | & 6212 6451 6646 G818 6975 7-258

vg 0-0324 v 0-0362 0:0422 0-0473 ¢.ou.nu. 0:0566 0:0652

60 ws 2590 | w 2670 2792 2893 2988 3081 3266
(275-6) hy 2784 h 2887 3045 3177 3301 3421 3657
sg  5-890 8 6071 6-336 6-541 6719 6:879 7-166

vg 0-0274 v 00295 0:0352 0:0399 00441 0-0481 0-0556

70 wp 2581 | w 2634 2772 2879 2978 3073 3260
@s58) | h 2772 |k 2841 3018 3158 3287 3410 3649
s 5214 TS 5034 6231 6448 6632 6796 7-088

11

VAPEUR D’EAU SURCHAUFFEE
£ {350 375 400 425 450 500 600 700
[ ]

80 vg 002352 | v X 10% 2994 3-220 3428 3625 3-812 4170 4-839 5476
(295-0) | hg 2758 h 2990 3067 3139 3207 3272 3398 3641 3881
sg 5744 s 6133 6-255 6-364 6463 6-555 6723 7:019 7-279

90 vg 002048 | v X 10% 2-578 2794 2-991 3173 3-346 3673 4279 4-852
(303-3) hg 2743 h 2959 3042 3118 3189 3256 3385 3633 3874
sg 5679 s 6039 6-171 m.ﬁwo 6-390 6484 6657 6:958 7-220

100 vg 001802 | v 100 2.241 2-453 2:639 2-812 2972 3275 3-831 4-353
(311-0) hg 2725 h 2026 3017 3097 3172 3241 3373 3624 3868
sg 5615 s 5947 6091 6213 6-321 6419 6-596 6902 7-166

110 vg 0-01598 vx10® 1-960 2-169 2:350 2-514 2-666 N.DA..G 3-465 3945
(318-0) hg 2705 h 2880 2080 3075 3153 3225 3360 3616 3862
sg 5:553 s 5.856 6014 6-143 6257 6-358 6539 6-850 7-117

120 | v, 001426 | px 108 1719 1931 2107 2265 2410 2677 3159 3605
(324-6) hy 2685 h 2849 2960 3052 3134 3209 3348 3607 3856
sy 5493 5 5762 5-937 6076 6195 6-301 6487 6-802 7-072

130 Ug 001278 | v 10* 1-509 1-726 1-901 2.053 2:193 2447 2901 3-318
(330-8) | hy 2662 h 2804 2929 3028 - 3114 3192 | 3335 | 3599 3850

5; 5:433 s 5.664 5862 6011 6136 6-246 6437 6758 7-030

140 vy 001149 | v X 10* 1-321 1-548 1-722 1.872 2-006 2:250 2-679 3-071
(336-6) hg 2638 h 2753 2896 3003 3093 3175 3322 3590 3843
sg 5-373 s 5.559 5-784 5946 6079 6-193 6-390 6-716 6-991

150 ve 0:01035 | v 10* 1-146 1-391 1-566 1-714 1-844 2-078 2487 2857
(342-1) h; 2611 k 2603 2861 2977 3073 3157 3309 3581 3837

sg 5-312 s 5.443 5.-707 5-883 6023 6:142 6-345 6677 6954

160 vg 0-00932 vx 10 0-976 1-248 1-427 1.573 1702 1-928 2-319 2-670
(347-3) hg 2582 h 2617 2821 29049 3051 3139 3295 3573 3831

sp; 5248 s 5.304 5-626 5-820 5-968 6-093 6-301 6639 6919

170 vy 0-00838 | v X 100 1117 1-303 1449 1-576 1-796 2171 2-506
(352-3) hy 2548 h 2778 2920 3028 3121 3281 3564 3825

sg 5-181 5 5.541 5756 5-914 6044 6:260 6603 6-886

180 vg 0-00751 | v X 108 - 0997 1191 1-338 1463 1-678 2-039 2:359
(357-0) hy 2510 h 2729 2888 3004 3102 3268 3555 3818

sg 5-108 s 5.449 5-691 5-861 5-997 6:219 6-569 6:855

190 vy 000668 | v X 10* 0-882 1-080 1:238 1.362 1-572 1921 2-228
(361-4) hy 2466 h 2674 2855 2980 3082 3254 3546 3812

sy 5-027 s 5-348 5-625 5-807 5950 6180 6536 6-825

200 vg 0-00585 | v X 10® 0-768 0-995 1-147 1.270 1-477 1.815 2-110
(3657) hy 2411 h 2605 2819 2955 3062 3239 3537 3806

s; 4928 5 5.228 5556 . 5753 5904 6142 6505 6-796

210 vy 0-00498 v % 10% 0650 0-908 1-064 1-187 1-3590 1719 2-003
(369-8) hg 2336 h 2500 2781 2928 3041 3225 3528 3799

sz 4-803 s 5.050 5-484 5-699 5-859 6:105 6474 6-768

220 vg 0-00368 | vX 102 0-450 0-825 0987 1111 1-312 1-632 1.-906
(373-7) hg 2178 h 2300 2738 2900 3020 3210 3519 3793

sg 4-552 & 4725 5.409 5645 5-813 6:068 6-444 6:742

2212 ve 0:00317 | v 10® 0163 0-351 0-816 0978 1-103 1:303 1-622 1-895
(374-15) | h. 2084 h 1637 2139 2733 2896 3017 3208 3518 3792

s; 4-406 s 3708 4-490 5-398 5-638 5-807 6-064 6-441 6739

Aux alentours du poi

t critique on ne peut ut

er interpolation linéaire.
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VAPEUR I’EAU SURCRITIQUE

P |¢ 350 375 400 425 450 500 600 700 800
v % 102 0163 0-249 0-786 0951 1-076 1-275 1-5901 1-861 2:109

225 | b 1635 1980 2716 2885 3009 3203 3514 3790 4055
s 3704 4470 5369 5616 5-790 6-050 6430 6729 6-988
v x 108 0160 0-198 0-601 0-789 0917 1113 1-412 1-662 1-890

250 | A 1625 1850 2580 2807 2951 3165 3491 3774 4043
s 3682 4026 5142 5474 5677 5962 6-361 6667 6931
v X 10 0-158 0-187 0419 0650 0-786 0980 1-265 1-500 1-710

275 | A 1617 1814 2382 2718 2890 3125 - 3468 3758 4032
s 3-662 3-985 4-828 5-320 5-562 5-878 6-296 6610 6878

v X 102 0155 0-180 0-282 0-530 0-674 0-868 1-143 1-364 1-561

300 | A 1610 1791 2157 2614 2823 3084 3445 3742 4020
s 3645 3933 4482 5157 5444 5795 6234 6-557 6-829

v X% 10 0152 0171 0-211 0-343 0496 0-693 0952 1-152 1-327 .

350 | A 1599 1762 1992 2375 2673 2998 3397 3709 3997
s 3-614; 3-875 4-219 4776 5-197 5633 6120 6459 6741

v X 102 0-149 0-164 0191 0-255 0-369 0-562 0-809 0993 1-:152

400 | A 1590 1743 1935 2203 2514 2906 3348 3677 3974
s 3-588 3-832 4-119 4510 4-947 5474 6014 6:371 6662
v X 10 0-146 0-160 0-181 0-219 0-291 0463 0-698 0-870 1-016

450 | A 1583 1729 1901 2115 2380 2813 3299 3644 3951
s 3-565 3797 4-056 4-368 4740 5:320 5914 6290 6590

v X 108 0-144 0:156 0-173 0-201 0-249 0-388 0611 0-772 0-908

500 | A 1577 1717 1879 2064 2288 2722 3249 3612 3928
s 3:544 3-768 4009 4-279 4-594 5176 5821 6214 6-524

v X 10° 0143 0-153 0-168 0-190 0-224 0-334 0540 0693 °0-820

550 | B 1572 1709 1862 = 2030 2227 2641 3200 3579 3905
s 3:525 3742 3971 4-218 4494 5-047 5731 6144 6-462

v X 102 0-141 0-151 0-164 0-182 0:209 0295 0-483 0627 0-747

600 | b 1568 1702 1848 2005 2184 2571 3152 3548 3883
s 3-506 3-718 3-939 4-168 4-419 4-937 5648 6077 6-405

. v X 108 0-139 0148 0-160 0-176 0-198 0-267 0436 0-572 0-685
550 | kb 1565 1696 1837 1986 2151 2514 3106 3517 3860
5 3489 3697 3910 4-128 4.360 4-845 5-568 6014 6-352

v X 10¢ 0-138 0-146 0-157 0-171 0-189 0-247 0-397 0-526 0-633

700 | A 1561 1691 1829 1971 2127 2468 3062 3486 3839
s 3-473 3678 3-886 4-093 4-312 4769 5494 5955 6-300

v X 10¢ 0-137 0-145 0-154 0-167 0-183 0-231 0-365 0486 0-3587

750 | A 1559 1687 1821 1958 2107 2431 3021 3456 3817
$ 3459 3659 3-863 4-064 4-272 4-705 5425 5-899 6-252

v x 102 0136 0143 0152 0163 0-178 0-219 0338 0-452 0-548

800 | A 1557 1684 1815 1948 2091 2400 2983 3428 3797
s 3444 3642 3-842 4-037 4-237 4651 5-361 5-845 6-206

v x 10¢ 0133 0-140 0-148 0-158 0-169 0-202 0-296 0-396 0-484

900 | A 1554 1678 1805 1932 2066 2353 2016 3373 3756
s 3418 3-612 3-805 3991 4-179 4-563 5-248 5-746 6120

v x 108 0-131 0-138 0-145 0-153 0-163 0-189 0-267 0-354 0-434

‘1060 | & 1552 1674 1798 1920 2048 2319 2860 3324 3718
i s 3394 3-584 3-773 3951 4131 4493 5-153 5656 6042

EAU ET VAPEUR D’EAU SATUREES

bt
w

¢ £, vyx108 | ¢y Cpg |MyX10% 11, X108 k108 R x10% | (Pr), (Pr),
001 0006112 0-10002 | 4210 1-86 | 1752 849 569 163 129 097
5 0008719 0-10001 | 4-204 1-86 | 1501 866 578 167 1092 096
10 001227 010003 | 4193 1-86 | 1300 883 587 171 929 096
15 001704 0-10010 | 4-186 1-87 | 1136  9:00 595 175 799 09
20 002337 0-10018 | 4:183 1-87 | 1002 918 603 179 695 096
25 003166  0-10030 | 4181 1-88 890 935 611 183 609 096
30 004242 0-10044 | 4179 1-88 797 952 618 187 539 096
35 005622 0-10060 | 4-178 188 | 718 970 625 191 480 096
40 007375 0-10079 | 4179 189 | 651 987 632 195 430 096
45 0409582 0-10099 | 4-181 1-89 [ 594 100 638 199 389 0495
50 01233 01012 | 4182 1-90 544 102 643 204 354 0495
55 01574 01015 | 4-183 1.90 501  10-4 648 208 323 095
60 01992 01017 | 4185 191 | 463 106 653 212 297 095
65 02501 01020 | 4188 192 | 430 107 658 216 274 095
70 03116 01023 | 4191 193 | 400 109 662 220 2-53  0:96
75 0-3855 01026 | 4194 1-94 374 111 666  22-5 236 096
80 04736  0-1029. | 4198 1-95 351 113 670  22:9 2:20 096
85 0-5780 01032 | 4203 1.96 | 330 114 673 233 2:06 096
90 07011 01036 | 4-208 1.97 311 116 676 238 194 096
95 0-8453 01040 | 4213 199 | 294 118 678 243 1-83 097
100 101325 01044 | 4219 201 | 279 120 681 248 173 097
105 1:208 01048 | 4226 2:03 | 265 122 683 253 164 098
110 1-433 01052 | 4233 205 | 252 124 684 258 1-56 099
115 1-691 01056 | 4240 207 | 241 126 686 263 149 099
120 1-985 0-1060 | 4248 209 | 230 128 687 26:8 142  1-00
125 2:321, 01065 | 426 212 220 13:0 687 27:3 136 101
130 2:701 01070 | 427 2415 211 132 688 278 131 102
135 3131 01075 | 428 218 203 134 688 283 126 1-03
140 3-614 01080 | 429 221 195 135 688 288 122 104
145 4155 01085 | 430  2:25 188 137 687 294 118 105
150 4760 01091 | 432  2-29 181 139 687  30:0 114 107
160 6181 01102 | 435  2-38 169 142 684 313 107 109
170 7:920 0-1114 | 438 249 159 146 681 326 102 112
180 10-03 01128 | 442 262 149 150 676 341 097 115
190 12:55 - 01142 | 446 276 | 141 153 671 357 094 118
200 15-55 01157 | 451 2901 134 157 665 375 091 122
210 19-08 01173 | 456  3:07 127 160 657 394 088 125
220 23-20 01190 | 463 325 ; 121 163 648 415 086 128
230 27-98 01209 | 470 345 116 167 639 439 085 131
240 3348 01229 | 478 368 | 111 171 628 465 084 135
250 3978 01251 | 487 394 107 175 616  49-5 085 1-39
260 46-04 01276 | 498 422 103 179 603 528 085 143
270 5505 01302 | 510 455 99 183 580 566 086 147
280 64-19 01332 | 524 = 498 9% 188 574  61-0 0-88 153
290 7445 01366 | 542 546 93 193 558  66:0 090 160
300 85-92 0.1404 | 565 618 90 198 541 72-0 094 170
320 1129 0-1499
340 1461 0-1639
360 1867 . 0-1894
370 2105 0:2225 |
374.15 2212 0-317

Les valeurs pour ’eau liquide saturé peuvent étre utilisées avec une bonne précision au-dessus de la pres-
sion de saturation. Les valeurs pour la vapeur d’eau saturée peuvent étre utilisées avec seulement une
précision relative au dessous de la pression de saturation a des températures supérieures a 2009 C,




14  INFORMATION GENERALE POUR Hj 0

Point Triple : Température thermodynamique (par définition) =
273.16 K= 0.01 0C=491.688 R = 32.018 OF
d’o1l 0°C=273.15K,0°F =459.67 R,32°F =491.67R)
Constante du paz : R= R /M = 8.3143/18.015=0.4615 kl/kg K

EAU COMPRIMEE
¢ 0-01 100 200 250 300 350 374-15
2, 0006112 1-01325 1555 3978 8592 1654 2212
? uyx10' 01000 01044 01157 01251 01404 01741 0317
) hy 0 419 852 1086 1345 1671 2084
| s 0 1307 2331 2793 3255 3779 4430
100 :Iﬁx 10¢  —0-0005 —0-0006 —0-0009 —0-0011 —0-0007 )
_ (311:0) | (h-A; +10 +7. +4 0 =2
I (s-s5) 0-000 —0-008 —0013 —0014 —0-007
_ 2212 | (--u)x10* 00011 —0:0012 —0-0020 —0-0029 —0-0051 —0-0107 0 b
(374-15) | (h-hy) +22 417 +9 44 —12 —34 0
‘. (s-sp) 40001 —0-017 —0-031 —0-040 —0:053 —0-071 0
5 (b=0,) X100  —0-0023 —0:0024 —0-0042 —0-0064 —0-0117 —0-0298 —0-161
F 500 | (b \W +49  +38 +23 +8 - —94  —369
@. i (s 0000 —0-037 —0068 ~—0-091 —0134 —0235 —0-670
31,
8\ ?r“zxs. —0-0044 —0-0044 —0-0075 —0-0111 —0-0191 —0-0427 —0-180
8 1000 | (h-ky) +9  +76 +51 +28 —17  —119 —415
ms (s-s7) —0007 —0070 —0124 —0164 —0:235 —0-385 —0-853
8
_n GLACE ET VAPEUR D’EAU SATUREE
t Py ux10* v, u, U, h, h S; S
! 001 000611Z | 01091 2061 | —333-5 23747 | —333-5 25008 | —1-221 9155
_ —10 0-002598 | 01080 < 467-5 | —3542 2360-8 | —354-2 2482:2 | —1-208 9-481
—20 0-001038 | 01087 1125 | —374-1 23468 | —374-1 24636 | —1:375 9-835
—30 0-0003800 | 0-1086 2046 | —303-3 23329 | —393.3 24451 | —1-452 10-221
—40 0-0001288 | 01084 8354 | —411-8 23190 | —411-8 24266 | —1-530 10-644

pvll = constante, avec n = 1,135 pour une vapeur saturée au départ

DETENTE ISENTROPIQUE DE LA VAPEUR D’EAU

Détente en équilibre humide :

Détente surchauffée et sursaturée :

pv! = constante et EHE.? -1) = Cte ,avecn =1,3

(n—1)/n
Chute d’enthalpie ?ISHA B jo43)| (B =

klflkg — \kl/kg #
Volume massique de la vapeur sursaturée :

p J v

- 2 i 102

bar) *\i¥kg) 703/ h__ 14,

kJ/kg T 1.3\ kJ/kg

AMMONIAC — NH3 M= 17,031
Surchauffe (¢t
Valeurs de Saturation 50K 100K

t b v, by hy 5¢ S¢ h s h s
—50  0-4089 2625 —44-4 13733 | —0194 6159 | 1479-8 6-592 | 15859 0948
—45  0-5454  2-005 —22.3 13816 | —0-096 6-057 | 1489:3 6-486 | 15961 6-839
—40 07177 1-552 0 13900 | © 5062 | 14986 6-387 | 16063 6736
—35 09322 1216 22-3 13979 | 04095 5-872 | 1507-9 6-293 | 16163 6639
—30 1196 09633 447 14056 | 0-188 5-785 | 1517:0 6:203 | 1626:3 6-347
—28  1-317  0-8809 53.6 14085 | 0-224 5751 | 15207 6-169 | 16303 6:512
—-26 1447  0-8058 62:6 141144 | 0261 5718 [ 15243 6-135 | 16342 6477
—24 1388  0-7389 7147 14143 | 0-297 5-686 | 15279 6-103 | 16382 6-444
—22 1740 06783 80-8 14173 0-333 5-655 | 1531-4 6071 | 1642-:2 6411
—~20 1902 06237 89-8 14200 | 0-368 5623 | 1534-8 6-039 | 1646-0 6-379
—18 2077  0-5743 988 14227 | 0404 5593 | 15382 6-008 | 1650-0 6-347
—16 2-265 0-5296 1079 14253 0-440 5-563 | 1541-7 5-978 [ 1653-8 6-316
—14 2465  0-4890 117-0 14279 | 0-475 5533 | 1545-1 5-948 | 1657-7 6-286
—12 2680 04521 126:2 14305 | 0-510 5-504 | 1548-5 5919 | 16615 6-256
—10 2908 0-4185 135-4 14330 0-544 5-475 | 15517 5-891 | 1665:3 6-227
— 8 3-153 0-3879 144-5 14353 0-579 5-447 | 15549 5-863 [ 1669-0 6:199
-6 3-413 0-3599 153-:6 14376 0-613 5419 | 15582 5-836 | 1672.8 6-171
— 4 3691 03344 162-8 14399 | 0647 5-392 | 15614 5-808 | 16764 6-143
— 2 3983 03110 1720 14422 | 0681 5-365 | 1564:6 5-782 | 16801 6-116
0 4295 02895 181-2 14444 | 0715 5.340 [ 1567-8 5756 | 16839 6-090
2 4625 0-2699 1904 1446'5 0-749 5-314 | 15709 5731 | 16875 6065
4 4-975 0-2517 1997 1448-5 0-782 5288 | 1574-0 5-706 | 1691-2 6:040
6 5-346 0-2351 2091 14506 0-816 5-263 | 1577-0 5682 | 16949 6:015
8 573 02198 2185 14525 | 0-849 5238 | 1580-1 5658 | 16984 5-991
10 6149  0:2056 2278 14543 | 0-881 5213 | 15831 5634 | 17022 5:967
12 6-585 0-1926 2372 1456-1 0-014 5-189 | 1586-0 5-611 | 17057 5:943
14 7-045 0-1805 2466 14578 0-947 5-165 | 15889 5-588 | 1709-1 5-920
16 7529  0-1693 2560 1459-5 | 0-979 5-141 | 1591-7 5565 | 1712-5 5-898
18 8035 01590 265-5 14611 | 1-012 5118 | 15944 5543 | 17159 5-876
20 8-570 0-1494 2751 14626 1-044 5-095 | 1597-2 5-521 | 1719-3 5-854
22 9134 01405 284-6 14639 | 1076 5072 | 1600-0 5-499 | 1722-8 5-832
24 9922 01322 294-1 14652 | 1108 5049 | 16027 5478 | 1726:3 5-811
26  10-34 0-1245 3037 1466:5 | 1-140 5027 | 1605-3 5458 | 17296 5-790
28 1099 01173 3134 14678 | 1172 5-005| 1608-0 5-437 | 17327 5770
30 1167 0-1106 3231 14689 | 1-204 4-984 | 1610-5 5-417 | 17359 5750
32 1237 0-1044 332.8 14699 | 1.235 4962 | 1613:0 5-397 | 1739:3 5731
34 1311 0-0986 342:5 1470-8 | 1-267 4-940 | 16154 5-378 | 17426 5711
36 1389 0-0931 352:3 1471-8 1-298 4-019 | 1617-8 5-358 | 1745-7 5-692
38 1470 0-0880 362:1 14726 1-320 4-898 | 1620-1 5-340 | 17487 5674
40  15-54 0-0833 3719 14733 1-360 4-877 | 16224 5-321 | 17519 5-655
42 1642 0-0788 381-8 1473-8 | 1-391 4.856 | 1624-6 5-302 | 1755-0 5-637
44 1734 0-0746 391-8 1474-2 1-422 4-835 | 16268 5-284 | 1758-0 5-619
46  18-30 0-0706 401-8 1474-5 1:453 4-814 | 1629-0 5-266 | 1761-0 5-602
48 1929 0-0670 4119 1474-7 1-484 4793 | 16311 5-248 | 17640 5-584
50 20-33 0-0635 4219 14747 1:515 4773 | 1633-1 5-230 | 1766:8 5-567
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M = 120,92 DICHLORODIFLUOROMETHANE (FREON-12) CF;Cl;

Surchauffe (¢-£,)

Valeurs de Saturation i5K 30K

t . v, h, h, s S, h s I S
—100 0-0118 10-100 —51-84 142-00 | —0-2567 0-8628 | 148-89 0-9019 | 156-10 0:9428
— 95 00181 6585 | —47-56 144-22 | —0-2323 0-8442} 151-23 0-8830 | 158-55 0-9195
— 90 0:0284 4416 —43:28 146-46 | —0-2086 0-8274 | 153-59 0-8649 | 161-02 0-9010
— 85 00424 3-037 | —39-00 14873 | —0-1856 0-8122| 155-98 0-8493 | 163-52 0-8851
— 80 00617 2-138 —34-72 151-02 | —0-1631 0-7985 | 158-39 0-8351 | 166-04 0:8706
- 75 0-0879 1-538 —30-43 153-32 | —0-1412 0-7861 | 160-82 0-8226 | 168-57 0-8578
- 70 01227 1-127 —26-13 155-63 | —0-1198 0-7749 | 163-26 0-8110 | 171-12 0-8459
— 65 0-1680 0-8412 | —21-81 157-96 | —0-0988 0:7649 | 165-70 0-8008 | 173-68 0-8355
— 60 02262 06379 | --17-49 160-29 | —0-0783 0-7558 | 168-15 0-7915 | 176-26 0-8259
— 55 0-2998 0-4910 | —13-14 16262 | —0-0582 0-7475| 170-60 0-7830 | 178-84 0-8172
— 50 03915 (-3831 | — 878 16495 | —0-0384 0-7401 | 173-07 07753 | 181-43 0-8093
— 45 0-5044 0-3027 | — 440 167-28 | —0-0190 0-7335 | 175-54¢ 07685 | 184-01 0-8023
— 40 0-6417 0-2419 0 16960 | 0 0-7274 | 178:00 0-7623 | 186-60 07959
— 35 0-8071  0-1954 4-42  171-90 0-0187 0-7219 | 180-45 0-7568 | 189-18 0-7902
— 30 1.004 0-1594 8:86 174-20 | 0-0371 0:7170 | 182:90 0-7517 | 191-76 0-7851
— 25 1-237 01312 13-33 17648 00552 0-7127 | 185-33 0-7473 | 194-33 0-7805
— 20 1-509 0-1088 17-82 178-73 | 0-0731 0-7087 | 187-75 0-7432 | 196-89 0-7764
— 15 1-826  0-0910 22-33 180-97 0-0906 0-7051 | 190-15 0-7397 | 199-44 0-7728
— 10 2191 00766 26-87 18319 | 0-1080 0-7020 | 192-53 0-7365 | 201-97 0-7695
- 5 2610  0-0650 31-45 185-38 01251 0-6991 | 194-90 0-7336 | 20449 07666
0 3086 0-0554 36-05 187:53 | 0-1420 0-6966 | 197-25 0-7311 | 206-99 0-7641
5 3626 0-0475 40-69 18966 | 0-1587 0-6943 | 199-56 0-7289 | 20947 0-7618
10 4-233  0-0409 45-37 19174 0-1752 0-6921 | 201-85 0-7268 | 211:92 0-7598
15 4914  0-0354 50-10 193-78 0-1915 0-6901 | 204-10 0-7251 | 214-35 0-7580
20 5673  0-0308 54-87 19578 | 0-2078 0-6885| 206-32 0-7235 | 21675 0-7565
25 6516 0-0269 5970 197-73 | 0-2239 0-6869 | 208-50 0-7220 | 219-11 0-7552
30 7-449  0-0235 64-59 199-62 0-2399 0-6853 | 210-63 0-7208 | 221-44 0-7540
35 8477  0-0206 69:55 20145 0-2559 0-6839 | 212.72 0-7196 | 223-73 0-7529
40 9607 00182 74-59 20320 | 0-2718B 0-6825 | 21476 0-7185 | 22598 0-7519
45 10-84  0-0160 79-71 204-87 [ 0-2877 0-6811 | 216-74 0-7175] 228-18 0-7511
50 12-19 0-0142 8494  206-45 0-3037 0-6797 | 218-64 0-7166 | 230-33 0-7503
.55 1366 0-0125 90-27 20792 0-3197 0-6782 | 22048 0-7156 | 232-42 0-7496
60 15-26 0-0111 9574 209-26 0-3358 0-6765 | 222-23 0:7146 | 23445 0-7490
65 16-99 0-00985 | 101-36 210-46 0:3521 0-6747 | 223-89 0-7136 |} 236-42 0-74B4
70 18-86 0-00873 | 107-15 211-48 0-3686 0-6726 | 225-45 0-7125 | 238-32 0-7477
75 20-88 0-00772 | 113-15 212-29 0-3854 0-6702 | 226-89 0-7113 | 240-13 0-7470
80 2305  0-00682 | 11939 212-83 | 0-4027 0-6673 | 228-21 0-7099 | 241-86 (-7463
85 25-38  0-00601 | 12593 213.04 | 04204 0-6636 | 229-30 0-7084 | 243:50 0-7455
90 2789  0-00526 | 13284 212-80 | 0-4380 0-6591 | 230-43 0:7067 | 245:03 0-7445
95 30-57  0-00456 | 140-23 211.94 | 0-4583 0-653L | 231:30 0-7047 | 246-47 0-7435
100 3344  0-00390 | 14832 21012 | 0-4793 06449 | 231-93 0-7023 | 247-80 0-7424
105 36-51  0-00324 | 157-52 206-57 | 0-5028 0-6325 | 232-22 0-6994 | 248.97 0-7412
110 3979 000246 | 169-55 19799 | 0-5334 0-6076 | 232-47 0-6964 | 250-10 0-7399
112 4115 000179 | 183-43 18343 0-5690 0-5690 | 232-80 0-6958 [*250-58 0-7394

MERCURE — mm M = 200,60
Mv ‘c v, F_ .«m\u M«n s Sye P!
0-0006 1092 2596 15:13 297-20 312-33 0:0466 07774 U-8240
0-0007 112-3 2243 15.55 297-14 312-69 0-0477 0-7709 0-8186
0-0008 1150 1977 15-93 297-09 313-02 0-0487 0-7654 0-8141
0-0009 117-5 1768 16:27 297-04 313-31 0-0496 0-7604 0-8100
0-:0010 1197 160-1 16-58 297-00 313-58 0:0503 0:7560 0-8063
0-002 1349 38318 1867 29671 315-38 0-0556 0-7271 0-7827
0-004 1515 43-29 2093 296-40 317-33 0-0610 0-6981 0-7591
0-006 161-8 29:57 22:33 296-21 318-54 0-0643 0-6811 07454
0-008 169-4  22-57 23-37 296-06 319-43 0-0666 0-6690 0-7356
0-010 175-5 18:31 24-21 295-95 320-16 0-0685 06596 0-7281
0-02 195-6 9-570 26-94 295-57 322-51 0-0744 0:6305 0-7049
0-04 2177 5-013 29-92 295-15 32507 0-0806 0-6013 06819
0-06 2316 3438 31-81 294-89 326-70 0-0843 0-5842 0-6685
008 2420 2:632 33-21 294-70 32791 0-0870 0-5721 0-6591
0-10 250-3 2140 34-33 294-54 328-87 0-0892 0:5627 0:6519
02 2781 1-128 38-05 204-02 332-07 0-0961 0:5334 0-6295
0-4 309-1 0:5942 42-21 293-43 335-64 0-1034 0-5039 0-6073
06 3290 0-4113 44-85 293-06 33791 0-1078 0-4869 0-5947
0-8 343-9 0-3163 46-84 292-78 339-62 0-1110 0-4745 0-5855
1 356-1 0-2581 48-45 292-55 341-00 0-1136 0-4649 0-5785
2 397-1 0-1377 53-87 291-77 345-64 0-1218 04353 0-5571
3 423-8 0-09551 | 57-38 291-27 348-65 0-1268 04179 0-5447
4 444-1 0-07378 | 6003 290-89 350-92 0-1305 0-4056 0-5361
5 460-7 0-06044 | 62:20 200-58 352-78 0-1334 0-3960 0:5294
6 4749 0-05137 | 6406 290-31 35437 0-1359 0-3881 0-5240
7 487-3 0-04479 | 65-66 290-08 35574 0-1380 0-3815 0-5195
8 4984 0-03978 | 67-11 289-87 356-98 01398 0-3757 0-5155
9 508-5 0-03584 | 68-42 289-68 35810 0:1415 0-3706 0-5121
10 517-8 003266 | 69-61 28950 359-11 0-1429 0-3660 0-5089
12 5344 0-02781 | 71-75 289-19 360-94 0-1455 0-3581 0-5036
14 5490 0-02429 | 73-63 288-92 362-55 0-1478 0-3514 0-4992
16 5620 0-02161 | 75-37 288:67 36404 0-1498 0-3456 0-4954
18 574-0 0-01949 | 76-83 28845 365-28 0-1515 0-3405 0-4920
20 5849 0-01778 | 7823 288:24 366-47 01531 0-3359 0:4890
22 595-1 0-01637 | 79-54 288-05 367-59 0-1546 0-3318 0-4864
24 604-6 0-01518 | BO-75 287-87 36862 0-1559 0-3280 0-4839
26 613-5 0-01416 | B81-89 287-70 369-59 0-1571 0:3245 04816
28 622-0 0-01329 | 82-96 287-54 370-50 0-1583 0-3212 04795
30 630:0 0-01252 | 83-97 287-39 371-36 01594 0-3182 0-4776
35 648-5 0-01096 | 86-33 287-04 373-37 0-1619 0-3115 0-4734
40 665-1 0-00978 | 88-43 286-73 375-16 0-1641 0-3056 0-4697
45 680:3 0-00885 | 90-35 286-44 376-79 0-1660 0-3004 0-4664
50 694-4 0-00809 | 92-11 286-18 378-29 0-1678 0-2958 04636
55 7074 0-00746 | 93-76 285-93 379-69 0-1694 02916 0-4610
60 7197 0-00693 | 95-30 285-70 381-00 0-1709 0-2878 0-4587
65 731-3 0-00648 | 96-75 285-48 382:23 0-1723 0-2842 0-4565
70 742-3 0-00609 | 98-12 285-28 383-40 0-1736 0-2809 0-4545
75 7527 0-00575 | 9942 285-08 384-50 ¢-1748 0-2779 0-4527

N
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Pour le mercure hy et sy sont égaux & zéro 4 09 C. Pour la vapeur surchauffée ¢p = 0,1036 KJ/Kg® K.
tp, p et k (ainsi que p pour les liquides) ne varient pas beaucoup avec la pression (voir également la
nate de la page suivante)
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AUTRES LIQUIDES, VAPEURS ET GAZ

T 250 300 400 500 600 800 1000
Ammonia (NH,) op 452 486 — - —_ .l -
sat. liquid P 669 600 — — _ — -
t.p.=1954 K ux10° 205 119 — e — —
M—=17-031 Ex108 547 511 — o = =
Freon-12 (CF,Cly) i 0896 0976  — ol . - -
sat. liquid p 1468 1304  — _ — — -
tpo=1153 K ux100 352 254 — o
M =120-92 Ex10 89 7 — e - e >
: _Bi T e 0146 0146 0146 0146  0-146
ww.zwﬂw%w\ Wﬁ.ﬁw a an Z 10570 10450 10330 10090 9840
eutectic liquid ax105  — 3360 2340 . 1840 1330 1100
mp, 397 K % — Z 00109 00120 0-0129 0-0150 0-0170
s 014l 0130 0137 0137 0137 0138 —
wﬁm& = 5 13650 13530 13200 13050 12840 12420 —
m.p.—2343 K | Fx1oe 1880 1520 1190 1010 890 780 _
M —200.60 & 00075 00081 0-0004 0-0107 0-0128 0-0137 —
: — 0710 0805 078 0772 0768 0775
Bl b o D oW oW oW B
. 10 solid solid 417 3
e e i 0099 0-0465 0-0454 00425 00337 00278
i o 1170 1224 13690 1315 1277 1273 1277
mmw_mms (i iy 977 97 921 897 812 823 774
m.p. 370-5 K fy10v solid solid 610 420 320 230 180
M —22-09 y 0135 0135 0086 0-080 0074 0063 0059
A i 0977 0029 0904 0886 0871 0:882
B |foe e %% W oW o8
ic Tiqui w10° solid 780 467
HWDMMN:M% b o 00222 00236 00240 0-0262 00287 00312
g 05203 0-5203 0-5203 0-5203 0-5203 05203 0-5203
s z 1047 1423 1217 0974 0811 0609 0487
M=—39-948 fy100 1974 2294 2867 3375 3838 4671 5421
] bli0e 1515 1766 2227 2641 3016 3683 4266
- 0701 0846 0930 1014 1075 1169 1.234
e 2 2145 1788 1341 1-073 0894 0670  0-536
M=44.010 Ax100 1260 1499 1946 2367 2732 3381 3951
bZloe 12900 1661 2475 3274 4040 5464 6752
i ) =103 5193 5193 5193 5193 5193  5.193
P £ 01051 01626 0-1220 00976 0-0813 0-0610 0-0488
M=4-003 £x100 1840 2080 2523 2030 3312 4019 4670
£510° 1340 1498 1779 2026 2247  — iy
1405 1431 1448 1451 1455 1469  14:08
e v 00083 00810 0-0614 00491 0-0409 00307 0-0246
M=2-016 fx100 702 896 1087 1264 1429 1734 2013
l0s 1561 1817 2281 2718 3147 4022  —
Steam (H,0 1.855 1864 1001 1054 2015 2147  2:288
smm%%mmhm et — 942 132 173 213 205 376
M=18015 BXlee _— 188 266 357 463 708 979

19

AIR SEC A BASSE PRESSION
5 1 atm
T : , - & at
Ty V2 y |jwx10% £x108 Pr i » 5 108
175 10023 07152 1401 | 1-182 1-593 0744 | 2-017 0-586
200 16025 07154 1401 | 1-329 1-809 0736 | 1-765 0753
225 1.0027 07156 1401 | 1.467 2020 0728 | 1-569 0935
250 10031 07160 1401 | 1-599 2227 0720 | 1-412 1132
275 10038 07157 1401 | 1725 2428 0713 | 1.284 1343
300 10049 07178 1400 | 1.846 2624 0707 | 1177 1:568
325 10063 07192 1400 | 1.962 2816 - 0701 | 1-086 1-807
350 1.0082 07211  1.398 | 2.075 3003 0697 | 1.009 . 2-056
375 10106 07235 1397 | 2-181 3186 0692 | 09413 2:317
400 1-0135 07264  1-395 | 2-286 3365  0-68% | 0-8824 2.591
450 1-0206 07335  1-301 | 2-485 3710 0-684 | 0-7844 3-168
500 10205 07424  1.387 | 2670 4041 0680 | 0-7060 3.782
550 1-0308 07527  1.381 | 2:849 4357 0680 | 06418 4439
600 1-0511 07640  1:376 | 3-017 4661 0680 | 0-5883 5128
650 10629 07758 1370 | 3178 4954 0682 | 0-5430 5.853
700 1-0750 07879  1-364 | 3.332 5236 0684 | 0-5043 6607
750 1-0870 07999 1359 | 3.482 5509 0687 | 04706 7-399
800 1.0087  0-8116 1354 | 3.624 5774 0690 | 0-4412 8:214
850 11101  0-8230  1:349 | 3763 6030 0693 | 04153 9-061
900 11209  0-8338  1:344 | 3-897 6276 0696 | 03922 9936
950 11313 0-8442  1:340 | 4026 6520 0699 | 03716  10-83
1000 11411  0-8540  1:336 | 4-153 6754 0702 | 03530 1176
1050 11502  0-8631  1:333 | 4276 6985 0704 | 03362  12-72
1100 11589  0-8718 1329 | 439 7209 0707 | 03209  13-70
1150 11670  0-8799  1-326 | 4511 7-427 0709 | 03069  14-70
1200 111746 08875  1.323 | 4626 7640 0711 | 0-2041 1573
1250 11817  0-8946  1-321 | 4736 7849 0713 | 02824 1677
1300 11884 09013  1:319 | 4846 8054 0715 | 02715  17-85
1350 11946 09075 1-316 | 4-952 8253 0717 | 02615 1394
1400 1-2005  0-9134  1-314 | 5-057 8450 0719 | 02521  20-06
1500 12112 09241  1-311 | 5-264 8831 0722 | 02353  22:36
1600 12207 09336 1308 | 5457 9199 0724 | 02206 2474
1700 12293 09422 1305 | 5646 9554 0726 | 02076  27-20
1800 1-2370 09499  1-302 | 5829 9899 0728 | 01961  29-72
1900 12440 09560  1-300 | 6008 10233 0730 | 01858  32-34
2000 12505 09634  1-298 — —_ - 0-1765 —
2100 12564 09693  1-296 - =t — 0-1681 =
2200 12619 09748  1-295 o = b 0-1604 =
2300 12660  0-9798  1.203 e e e 0-1535 s
2400 12717 09846  1.292 — - - 0-1471 -
2500 1-2762  0:9891  1-290 — = = 0-1412 =
2600 1-2803 09932  1-289 - e o 0-1358 =
2700 1-2843 09972  1.288 — — - 0-1307 =
2800 1-2881  1.0010  1-287 =3 — — 0-1261 —
2900 12916  1-0045  1-286 = = — 0-1217 =
3000 12949 10078  1-285 — — - 01177 —

Les valeurs pour I’

Les valeurs de cp et ¢y page 21 sont celles 3 la pression 2éro. Les valeurs pour les gaz sont exactes sur une
rge étandue de pression, mais pour les vapeurs elles s’accroissent avec la pression les valeurs de u et k pour
ir sont exactes pour une large étendue de pression sauf pour de busses pressions telles que le libre
parcours mayen des molécules soit de I'ordre de grandeur des distances entre parois. A haute température
(15009 K pour Puir) la dissociation devient significative et la pression est une variable significative pour
les gaz et les vapeurs ; les valeurs de fa page 21 s’appliquent uniquement aux états non dissociés.

peuvent étre également employdes avec une précision convenable pour CO, Ny et Og.



20 CHALEUR MASSIQUE C,, DE QUELQUES GAZ ET VAPEURS

T CO, Co H, Ny 0, H,0 CH, C,H, C,H,
175 | 0709  1.039 1312 1039 0010 1850  2.083  1.241
200 | 0735 1039 1333 1.039 0910  1.851 2087  1-260
225 | 0763  1.039 1383  1.030 0911  1.852 2121  1:316
250 | 079t 1039 1405 1039 0913 1855 2156  1-380 1335
275 | 0819 1040 1420 1039 0915  1.859 2191 1453  1.51
300 | 0-846  1.040 1431 1040 0918 1864  2:226 1535  1.766
325 | 0-871 1041 1438  1.040 0923  1-871 2293  l.21  1:878
350 | 0-895 1043 1443  1.041 0928 1880  2:365 1709  1-987
375 | 0918 1045 1446 1042 0:93¢  1-800 2442 1799 2095
400 | 0939 1-048 1448 1044 0941 1901 2525 1801 2194
450 | 0978 1054 1450 1049 0956 1926 2703  2:063 240
500 | 1014 1064 1451 1.056 0972  1.054  2.889 2227  2:59
550 | 1-046 1075  14-53 1065 0988  1-98%¢ 3074 2378 2782
600 | 1-075 1087 1455 1075 1003 2015 3286  2:519 2958
650 | 1102 1100 1457 1086 1017 2047 3432 2649 3126
700 | 1126 1113 1460  1.098  1.031  2.080  3-602 2770  3-286
750 | 1148 1126 1465 1110  1.043 2113  3.766  2-883  3.438
800 | 1168 1135 1471 1122 1054 2147 3923 2989  3-581
850 | 1187 1151 1477 1134 1065 2182 4072 3088 3717
900 | 1-204 1163 1483 1146 1074 2217 4214 3180  3-846
g 950 | 1220 1174 1490 1157 1082 2252  4:348  3.266
5 1000 | 1234 1185 1498 1167  1-090  2:288 4475  3.347
@. ’ 1050 | 1247 1194 1506 1177 1097 2323 ° 4505  3.423
30 1100 | 1.259  1.203 1515 1187 1103  2:358  4.708 3404
oif 1150 | 1270 1212 1525 1196 1109 2:392 4814  3-361
bE3
Y A
«,S, 1200 | 1-280 1220 1534  1-204  1-115 2425
m : 1250 | 1290  1.227 1544  1.212 1120 2458 T CeHg CgHy,
1300 | 1.208 1234 1554  1.219 1125 249
_n 1350 | 1.306 1240 1565 1226 1130 2521 250 | 0-850  1-308
1400 | 1313 1246 1577 1232 1134  2:352 275 | 0957 1454
1500 | 1-326 1257 1602 1-244 1143 2609 300 | 1-060 1656
_ 1600 | 1338  1-267 1623  1-25¢ 1151  2:662 325 | 1160  1-825
_ 1700 | 1:348 1275 1644 1.263 1158 2711 350 | 1-255% 1979
1800 | 1356 1282 1664 1271 1166  2:756 375 | 137 2100
1900 | 1364 1288 1683  1.278 1173 2798 400 | 435 2218
2000 | 1371 1294 701  1.284 1181  2-836 450 | 1600  2-403
2100 | 1-377 1299 1718 1290 1188  2-872 500 | 1752 2608
2200 | 1-383  1:304  17:35 1295 1195  2:904 550 | 1801 2:974
2300 | 1388  1.308  17-50  1.300 1202 2934 600 | 2018  2:924
2400 | 1393 1311 1765 1304 1209 2962 650 | 2134 312
2500 | 1397 1315  17-80  1-307 1216  2.987 700 | 2239 3-232
2600 | 1401 131k 1793  1.311  1.223  3.0l1 750 | 2:335  3.349
2700 | 1404 1321 1806  1-314 1230  3-033 800 | 2422 3405
2800 | 1408  1-324 1817  1-317  1-236  3-053 850 | 2-500  2.582
2900 | 1411 1326 1828  1-320 1243  3-072 900 | 2571 3673
3000 | 1414 1329 1839  1.323  1-249  3.090
3500 | 1427 1339 1891  1:333 1276  3-163
4000 | 1437 1346 1939 1342 1299  3-217
4500 | 1446  1-353 1983  1-349  1-316  3-258
5000 | 1455 1-359 2023 1355 1:328  3-202
5500 | 1-465  1-365 2061  1-362  1.337  3-322
6000 | 1476 1370 2096  1-369 1344  3-350

Les chaleurs spécitiques de H, N et O atomiques sont donnés avec une précision suffisante

B vy = 2,5 Ro/M, M étant la masse atomique.

T e e T

CONSTANTES DE DISSOCIATION ET ENTHALPIES DE REACTION 21
Ems K avec pressions partielles en atmosphéres
T Pry0 Peoy (Pua0) (ool Prgo Pro Py fo, P,
4 2 2 3
(Pug) (Pog)t (Do) (B0, |(Pr(Peo,) (Por) Pyt (Poy)t (Pny)|(Px) (Po) (#v)
298 40-048 45.066 — 5:018 46137 ~15-171 71224 81-208 159-600
300 39-786 44-760 - 4974 45:832 --15-073 70-754 30668 158578
400 20240 32431 | — 31901 33:567 —11142 51-752 58946 117-408
600 18-633 20-087 - 1:454 21.242 - 7210 32-672 37-148 76-162
800 13289 13916 | — 0627 15044  — 5243 23070  26-202 55488
1000 10-062 10-221 - (1159 11-309 — 4062 17-292 19:164  43-056
1200 7-899 7764 0135 8811 —~ 3275 13-414 15208 34754
1400 6347 6-014 0-333 7-021 - 2:712 10630 12-054 28812
1600 5180 4706 0-474 5-677 < 2-290 8532 9684 24350
1800 4-270 3.693 0:577 4-631 — 1662 6-896 7-836 20-874
2000 3540 2884 0-656 3793 — 1699 5580 6356  18:092
2200 2942 2:226 0716 3107 — 1484 4502 5142 15810
2400 2-443 1-679 0-764 2:535 — 1:305 3-600 4:130 13-908
2600 2:021 1:219 0-802 2:052 — 1:154 2:834 3272 12.298
2800 1658 0-825 0833 1637  — 1025 2178 2:536 10914
3000 1-343 0-485 0-858 1278 ~ 0913 1-606 1-898 9-716
3200 1-067 0-189 0-878 0-963 — (-815 1-106 1-340 8664
3400 0-824 — 0-071 0-895 0-687 — 0720 0664  0:846  7-736
3600 0607 — 0-302 0009 — 0633 0270 01408 6-910
3800 0413 — 0-508 0-921 — 0-585 | — 0084 0014 6172
4000 0-238 — 0692 0-930 — 524 — 0402 — 0340 5:504
4500 — 0133 — 1-079 0-946 - — 0-397 — 1074 — 1-086 4-094
5000 — 0430 — 1-386 0:956 — — 0296 — 1612 — 1686 2:962
5500 = 0ET5 = 635 0-960 s — 0214 — 2:054 — 2-176 2:032
6000 — 0-880 — 1.841 0961  — — 0147 | — 2422 — 2584 1250
- 12
1 atm=1-01325 bar 1 (atm) "#=1.0066 (bar)
. : 208.15
Reaction (kmol) HH "M.mnm?ow.._u iR
Clsol)+ 0,—CO, 303 500
GO 4§ 0,=C0, —283 000
H, 4+ % O3—+H,O(vap) —241 800
CH,(vap) + 2 0,—CO, + 2 H,O(vap} —802 300
C,H, (vap) + 3 O,—2 CO, + 2 H,0(vap) —1 323 200
CyH,(vap) + 3% 0,—2 COy + 3 H,O(vap) —1 427 900
CeHy(vap) + 74 0,6 CO, + 3 H,O(vap) —3 169 500
CoHya(vap) + 12} O,—8 CO, + 9 H,0(vap) —5 116 200
€O, + Hy—CO + H,0(vap) +41 200
} H, + OH—-H,O{vap) —281 300
} N, + % 0,+NO +90 300
4 -8, —436 000
2 Ol...O- —498 400
2 NN, —945 600
At 298-15 K for FL,O Hpg=44 000 kJ/kmol of H,O
for C.H, Hpg=33 800 kJ/kmol of C,H,
for C,H,, Hge=41 500 kl/kmol of C,H,
Masse valumique au niveau de la mer Po = 1,2250 kg/m?3
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ATMOSPHERE SELON STANDARD INTERNATIONAL

z P T plPe yx 108 & x10% a Ax108
— 2500 1-3521 3044 12631 1207 2661 3498 5251
—2000 1-2778 3012 12067 1253 2636 347.9 5407
1500 1-2070 2970 11522 1301 2611 346.0 5757
~1000 11393 2047 10996 1352 2585 344:1 6:032
~ 500 1-0748 2014 10489 1405 2:560 342-2 6324

0 101325 28815  1-0000 1461 2:534 3403 6633
500 0-9546 2849 09529 1520  2-509 3384 6961

1600 0-8988 2817 09075 1581 2483 336-4 7-309

1500 0-8456 2784 0-8638 1646 2457 334-5 7-679

2000 07950 2752 08217 1715 2431 332.5 8-072

2500 0-7469 2719 07812 1787 2:405 3306 8401

3000 0-7012 2687 07423 1863 2:379 328-6 8:936

3500 0-6578 2654 07048 1943 2:353 3266 9-411

4000 0:6166 262:2 06689 2028 2-327 3246 9-917

4500 0-5775 2589 06343 2117 2301 3226 10-46

5000 0-5405 ;2557  0.6012 2211 2275 3205 11-03

5500 0-5054 2524 0:5694 2311 2248 3185 1165

6000 0-4722 2492 05389 2416 2222 3165 12:31

6500 04408 2459 0-5096 2528 2195 314-4 13.02

7000 0-4111 2427 0-4817 2646  2:160 312:3 1377

7500 0-3830 2395 04549 2971 2142 310-2 14:58

8000 0-3565 2362 04292 2904 2415 3081 1545

8500 0-3315 2330 0-4047 3046 2088 306-0 16:36

9000 0-3080 2207 0-3813 3196 2061 303-8 17-40

9500 0-2858 2265 0-3589 3.355 2034 301-7 18.48

10000 0-2650 2233 03376 3.525 2007 299-5 1965
10500 0-2454 2200 0-3172 3706 1980 297-4 2091
11000 0-2270 2168 02978 3899 1953 295-2 2227
11500 0-2098 2167 0-2755 4213 1.952 295-1 2408
12000 0-1940 2167 0-2546 4557  1.952 2951 2605
12500 01793 2167 02354 4930 1952 295-1 28-18
13000 0-1658 2167 02176 5333 1952 295-1 3048
13500 0-1533 2167 0-2012 5768 1952 295-1 3297
.14000 0-1417 2167 01860 6239  1.952 205-1 3566
14500 0-1310 2167 01720 6749 1952 2951 38-57
15000 01211 2167 015% 7-300 1952 2951 4172
15500 01120 2167  0-1470 7-895 1952 2951 4513
16000 0-1035 2167 01359 8-540 1952 295-1 48-81
16500 009572 2167 01256 9237 1952 295-1 52:79
17000 0-08850 2167 01162 9990 1952 205-1 57-10
17500 008182 2167 01074 10-805  1.952 2951 61-76
18000 007565 2167 009930 | 11686  1:952 2951 66-79
18500 006995 2167 000182 | 12:639  1.952 295-1 72-24
19000 006467 2167 008489 | 13670  1.952 295-1 7813
19500 005080 2167 007850 | 14-784¢ 1952 295-1 84-50
20000 005529 2167 007258 | 15989  1.952 2951 91-39
22000 004047 2186 005266 | 22-201  1.968 2964  126:0
24000 002972 2206 003832 | 30743  1.985 2977 1731
26000 002188 2225 002797 | 42439  2-001 2091 2372
28000 001616 2245 002047 | 58405  2-018 3004 3240
30000 001197 2265 001503 | 80-134  2-034 3017 4413
32000 0-00889 2285 001107 | 109-62 2-051 303-0 5994

RENSEIGNEMENTS GENERAUX

Accélération normale de la pesanteur : g, = 9,80665 m/s?

Pression atmosphére normale : 1 atm = ;
=1,0332 kgffom?2

Constante universelle des gaz : Rg = 8,3143 kJ/kmol °K .
1 kmol occupe 22,41 m® 4 1 atmet0°C

Composition de Iair : "

Azote (N, —28,013)
Oxygéne (02 —31,999)
Argon (Ar — 39,948)

Gaz carbonique (CO —44.010)

Masse moléculaire moyenne M = 28,96

en volume
0,7809
0,2095
0,0093
0,0003

Constante des gaz pour l'air R = 0,2871 kJ/kg °K

Pour des calculs approchés prendre :

N, —28
0; — 32
Nz [ 02

Masse moléculaire moyenne M =

‘p

Constante de Stefan-Boltzmann :

0,79
0,21
3,76/1

29
Constante des gaz pour I’air R = 0,287 kJ/kgCK
= 1,005 kJ/ke®K ¢y = 0,718 kJ/kgPK o@_\oa =vy=140

§=156,7x10 - kW/m?* °K*

23

- 1,01325 bar = 760 mm Hg = 10,33 m H,0

en poids

10,7553
0,2314
0,0128
0,0005

0,767
0,233
3,29/1
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DIAGRAMMES

Diagramme T -s pour’eau (ensemble)

Diagramme p-h pourle fréon (détails, partie humide)

Note :

Pour le diagramme h - s de I’eau, utiliser celui de D. Hickson et F.
Taylor (B. Blackwell, Oxford) disponible en bibliothéque. Celui de E.

Schmidt (Springer-Verlag, Munich) est également disponible en feuilles

séparées. Il est vendu par la librairie Lavoisier (spécifier kJ ou kcal)

Le diagramme p-h du fréon-12 qui est utilisé ici est celui publié par R.
Haywood (University Press, Cambridge). Plusieurs exemplaires origi-
naux doivent se trouver en bibliothéque. Il existe une autre édition
bon marché par D. Hickson et F. Taylor chez B. Blackwell.
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Properfies of Water and Steam : : A : A 900
in S1-Units ! i H i th=paoa Y e

Prepared by

Professor Dr.-Ing. Ernst Schmidt, Munich
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Schedules for AIChE entering into metric conversion using

STwer> Jote

1977, meeting in Houston,
tions from the Metrication Committee. The kow poiat is
tha: every paper submitted
m ceting, or submitted for publication in an AIChE jour-
val, or any new course text
an AIChE-sponsored course =~ 7
Lo UERer units, susk
ond (CGS&) Mctrice, or English, mav be used in addition,
although this practice is discourageq.
On the accompanying pages is
tables of conversion, which will be
tity to all AIChE committees and

SIissomewhat different than the CG3 system, in use for

vicp BT 5 T

many vea;r

tem. SI1s a nystem «opled internationzlly by the General
of Weiuhts and
prirnciples are the ues

Conrerence

theus=n
Pres.ure

THe main

whychvmeans thai no conversion factors are needed when
using basic or darived
univs destroys the coherency of

really a step

The thi:d column of Table I shows the metric units that
may be used for an indefinite period of time with S,
These include
fourth column contains units that are accepted for a lim-
ited period of time,
vears, although this
. the Institute

Mass
Volume.
Viscosity. ..

These units are

CEM Augus 1977

s € ressed in
metsr, and is given the name, pascal. The
Sreall unii and the kilopascal is suggesied as the most
cenman ung

- And finally, the fifth column lists those units
ihat are delinitei,; outside S,
lowed in AIChE publications.

to be i
ficatiors made in accorda
“lable vILINBS 230

€30 be avoid ~d because they were [orime |y

s Fomesoutra.con
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i, in 1979, the International

Ly

yieorre

4. Y. Oldsire, Mixing Equipmen: Co.. 1

rmined by the AIChE Couneil ag their March,

Tex., based on recoramerda-
fur presentation in an AIChE

submitted fo- Dresentation at

Ly AZE, mvusl

as lentimeter-Gram-Seo.

a guide to S, including
made available in quan-
divisions that need it.

which has often heen called the Metric Sys-

Measures. Among some of the
of the kilogram far mass enly. end
“led 107 foree or veight,

terms of newtons per square
pascal is a very

t for pressure,
feature of SI is in the fact that it is coherent,

sion.,
ST units, Any exception to the ST
the system, and is not
forware in usefulness.

the minute, hour, vear, and liter. The

prokably on the order of five to 10
duration has not been established by

and which will not he al-

Table 1. Acceptable and unacceptable metric units.

Accepted

Alternale*

SECORH ... commiens c...o.year
......................... day
....................... hour

................. (0 E3or | S —————
................. JO R s o
.......... cooomewton .o, L
............. okilogram L e )

i ;
................ ™ mmenminmsmss dammeis s kD
........ pascal-second. ...

rporated into a one page
nee with this tahie
““Table X MNii: 29 flable X1 NBS 330
teed with the CGS avstem aned re not praryaf
i s
. ~ [ y
TSy g - S A

ne

In the opinion of the Metricaiion Committee,
no longer any question about eventual conversion to the
melric system,
really is, when and how? AIChE is toliowing the prastics
being instituted by many technical
either lzading or trailing significautly at nrocon:

Yy oles 1e.s %

for the small size of that particular unit. Your
man of the Metrication Committee
meters lall, which was not a requirement, but can serve
as a benchmark. :

The Metrication Committee P'ans o submit a series of
articles to CEP at two or three
deal with various aspects of metric conversion,
planned to include a typical process flow diagram ir, SI, a
consideration of hard vs. soft TOBVErs:on. carzideis o n cf
Cunversion of varivus [ hysical properues into 51, ¢isa ris-
tories of conversion in various industries and companie.,,
and a description of the
Standards Organizations.

Every AIChE committee and division hag

document similar to that published in CEP, May, 1971, Units wili be wdea -

pb!

System of Units (SI) wili be use!
itute publications, meeting papers, and course texts.

., Rochester, N.Y.

1 S
thers '3

and to S1in particular. The only questic 1
societies; we are no

ghter siue, the magnitude of the newtor is aboy:

the weignt of an apple. [f we were 1o grind up that apple
and spread it cut over one
pressure of

square meter, we would have »
one pazcal, which may give 4 better {eeliry

Chair-
is approximately &

month intervals that -vill
+hese ace

working of the Internationsi

a4 Mmember
ancthe comuiittee who zets e its liaison. Plezue {pel free to
cal! upon us for any assistarce ar informat on wosonver-

The Counci! resolution adopted National Buresu ~f
Standards special publication 330, 1974 edition, entitj~:
“International System of Units (S1).” This
of the proceedings of the
Weights and Measures, which sct up ihe present rules of
SI. In toe last several months,
American National Standsrds Institute publications oa
metric practices. The AIC. i
adopting
‘a separate more detailed gnde, if needed, on metric prac-
tice. [n particelar, the Institue of Electrical & Eleciro-ics
Engineers’

is a translatio:
last General Conferenc: of

there have been several

Committee ;s looking nth
some of these or oth er publicatiuns, or nreparing

document, ANSI-210.1-19xx is accented,
AIChE Recommendations

Temporayy

e He
Alternate** Jwsidedf
< M
SRy
......... har, LA \\l
atmosphere -
................................. calor 2
Kilov att-hr.
......... dyne Av L)
; g oA W
klorram 4 2 0
........................... - e
‘ i
............................... !)(L'»E""
SEre appropriale gad opedic
L m
& e i A
. 1
L7 Loy ' Bt
- 135
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cSt (ecatistoke)
[araday

it

fLlb,

f-lb, /s
ft'/h

f1?

ft*-aim

s
gal (U.S)

%
gravitationz! constant
gravity acceleration, standard
h

hp'
tn.

i,

J

2

5
EWh
b
ib
ibflt?

o .t
Ib molfft?-h

Clight, spatd-ol
m

3-

N

Nfm?®

Planck constant
proof (U.S.)
ton (long)

ton (short)

W
ton (meinc) 7

yd

mils
g mol
m
Btu
aly
J
Btu/h
hp -
m'/
cm'fs
)

om

gl (US)

—r S

Btu

Nd.r,.

]

gal (U.S.)/min
n*
in.?

Nem?fkg?

mfs*

min

s

Btu/h

kW i
omn

ﬂ’u

erg

{t-Ib,

Ib

Btu

n.-.._u

kg

kg/m?

glem?

N/m*

kg mol/m?*-s

g mol/cm?*-s

~ms
f T L

tn.
fi*

gal (US)
dyn

Ib,

I fin.?
J-s
peroent alcohol by volume
ke

ib

fb

ke

b

L

m

ls x 30 ¢
9648610 x 104
03048+

12881 x 10°°?

Ly x 10-2
258t x 10-?
0.2581
28316839« 10°*
1.48002°
28.31634
17194

6859

18692 x 10°
“ED

0.13368

231.

6.673 = 107"
9.30665+

60+

3,600«
1.544)
0.74570

2.54e

163871

is x 107
0.73756
120462
34101

fe x 107?
0.45359137+
16.012
0.016018
689473 x 10*
13652 x 10°°
1.3652 « 10-*
3997925 * 10°
3.280840
39.301
353147

264.17

1+ x 10°
onat

1.449¢ x j0°*
6.626196 x 107 **
05

1,016

2,240+

To convert from

aoc
atm

Avogadro number
barrel (petroleum)

bar

Boltzmann constant
Bru

Biuflb
Brow/ib-"F
Bufft*-h
Brafft*-h-"F
Bre-fy/ft*-h-"F
caly

cai
cm

cm®

cP {eentipoise)

Temperature

4
i

E

Kelvins

Dcgrees Rankine

i e

i

L9358 x 10°
E9872 x 10
BO56 x 10-?
HO56
e T3Y.
o}

XBO4S x j0-*
EB198 x 10-*
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Fyxamples of SI Derived Units
Expressed by Means of
Special Names

SI Unit
Quantity - ) - : Name Symhﬂl
dynatnic )
viscosily ..o, co..pascal-second. .. ..., ... .. Pa-s
moment of w2 i
£070 .. S S meter-newton........... .. N.m

surface tension ', | »7

heat flux .

Docs 2 portée de main " N E e
Name S_\:lr\inl‘l cMaluean 81 Unaite
EERITIRRENS vooe & o P T——. 1= (1760}~ -
(=/10800) rad
second | waossy U e 1" = (1/60)" = .
: (r/648000) rad
e L S N, ol L= 1dm? = jo
wn . ol Colt= 10%kg
G - I nautical mite = 1852 m
e D T iovesl nautical mile per hour =

(1852/3600) m/s
1A =01 nm S0y,
ta=1 dam2.= 10% m?
tha=1hm?= 10 m?

angstram

AT

heetare. oo ol o ka

density; barn. o b c.lb = 100 fm? = 10728 2
HERPLIG, :
irrgdiahce®. sl . Bat .. i e sl B e tbar = 0.1 MPa - i0° Pa
. e - -_Vrnetcr..l_._::‘... ..... -.....W/mr Etwiielard
neat capacity, i ) atmoesphere .., atm ... .. w......latm = 101325 Pa
en.r.ropy e .Jou!p perkelvin..... ... ... JIK gl oo 7 168 & Liems? =
specific _heat : s 1072 m/s?
o cirie i N— ECi=3.7 x 10851
speui : _ PRI R 1R =258 x 1074 C/k
CILFORY wwsivsinian, . o joule per kilo- BED L s el * ); kg
) : gram-kelvin ,.,....... .. Jitkg- K) -1 é.l.’—ld.. R ~lrad = 107% J/kg
specilic energy ..., .. .. Jjoule per kilogram ... ... Jrky
tneriial o :
conductivity -, ..., . watt per meter- : S e —
. S Wiim - K) [ . |
energy density ... joule per cubic I Notes i uddioom to the 1k ermodyviemie temperdture !
’ meter.. ... dim? ; yiibol Toevpressod in kelvins, use is also made of l
ol s v < i(xvm 3 ' »
clectrie tield . ; : , f_"‘}. fempe rature (symbol t) _defmed by the i
A HETH 101§ SO volt per meter... ... .. .. Vim i St l
eioctric charge : L="T. Ty !
HERSiER: comnoemonmn | caulomb per _ i . o - - S 3 :
cubic meter... ... G : whore Ty 250015 Kby defirdtion. The ( elsius i
Cetrie lux ’ ; emperaiure i expressed in  degrees  elsiuy ;
) (; : 'C'L ’t ’ © el i bl O Tk it "degroe Celsius ™ is this vqual
BRI e e, £oeeCOU or‘n ) per . ' ntheunt “heliin U and an interval or o diffverence .
L ) i Sl : m : of Celsius temperature may alse be expressed in
permittiviiy ... .., larad per meter ... ... .. .. Frm 1 tieroes Ceisius
tormeability henry per meter ......... .H;w ’ - .
wolarenergy ... joule permole ... ... ... J7mal ; - sl preﬁxes
t J ! . - A - .t
rmalar entropy, & } Factor Prefoy svinhui , Factor Prefix Symbol
fﬂ“!af hE'ﬂ(, | : - - = i h SRR Eoa it
capacity ........, ... Joule per mole- i : tats oxa ...k T
kelvin ....... ... ... . . cdimaol - ) ; uts e TR s st P 10~
% . 5 - ¥ 5L ~ -
raciantintensity ..., ---watt per steradian . ... ... Wsr i (. 112 PR i 10 : .
5 e = L
radiance... ... ... . .l: waty per square e i 01. ----- HIEd .. S' 1079 ----micro
mefer-steradian ... .. e FY vcamega o M 10 4
. i 17 o kilo . winll 107 .. .pi
; s hecto ... ... h 10° :
! ; 0" .. e deka ... .. .. da 107
i
ta " i {ireciions for Use®
Ull_ltS n Use f S bol. 10t apr'f(;[ize 'fur'a[eas' the unit is derived
p- "y B s O NVINOOLE are n i it 3 i
With the Inter.natlol_lal SyStem ¢ frenr o oproper name; eg, iz for H R Hertz, Unab-
Name . Symbol Value in ST Units b breciared units arc nut r-a;)ifalizqd; ey he::tz, newton, . |
e ———ee S kelvin, Only 13, PTG, and M prefixes are capitalized,
minute ...l min......... ... 1 min = 60s Exceptat the end of @ sentence. SI units are not to be fol-
hour. ................ i Al B 60 min = 3600 5 | Dol dvgardody, 7 -
g ¥ s RWAN WK derived wnit aubreCuetions, use center dot' to denote
td =24h - LIES i omuliplication and slash for division: eg. newton.
L yr o= 365d s -fnn':'rff"") : \*’:N, i
' I® = (x/180) rad - D . —an b
P % 3 = T 3
Lo Conversion Factors to ST for Selected Quantities
“An asterisk after the seventh decimal place indirates the conversinn freror i edactand gl subsequent digits are zero
- To econvert from 2, Multiply by
barrel (for petroleum, 42 o4 11| —— metert (mt L LARYST29 E -
British thermal unit ‘
{Btu, International i E o joule (1) - L0550559  E 4 04
| S Continued
CEP August 1977 & ot 137
KPs - G~ Ty A L




" e s f!"t.t"d nm Pﬂu’.‘ef’ > % e 2 ’
) To cenvert from | ) 2 i Mu‘lil'ﬂy h}'
Bte/1bm-deg F (heat capacity) ....... S s Jouh[hlowam kelvin (],’kg K) ...... 4 1868000 B + (;3,
N Btalhonr i s e se e SR SRR watt(W)........... R S .. -, 2.9307107 E'- 01 . -
Bihsstint comevemmmmnme vemnmme s e — WAt (W) socannaliis T T ....1:0550559 E % 03"
> Btu/ft'-hr-deg F ER -
5 (heat transfer coefficient) .............oooiiiiiiiiian. joule meter®-second-kelvin (.i/m'i.s.}()-....5.6?82633 "E 4+ 00
X Btu/ft%-hour (heat flux) ....... SRR e i — joule /meter’-second (J/m?-s) . ..“-,.....'3.1545907_“‘ E + 00 ‘-..\,\_
; Bru/ft-hr-deg F (thermal conductivity) ................. Juulc/mcterusecond kelvin (ij 5- K] --1.1307347  E-+ 00
calorie (International Table).......o..ooeeeueiennnonns oule (J) Lo, 8 s 2.4.&8680(}0‘. E.+.00
o cailg-'degC...‘ ......... D T T jome/hlogram kel m(J}kg Bkl s ....A4.1868000* E + 0'3
| R - Y R RN o S — O 2 o T s 1.0000000* E - 02~
} ‘i; i "')-cent{méteruf}nercury (0°C) ... ..pascal (Pa)..... .1 3332237 E + 03 .~
‘ W centtmeter of water (4°C)...... ,pa.~cal(Pa) - S e, i S 9.80638 E +o1
| ks centlpmse.,..‘.".... ....... — ..pascal-second (Pass) ...ooveiesioveiininl . 1.0000000* L :‘Q3_
w = centistoke. ,. A e . cometer?/second (M?/8) . ueen e irpiiain.. 8 s..1.0000000* E - 06.:°
‘ »:‘ ‘__,degreeFahrenhelt( F) .............. kelvia (K) ... T e st = (g + 45967)/18
: degree Rar‘kme\ B sswsesis cuspnnprepa s fopay kelvin (K) ..o S ty = tp/18
1 _ oo omewton (NY L i m—— r....1.0000000* E -
R e Leacdoule (D Ll el el howesd 1.0000000* E —
farad (International of 1948)..................0.......... farad (F) ........ sl Bzt e 9.99505 E -
'/J fiuid ounce (U S) ........................................ ameter” () 29573530 E - 05
T B0 e s o g D e AU 3.0480000* E - 01
AT foot{U.S.Survey)......ooveiiiii PHELEE (VA summmsns mumemensosaloppadinessm JE0U800B1 B < B -
—— footofwater (39.2° F) .............................. N pascal (Pay ... . A P—— 1.2.98898 E + 03" T
e oot : meter” (7)o 19.2903040* E - 02 '
: foot/second? meter/second® {m/s?) . ... S ......3.0480000* E - 01 )
£00LPROUE L ovves e metertssecond (m%/8) .o i 2.5806400° E - 05 . ¢
l Z f;_l'ODt pOund force Joule Y oo ST 1.3558179 E +.00 g
o foot”/qecond meter’ second (m%/s) ... ... R, 9.2903040* E — 02+
\) foot? i, deter (Y souecinip A s 2.8316847 E - 02
| - gatlon (U 8, liguid) . csipmmd LT ) R 13.7854118 E - 03 ' »
l/\ L S S R ————— Kil(}g‘rmn(kg ............. e 1.0000000* E - 03
; : hursepower(ﬁa(}ft lbf/s} A Y watt (W)............ T Y 7.4569987 E + 02
R TN W RS 5. T meter (m) ..., U S——— .-2,56400000* E - 02 %
4 inch of mercury {60° F) ................................... pascal (Pa) : o .3.37685 E +03
inchofwater (BO°F)....oooiiiiiiiiiiiii e pAREAlAPEL vl borh e srmes e sui s 2.48843 E + 02
L T — R U () T 6.4516000* E — 04 '
27 LN SO A | T R —— . 1.6387064* E - 05
kilocalorie ..oovvuenieiniiniiiii e jnule(i) ................................. 4.1868000* E + 03
kliogram-force(kgf) R B e e et anewton {NY L 9.8066000* E._+ v0 5
MiCron ......v..s A B R e e s meter(m) ...... e 1. 0000000‘_ E, - 06
il meler (m) .......; : ..2.5400000* E - 05
MOV oo camionntiinns  consvpespsnass :11.6053540* E + 03
i ;miie,’hour I mctxr,xecond(m/s)...’ ........................ 4.4704000* E - 01
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